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ABSTRACT

Smallholder pig production in Kenya is a popular livelihood strategy but is faced with serious
challengeskey among them beinbigh co$ and poor quality of feeds and weak value chain
governancevhich result in highenterprise costsTo minimise lossesmalholders use locally

available alternative feed resources (AFR) which coud be impacting negatively on performance.
This study investigatedfeeding decisionsbio-economic benefits of using alternativeedl

resources (AFR), benefits of exogenous dietangymesand the influence ofvalue chain
governancdeatures orcompetitiveness of smallholdeig enterprisesA proportionate to size
purposivesampling procedureras usd to select 144nterprises irBusia, Nakuru and Kiambu

Counties using the snowballing methodnterviews were conducted using pretested structured
guestionnaires to collect data on enterprise=edihg experimentsvere set up at Egerton
University Tatton Agricultural Park. Mixed analytical methodsncluding decriptive and

inferential statisticsand regression analysigere appliedusing SAS systems, SPSS and STATA
statistical safvare The study concludethat the daily allowances of dry matter, crude protein

and metabolisable energy associated wieh AFR
recommended daily allowanc8ows fed onAFR had delayed puberty, lower litter sigend

longer farrowing intervals compared to sfe@d on commercially compoundedfeed (p .O 0. 05
Inclusion of cold pressed canola meal and rice polishing in weaned gigfieresulted in higher

(p O 0.05) met aboli sable energy: average dail
gain (FC:ADG) ratios. Inclusion of rice bran in piglet diets did not offer anyebamomic

benefits. Inclusion of a dietary mukenzymecomplex resulted in highgt p O afparéns )
digestibility of Nitrogen, energy and feed cost efficiency. Finisher diets lower in pr(téif -

16%) and higher in dietary fibre resulted in higilep O kiling @& percent, loin eye area

and villousheight.Cold pressed canoldiet resultedn higher( p O b#ck fat Shjckness and

larger( p O c@pt @ebth Value chain governandeatures including technology adoption

product quality and market accesadisignificanty ( p O p@sitiv@ iBfluence on enterprise
competitiveness The quality of work in pig enterprises negatively p O irffluefcBd)
competitivenesof pig enterprisesThe study recommend capacity building for farmers and
extension staffanimal feed testing andise of biotechrogy to impiove feeding decisions.

Further researcinto waste conversion technologies, the effects of dietary components such as

lipids, phenolics on carcass and digestive tract are recommended.
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CHAPTER ONE

GENERAL INTRODUCTION
1.1 Background

1.1.1 Trends inpig production and demandfor pork and pork products

Pig production and pork consumption in Kenya is on an upward trend with evidence of an
increase in the number of pig production enterpri§éss has been asmpanied by an
increase inthe number ofpork retail outlets in urban centres that trade in fresh and value
added (roasted) pork, commonly known as pork joiftsthe year 2015 2016, pork
consumptionin Kenyarose by 60% from 15,000 to 24,000 tonn€snyaNationalBureau of
Statistics [KNBS] 20189.

Pig productionin Kenyahas benefited from increased access to information and creation of
producer and trade networks owing to policy changes in the telecommunications sector.
Successive governments' padie have also placed emphasis on the development of
agribusiness as an avenue for poverty reduction, food security and creation of employment.
The Strategy foRevitalisingAgriculture in Kenya was initiated in 2004 and was linked to
Economic Recovery Stiegy for Wealth and Employment creati®03 - 2007. Such
policies have been instrumental in encouraging investment in agriculture through improving

access to credit and promoting smallholder participation in value chains.

On the global scene, changingébpreferences with increased demand for meat, milk and
eggs have been associatetth population growth, urbarggion and increased incomes
(McDermott et al, 2010. In Kenya, change in consumer perception owing to improved
husbandry systemaith improvedhygienehas also contributed to increased demand for pork
and pork products. The new constitutional dispensation that established County governments
has been instrumental in enforcement of laws that relate to disease control, public health and
food safetyowing to their proximity to value chain actors. This has contributed to improved
consumer confidence in the quality of pork offered for sale. Increased demand for pork has

therefore served as an incentive to producers through market price signals.

1.1.2 Quality and cost of pig feeds in Kenya

Among the major challenges that threaten sustainability of the pig industry in Kenya are
access to quality feeds and seemdnomic and political factsrattributed to value chain
governance. Pigs havesanple fnonagastrig digestive tract and therefore require a diet that



is well balanced and has sufficient essential amino acid levels and easily digestible energy
sources devoid of antiutritional factors. Among the most commonly used protein sources in
the animal €éed industry in Kenya are fish meal, cotton and sunflower seed cakes and
soybean meal. Cereal processingpgducts constitute the bulk of feedstuffs used in animal

feed processing in Kenya.

High costs of feedstuffs coupled with poor quality remain seriohallenges to the pig
industry. The high cost is attributed to a high demand against low production of feedstuffs in
the East African region, that is, a demand of 6 million metric tonnes against a production of
1.7 million metric tonnes (Kilimo Trust,047). This deficit is likely to increase as a result of

the rapidly growing animal resource sectors in Uganda and Tangzarea70% of the cereal

bran and oil seed cakes used in the feed manufacturing industry in Kenya are imported from
Uganda and TanzamiKenyaimported 25,848 tonne®f maize and rice bran and 29, 534
tonnesof sunflower and cottoseed cakes in 2012\n average of 766 tonnes of soybean
cake was imported annually into thagEAfrican Community (EAC)states from 201122015
wher e Keedindastiyscon§umed about 70% (Kilimo Trust, 2017).

Poor quality of feedstuffs has been as a result of high levels of mycotakioge
recommended levels of fpb and adulteration. Afflatoxins are the most important
mycotoxins in pigs and are producedainly by Aspergillus flavusand Aspergillus
parasiticusin maize, soybeans and peanuts. Afflatoxin levels of up t@@0h feedscould

produce clinical signgn pigs while levels of 300ppb could be fatal. Effects of afflatoxins
include reduced growth,ver damage with subsequent hepatic failure and jaundice and
reproductive problems such as infertility, abortions and agalactia. Afflatoxins are also
immunosuppressive and therefore may increase severity of concurrent diseases. Adulteration
of fish (menhade) with sand is often done by unscrupulous traders to increase weight. This
practice has obvious negative impact on processed feed quality, cost of feeds and

performance of pigs offered such feeds.

The sunflower and cotton seed cakes are limiting asiprestairces for pigs due to their
amino acid composition which is deficient in lysinghe 1st limiting amino acid, and the
high dietary fibre content thereby decreasing their protein value. Soybean meal is well
balanced in amino acids and its use hase®ed owing to the declining availability and high
cost of fishmealMilling by-products of wheat, maize, rice and barley commonly used in pig
feeding among many smallholders (Katongeleal.,2012; Montsho and Moreki, 2012) are



high in crude fibre (CF)rad nonstarch polysaccharides (NSP) which reduce the digestibility

of feeds by increasing viscosity of digesta.

Some of these raw materiatsay contain anthutritional factors that interfere with digestion

and utilization of nutrientsvhile others are tac to livestock For example, cotton seed cake
contains gossypol which is a toxic polyphenol present in seeds. Signs of gossypol toxicity in
pigs include laboured breathing and deaths associated with heart failure and resultant
oedema, hydrothorax, lunggdema and hydropericardium due to venous stasis (Gagie

1968; Smith and Clawson, 1970Jost cereals and their fyroducts contain phytates which

is the storage form of phosphorous. Phosphorous in this form is unavailable for absorption
because pigkack the enzyme phytase. The excess phosphorous is excreted and could be an

environmental concern due to eutrophication.

Feeding cost account for up to 80% of the total costs in pig enterpAsesa. result,
smallholder farmers use alternative feed reses such as homrmeade feeds, institutional

swill, farm residue, food processing and market waste to reduce losses that arise from high
cost and poor quality of commercially compoundedds. These feed resouradten lack
sufficient nutrients or are inattanced in their nutrient content which leads to poor growth and
reproductive performancénformation on the nutritional values of these feed resources
hardly available. There is need to improve quality by adding value using biotechnologies like
exogemus enzymedo overcomechallenges associated with the use of alternative feed

resources in pig diets.

1.1.3 Value chain governance

Value chain governancalso poses a threat to sustainability of smallholder pig production.
Governancerefers to coordinatio and linkages between actors in the value chain. It
determines who acquires the means of production, market access and how benefits are
distributed among actors (Oumet al, 2017). Value chain governance structures are
classified depending on the levdl iategration with spot market governance at the lowest
level of integration.Majority of smallholder agricultural enterprises have features of spot
market governance owing to the scale of production and erratic production patterns which are
dependent on eather patterns. Spot market governance has the disadvantage of increased
transaction costs due to opportunistic behaviour of some actors, increased uncertainty and

lack of asset specificityeatures of value chain governance include technology adoption,



market accesgproduct quality and work quality therefore influence the competitiveness of

pig enterprises.

Value chain governance aspects that suppress ease of market access to smallholder pig
farmers in Kenya include; market dominance by fully integrdiems such as Farmers
Choice Lmited, lack of statutory support (lack of a pig production policy in Kenya)
(Githigia, 2013) inadequate disease control associated with lack of capacity resulting in
losses due to mortalities and lack of meat inspectipeaaslly where home slaughter is
common owing to lack of or inaccessibility of licensed slaughter slabs. Cultural attributes
constitute an important aspect of value chain governance. African societies are generally
paternalistic and this plays a major rateaccess to factors of production to women and
youth and may impact on their competitivend3g.value chain governance in Kenya lacks
coordination and linkages between actors in the value chain. The activities in the value chain
are not completely intggated. Spot markets are characterised by many buyers and sellers,
little information sharing and price plays a centre role while hierarchical governance is

characterised with elaborate contractual arrangements.

This study thereforevaluate daily nutrien allowances associated with feeding decisions,
bio-economic gains associated with nutritional interventions and the influence of value chain

governance features on enterprise performance.

1.2 Statement of the problem
Smallholder farmers in Kenya are ieesingly adopting pig production to gain from

expanding market opportunities associated with increased global and local demand for pork
and pork productsThe performance of these enterprises is constrained by weak feeding
manageent decisions and soeamonomic and institutional factors that characterise value
chain governanceGrowth of the livestock resource industiip the East African Community
countries has led to increaskedal demand and price of animal feedstufising to the fact

that Kenya impds about 70% of its animal feed raw materals from the re§orallholder

pig farmersare using locally available alternative feed resoutadxenefit from lower cost of
feedinput. Nutrition decisions are however difficult under situations of lack @irmnétian

on nutritional valugsmplication on performance and posible biotechnological interventions.
Thereis hardly any informatioron pig value chain governance and its association with

enterprise competitiveness in the Kenyan cont@ittis study focussed on designing



interventions that addressociceconomic and institutionalhallengesso as to contribute to

improvingsustainability of smallholder pig production

1.3 Objectivesof the study

1.31 General objective

The generabbjective of this studyvasto characterisealternative feed resources used in
smallholder enterprises in Kenyavaluate biotechnology that improves their efficiency and

to estimate the role of value chain governance in enterprise competitiveness with the aim of

contributing toreducing productiogosts

1.3.2Specific objectives
The specift objectives of this study were;

i.  To comparethe daily nutrient allowanceassociated withedected alternative feed
resources (AFRused by smallholder farmers in Kenggainst the recommeed
daily allowance and their association with reproductive performance

ii. To estimate bigeconomic values associated with inclusion of selected AFR in diets
for weaned pigs.

iii. To estimate the benefits of exogenausilti-enzyme supplementation in selected
AFR-based diebffered to weaned pigs.

iv. ~ To determine the effects of selected AB&eddietson carcass characteristiaad
gut morphologyof finishing pigs.

v. To estimate the effects of value chain governance on the competitiveness of

smallholder enterprises

1.4 Researchhypotheses
Thestudysought to test the following hypotheses;

i. The daily nutrient allowance for dry matter (DM), crude protein (CP) and
metabolisable energy (ME) in alternative feed resources (AFR) are not significantly
different from the recomended daily allowance (RDA) for DM, CP and ME and
have no significant association with reproductive performance.

ii. Inclusion of selected AFR insocaloric weaned piglet @its has no significant
influence onaverage daily feed intake (ADFI), average dailyighie gain (ADG),
metabolisable energy: ADG (ME: ADG) ratio and feed cost: ADG (FC: ADG) ratio.



iii.  Inclusion of exogenous muénzyme complex in selected AFR diet of weanedepégl
has no significant influence deed digestibility, ADFI, ADG, ME: ADG ratiand
FC: ADG) ratio.

iv.  Inclusion of selected AFR in diets of finisher pigs hassignificant association with
variation incarcass characteristics and gut morphology.

v. There is no significant relationship between value chain governance features
(technologyuse, quality control, market access and labour conditions, production
efficiency) at the production node and competitiveness of smallholder pig enterprises

in Kenya.

1.5 Justification of the study

Smallscale pig farming plays an essential riolehe liveihoods of many families in the
developing world and has great potentiateéduce poverty (Lanadz al, 2005 Mutuaet al,

2010. In Kenya, pig production provides an opportunity for value chain development due to
the low requirement for land and a cker return on investment compared to other domestic
livestock. This is attributed to pigs ability to farrow at least twice annually with large litters
of up to 14- 16 healthy piglets each. Locally, there has been increased acceptance of pork

with an incease imper capitaconsumption

Trends in mcreasing competition for available livestock feed resources in the EAC,
increasing competition between man and livestock for ceasmlssome proteingroduction

of biodiesel from cereal§~AO, 2008) the tiandgng weather patterns with erratic rainfall
associated with global warmirand Africa's dependence on rain fed agriculture pose serious
challenges for sustainability of the animal resource industry due to insufficient animal feed
supply. Weak coordinationral linkages between value chain actors aggrevates the situation
This calls for research that is geared towards addressing beneficial use of alternative feed

resources.

Kenya'sincreasing populationvith 35% beingbetween 15 35 yearsof age and gouth
unemploymentate of67% should be otoncen to policy makers with the view of attracting
them into agriculture. This can only be practicagdafticipation in the value chain offensork

opportunities are decent.

The information generated from this syudill be beneficial to investors in pig production

enterprises, particularly the small and medium scale producers, feed manufacturers,



researchersgriculturalextention workers and bgxtensionto other players in the pig value

chain.

1.6 Ethical approval and animal welfare issues in research

Requisite authority to conduct the study was obtained fiteerNational Commission for
Science, Technology and Innovation (NACOSTI); which issued a research clearance permit
numker 15393 (Appendix). Authority to wse farm animals for the study as well as the pig
unit was obtained from the Egerton University Tatton Agricultural Park farm committee
(Appendix Il). Authority to use live animals as experimental units was also obtained from the
Institute of Primate Resedr which issued a research proposal approval reference number
ISERC/11/2017 (AppendiHl).



1.7 Definition of terms

Alternative feed resources:Refers to the range of feeds available to the smallholder, any
feed material other than conventional commelgialended feeds provided to pigs a
part or whole of their diet. It islso defined relative to a set of commonly used feed
resource which vary depending on geography (Sadd@ismonset al., 2011).

Biotechnological interventions Refers to the applicain of biologically active material to
an animal so as to influence animal functions such as production and reproduction.

Decent work Refers to conditions of work that promote opportunities for men and women to
obtain decent and productive work in corwtis of equity, security and human dignity
(Ankeret al.,, 2002).

Decent work deficits The International Labour Office of the United Nations recognizes
work characterized by decent work deficits as that which does not promote
opportunities for men and womém obtain decent and productive work in conditions
of equity, security and human dignity.

Exogenousenzymes Refers to exogenous compounds that can be included in animal feeds
with the intention of enhancing the digestibility of specific feed compon&éhtsse
enzymes are usually not produced in the gut of target animals.

In-vitro microbial degradation: Refers to digestion of feed material by anaerobic bacteria
obtained from a section of the gastntestinal tract and is conducted in an artificial
envirorment that mimics that of fermentation chambers in the gut.

Smallholder pig farmer: According to FAO (2012), a farmer who has 50 or less pigs in total

is recognized as a smallholder pig farmer.

Value chain governanceValue chain governance characteriseslthkages between actors
in the chain and how these linkages affect the flow of a product from one node of the
value chain to the néxOumaet al, 2017) Value chain governance therefore focuses
on the product, the process, production environment amkleini@gistics (Dolan and
Humphrey, 2000; Gerafét al., 2005).
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CHAPTER TWO
LITERATURE REVIEW

2.1Intoduction

Trends for demand for animal protein have shown a consistent increase which mas bee
associated with gpulation growth, rapid risen urban population (FAOSTAT, 2014),
changing food preferencessociated with a riga the middle classvith higher incomeshat

is demanding a diet that includes milk, meat and eggs among other nufotdss(KMDP,

2013). The projected global consumption for meat is expected to increase to 13.3 million

metric tonnes by 2025.

The current global consumption of pork is much higher than any of the other terrestrial meats.
China is the world's largest producand consumer of pork. In 2014, the global production of
pork stood at 109.9 million metric tonnes with China accounting for about 50% of this
production (FAOSTAT, 2014). Other important producers of pork include the European

Union countries especiallygdmany, the United States of America and Brazil.

In Kenya, meat caumption increaseffom 361,115 tonnes in 1991 to 606,169 tonnes in
2007, representing a per capita increasmfl4.9 Kg to 16 KgPoultry and pork account for

19% of meat consumed in Kga with aper capitaconsumption of 1.1kg of which pork
constitutes 0.4kg. (Bett al, 2012 MOALF, 2019. In 2012, the estimated demand for pork

was 16,200 metric tonnes and was expected to grow by 400 metric tonnes annually. In the
year 2013, the cotry produced 14,000 metric tonnes of pig meat (FAOSTAT, 2014)
indicating a deficit in productiorKenya's export for pork and its products has in the last few
years exceeded that of mutton, goat and beef combined. Farmers Choice limited exports 2000
metric tonnes to 15 countries in Africa, Asaand the Middle EastExports include special

meat cuts and value added pork products like sausages, ham and bacon.

2.2 Pig production in Kenya

There has also been a significant growth in pig population betweerad@013 relative to

cattle and chicken as seen in Figure 1 in response to the growing demand. Among the factors
that have contributed to a shift in choice of livestock enterprise in favour of pig production
include increasing demand for pork, higher rafereturn on investment and higher feed

efficiency (Kagiraet al, 2010a).
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Figure 1. Trend in growth of pig, cattle and chicken population (Source: FAOSTAT,
2014)

2.2.1 Contribution of the pig industry to household incomes iKenya

Pig rearing is an important source of household income for all types of production. In
traditional systemsthe sale of piglets or finished pigs provides money for immediate needs
such as school fees, hospital bills, clothing and building housegptheroviding income
security for these farmers. In many cagegs reared in this system constitate important
source of food for these famili€¢®umaet al, 2014) In the small, medium and large scale
commercial farms, production is driven by pragither through sale of breeding stock to

smaller producers or sale of finished pigs for slaughter.

2.2.2 Pig Production Systems in Kenya

Backyard systems are the main systems of production in Western Kenya and igamzs

while commercial systems apgedominant in Eastern and Central Kemggions The high
mortality rates and low reproductive rates that characterize the free range system of
production are associated with poor nutritional quality of available feeds. Poor productivity in
this systemsg also related to lack of supplementary feeding, lack of proper health care, poor

housing and inbreeding (Kagies al, 2010a).

Smallholder farmers who practice the free range system of pig production in western Kenya
(Table 1)own small parcels of landithh an average of 3.6 pigs per family. About two thirds

of these pigs are tethered and are not housed (Kegah 2010a). This study also showed

that most of the pig enterprises in the free range system are managed by women, majority of
whom receive adce from other farmers. Only 5% of the pigs are supplemented with
commercially compounded feeds. Feed resources in this production system consist of a

variety of alternative feed resources as shown in Table

12



Table 1: Distributio n of pig holding in Kenya

Province Pig population Commercial sector Traditional/ Backyard

Western 87,838 3,512 84,325
Rift Valley 48,495 14,579 35,654
Nyanza 27,612 900 26,712
North Eastern 68 68 0

Eastern 43,480 35,654 7,826
Coast 5,243 5,243 0
Certral 91,977 75,421 16,556
Nairobi 29,976 13,976 16,000
Total 335,301 149,965 187,073

(Source KNBS 2009 Census; MOLD, Department of livestock Production Estimate$, 2010

In a study by Dowarekt al. (2001), most of the rural poor households in Mexicepkpigs

which they feed on maize thus raising competitionti@rcereal between man and animals.
Most of the poor farmers sell the young piglets to meet domestam#s for income,
thereby earningvery low incomes. This study concluded that improving $tendard
measures of performance may not be beneficial to smallholders unless they have the
resources to feed the pigs to maturity. Therefore, better management of feeding systems
especially using alternative feed resources such as forages would offgedliest potential

for improvement.

Smallholder intensive pig production system is common in Central Kenya, Nairobi and the
mid-rift regions with producers keeping a highly variable number of pigs that may vary from
less thandn up to one hundred’he mgor challenge among small scale intensive producers

is the high cost and poor quality of feeds. Since majority of these producers are often in close
proximity to major urban centres, the use of alternative feed resources from markets,
institutions and far® is common. This practice significantly reduced the codeeding;
however, there is limited information on the effects on overall performance of these

enterprises.

Significant numbers of commercial systems are found in Rift valley and Nairobi (Ketgira
al., 2010b). Under commercial systems, breeding stock is obtained from established large
scak farms such as Farmers Choicenited and reared under confinement. Large scale

commercial establishments keep up to 30,000 pigs. They are involved atHldéthe pig
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value chain. Some large commercial producers formulate and mix their own feed rations and
enjoy the benefit of economies of scale.

Table 2: Types of feed resources among smallholder pig farmers in western Kenya

Typesof feed given Number of Percentage in
households sample

Left over from household 106 58
Ugali (Meal prepared from maizeeal flour) 103 57
Vegetables and sweet potato vines from farm 94 52
Market waste and swill from hotels 90 50
Omendfish (Rastrinetola argentag 61 34
Fruits (Pawpaw, Avocado, Guava) 25 14
Cassava peelings and tuber 20 11
Brewers spent grain 12

Commercial sow and weaner meal 10

(Table adopted from Kagira et al., 20)0a

2.2.3The pig value chain in Kenya

There are about 800pig farmers in Kenya, majority ovho are small scale farmers
(MOALF, 2015). Large scale farms mainly Farmers Choice Limited serves as the source of
breeding stock for their own farms, their contract farmers and also many small to medium
scale farmers. Tey also slaughter, grade, process and market pork and pork products from

their farms and from their contract farmers.

Most small scale farmers do not produce pigs for breeding, rather for the pork market in local
shopping centres and towns. Slaughter terofdone at home or in small slaughter slabs
owned by other farmersThe market for pork and pork products is well segmented with
different pork products for each market segment. These vary from pork cuts in small
butcheries in local towns to processed npraduct for the local and export market. The pig
value chain is supported by other actors such as the relevant government departments for
quality assurance, public health inspection and licensing services. The financial service
providers are also imporia players in financing production, processing and marketing

functions.

In Kenya, marketing of pigs is unique in that unlike for other livestock, there ararmeis

for live pigs (Kagiraet al, 2010a) Mature pigs are sold from the farm and transpoited
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slaughter slabs near urban centres. In the rural setup, pigs are slaughtered and distributed
within the locality. Pigs slaughtered in slaughter slabs are usually inspected by the veterinary
department while those slaughtd at home are ndtarmers dain butchers or traders when

they have mature pigs, who incur the costs of transporting the pigs to the slaughter facility.

2.2.4Policy and regulatory framework

Among important policies relevant to pig production is the Kenya Vision 2030, the economic
blueprint for the countries development up to the year 2030. It identifies agriculture as one of
the key pillars of development. The Agricultural Sector Development Strategy
institutionalizes Vision 2030 in the Ministry of Agriculture Livestock and Figseri
(MoALF). The national Livestock Policy was developed in 2008 to counter the challenges
that arose as a result of the government's implementation of liberalization policies in the
1990s. This policy was alsaformed bythe Economic Recovery Strategy feealth and

employment creation.

The Department of Veterinary services in MOALF enforces a number of acts of parliament
that affect tle pig industryon behalf of the government.n& Animal Diseases Act Chapte

364 of the laws of Kenyampowers the ministeio control diseases, gazette diseases as
notifiable, control animal movement among othanctions. he Meat ControAct Chapter

356 regulatesoperations in abatt@r meat inspection and movement. Other relevant laws
include te Pig Industry Act Bapter361 and lhe Prevention of Cruelty to animals Act
Chapter 360 of the laws of Kenya

There is an increased need for adopting good agricultural practices, proper hygiene,
traceability and attention to drug residues in food products for producers to betauegta
global value chains. It is therefore critical that such standards are adhered to with government

creating an enabling environment beside regulation.

2.2.5Constraints along the pig value chain

Though the pig production sector is experiencing p@asgrowth, there are many challenges

that may affect its sustainability. Key among these is the availability of good quality feeds
and high cost of raw materials (KMDP, 2013). Feeding constitutes the greatest cost in raising
pigs and affects the pig's pemmance and sustainability of the subsector. The poor quality of
ingredients as well as concentrates and unavailable local sources of vitamins and amino acids
are a significant challeng®ig farmers resulted to formulating their own pig and poultry

feedsas a coping strategy arising from the high cost of commercially blended feeds. Most of
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these feeds however were reported to be nutritionally inadequate resulting in decreased
production efficiency. This has been attributed to use of improper formulaadatérated

feed ingredients (MAAIF, 2005). Quality assurance of raw materials for compounded feeds is
a major bottleneck to standardized feeds. The Kenya feed industry does not have adequate
standards for ingredients and quality control of thetpductand additives imported for the

feed industry (KMDP, 2013). As a result, the feed industry has often carried the blame for

substandard feeds arising from adulterated raw materials.

Poor husbandrgractices anaveak adoption of technology are also a sermarsstraint to pig
production in Kenya. Tuitoek and Kosgey (1999) highlighted shortage of breeding stock as
an impediment to improved production leading to undesirable practices such as inbreeding
(Wabacheet al, 2004 Kagiraet al, 2010a). The main chalhges in pig production in sub
Saharan Africa include high feed prices, inadequate slaughtering facilities, unorganized
marketing, poor marketing infrastructure, poor breeding stock, inbreeding, poor hygiene,
improper housing, disease outbreaks such aigakfrswine fever, lack of credit and a weak

policy framework for pig production drinadequate extension services.

Actors in the pork market including live pitaders butches and owners of pork outlets also
face similarchallenges. Among those reportbd Kagiraet al (2010b) included; conflict
with regulatory authorities, poor mode of transport, competition with meat from other
animals, low purchasing power of consumers in the ruralsehigh cost of doing business,
high labour cost, losses from a®mnation of carcasses and organs and unavailability of

government meat inspectors when required.

Despite the challenges discussed, there have been concerted efforts by pig farmers and the
government, through relevant ministries to overcome a numbeesé tthallenges through
formation of an umbrella body of pig producers, The Kenya Pig Farmers Association
(KENPIFA). This association has been instrumental in lobbying for the enactment of the
National Pig Development Strategy 262318. The objectives ohis policy are to increase

pig production, promote value addition and market access, create an enabling environment, to
facilitate financing of the pig industry and to facilitate mainstreaming of -@ait#g issues

suchas gender issues and HAIDS so & to promote inclusive job creation.

2.3 Pig nutrition

This sectiomprovides background information on dietary nutrient requirements for pigs.
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2.3.1 Characteristics of the digestive system of pigs

Pigs are generally omnivorous and have the ability tzetd wide variety of feedstuffs. Pigs

have a simple gastiatestinal tract and also have the ability to ferment feedstuffs in the
caecum and colon and therefore referred to asdumdermenters (Pastoreéi al, 2014). At

birth, the digestive systewf piglets is usually sterile but the environment quickly changes
with colonization of the gut by microorganisms from the sows reproductive tract and feaces
associated with coprophagia in piglets. The stomach and the anterior small intestines contain
a rehtively lower number of microorganisms as a result of the unfavourable acidic pH and

rapid digesta flow (BedersKaojewska and Pieszka, 2011).

Efficient and profitable swine production depends on a proper understanding of concepts of
genetics, environmenherd health, management and nutrition. An interaction between these
factors determines the level of production and profitability. Broadly, the nutritional
requirements of pigs for maintenance, growth reproductionlactdtion includeenergy,

amino acidsminerals and vitamins (NRC, 1998).

2.3.2 Dietary energy for pigs

All forms of energy can be converted to heat energy and therefore, it is convenient to express
all energy changes in terms of heat. When a substance is completely burnt to its ultimate
products of oxidationcarbon dioxide, water and other gases, the heat energy given off is
considered as its gross energy (Voet and Voet, 1990; NRC, 1998). Carbohydrates, proteins
and fats provide energy through oxidation and have a caloric value of 4.4n&%.9.4
respectively. Minerals and water however contribute no en€RC, 1998). Energy
requirements of pigs vary with body weight since basal metabolism and maintenance
requirements increase with live weight (Nok#¢tal, 1993; Adesehinwa, 2008). Tahenount

of energy in feed controls the amount of feed consuamdibitum daily since it will

compensate for increase or decrease in nutrient density.

Glucose and lactose are the most efficiently utiligeurces of energy in pigldiglow 7 days

of age. FFuctose and sucrose fed to this group resulted in severe diarrhoea, weight loss and
mortality associated with pathogenic microflora (Bededst#igwska and Pieszka, 2011).

Pigs younger than 3 weeks fed on starch diet performed poorly because they lafoiedtsuf
levels of pancreatic lipase, thereafter they develop the abilitytiiae starchefficiently
(Cunningham, 1959).

17



Gross energy is the energy liberated when a substance is combusted in a bomb calorimeter
and is dependent on its carbohydrate, pnoteid fat composition (NRC, 1998). GE of a
feedstuff can be accurately estimated if its proximate composition is known. Mavromichalis
(2006) estimated this relationship using values for ether extract (EE), pateéen (CP) and
ash as follows:

GE = 4143+ (56 X % EE) + (15 X % CP)(44 X % ash), R= 0.98------- Equationl.

Digestible energy (DE) of a feed refers to the GE intake of the feed minus the gross
energy of feaces. Faecal metabolic energy is however not consid&Eccomputation.
Nobletet al. (1994 reported the following relationships between thawieal components of
feed and DE:

DE = 4151- (122 X % Ash) + (23 X % CP) + (38 X % EEf64 X % CH, R*= 0.92
-------------------- - e —————-EquatiON2.

DE = 949 + (0.789 X GE) (42 X % Ash)- (41 X %NDF) R? = 0.96---- Equation3.

The digestibility coefficient of energy (DCe) refers to the: O5E ratio which is greatly
influenced by the presence of dietary fibre (DF) (Noblet, 2006). This is because DF is less
digestible than other nutrients. DCe is linearly and negatively related to dietary CF and
increases with increasing body weight du¢hi®increasing digestibility of dietary fibre (Gall
et al, 2009). DE of a feed seurce can also be estimated as:

DE = GEX DCe (Noblet, 2006)--------===n=mmmmmm oo Equation4.

Metabolizable energyME) refers to DE minus the GE of urinary and gaseous loss. The loss
of energy in form of gas varies between 03% of DE is therefore often ignored (Shi and
Noblet, 1993b).ME can be estimateak follows:

ME = DE x [1.003 (0.0021 X %CP)], R? = 0.98 -----zrsmmmmmmmmmmmmmmmmnav Equationb.

Net energy (NE) refers to the difference between ME and heat increment associated with
digestive and metabolic processes. NE is therefore the energy that an animal uses for
production ananaintenance (NRC, 1998).

The estimation of the energy content of pig feed is mainly based on DE and ME though NE is
the closest estimate of the true energy value of feed (Neblaet, 1994 Noblet and van
Milgen, 2004). Most of the enerdgst in gasess due to methan&hich typically is minimal

in growing pigs and therefore commonly ignored in literature. Nadilet. (1994 reported

the value of methane loss of approximately 0.4% of digestible energy value of feed.
However, this loss is significanh iadult pigs (Le Goff and Noblet, 2001) as a result of a
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longer residence time of ingesta in the diyestiract (Shi and Noblet, 1983This is
explained by extensive fermentation of fibre in the large intestines by a wide spectrum of
obligate anaerobic robiota (Wanget al, 2004) which include®revotella ruminocola,
Selenomonas ruminantum, Butyrivibrio  fibrisolvens, Lactobacillus acidophilus,
Peptostreptococcuspecies andeubacterium aerofaciensthe microbial population in the
large intestines amotsi1to 13* to 10" colony forming units (cfu) per gram of digesta
(BederskaLojewska and Pieszka, 2011). The major functions of these microbes include
competitive exclusion of pathogens and supply of energy through fermentation which yields
volatile fattyacids (VFA) (Wanget al,, 2004).

Energy loss in urine represents a variable percentage of digestible energy. The amount of
urinary nitrogen depends on urinary nitrogen excretion determined by the protein content of
the diet (Van Milgeret al, 2001).

2.33 Dietary protein / amino acid requirements for pigs

Protein generally refers to crude protein (CP) which is determined by obtaining the nitrogen
content of a feedstuff and multiplying by 6.25, based on the assumption that proteins contain
an average of 6 nitrogen (AOAC, 1990). Proteins are composed of amino acids with
varying proportion of amino acids in different protein sources. This means that provision of
amino acids to pigs in the correct proportions determines the adequacy of the protein
concentra@ (NRC, 1998). Formulation of pig feeds should therefore lay emphasis on the
amino acid content rather than the crude protein content. Thisigbeinis important in
meetingp i gamido acid requirements while at the same time minimizing excess nitrogen

excretion (Meisinger, 2010).

The requirements for each of the amino acids follows a concept referred to as ideal protein,
where each amino acid is expressed relative to lysine, the first limiting amino acid
(Rutherfurdet al, 2012 Mooreet al, 2013. Standard ileal digestible lysine is more often

used in place of total lysine because it accounts for the actual amount of lysine that a pig can
digest, absorb and deposit as protein. The availability of lysine for protein deposition is
subject to available emngy. The quality and quantity of protein in the diet affects the
relationship between metabolizable energy and digestible energy. Metabolizable energy
decreases if protein is of poor quality and with excess protein because the amino acids not
used for preein synthesis are catabolised and used as an energy source and nitrogen excreted
as urea (Noblett al, 1993).
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2.3.4 Dietary fibre in pig diets

Increased demand for high energy cereals for human consumption has availed fibre rich by
products and promateincreased utilization of fibre rich feedstuff for pig nutrition (Le Goff

and Noblet, 2001). The ability of pigs to digest more fibrous feeds without compromising
performance presents an opportunity to save on feeding cost. In the past, researchers were
concerned with the effect of dietary crude fibre on health and performance. However, the
development of new analytical methods that determine specific fractiorsellofwall
components like thean Soest neutral detergent fibre, acid detergent fibre addlatzrgent

lignin and soluble and insoluble fibre determination has elicited interest in research on fibre

fractions in pig nutrition (Dhingrat al, 2012).

The digestibility of fibre in pig diets is highly variable and is influenced by the source of
fibre, the processing method and concentration in dséés¢gias and Pearce, 1985udsen
andHansen, 1991 Dietary fibre refers to cellulose, naellulosic polysaccharides such as
hemicellulose, pectic substances, gums mucilages and-eanoohydrateeomponent lignin
(Dhingraet al, 2012). Some fibre types are more digestible than others and though they
cannot be broken down by mammalian enzymes, they can be fermented in the hind gut. They
are termed as nestarch polysaccharides (NSP) which constitup to 90% of plant cell
walls, mainly cellulose, hemicellulose and pectins. Other less abundant NSP include fructans,
glucomannans, g adluaang (Kem and rShurssn, 2818)d NSP are partially
fermented in the hindgut to produce VFA suclaestate, propionate and butyrate which are
rapidly absorbed ansupply upto 28% of maintenance energy requirements of pigs (Kerr and
Shurson, 2013).

Feeding rations high in dietary fibre increases gut weight with heavier stomach, ceacum,
colon and a longr colon (Jorgenseet al, 1996). This has been associated with increased
proliferation of intestinal epithelial cells leading to increased enterocyte turnover ragt (Jin
al., 1994). Increase in endogenous fluid secretion such as saliva, gastrimpligarereatic

juice has also been documented by Zebrovetkal (1983)andWenk (2001) Addition of

fibre to pig diet decreases both DE and ME and results in bulky feed (Makdét 1993;

Gall et al, 2009). Gums and pectins increase the viscosityigdsta and water retention.

High fibre diets also contribute to earlier satiety as a result of signals from tension receptors
on the stomach wall (Kerr and Shurson, 2013). When dietary crude fibre exceels?a ©f

the diet, feed intake in pigs may bepdessed as a result of decreased palatability. Increasing
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dietary fibre was also found to significantly reduce the digestibilitglbimacronutrients
(Gall et al, 2009).

2.3.5 Dietary lipids

Linoleic and linolenic acids are essential components of plaserabranes in the brain,
nervoussystem andvascular system making them critical components during rapid tissue
formation in gestation and fetal growth (Chen and Chiang, 2005). Cell membranes are made
up to a large extent of essential fatty acids (EFAnddetheformation of new cells during
growth requiresa constant supply of EFA. Cell growth is not only a function of proteins but
equally of EFA availability. Young growing animals and gestating sows are most susceptible
to EFA deficiency. Deficiencies @dmega 3 fatty acids and an imbalance in the proportions

of these EFA impacts negatively on piglet survival and immune fungtonset al, 2007)

In growingfinishing pigs, fat supplementation improves growth rates, reduced feed intake
due to higher dietary energy and increased backfat thickness (@otiky1982; Benzt al.,
2011). The fatty aciccomposition of dietary fat also results in altered pork fatty acid
composition leading to altered pork quality and shidf(Woodet al, 2008)

2.4 Evaluation of feed nutrient composition and animal performance

2.4.1 Nutrient composition

Proximate anlgsis includes the determination in biological material of moisture, ether extract
(EE), crude protein (CP), ash, crude fibre (CF) and nitrogen free extract (NFE). The
determination of these fractions is frequently the starting point for more detailgdigrul
specific nutrients and is the basis for total digestible nutrient (TDN) (AOAC, 1990). TDN is
used to express the total energy content of a feed. The Van Soest analysis (Detergent Fibre
Technique)(van Soest, 1967pvercomes most limitations of thgroximate analysis. It
separates the overlap of CF and NFE. The technique divides forage organic matter into two
classes; a) Cell contents and b) Cell wall components. Cell contents include lipids, sugars,
organic acids, starch, non protein nitrogen (NRNJ soluble proteinfAOAC, 1990) Cell

wall components include hemicellulose, fibre bound proteins, lignin, cellulose and lignified

nitrogen (Kerr and Shurson, 2013).

2.4.2In-vivo digestibility test
In-vivo digestibility tests are applied to obtain tapparent digestibility (RFD) of a feed

resource. A known amount of feed under test is fed to an experimental animal whose feed
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intake is predetermined. Fecal output is precisely measured. The digestibility of a feed is

computed as:

Feed intake — Fascal matter

% Apparent digestibity = X 100---------mmnmmmmmeme Equation6.

Feed intake

The limitation of apparent digestibility is that it does not take into account losses in feces that
are of endogenous origin, for example through cell disquamation,righatebris and
through sweat. To overcome some of these limitations, the indirect method which involves
use of dietary markers are used. Such markers must be totally indigestible and unabsorbable,
should have no pharmacological action on the gastroingdtiact, should have uniform
passage in gastiatestinal tract and readily determined chemically and preferably a
substance naturally present in feed (Jaggeal., 1991). By determining the ratio of the
indicator to that of a nutrient under investigat in the feed and in the feaces, then

digestibility can be determined without doing feed intake and fecal output determination.

2.4.3In vitro gas production technique

The basic principle of all gas production techniques isithgitro microbial fermatation of

feeds is accompanied by gas production. The rate and extent of fermentation can be measured
by the volume of gas produced. The technique was initially used to assess digestibility and
ME in ruminant feeds was later used with other animals ssichldit, horse, ostrich and pigs
(Coneet al, 2005 Bindelle et al, 2007; Baueet al, 2010; Pastorellet al, 2014. The
technique requires the creation of an environment that mimics a particular section of the
gastreintestinal tract (GIT) for a gen set of parameters. In moegastric animals, feaces
collected from the animader rectumprovide inoculum that is representative of the microbial
flora in the caecum and colon (Bawetral, 2001). This technique has an advantage in that
several animalgan be used as feacal donors for inoculum preparation at the same time
thereby giving statistical significance to the test. It also has an advantage over fistulation
associated with its contribution to animal welfare. It is also easier to collect fagaea frig

than adequate quantities of fluid from a fistulated animal (Pastetaili 2014).

Mauricio et al (2001) obtained comparable results for organic matter digestibility using
rumen liquor and inocula prepared from faeces from fistulated cowsnaaet al (1996)
compared gas production kinetics between inocula from equine faeces and caecal fluid and
demonstrated that the results were similar. Baateal (2004) also demonstrated similar
results in fermentation kinetics using inocula from digestained from 3 different sections

of the large intestines of pigs. Bauwral (2010) used the technique to evaluate the role of
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different concentrations of ingredients and antibiotics (Viginiamycin) on fermentation
characteristics in pigs. Pastoradli al (2014) used the technique to compare the efficacy of
gas production using fresh and frozen faecal inocula from pigs. €camle(2005) used this
technique to rank concentrates depending on the degradabln-@Bo gas production
technique therfere provides a better understanding of the site of fermentation, giving an
opportunity for gut ecology manipulation and health of pigs through use of feed additives.
Bindelle et al. (2007) however concluded that though pig feaces are a reliable source of
inocula used to characterize fermentation kinetics of feed ingredients, it is important to
hydrolyze the substrates with pepsin before gas test. A similar approach was used by Tilley
and Terry (1969) in evaluating-witro digestibility of forages in rumamts. However, in the

case of ruminants, hydrolysis with pepsin was done after 72 hours incubation with rumen

ligour.

2.4.4 Feed efficiency

The very basic measure of feed efficiency is daily feed intake. The ratio of daily feed intake

to average daily gaiis known a the feed conversion ratio (FER he concept of residual

feed intake was proposed in the 1940s and developed further in the 1980s. The trait
represents the amount of feed consumed that is not explained by the requirements for
maintenance angbroduction (Arthuret al, 2009). This method however requires the

determination of body composition for computation of the carcass value.

In an ideal situation, the cost of feeds has major influence on the profitability of the feeding
strategy employed. Yén the feed cost is low, the focus will be on feeds that yield the highest
average daily gain (ADG). When feed cost is high, the focus will be on feed with high feed
efficiency. Feeding strategies can be evaluated using a number of methods including;
Revenue over feed, margin over feeds and facility costs. Evaluating for feed cost per kg live
weight gain is a better measure because it allows for comparison of ADG and feed efficiency

between feeding strategies.

2.4.5 Pig performance measurements
Measures operformance for pigs are based either on feed efficiency such as the daily feed
intake and feed conversion ratio or growth efficiency such as the average daily gain, Kleiber

ratio and relative growth rate, against certain target periods (Aethaly 2009).

The basic measures are the start of test live weight, end of test live weight and the average

daily gain (ADG). These live weights are computed from a regression of live weight and

23



time. ADG therefore is the regression coefficient on the regressieright on time in days.
Other growth measures described by Artatal (2009) include the metabolic weight and
the Kleiber ratio. Metabolic weight is computed as (Average of start and end of test live
weightf ">, The Kleiber ratio is defined as live ight gain per unit of metabolic weight.

2.4.6 Evaluation of carcass quality

There are several objectives of pig caroasasluation which include grading for the market

and indications of pale soft exudative (PSE) pork, evaluation for genetic improverdent an
evaluation of pig productivity based on different nutritional (Tartrakebml, 2015) and
management parameters. Killhogit percent KO %) is expressed as the weight of the
carcass as a fraction of the live weight of the pig immediately before staudeveral

factors may affect KO% including breed, gender, dietary regime, food withdrawal, transport
stress (Gosalveet al, 2006) housing and accuracy during weighing. Dressing percentage on
the other hand is expressed as the chilled weight at 24 &sarfraction of live weight of the
carcass. Muscling is estimated by determining the loin eye area ddrthessimus dorsi
muscle that has been cut perpendicularly across the long axis at the junction of the 10th and
11th thoracic vertebrae. The loinesgirea is determined by placing a plastic grid over the loin
eye area or on acetate paper on which the loin eye has been traced. Back fat thickness is
obtained by measuring using a ruler the thickness of fat layer over the 1st, 10th and last ribs
at a poin 6 inches (approximately 14.6 centimetres) lateral from the dorsal spinous process or

along the dorsal midline as per the approach used by &ass{2013).

Determination of carcass pH is performed at 45 minutes and 24 hours post slaughter in the
longissimus dorsimuscle at the last rib using a portable digital pH meter. Rapid muscle
acidification soon after slaughter in PSE pork occurs as a result of rapid glycolysis leading to
accumulation of lactic acid in muscle tissue. This acidification leadpattial protein
denaturation and reduced water holding capacity and a lighter colour accompanied by a
higher drip loss (Tartrakoaoet al, 2015).

2.5 Alternative feed resources in pig nutrition

The use of AFR significantly reduces the cost of feeding besal reduction in vitamin
deficiencies. Feedstuffs which are locally available constitute a natural asset that smallholders
use to achieve their goals. Crop residues constitute a significant proportion of AFR and are
characteristically fibrous, of low diggbility, and low in nitrogen. However, there are a
variety of AFR that are of high nutritional value such as industrigbrbgucts and excess
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farm produce. There is a wide variety of these AFR since they are widely spread

geographically.

The most widelyused tuber as a source of pig feed in Africa is cassava which has been used
in studies to assess pig performance. In a study byeArd. (2013), the cost per kilogram

body weight gain and gross profit increased significantly when cassava waste pitbdtcds,
cassava starch residue and cassava peels were incorporated in pig diet in comparison to diets
with maize as the control. Potato peels and rejected tubers are widely used in feeding both
ruminants and pigs. In western Kenya, besides the sweeb patats, rejected sweet potato
tubers are also fed to pigs (Kagetal, 2010a). Wadhwa and Bakshi (2013) demonstrated

that dried ripe banana peels can be fed to growing pigs up to levels of 20% of the diet without
having adverse effects on their perfamae. In the study, they were found to constitute 30%

of the weight of fresh banana and up to 8% crude protein, 6.2% ether extract, 13.8% soluble
sugars and rich in trace elements. Dried citrus pulp can be used at a rate of up to 50% of the
diet of gestatig and lactating sows as a replacement for corn in concentrates due to its high
energy content. High crude fibre content in pineapple peels limits its use in pigs but is a
valuable feed resource for ruminants (Wadhwa and Bakshi, 2013). Fresh carrots bo%tai
crude protein, up t o 60 % -carotgna f(Wadhwanadd Bakshe, h i n
2013. Surplus carrot during a glut or low grade carrots disposed at farm level or in the

market can be used as an AFR.

Whey is a byproduct of cheeserpcessingand contains proteins such as albumin and
globulin and lactose. Whey can be used to replace up to 30% of dietary nutrients for pigs
(Alaviuhkola and Harju, 1985). Brewers waste consists of extracted residues of grains from
the brewing process. The crudein content of wet brewers waste is approximately-25.3
28% on a dry matter basis (Sakaial, 2015). Though widely used as livestock feed, there is

a limitation in its use in finishing pigs because of high levels of unsaturated fatty acids and
the fact that it is bulky (Stein and Lange, 2007). Dried brewers waste had 6.3% crude fat and
2080 Kcal/kg of metabolizable energy and a good source of vitamin B and has been shown to

be beneficial as an alternative feed resource in broiler chick (®wvain2012).

Slaughter slab waste commonly used by smallholder pig farmers constitutes of blood and
offal contents (Kagirat al, 2010a;FAO, 2013. Blood meal is a rich source of proteins and
lysine but deficient in argininelt is also imbalanced in isoleme and leucine and has low

digestibility. Commercially, blood meal is processed by heating at high temperatures, a
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process that reduces the availability of lysine. Steam drying and fermentation however
overcomes this challenge (Kingaet al, 1998). Inthe smallholder pig farming sep in

Kenya, pig farmers process blood meal by cooking. Kingbral (1998) compared the
outcome on growth of piglets that were fed on either fermented dried blood meal or cooked
dried blood meal with the former yieldingtber growth rates. In this study, fermentation was
done by addition of molasses. The processed fermented blood meal and cooked blood meal

were sundried and ground using a hammer mill and used to formulate test rations.

Homemade rations constitute a sifycant proportion of AFR mainly byroducts of cereal
processing. Most of these feeds have however been reported to be nutritionally inadequate
resulting in decreased production efficiencies. This has been attributed to use of improper
formulae and adultated feed ingredients (MAAIF, 2005). Institutional swill and domestic
kitchen waste are commonly used AFR however, these feed resources are often delivered to
the farm in the wet form therefore making them potential growth media and sources of

disease pabgens (Kagirat al, 2010a).

2.6 Application of biotechnology in pig nutrition

Among the major challenges that animal nutritionists face in feed formulation is the presence
of antinutritional factors in feedstuffs. Such antitritional factors includéypsin inhibitors,
saponins, tannins, phytates, oxalates and high fibre. Soybean meal is the most widely used
protein source for pigs. Processing methods often influence the level of trypsin inhibitor in
soybean. Solvent extracted soybean meal has I@sitrynhibitor which is high in pressed

raw soybean meal. To reduce trypsin inhibitor activity, pressed raw soybean meal should be
sufficiently heated (Woyenget al, 2016). Glucosinolates present in canola and cyanogenic
glycosides present in flaxseed aheesult in reduced feed intake in pigs (Woyergal.,

2016). Phytates are present in all plants in varying quantities. They are however significant in
cereals used in pig diets because of their affinity for phosphoRvasence of NSP in pig

diets comstitutesa major challenge in pig nutrition as seen in section 2.3.4.

The use of synthetic dietary enzymes has been widely researched with mixed results on
digestibility of nutrients and effects on growth and performance in pigs. Some of these effects
are shown in Table 3. Supplementation of pig diets with exogenous enzymes has been
hypothesised to improve digestibility of energy, protein and fats by reducing viscosity of
digesta by acting on NSP. This increases contact between feed and digestive enzyelles as

as with the absorptive surface of the giher forms of biotechnological interventions to
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Table 3: Effects of addition of synthetic dietary enzymes in different diets

Diet/ Enzyme Effects Reference
Substrate
Corn DDGS  Xylanase, Cellulase Decreased NSP Jacobsen et al
(201%)
Xylanase, Increased ATTD of NSP Jacobsen et al.
Glucanase, (201m)
Protease Increased AID of GE O'sheeet al. (2014)

Protease, Xylanase
Rapeseed mee Protease, Xylanase
Wheat DDGS drglucanase,

Xylanase, Pectinase
drglucanase,

Xylanase

Phytase

Protease

Barley, Wheat, Xylanase,
Corn Protease
Wheat, Barley Pytase,

Carbohydrase

Phytase

Extruded Corn Amylase,
diet Xylanase

Rough rice Xylanase, Cellulase
diet b-glucanase,

No effect on growth anc

performance

No effect on growth anc

performance

Ambigous overall effect or

performance
Disruption of NSP

Almost complete reductiol
of phytate bounc

phosphorous

Increased protein solubility

No effect on DE and ME

Increase CID of energy

Increased CID of AA with
decreased endogenous los:

Improved digestibility

O'sheeet al. (2014)
O'sheeet al. (2014)

Jacobsen et al

(201%)
Jacobsen et al
(2015)
Cadogan and Choc
(2015)

Jacolsen et al
(201%)

Jacobsen et al
(201%)

Parket al (2016)
Kiarie et al (2010)

Kiarie et al (2010)

Li et al (2010)

Increased weight gain, fee Wanget al (2008)

efficiency

Reduced viscosity of gL

contents

DDGS= Distillers dried grains with solubles, ATTD= Apparent total tract digestibility, NSP=

Non starch polysaccharides, AID= pgrent ileal digestibility, GE= Gross energy, CID=

Coefficient of ileal digestibility, AA= Amino acids

enhance feed conversion efficiency in pig production include the use of probiotieg. dliu

(2015) demonstrated an increase in average daily gairageveaily feed intake, gain: feed

ratio and decreased diarrhoea incidence in piglets when fed diets contaactofacillus
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brevis.The study also demonstrated an increase in gut lactobacillus population and a decrease
in faecal coliforms and concludelat L. breviscultures had beneficial effects on growth and

performance, immunity and intestinal microflora balance in piglets.

Prebiotics are nodigestible food ingredients that beneficially affect the host by selectively
stimulating the growth or actity of desired micreorganisms that are already resident in the
gut (Gibson and Roberfloid, 1995). Among ndigestible oligosaccharides that act as
prebiotics include, fructoligosaccharide, galactigosaccharide, lactulose, lactitol, gluco
oligosacchade, isomalteoligosaccharide and xylos#igosaccharide (Gibson and Fuller,
2000). The mode of action of mannan oligosaccharides is thought to be through stimulation
of the immune system and binding and removal of pathogens from the gastrointestinal trac
(Springet al.,, 2000).

2.7 Value chain governance andecent work agenda in agriculture

Among the major objectives of enterprise development in smallholder agriculture is to help
meet the challenges of economic development, equity, poverty alleviagemder
mainstreaming, inclusion of underprivileged communities and climate vulnerability. The
expected outcome of commercialization is improved productivity through improved
competitiveness in smallholder agricultural enterprises (ILO, 2007). Commertbializa
useful in creating productive employment opportunities for the rural poor which is an
important link for economic growth to ensure poverty reduction, inclusive rural development

and more equitable societies.

Decent work sums up the aspirationsoodinary people in their working lives. It involves
opportunities for work that is productive and delivers a fair income for the farmer and his
employees, security in the work place and social protection for families, prospects for
personal development ansbcial integration, freedom for people to express concerns,
organise and participate in decisions that affect their lives and equality of opportunity and
treatment for all women and men (ILO, 2007A0, 201). Ten thematic areas of decent
work include emfyment opportunities, adequate earnings and productive work, decent
hours, combining work, family and personal life, work that should be abolished (mainly child
labour and forced labour), stability and security of work, equal opportunity and treatment in

employment, safe environment , social security and social dialogue.

Greater opportunities for sustainable employment for menwanden waged agricultural

workers as well as sustainable livelihoods for self employed farmers and other workers must
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be genered to enable people lift themselves out of poverty. On the other hand, success in
generating employment opportunities and food security depends directly and indirectly on

improving agricultural production.

The value chain concept provides a theoreticadenstanding of the interactions between
value chain actors. A value chain constitutes a range of discrete buteiated activities

from production to consumption. The concept is widely used as a facilitation tool for
integrating small micr@nterprise into higher value markets (Reji, 2013). Value chain
approach is geared towards identifying constraints to growth in a sector and seeking
opportunities for improvement by considering interaction between actors, markets and the
business facilitation envanment. The approach also focuses on productivity by addressing
itself to factors such as access to markets, legal, regulatory and policy framework and access

to technical and infrastructural support.

Integration of small enterprises into the value chaiabées them to become competitive by
increasing their operational efficiency, reduction of transaction costs andpge#iding

along the value chain (Reji, 2013). Integration gives leverage to small enterprises and
therefore an important determinant oflue chain governance. Value chain governance
influences access to markets, leverage for policy interventions, technical support from other
value chain actors and knowledge and capacity acquisition. Value chain governance analysis
allows one to understanaw a chain is controlled and coordinated when certain actors have
more power than others. It therefore represents authority and power relations that determine
how financial, material and human resources flow within the chain (Gereffi and Fernandez
Stark 2001). Improving coordination of the different actors reduces transaction costs, helps
to ensure the quality and safety of products and stimulates the development of marketing
strategies (Adetonabt al, 2015). Market integration therefore has a causatiosl with

incomes, market power and decent work.

The International Labour Office (ILO) in Geneva developed four strategic objectives which
were adopted by the United Nations (UN) system as the basis for more just and stable
framework for global and rura@mployment (FAO, 2011). These objectives include:

1). Employment creation and enterprise development

2). Social protection

3). Standards and rights at work
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4). Governance and social dialogue; which can be used as the criteria for measurement of

decent vork deficits.

2.8 Research on smallholder pig production in Kenya and current research gaps

Several researches have been carried out on the pig production sector in Kenya as shown in
Table 4, most of which have concentrated on smallholderrfiege produtton systems
common in Western Kenya and Nyanza. These studies have been motivated by the need to
address the health risks relating to zoonosis associated with this production system while at
the same time looking into the so@oonomic aspects of the ergrises. Data on pig
population is available from reports in the Ministry of Agriculture, Livestock and Fisheries in
the Department of Animal Production. Data on disease incidence is also available both at the
Regional Veterinary Investigation Laboratsri@nd the County Director of Veterinary

Services.

AFR are an importanbput in smallholder productigmowever, studies on the feed resources
have mainly concentrated on their identification but have not gone further to assess the bio
economic values, deadability in pig gut and hvitro gas production kinetics using faecal
inocula. There is limited published data on potential incorporation of locally available AFR in
pig feeds as well as challenges associated with nutritional values. Literature metbé u

enzymes to improve digestibility of AFR is scanty.

Table 4: Research in smallholder pig production in Kenya

Research area Topics of interest References
Pig production Assessment of socieconomic anc  Tuitoek and Kosgey
trends in Kenya policy issues affecting the industry (1999, FAO (2012,
Githigia (2013.
Alternative feed Characterization of alternative feed Kingori et al. (1998,
Resources resources in smallholder production Peters(2008), Kagira et
systems al. (2010a), FAO
(2012.
Pig production Epidemiology of internal parasites « Wabachaet al (2004,
systems pigs in relation to feeding an Mutua et al (2010),
management strategies Kagiraet al. (2011).

Together with efforts to create employment in agltice through developing and supporting
agricultural value chains, there is need to continually evaluate their sustainability which is to
a large extent dependent on decent work status. There is no published work that addresses

decent work in the pig vaduchain in Kenya.
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2.8 Conceptual framework of the study

The conceptual framework shown in Figure 2 is developed from the sustainable livelihoods
approach which is founded on the notion that interventions must be based on factors that
underpin livelihoods Nlorse and McNamara, 2013). This framework places livelihood
strategies at the centre and by establishing partnerships with other players, makes use of
available capital assets within certain constraints to achieve projected livelihood outcomes.
The intervaing variables play a regulatory and support role in the production process. To
improve their competitiveness, it is important that producers conform to laid down regulation

that govern the industry.

Independent variables Intervening variables Dependent \ariables
Feed resource
quality
i Biochemical
comp.ositic.)n” 1 Government
11. Dlg.estlblllty/ \ regulation v
mICI'ObIa|” 1 Extension services Sustainable
degradability { Infrastructural smallholder pig
support production enterprises
v i Creditfallc.:ilities 1 Informed
Pig response to T Competition Nutrition
feedingpractices decisions
1 Feedintake \ Yy Vv ¥ > 1 Higher carcass
91 Daily weight / yields
gain 1 Improved feed
1 FCE/FCR R cost efficiency
T ME: ADG - T Increased
incomes
Dietary T Decentwqu
Technological / Opportunities
interventions 4
1 Exogenous
enzymes
9 Balanced
feeds

Figure 2: Conceptual framework of the study role in

determining productivity while competition determines the ease of entry and exit in the
industry. Overall, these factorontribute immensely in addressing decent work deficits

31



along agricultural value chains through improved productivity and better market positioning
of produce. A typical example in this study would be a situation where pigs are slaughtered at
home and soldo neighbours, a practice common in Western Kenya, verses slaughter in a
licensed abattoir. In the former case, meat slaughtered from home is unlikely to be inspected
by an authorised public health officer and therefore, the consumer is uncertain @&bout th
safety of such pork. It is also likely that the neighbours may buy the pork on credit and fail to
pay. This implies that market risk in such a situation is high. In the latter case, consumers will
be confident about pork from licensed abattoirs becadumars a legal meat inspection stamp
while it is also sold in licensed butcheries and other meat outlets. In this case, the pork will

fetch better prices whose effect will trickle back to the producer.

Smallholder pig production represents the livelihatditegy, the capital assets represented

by feed resource which accounts for up to 80% of total production cost. The intervening
variables act either as partners as in the case of government and extension service providers
or constraints as with competiti. The long term objective of livelihood strategies in
agriculture is to achieve sustainability through improved production efficiency, increased

incomesand decemivork opportunities.
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CHAPTER THREE

GENERAL MATERIALS AND METHODS
3.1 Introduction
This chapter provides a genelerview of the study sitesxperimental pigs, feedsnd

protocols with specific details explaohé the corresponding chapters.

3.2 The study area
The crosssectional survey used to provide data for evaluation of alternative feed resources

and value chain governance was conducted in Busia, Nakuru and Kiambu Casnties
described in section 4.2.The Subcounties involved in the study were selectedaqguriori

basis with the assistance of Sedunty livestock officers.

3.3 Experimental pigs
A total of 48 Landrace X Large White piglets weaned at 56 a@anb consisting of 24

barrows and 24 giltsvere obtainedfrom Egerton University Tatton Agricultural Park pig

unit. In the first experiment (Chapter 5), 32 weaned piglets werefaseashalysiswhile in

the second experiment (Chapter 6), 24 piglets were used. However, the two experiments were
run concurently such that only one set of 8 piglets were fed on a basal diet as the control
groupfor the 2 experiment®ata from the 2 experiments was recorded betweerb62ays

of age.In the thrd experiment, 16 growefmisher pigs at 99 days of age werdested from

the group used in the previous 2 experiments and data was collected between 18§ 60

age.

3.4 Experimental feeds
Experimental feed compoundingas doneat the Egerton Univertsity Tatton Agricultural

Park feed mill. Feed formulatiomsing Evapig® feed formulation softwargvas done
following determination of proximate values of feedstuffs. the first and second
experiments, 6 weaner pig diets were formulated and compounded. In the third experiment, 4
finisher pig diets were preparetihe details of the different fractions of feedstuff used in

experimental feed formulation are expled in detail in respectivehapters.

3.5 Laboratory analysis
Processing and determination of chemical composition of feed and feacal samples was done

at the Egrton University Animal Nutrition laboratory. Specimens for preparation of
histological slides were preserved in jars containing 10% formaldehyde and dispatched to the

University of Nairobi,Department of Veterinary Pathology within 24 hours of slaughter.
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CHAPTER FOUR

NUTRIENT CONTENT, DAILY NUTRIENT ALLOWANCE AND SOW
PERFORMANCE ASSOCIATED WITH ALTERNATIVE FEED RESOURCES IN
SMALLHOLDER PIG ENTERPRISES IN KENYA

Abstract

This study estimatedhe nutrient content of selecteaternative feed resource#®\KR),
compared thedaily nutrient allowances associated witAFR feeding against the
recommended daily allowan@nd comparedsow performance indices a sample ofl44
smallholderpig enterprises in Busia, Nakuru and Kiambu Countiese of commercially
compainded feeds varied between study areas (7.7% in Busia, 53.3% in Nakurb.24td 4

in Kiambu Countyp O 0. 05) . Al l p 86g7% enrNakaro gnd T8 dns | n
Kiambu Countiesused alternative feed resources as part or whole pig (gietsO @he0 5) .
mean crude protein (CP) and neutral detergent fibre (NDF) values ofrnanhe feeds were
176.4+ 55.2 and 325.4 141.2 g/kg respectively. Ether extract values were higher in Busia
County than in either Nakuror Kiambu Countiesg( O 0. 0 5) les h& M lvdluess a mp
ranging between 84127 g/kg and CP values of 37-9419 g/kg. The mean DM, CP and
NDF values for farm residue and market waste were 198581, 114.1+ 47 and 406~ 46.8

g/kg respectivelyThis study concluded that the recommendedlyddiowance for DM, CP

and ME were only achieved in Kiambu County with commercially compounded feeds, agro
industrial byproductsof cereals and food processing anuimi@made feed formulations
Institutional swill, farm residue and market waste did notvjke sufficient DM, CP and ME
necessary to meet the RDA in all study sites. Use of AFR was associated with smaller litter
sizes, delayed age at first farrowing and longer farrowing intervals in gowsO ).0rhe0 5
study recommeretl capacity building fofarmers and extension agerds feed testing,
formulation and proper feeding regimes and researdmproving supply of nutrients from
viable alternativdeed resourcethrough use of technologuch as ensiling, dehydrating and
compacting and biotechnag.

Key words: By-products, ceproducts, dily nutrient allowancefarm residuefood waste,

performance indicesecommended daily allowance, sustainable pig enterprises.

4.1 Introduction
Feeding decisiaconstitute one of the most importananagemendspects irpig production

for threemain reasons; (i) feeding costs constitute- B0% of the total cost&Carteret al,
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2017) in the enterpris€(ii) nutrients availed to pigs significantly influengeerformance
indices such as maturity age, fertilityigiet survival and resistance to disease and (iii)

nutrition is a determinant of pork quality and by extension, marketability of product.

Farmers' feeding decisions like other agricultural investment decisions are influenced by
individual endowment with # factors of production, land, labour and capitadd
entrepreneurship/ producer knowledge (Alestal, 2017) Smallholder farmers often used
alternative feed resources so as to reduce the cost of feeding@thgs. factors that may
influence such desions include accessibility of markets armtial cultural motivations
(Lemke et al, 2006). Where such motivations are directed towards@risumption then

there is limited effort to adopt technologies that improve production.

Carteret al (2017) slowed that decisionto use alternative feed resouraesy becost

effective if some of the nutrients are in surplus on the farm and also if the piglets achieve
sufficient body wei g hlikew{se, €udigs lin. Burkinagaso and we a
Cameroon Isowed that under specific conditions, use of forages in pig diets could be more
profitable than in industrial systems usicgmmercial diets (Lekule and Kggaard, 2003).

The ability of AFRs to contribute to nutrient supply to pigs forwgho and productio
depends on nutriermtake, their digestibilityand relative cost (Kambaseét al., 2014; Carter

et al, 2017). A number of AFRs such as potato peelings, graipragucts and banana
peelings are rich energy sources (Regeieal, 2012). Other foragdse Ipomoea batatas
(sweet potato) have high CP (up to 370g/kg DM) and amino acid profiles that match the ideal
protein for pigs (Regnieet al, 2012; Kambashet al, 2014) Despite the low DM content
(12%) of vegetable and fruit wast&stebanet al (2007) showed that such alternative

feedstuffs could still be used to feed pigs.

Sow performance indices have been used in evaluating enterprise performance as well as
developing breeding values for genetic improvement. Farrowing intervals are determréned t
large extent by the weaning to service period. Abortions, eamryonic deaths and
conceptual failure are important determinants of the weaning to service duration (Tummaruk
et al, 2010). Pig diets have implications successful fetal implantatiosurvival and
development (Flemingt al, 2012).Studies have also shown that sows with higher farrowing
interval had lower average daily gaj@echova and Tvrdgn2006). Carteret al (2013)
associated low average daily gain to malnourishment and recmhaché¢he use of locally

available feed resources to improve growth rates.
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Preweaning mortalityis a good indicator of overall quality of management as well as
adequacy of dietsNuntapaitoon andTummaruk (2018) associated high {veaning
mortality with low birth weights (0.8 1.29kg), the incidence of which was higher in large
herds. Consequently, pigs were probably fed without due regard to nutritional requirement of
individual sows. This could also have explained the higher mortalitibeirs with higher

(13- 16) numbers of piglets.

4.2 Materials and methods

4.2.1 The study area

Household survey of smallholder pig enterprises was carried out in Busia, Nakuru and
Kiambu Counties where there are numerous smallholders keeping pigs under traditional
backyard, intensive and sesmitensive and medium to large scale production systems. These
study areas also had a wide variety of alternative feed resources used in pig production and a
relatively sizeable market for pork. The study sites were as highlightadgeographical

information system projection map in Figure 3.

Busia County is situated in western Kenya and borders Uganda to the west, Bungoma County
to the north, Kakamega County to the ehake Victoria and Siaya County to the south. The
County ha a population of 74846 (KNBS, 2019 with an urban population of 16.4% and an
area of 1628.4 Kfn Most parts of the county lie within theke Victoria basin with altitude
gradually rising northeastwards from,130 to 1500 metres above sea leyasl) in the Teso

hills. The average temperature is°@2while annual rainfall varies between 750 and
1,800mm. The main economic activities include fishing and subsistence agriculture including
livestock, maize, millet, cassava and commercial rice productiosiaBDounty has a pig
population of 48800 (KNBS, 201), majority of which are kept under the indigenous free
range or éthering systems with an inconmbjective. Between 2002 and 2005, cattle
constituted 62% of all animals slaughtered for meigls ponstiuted 27% while goats and

sheepcomprised only 11%.

Nakuru County is situated in the Rift valley and borders Kiambu, Baringo, Kericho, Laikipia
and Nyandarua Counties. The county lies at an average altitud856f rhetresasl within
agraecological zonedl, Il and IV with an annual rainfall of 650 1,200mm. Most of the
soils in the county are volcanic. The daily minimum temperatures vary betw@ho12°C

while maximum temperatures vary betweef@and 28C. Nakuru County is the fourth
largest count in Kenya with a poplation of 1,603,325 (KNBS, 20),045.8% of which live
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in urban areas and is cosmopolitan in nature. The county has an area of 7,509#hKr

administrative swzounties.
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Figure 3: A Geographical information systems projection map of Kenya showing the
study sites(Source: Geography &artment, Egerton University)

The County has among the highest pig populations in the Rift Valley region. According to
data available from the National population census0ff92 there were 13,899 pigs in the
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region covered by present daykdau County (KNBS, 2010 Theestimate of pig population
according to data available from Nakuru County Livestock Production (fgpendix 1V)

indicateda 35.9% increase in pig populatibetween the years 2009 and 2014.

Pig production systems in this County are varied and include free range scavenging, semi
intensive and the intensive commercial systems. Small scale farmers under the intensive and
semtintensive commercial systems oftsource their breeding stock from established large
scale farms such as Farmers Choice Limited and government research stations such as the
Agricultural Development Corporation (ADC) Station in Lanet, Nakuru. The most common
breeds comprise of the Yorkshitarge White and the Dannish Landrace and their crosses.

Kiambu County is located in the central highlands of Kenya adjacent to the northern border
of Nairobi County. It has a population of 1,623,282 and an area of 2, M4%-2As a result

of its proximityto Nairobi, the level of urbanization in the County is 60.8% with a poverty
level of 28.9%. The County has a population growth rate of 2.81% as a result of influx of

people working in the city but prefer to stay in the less congested Kiambu and itsienviro

The County has a meamnualrainfall of ,L200mm. The mean temperature in the County is
26°C with temperatures ranging fronf7 in the upper highlands to %2 in the lower
midlands. Agriculture is the predominant economic activity in the County.tlteideading

sub sector in terms of employment, food security, income earnings and overall contribution
to the socieeconomic well being of the people. Majority of the people in the Countyndepe

on the sub sector for their livelihoodvith 304,449 direci or indirectly employed in the
sector. Coffee and tea are the main cash crops in the county. The main food crops grown in
the county are maize, beans, pineappleslasitlpotatoes. Livestock farming is mainly done

by zero grazing. Animals reared includattle, sheep and goats, poultry and pigs. Growth in
this subsector has been encouraged by a ready urban market in Thika, Ruiru, Kiambu,
Nairobi and the availability of local food processing factories such as Farmers Choice limited
(pork and pork produs), Kenchic Llimited (broiler) and a number of dairy processing

industries.

Kiambu County has the highegtig population in Kenya, majority of which are kept under
intensive production systems. Access to good breeding stock by smallholder farmers is less of
a challenge as compared to Busia and Nakuru Coukt@sever, feeding pigs & challenge

to many due to the cost and unavailability of quality feeds. The-@gessing industries
provide a possible source of AFR for pig farmers.
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4.2.2 Populationand characteristics of pig farmers in the survey

The sampling frame included all smallholder pig farmers within in the target sites where
majority owned less than 10 pigs and owned less than 5 acres of land. Majority of
smallholders in the target study area aften involved in crop production as well as other
forms of livestock production. Agricultural production systems in the 3 study site are often
influenced by the level of urbanisation and population density such that the pressure on land
andthe demandor food commodities are high. There are however marked differences in
infrastructure between the study sites with respect to licenced slaughter facilities where the
number is higher in Kiambu than in Nakuru and Busia Courfigspopulations shown in
Tablel indicate that pig farming is a popular adpased income generating activity in the 3

study sites.

Outbreaks of Foot and mouth disease were common in pig enterprises in Busia County while
Swine fever affected pigs in all study sites wiping off entiredbein most instances.
Challenges associated with thin markets were also common especially in Busia County. As a

result, most smallholders kept pigs seasonally when the risks were less.

4.2.3Sampling procedure and sample size

A proportionate to size purpive sampling procedure was usé sample households that
hadpigsat the time of the surveyVith the help of Sulzounty livestock production officers,

pig keeping households were identifiesing a snowballing procedureThis approach was
used to ovemmme the challenge of using random sampling on a sampling frame that would
have identified households without pigs at the time of the survey.

The determination of sample size was based on the statistical coht¢keetmargin of error

given as:

e TR T Equation?.

Wheree is the desired margin of error, z is thecore for the desired confidence interval, p is
the proportion of a statistic of terest in the universe and n is the sample size (Cochran,
1963). Reorganizing the formula,

R 2 [— S Equations.

The proportion of small scalegpproducers in Kenya was approximately 70% (FAO, 2012).
In this case, p = 0.7 and@d = 0.3.Assuming a 95% confidence interval, z = 1.96 and 8%

margin of error, thethe sample size was computed as:
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[1.96° x 0.7 x 0.3] / 0.08 = 126.05 approximately 130households. This was
distributed between the 3 study areas by pig population ratio for both commercial and
backyard produton systems based on KNBS (201The sample size was increased by a
factor of approximately 10% to make up to 144 households,2ha2iin Busia County, 30 in
Nakuru County and 62 in Kiambu County. This was to ensure that more data was collected to

replace selected households where it was not possible to collect data.

4.2.4Pretesting, reliability and validation of instrument

A quegionnaire that captured the demographic characteristics of the household heads and
enterpri¢ data was developed (Appendix).VWith the aid of 2 enumerators, the
guestionnaire was administered to 6 pig enterprises in Njoro and Nakuru EdSbo&uies

The questionnaire was therectified for errors and questions that presented difficulty in
measurement, visual assessmendifficulty in verifying. The questionnaire template was
then prepared using SPSS statistical software Versiomt22.reliability of te tool was
evaluated by assessing its internal consistersiyg the @onbach'scoefficient alpha which

was computed for groups of related variables. The tool was considered reliable with
Cronbach's alpha values that varied between 0.65 and 0.76. \talidtihe toolwas done

by using the construct validity criterion where correlation was done between responses to
enquiries on challenges faced by smallholder pig producers while using open ended questions
and response® structured questionsn the quesbnnairewith a correlation coefficient of

0.84

4.2.5Data collectin

The pretested structured questionnaires were administered to smallholder pig flarougyis
personal interviewsPrecaution was taken to observe research ethics as pertains to gbtainin
consent from the farmer to collect data and assurance of confidentialdymation on the
demographic characteristics of the smallholders, hewéntory by age and sexeed
resources in usefeeds and feeding regimemanagement practicesow repraluction,
disease controlmarketing practicesdiseaseincidence and mortalitiesvas capturedBy
observationan assessment of pig breeds (either exotic crosses or indigenous) and housing

type was done.

During the survey, feed samples were collédtameliately before the feeds wesupplied
to the pigs, weighed, labeled and preserved®@tid sealed waterrpof containers until
analysis wa done. Wet feeds were weighed and then froz&l samples were then

48



desiccated in an oven at®€0until there wano further loss in weight. Samples were ground
using a hammer mill fitted with a 1mm pore size sieve and then stored inpradébags.
Proximate and detergent fibre analys$¢ commercially compounded feed and swill samples
were done using thprocedurs described by AOAC (1990) and Abdulrazak and Fujihara
(1999) at Egerton University, Department of Animal Science, Nutrition laboratory. Home
made feeds were simulated in Evapig® feed formulation software (IBR#, 2008)after

pig farmers were asked pyovide details on how they formulate their feeSiscondary data
from published literature was used to compare nutrient values of cerpaddhycts and other

agraindustrial waste products that were used in smallholders pig enterprises.

The study comped four performancendices, that is, age of sows at first farrowing ays,

litter size per sow, sow ffeowing interval in days and piglet weaning percentagea survey

data on sow reproductiofarrowing interval was obtained by taking the differeneénzen

the currenfarrowing and the previousafrowing dates. Weaning percent (piglet survival rate

at weaning) was computed as the total humber of weaned piglets as a percentage of the

number of piglet$arrowed.

4.2.6 Statistical analysis

Analysis of vaiance (ANOVA) for continuous dataith Tukey's test to separate means and
chi-squares for categorical data wemomputed to compare the socieconomic
characteristics, production, management and feeding practices of smallholder pig enterprises
between stdy areasusing SPSS statistical software (IBM Corp, 2013) identify and rank
barriers to the use of commercially compounded feeds, smallholders' responses were ranked
from 1 to 4 where 1= not a serious problem, 2 = a problem sometimes, 3 = a common
prodem and 4 = most common problem. The barriers that were ranked in this analysis
included lack of knowledge on which feed to use, high cost of feeds, lack of stockists, lack of
information on where to source feeds, high cost of transport and poor qualityofercially
compounded feeds. Rank data analysis of barriers associated with use of commercially
compounded feeds was performed to factor in the weight of all responses as illustrated by
Ray and Mondal (2011A Heckman two step model was used to esenakgcisions to adopt

the use of commercially compounded feeds using STATA statistical software (StataCorp,
2011) using socioeconomic characteristics and production and management practices as the
primary regressors. A probit regression for selection wasnated in the first step to

estimate the determinants of smallholders' ability to purchase. This was follgveedinary
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least squares egr essi on in which a correction fact«

from the probit model was included as a regressor.

Proximate values of feed resources were fitted to the survey data to facilitate computation of
daily allowance of nutrientgdry matter, crude protein and metabolisabénergy) To
establish the normality of this data, the PROC UNIVARIATE NORMAL PLOT command of
SAS systems (SAS 2002) was appliedSpearman correlation coefficient was computed
using "PROC CORR" command of SAgstems (SA8, 2002) between crude protein and
the fibre components of diets. Computation of metabolisable energy (ME) values for
commercial feeds was donsing theformulg

ME = 4194(9.2 xAsh)+(1 x CP)+(4.1 x EEY3.5 x NDF, R? = 0.98---- Equation9.

(Noblet and Perez, 1993)

Where CP = crude protein in g/kg, EE = ether extract in g/kg and NDF = neutral detergent

fibre in g/kg all expressed in DM basis.

Daily allowance for DM, CP and ME were computed by applying the sesfilproximate
analysis and ME computation to feeding regimes obtained from enterprise data from the
crosssectional survey. Comparison of the mean values was done usirgpropée TFtest

with the recommended daily allowance (RDA) as the critical valuss RDA was computed

as shown inTable 5 to provide mean values of 40mg/kg bodyweight for DM, 7.38g/kg
bodyweight for CP and 144Kcal/kg bodyweight for ME.

Comparison of sow performance indices between study areas was done by computing an
ANOVA using SPSStatistical softwargIBM Corp, 2013).A comparison of the means of
performance indices between feeding decisions (commercially compounded feeds versus
AFRs) was doa by using independent sampldsst.

4.3 Results

4.3.1 Pig enterprise features

i) Pig farmer and farm characteristics

The number of male headed households was significantly higher than female headed
households (77.6% versus 22.4%) in the entire samplig. farming household heads in
Kiambu Countywe r e si gni f i c a rthan tigosén Budi@ Counfy;p50. 72 yelirs 0 5 )

versus 45.51years.
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Table 5: Recommended daily allowance for dry ratter, metabolisable energy and crude

protein (90% dietary dry matter)

ltem Mean body weight (kg) RDA
9 18 375 625 875

Estimateddaily feed intakgg/day) 493 953 1582 2229 2636

Daily DM intake (g/kg 49 48 38 32 28 40
Daily ME requirement (kcal/kg)  186.2 177.36 139.22 117.69 99.41 144
Estimated daily CP intake (g/kg) 9.86 9.53 6.83 5.78 4.88 7.38

DM=dry matter, ME=metabolable energy, CP=crude protein, RDA=estima
recommended dailallowance.(Information extrapolated from Table I\ (NRC, 2012)
CP intake was computed based on a CP concentration of 200mg/kg for pigs up to 3!

180mg/kg for pigs over 35kg

However, pig farmers in Busia County had mofe O ) @ear® Bf experience in pig
farming (6.77+ 7.18 years) compared to either Nakuru County (2.3327 yearr Kiambu
County (3.63+ 3.97 years The variance in the mean size of land allocated to livestock
between conties was significanp  ©5. 8mallholders in Busia County allocated mgre O
0.05 land to livestock (0.48 0.56 hectares) compared to farmers in either Kiambu County
(0.17+ 0.21 rectarespr Nakuru County (0.2% 0.27 hectares) The sizes of land allocated to
livestock in Nakwuu and Kiambu Counties were comparable.

i) Pig production and management practices

Pig husbandry systems practiced by smallholders in Busia, Nakuru and Kiambu Counties
were significantlydifferent; °=111.95 p O 0. 05. Tet her ibamgrywas t |
system in Busia County and was the only study area whererainge grazing was
encountered. Smallholders in Nakuru County predominantly practiced intensive farming with

only 6.7% tethering their pigs. All farmers in Kiambu County practiced intengig

keeping. A comparison of pig housipgactices showesdignificant(p O ) Giffel@rices in

all study areas. There were no shelters for pig in 25% of households in Busia County and
approximately 60% of those present were temporary. The number of households that had no
shelters for pigsn Nakuru and Kiambu Counties weregligible.

Smallholders that were interviewed in Busia and Nakuru Counties had a maximum of 5 sows
and 4 sows in Kiambu County. The distribution of sow population in the three study areas

showed that on average, 29.5% of smallholders had no sows in itheinterprises. This
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comprised of 34.6% of smallholders in Busia County, 23.3% in Nakuru County and 30.6% in
Kiambu Gunty. The mean number sows per enterprise in the three study areas was 0.94,
1.37 and 1.47 respectively, F = 3.08; p O 0.
and Kiambu Counties,t 112) ; p O 0.05. Small hol depts in
indigenous sws while those in Kiambpredominantly kept exotic breeds. Smallholders in

Nakuru County had preference for both improved crosses and exotic breeds with a bias for
improved crosses. Majority (70.9%) of smallholders had no boars in thenpases. The

mean number of boarepenterprise was 0.39 with gnificant differences in the means
betweenthe study areas. Smallholders in Nakuru and Kiambu Counties did not keep
indigenous breesd of boars while in Busjasmallholders predominantlgept indigenous

boars.

Majority (89%) of smallholders in alhe study areas frequently dewormed their pigs but

rarely kept any enterprise records. About 30% of smallholders never used ectapteasiti

There weresignificant differences in the frequenof/carrying out tooth clipping{ = 46.84

p O 0.05), ca6’=ridi9% om Of Op0§) emas well as a
injections in pigletg?=7359 p O 0.05). More than half of
never carried out these management practices while in Nakounty, at least 80% of
smallholders carried out the practices. In Kiambu County, majority of farmers (over 60%) did

iron injections and piglet castration while 56% never practiced teeth clipping. Less than 10%

of smallholders in all study areas weighe€itipigs.

4.3.2Pig feeding practices

There was a significant difference in feeding practices with the rate of use of commercially
compoundedédeds in smallholder enterprises 7.7, 58184 5 . 2°%1 4 . 59 , m O 0.0
Busia, Nakuru and Kiambu Counnties respectivAly enterprises in Busia County fed their

pigs on alternative feed resources while akNru and Kiambu Counties, 8Grid 77.42% of

enterprises respectively fed pigs on mitgive feed resourcgs’=26 . 8 7 , p O 0.05
13.3 and 22.58%f the enterprises in Nakurand Kiambu Counties respectiveigd their

pigs entirely on commercially compounded feeds.

High cost of commercial feeds was the most serious barrier toutbeiin all study areas. In
Busia County, the second and third most important barriers were high cost of transport and

lack of feed stockists respectively. In Nakuru and Kiambu Counties, poor quality of feeds and
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high cost of transport were the second ahidt most important barriers tthe use of

commercially compounded feeds.

4.3.3Modelling decisions to use commercially compounded feeds

Heckman 2 stepegressiorresultss howed t hat the i nverse Mil]|l g
0.024, p O 0.05, i ndi cati ng iAcatisnafaniné reodet e | e c t
Determinants of choice to use commercially compounded feeds that were significant
(Appendix M) included the level of education of household head (+0.48), number of
weaners (+0.11), access to alternative feed resources, that ispfamedeeds-2.38), agre

industrial byproducts {1.39) and institutional swill -0.81). Underlying factors that
influenced he decision to use commercially compounded feeds as described in the outcome
eqguation included location of enterprise (+.01), gender of household head (+0.19), the level

of investment in housing(+0.27) and access to extension services from the public secto
(+0.1) all significant at p O 0.05. Figures

and direction.

4.3.4Nutrient composition and daily nutrient allowance ofcommonly usedAFR

i) Commercially compounded feeds

Data from the crossectionalsurvey showed that there were only two commercial pig diets
that wereusedin smallholder enterpses in all study areaspw and weaner meal (SWM) and

pig finisher meal (PFM). In Busia County, smallholders who used commercially compounded
feeds only use@®WM. In most cases, there was no clearpmiht that determined at what

age or weight the feeding regime changed from a SWM to a PFM.

There were three different brands of commercially compounded SWM that were in use
among smallholders sampled in BusiauBty. All the three brands were sampled for
proximate and detergent fibre analysis. There were eight brands of commercially
compounded pig feed in use by smallholders in Nakuru County out of which three brands
were used in 64.7% of enterprises that usedmgercial feeds. SWM and PFM from the three
brands were sampled for proximate and detergent fibre analysis. There were eight brands of
commercial pig feed in use by smallholders in Kiambu County where four brands were used
in 74.1% of enterprises that usedmmercially compounded feedshé&se four brands were
selectedfor sampling for laboratory analysis and included SWM and PFM samples. There
were three brands of commercially compounded pig feed that were in use in both Nakuru and
Kiambu Counties. None ofé brands of commercially compounded pig feed in use in
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enterprises in Busia County was used in either Nakuru or Kiambu Counties. The results for
proximate and detergent fibre analysis for sampled commercially compoundedafeeds

shown inAppendixVII.

A comparison of nutritional composition of the feed samples between research sites showed
significant differences imsh, crude protein, ether extract, hemicellulose, cellidosecid

detergent ligning O 0. 05). Feed s ampédsgmficaftly igme(Bu®i a C
0.05 in ash and lignin compared to feed samples from Nakuru and Kiambu Counties. Feed
samples from Nakuru County had higifer O ) Bemi@efiulose content than feed samples

from Busia and Kiambu Counties. Feed samples from Kiambu t€ouere significantly

higher(p O ) B cridé protein and ether extract compared to those from Busia and Nakuru
Counties. There was a positive correlation between crudeprat and et her extr a
and a negative correlation between crude pmotand hemicellulosep( O 0. 0#) and
detergent ligning O ResdIts pfcomparison of the daily allowance of nutrients per
kilogram bodyweight from commercially compounded feeds between study areas were

shown inTable 6

Table 6: Comparison of mean daily allowance of dry matter, crude protein and
metabolisable energy associated with commercially compounded feedswith the

recommended daily allowancevalues

Component RDA Busia Nakuru Kiambu Mean
DM g/kg 40 11.72(2.46%* 31.36(3.35)* 45.44(2.49) 36.79
CP dkg 7.38 1.47(0.31)* 4.30(0.46¥* 8.25(0.46) 6.09**

ME kcalkg 144 32.97(6.93%  94.49(10.1) 148.57(8.32)  116.73*

DM=dry matter, CP=crude protein, ME=metabolisable eneRpA=recommended daily
allowance derived from NRC (2012) data, values with asterix are significantly low@r (p
0.05) than the RA value for correspondindietary componentumbers in parenthesis are
standard errors of the means.

Levene's test of homogeneity of variances indicateat there was no violation of the
assumption of ncihomogeneity of variances. The daily allowances in g/kg body weight of
DM and CP and ME in kilocalories per kilogram body weight (kcalkgere significantly
higher( p O ) .pig Bnterprises in KiambGounty than enterprises in either Nakuru or
Busia County which had the lowest values in all cagks. mean values of daily allowance
of DM, CP and ME in Busia and Nakuru counties were lower (O ) thanQteir RDA
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values. The mean values of daily alkmwee for DM, CP and ME in Kiambu county were
equal to p O ) 6he feBommended daily allowance of these dietary components. The
overall mean values of daily allowance for CP and ME were lopver O ) than@h& RDA
values for these dietary components.

i) Alternative feed resources

The most popular alternative feeding practice in Busia County was use of kitchen waste
which was practiced in over 75% of smallholder enterpii§able 7. Feeding crop lefover

and farm waste especiallysweetpotato vine (25%) was the second most important
alternative pig feed source in Busia County followed by feeding aingbyproducts,

particularly, maize bran.

In Nakuru County, lie use of kitchen waste was the most popular alternativeepitjnig
practiceand was pacticed by 49% of smallholder farmers. Market waste mainly comprising
cabbage waste was the second most popular alternative feed source in Nakuru Twunty.
third most common feeding practice was the use of homee feeds which were prepared

from feedsuffs that were easily available to smallholder farmers. The formulations varied
from enterprise to enterprise. Most respondents indicated that they obtained the feed formulae

from other farmers and obtained their raw materials from animal feed millers.

The most popular alternative feed for pigs in Kiambu County was wheat pollard which was
used in 59.7% of smallholder enterprises. Use of slaughterhouse waste was recorded in less
than 4% of enterprises in Busia and Kiambu Counties. Tomato waste (tomatoepevaac

used by 6.7% of smallholders in Nakuru County and comprised of a mixture of tomato peels,

pulp and crushed seeds obtained from a vegetable processing factory.

iii) Home-made pig diets

This practice was more common in pig enterprises in Nakuru Casntpmpared to either

Busia or Kiambu Counties. Feed preparation was done by hand using spades and in small
quantities of up to 300kgin all cases, there was no inclusion of vitamin and mineral
premixes when formulating these diets. The diets were #ised to pigs of all ages on the

farm.

Results of analysis of nutritional values are presente@ipipendix VIII. Results from the
ShapireWilk test indicated that the data for NDF and ME in hemmade pig feed in Busia
County was not normally distributedhile that of CP, EE, ADF and lignin was normally
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distributed. Data for CP, EE, NDF, ADF, lignin and ME for hemade feed in Kiambu and
Nakuru Counties was normally distributé®lesults showed that the diets were simjlap O
0.05)in composition excepof EE where the mean value in Busia County (13658.69/kg)
was higher than either Nakuru (32:2g/kg) or Kiambu (32.6 +.8%) CountiesThe mean
values for CP and NDF for all diets was 176.8.25g/kg and 325.4 141.2g/kg.

Table 7: A comparison of the percentage rate of use of alternative feed resources in pig

enterprises

Feed type Busia County Nakuru County  Kiambu County
(N=52) (N=30) (N=62)
Homemade formulation 5.8 13.3 6.5
Grain byproducts
Wheat pollard 0 23.3 59.7
Wheat bran 0 3.3 1.6
Maize bran 26.9 0 0
Rice bran 8 0 0
Food processing waste
Bakery waste 5.8 0 0
Tomato waste 0 6.7 0
Brewer's waste/grail 0 6.7 0
Blood 3.8 0 1.6
Omena 1.7 0 0
Fruit and Vegetable based feed
Fruits 5.8 3.3 6.5
Cabbage and kale 21.2 36.7 29
Kitchen Waste
Swill 76.9 16.7 4.8
Peels (potato, pea: 0 13.3 16.1
Crop leftover and farm waste
Leaves and stem 3.8 0 3.2
Sweet potato vine 25 0 4.8
Grass (cut and carry 13.5 0
Weeds 3.8 20

Omenais the a vernacular name for menha¢lRastrineobola argentae)

Results ofcomparison of thenean values adaily allowance for DM, CP and M&re $iown

in Table 8 Levene's test of homogeheodf variances indicated that there was no violation of
the assumptiorof nonhomogeneity of variances for DM, CP and MEhere were no
significant differencegp O 0 .inOtHe )daily allowance for DM, and ME for pigs fed on
homemade rations in the entire sample. The daily allowance for CP from-htade feed
formulations was significantly highdr p O inOsmallBo)der pig enterprises in Kiambu

County canpared ® Busia County
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The mean values of daily allowance for DM and CP in Busia, Nakuru and Kiambu Counties
associated withhomma de f eeds were equal (p O 0.05) to
of daily allowance for ME in Busia and Nakuru Counties werelgwpr O 0. 05) t han
value for ME. The overall mean values of daily allowance for DM and CP were not different

(p O 0.05) from their RDA values. The overa
l ower (p O O.val®e) than the RDA

Table 8. Comparison of mean daily allowance ofdry matter, crude protein and
metabolisable energyassociated with homanade feedswith the recommended daily

allowancevalues

Component  RDA Busia Nakuru Kiambu Mean
DMg/kg 40 32.93(5.07) 43.782.9) 50.91(8.55) 38.93
CP dkg 7.38 5.80(0.89) 7.18(0.48) 10.20(1.71) 7.01
MEkcalkg 144 98.87(15.2%* 104(6.89)* 163.76(27.5)  113.46*

DM=dry matter, CP=crude protein, ME=metabolisable eneRpA=recommended daily
allowance derivedrbm NRC (2012) data, values with asterix are significantly lowe® (p
0.05) than the RDA value for corresponding dietary component, numbers in parenthesis are

standard errors of the means.

iv) Grain by-products and food processing waste

The grain byprodwct that were used by smallholder pig farmers in Busia County were maize
bran (26.9%) and rice bran (8%). Wheat pollard was commonly used in smailhold
enterprises in Nakuru (23.3%) and Kiambu Coun(t®s7%). Wheat bran was not popular as

a pig feed in mallholder enterprises and was used only in Kiambu County (1.6%).

There was limited use of food processing waste which was associated with the proximity of
smallholder pig enterprises to food processing industridakery waste, blood meal and
fishmeal Ieally known asomena(usually obtainedrom sievedRestrineobola argentae

were used in pig enterprises in Busia County. Waste ftemtomato processing plant in

Njoro, Nakuru County was also used by smallholders within the vicinity while those near
informal settlements used brewers spent grain. The only food processipgpdugct
identified in smallholder enterprises in Kiambu County was blood meal (1.6%) obtained from
local slaughterhouse$hese products were often fed directly to the pigs without amy bf
processing. These feed resources were also not available in large quantities and could not be

stored easily as a result of their bulkinessl low DM contentFor the same reason, it was
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also difficult to transport these feed resources from theceoto the farm. They were
therefore used for supplementary feeding in all cases. The nutritional values of grain by
products and food processing waste that were used to feeah gigllholder enterprises are
presented iAppendixIX and Xrespectively

A comparison of thenean values oflaily allowance of DM, CP and MBssociated with
cereal byprodust and food processing wastesisown inTable 9 Resuts showed that the
meanvalues ofdaily allowance of DM, CP and MB&ssociated witltereal byproducts ad

food processingvastein Busia County were lowerp( O ) @hanOtfie mean values for
Nakuru and Kiambu Counties. The mean values of daily allowance of DM, CP and ME in
Busia County and the mean value of daily allowance of ME in Nakuru County were(fpwer

O 0).tharbthe RDA values. The mean values dfydallowance for DM, CP and ME in
Kiambu County and the mean values daily allowance of DM and CP in Nakuru County were
equal to the RDAvalues The overall meawalues ofdaily allowance of DM, CP and ME
associated witlcereal byproducts and food procesg waste were lower( O ) than@h&

RDA values

Table 9: Comparison of mean daily allowance ofdry matter, crude protein and
metabolisable energyassociated with cereal byproducts and food processing waste

againstthe recommended daily allowance

Component  RDA Busia Nakuru Kiambu Mean

DM g/kg 40 20.232.2)** 35.94.9 41.212.4) 34.51**
CP dkg 7.38 2.440.3)** 7.621.3 7.790.5 6.31**
MEkcalkg 144 56.11(7.2)** 94.5413.7)** 135.047.7) 106.10%*

DM=dry matter, CP=crude ptein, ME=metabolisable energy, RDA=recommended daily
allowance derived from NRC (2012) data, values with asterix are significantly low@r (p
0.05) than the RDA value for corresponding dietary component, numbers in parenthesis are
standard errors of the means.

Kitchen waste

The most commortypes of kitchen wastéhat wereused in smallholder enterprises were
swill and potato peels mainly olnted from hotels and schools. In Busia County, the
composition of swill was predominantiygali (a thick paste prepared from maize meal)
irrespective of whether it was sourced from a hotel (the most popular source) or prepared at
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home. In Nakuru and Kiamb@ounties,swill was predominantly sourcddom schools and

was mainly composed of a mixture of maize and beans.

Results of poximate analysis for the sample from Busia Counta(i) were 12.7%+ 0.34

DM, 2.36% ashb5.41%+ 1.14 EE, 8.94%t 0.31 CP andb.78% + 0.88 CF. The second
sample from Nakuru County which comprised mainly of maize, beans and vegetables had
11.92+ 0.54 DM, 1.75% ash, 11.9% 0.84 CP, 3.06% 1.11 CF and 2.91% 0.76 EE
content Adegunloye and Oparinde (2017) reported the follovpraximate value$or potato

peels; 8.4% DM 2.02% crude ash, 4.64% CP, 3.79% CF and 72.6% carbohydrates.
Smallholder pig farmers in Busia County did not do any processing on swill. Most of the
smallholders in Nakuru County carried out processing of swi#ither washing it by adding
water ordraining it or byboiling, or both. Smallholders in Busia County often stored the
swill for up to 4 days. Most of the smallholders in Nakuru and Kiambu Counties often

collected enough swill to last a maximum of twgsla

Results of comparison of the daily allowanceddf, CP and MErom swill arepresentedn
Table 10. The results showed that tiheean value oflaily allowance for DM in pigs fed on
swill was significantly highef p O inOBuglaSCpunty than in either Nakuru oraibu
Counties The mean values of daily allowance of DM, CP and ME were significantly lower
(p O 0.05) than their mean RDA values in Bu
mean values of dailgllowance of DM, CP and ME were significantly lower than the mean
RDA values.

Table 10. Comparison of mean daily allowance of dry matter, crude protein and

metabolisable energy associated witbwill against the recommended daily aiwance

Component RDA Busia Nakuru Kiambu Mean

DM g/kg 40 10.3q1.1)** 1.11(0.3¥* 0.81(0.4)** 31.07*
CPgkg 7.38 1.060.1)** 1.11(0.3)* 0.81(0.4)** 0.26
MEkcalkg 144 19.982.2)** 36.2410.)** 26.41(14.4** 1.14*

DM=dry matte, CP=crude protein, ME=metabolisable energpA=recommended daily
allowance derived from NRC (2012) data, values with asterix are significantly low@r (p
0.05) than the RDA value for corresponding dietary component, numbers in parenthesis are

standard eors of the means.

Feeding of vegetable waste which mainly comprised of cabbage and kale leaves was a

popular practice across all regions but was most popular in Nakuru and Kiambu Counties in
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36.7 and 29% of enterprises respectively. In Busia County, Bb%mallholder pig
enterprises fed their pigs on sweet potdpmrioea batatgsvines. Harvesting grass as pig

feed was only recorded in Busia County in 13% of the enterprises. Feeding of weeds was
practiced in 20% of enterprises in Nakuru and 16% ofrpnges in Kiambu County. The

most popular weed that was fed to pigs was ofAimaranthusspeciecommonly referred to

as pigweed. An analysis of the nutritive value of the various vegetable and farm residues used

as animal feed was done using resultsrfsecodary data as shown in Appendix. X

An evaluation of homogeneity of variances of the means showed that the data did not violate

the assumption of nehomogeneity of varianceResultspresentedn Table 11showed that

the daily allowance for DM inigs fed on farm residue and market waste in Busia, Nakuru

and Kiambu Counties were similar. The daily allowance for CP in pigs fed on farm residue

and market waste was higherp O inONaKurs s compared to either Busia oardbu

Counties The mean vailes of daily allowance of DM and CP in Busia, Nakuru and Kiambu
Counties were |lower (p O 0.05) than the mea
DM and CP associated with feedin farm residue and market waste were significantly lower (p

O 0. 0 5 mearhRDA values.

Table 11. Comparison of mean daily allowance of dry matter, crude protein and
metabolisable energy associated witlfarm residue and market waste against the

recommended daily allowance

Component  RDA Busia Nakuru Kiambu Mean
DM g/kg 40 6.821.5** 10.62.9)** 9.521.8)** 8.05+*
CP dkg 7.38 1.3(0.2)** 3.360.5** 1.490.39** 1.91**

DM=dry matter, CP=crude protein, ME=metabolisable eneRpA=recommended daily
allowance derived from NRC (2012ta, values with asterix are significantly lower(p

0.05) than the RDA value for corresponding dietary component, numbers in parenthesis are
standard errors of the means.

4.3.5 Sow performance indices

Results inTable 12showed that the age at firstrfawing for sows in Kiambu County was
significantly lower( p O tifan tha of sows in Nakuru and Busia Counties. Metual.

(2011) reported the age at first farrowing for sows in Western Kenya as 12.1 months
(approximately 363 days) which was highiean was reported in this study. Litter sizes were

also higher in Kiambu County as compared to either Naku Busia Countiesp(O 0.05).
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The mean litter size in Busia County in this study was higher than was reported byatlutua

al. (2011), 7.8t 2.6 pglets for sows in Western Kenya.

Piglet survival rate was highérp O inOn. BOsta County as compared to Kiambu County.
The piglet survival rate reported this study for sows in Busia County was similar to the
findings of Mutuaet al. (2011) who reprted a piglet survival rate of 87.2% for sows in
Western Kenya. This difference was however significapt atO . Dher® Bas no significant
difference in mean of farrowing interval between counties. The findings for farrowing
interval for sows in Busiounty were very similar to those of Mutea al. (2011) who
reported a mean farrowing interval of 210 days.

Results showed that the litter size of sows fed on commercially compounded feed had higher
( p O liteer stxés)than those fed &&FR (11 verses8.6 piglets) Results also indicated

that sowsthat were fed oncommercially compouretl feeds had an earlier age &t 1
farrowing (315 daysyompared to those that were fed ami residue (334 dayg), O .0. 05
Sows fed on commercially compounded feeded a shorter( p O nanOfdrdwing
interval (176 days) compareddowsfed on farm residue (210 ys).

Table 122 Comparison of means of performance indices between study areas

Index N Busia Nakuru Kiambu p-value

Age T'farrow (Days) 137 329°(10.8) 353(12.2) 307 (4.4) 0.01
Average litter size 141 8.13(0.34) 9.23(0.53) 10.97(0.35) 0.01
Piglet survival (%) 137 88.74(3.05) 88.83(4.11) 78.04(3.02) 0.03

Farrow interval (Days) 75 209°(20.8) 202 (13.7) 181%(7.17) 012

Means on the same row with different superscripts are significantly different.
N= number of sows, numbers in parenthesis are standard errors of the onidaak value
wasp O .0. 05

4.4 Discussion

i. Farmer and farm dynamics

The difference in mean age of household head between Kiambu and Busia Counties was an
important indicator in this study which implied either low access of land resource to younger
individuals in Kiambu ©unty or a higher availability of youthful labour in Busia County.

The finding is also indicative of interest among youngeopleto participate in pig

production. There was higher proportion of pig enterprises in Busia County that had housing
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for pigs inthis study compared to previous studies. This shows that there has been increasing
interest in pig production. Majority of smallholders were keen on disease control as was
indicated by the high percentage of those who frequently sprayed their pigs tol cont
external parasites and also frequently dewormed their pigs.

The proportion of pig enterprises that did not have breeding stock was significantly high with
up to 70% for boars and 36% for sov@®wing to the small herd sizemost smallholders
probably &lt that it was economical to keep a breeding boar and preferred to hire the services
of other farmers who had specialised in offereing breeding services. This could also have
been as a result of farménsreference to by weaners pigs for finishihgkewise,it could

have implied thapig mortality was high either via meady market foslaughter of mature

pigs oras a result of diseaskither way, there is need to educate smallholder farmers on the

reproductive cycle of pigs to ensure enterprise continuit

ii. Feeding decisions

The choice of a Heckman 2 step regression was based on results from -B¥ifipitest
which showed that the dependent variable was not normally distributed (SWéajkro
statistic = 0.6; 144 degrees of freedom; p= 0.00) and thetedqorobit regression would not
have been appropriat8mallholder pig farmers also hadany similarities in terms of their
sociaeconomic characteristics and-farm practices mainly due to their methods of learning,
that is, from social networks. It waherefore likely that this would result in collapse of a
logistic regression due to multicollinearity in thegressors. For these reasonsekection

model was selected to estimate adoption of use of commercially compounded feeds

Smallholder pig farrar feeding decisions were informed by see@nomic as well as
production factors. Education was an important determinant of smallholders' choice to use
commercially compounded feeds. Smallholder pig farmers who had secondarylechloof
education an@bove were more likely to feed their pigs on conmuiadly compounded feeds.

This was an expectedutcome for two reasonshe frequently positive relationship between
education and income implyinghore purchasing power, anthe role of education in
providing information that informs decisions to adopt or not to adopt technologies. In this
case, commercially compounded feeds were considered as the technology of interest in that it
provides nutrients to pigs in precise and adequate quantities and in ataedeform
resulting in earlier achievement of market weidftis finding however is different from that

of Ogetoet al (2013) who argwkthat individuals with higher education are likely to be

62



engaged in offarm activities and therefore invest lessoimfarm technology. Murage and

llatsia (2011) observed that education creates a favourable mental attitude for acceptance of
new practices and that technology complexities have negative effects on its adoption that can
be dealt with by education.

Gender vas asignificant determinant of pig feed choice; there was an increase in likelihood
of using commercially compounded feed where the household head was female. An
important contributing factor to this decision was the bulky nature of alternative pig feeds

making them an undesirable choice for women.

Smallholder pig farmers who had higher number of weaner piglets were more likely to use
commercially compounded feeds to feed pigss could have been explained by the fact that
the bulky nature of AFRnadeit difficult to transport therefore making it difficult to use
where the numdrs of pigs wa high. Since most AFR cannot be stored for long due to
spoilage, this feeding option becomes untenable with increasing herd size becauses it will
eventually transk& to high cost of feeding as a result of high cost of sourcing and delivery.
Among factors that contribute to high weaning rate aneestment in good breed of sows,
proper housing, good hygiene and disease control. It was therefore likely that soets far
would also invest in quality feeds. Pig housing in this regression was used as a dummy for the
level of investment. In this case, smalltters who had invested mocapital in their piggery
(which was an indicator of more disposable incorha)l a higkr probability of using

commercially compounded feeds.

Smallholder pig farmers who had accessAfeR were less likely to feed their pigs on
commercially compounded feeds. This could probably have been the case because, most
alternative feed resources wetheaper though not necessarily cost effective, and were
available in small quantities. Likewise, the use of alternative feed resources was a practice
passed on from farmer to farmer and therefore not easy to unlearn where a cheaper alternative
was availale. However,it is likely that the target market had an influence on the choice of
feed; very few smallholders in Kiambu County used blood meal and brewer's waste despite
their abundance. This could have been dictated by market forces especially conditions
imposed by large commercial slaughterhouses and also consumer perceptions orangiene
pork safety Conversely, in Busia County, market failure could have resulted in low earnings
and therefore inability to purchase commercially compounded feeds doe wisposable

incomes
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Smallholder pig farmers who frequently received government extension services had a higher
likelihood of feeding pigs on commercially compounded feeds. Increased adoption of a

technology is often associated with increased accasfotoation on the technology.

iii. Nutrient supply for smallholder pig enterprises

The objective of feeding strategies in commercial pig production systems is to maximize
profit by providing indispensable nutrients in such a manner that they just meet arud
exceed pigs' nutritional requirements (Chiba, 2000). These strategies often factor in the pigs
genotype, age, sex (Campbell and Taverner, 1988) and environmental factors that affect
voluntary feed intake. These strategies are however difficulmfement in smallholder
enterprises where alternative feed resources used have large variations in nutrient content. In
this study, different feedstuffs were also used simultaneously and in varying quaBigges

of different phenotype, age and sex weoeised together making it difficult to evaluate these
feeding systems based on dietary nutrient content aldhis. study applied results of
gualitative feed analysis to darm feeding practiceslata to compute daily nutrient

allowances associated withefting alternative feed resources.

The DM intake of pigsis approximately 4% of their body weight when #llibitum which
implies approximately 40g DM/kg bodyweight. DM intake could however vary as a result of
dietary factors such as nutrient concentratand feed palatability (Nyachagt al, 2004).

The net requirement for dietary protein refers to the sum of amino acid requirements for
maintenance and protein retention (van Milgeml, 2008). Tissue accretion occurs such that
the retained tissue Emilar in amino acid composition as the proportion of dietary protein
retained, known as the ideal protein (Whittemeteal, 2001). Protein requirements in
growing pigs initially increase linearly where there is adequate supply of energy and the
plateau The upper limit (Pfay for the linear relationship was modeled by van Milgeml
(2008)using a Gompertz function specified as;

Plnax= W.B. IN(AIW) <. Equation 10
Where A is the mature pig weight, W is the present weight and B is the growth coefficient.
The interaction of ME and amimo acids is therefore critical in determining protein
requirements for protein retention since limiting energy supply results in lowegsvalu
Prmax(Moughanet al, 1995; Le Belleget al, 2001).

It was evident that among the various feed resources used in smallholder pig enterprises, only

commercially compounded feed, homm@ade formulations and agmoedustrial byproducts
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had the poterdil to meet the daily DM, CP and ME requirements. The daily DM, CP and ME
allowance for pigs fed on commercially compounded feeddakuru and Busia Counties
indicated that pigs were not offered sufficient quantities of these feeds. This is because pigs
will compensate for a decrease or increase in nutrient supply by adjusting feed intake when
fed ad libitum (Miller et al, 199). Respondents in the study indicated that the price of
commercially compounded feeds were high. In Busia County, respondentBaddatk of

animal feed outlets and poor infrastructure as major barriers to use of commercial feeds and

were left with the option of using locally available alternative feed resources.

Homemade diets using locally available raw materials were a goots of DM, CP and

ME in enterprisesn Kiambu and Nakuru CountieAmong challenges associated with the
practice of homéased feed compounding was lack of technical knowhow as evidenced by
improperly balanced diets.elels of CP of up to 250gKgin feed sample K086 were
observedHigh CP levels in pig diets result in decreased efficiency of utilization of ME as a
result of increased amino acid catabolism (Noblet and Shi, 1994). High CP levels in weaner
pig diets have been associated with increasedfipkstweaning enteric disorder associated
with increased proliferation of enterotoxigemschericia coli(\Wellock et al, 2006) leading

to scours (Garciat al, 2014) and depressed growth rates (Nyacébal, 2006; Yue and

Qiao, 2008; Gloagueet al, 2014). High levels of dietary CP are also wasteful and contribute
to environmental pollution as a result of increased amino acid deamination and excretion of
nitrogenous waste with resultaetitrophication(Dourmad and Jondreville, 2004)ow CP

level in pig diet as was observed in feed sample N136 would result to a loywmRere
dietary energy is low (Moughast al, 1995) leading to poor growth and reproductive

performance.

Though fats and oils are known to be readily digestible energy sourcet éli 1990;
Jorgenseret al, 1996; Rosset al, 2010), high levels of lipidshn some homeanade diets

(feed samples B0O06 and B035) were undesirable because they predispose feeds to oxidative
rancidity which renders feeds unpalatable with subsequenteddeed intake and average

daily gain (Liuet al, 2014).

Cereal byproducts were the most valuable alternative feed resources, particdanieat
pollard and rice bran similar to the findings of Kambaethal. (2014). High levels of nen
starch polyaccharides (NSP) are however well documetrethaize andvheat bran. The
most common NSHn cereal byproduct are the soluble arabinoxylans (pentosan) and
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cellulose (BackKnudsen, 1997; Choct, 2006). Soluble NSPs have antiritive effects
associated wh increased viscosity of digesta (I'Ansen al, 2014) leading to increased
intestinal transit time, altered gut physiology and morphology and alteration of gut ecology
(Bedford and Cowieson, 2012) associated with increased transit time (Choct, 2006).
Arabinoxylan rich feedstuffs often have detrimental effects on nutrient digestibility when fed

to young animals (Piepet al, 2015) and therefore, their use should be limited.

Institutional swill was bulky due to high moisture content with low nutriensity resulting

in low daily allowance oDM, CP and ME. This implied thawill could not be used on its
own account to supply sufficient daily nutrient allowances for .pigge high moisture
content however limits its use in young pigs because of timeiretl capacity to feed on
bulky feeds. Similarly, market waste and farm residues were bulky and had low nutrient
density and could not supply sufficient daily nutrient allowances for pigs. Howéeeuse

of sweet potato vineo make silage for pig feety has been explored with satisfactory
results Ly et al, 2010;Figueredoet al, 2012; Pedrosat al, 2015) and could provide pig

nutrition solutions for smallholder farmers.

iv. Pig performance indices and feeding decisions

The performance of pig esrprises can be assessed baseteproduction indicegge at first
farrowing, litter size, weaning rate (piglet survival rate) and farrowing intefaglse indices

are often used as the parameters that determine sow production efficiency (Britt,Th@86).
ideal productivity targets are 2.2 farrows per year (implying a farrowing interval of 166 days)
with at least 10 piglets per litter surviving at weanijigketsu, 2002)Age at first farrowing

and litter size indicated a better performance of sowsiamku County compared to either
Nakuru or Busia Counties. Dietary energy is an important determinant of sow fertility (Kim
et al, 2013). As earlier reported in this study, the amount of dietary energy provided to pigs
in Kiambu County was higher than inakluru and Busia Counties. A lower survival rate of
piglets in Kiambu County was associated with crushing by sows as a result of the small floor

spaceallowanceprovided for nursing sows due to land pressure.

Survival rates of piglets from sows fed on comaredly compounded feeds were higher than
those that were fed ootherfeeds. This could be associated with the fact that these feeds
were better balanced for macro and miotdrient New born piglets are usually in a negative
energy balance since theyviealimited glycogen stored in liver and muscles, yet the energy
demand is high owing to the need for thermoregulation and locomdtigroved sow
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nutrition in late gestation is critical in improving energy supply in newborn piglets through
increasing glyogen stores in the sow, increasing colostrum yield and composition and
increasing production of transient milk (Thetl al, 2014).This finding is supported by the
findings of Kimet al (1999) who reported that mammary gland growth and subsequent milk
production is affected by nutrient intake during lactatidhodberg and Sorensen (2006)
concluded that sows fed on higher energy diets in late gestation had better nursing behaviour
associated with reduced feed seeking activity during lactandnhence aduced incidence

of crushing piglets Smallholders who fed pigs on alternative feed resources never
supplemented pig diets with miermtrients (vitamins and mineral premixes/ supplements).
Macronutrients such as the fat soluble vitamins (A, D and E)m@ndrals such as copper,
manganese, selenium, iron and cobalt are critical for sow ferfiliti. probably explains in

part thenegative #ect on age at sexual maturity afasirowing intervals.

4.5 Conclusionand Recommendations

4.5.1 Conclusion

This gudy concluded that the recommended daily allowance for DM, CP and ME were only
achieved in Kiambu County with commercially compounded feeds,-iadustrial by
products of cereals and food processing andmemade feed formulationsThe daily
allowance fo DM, CP and ME in the overall sample were however not acheived with either
commercially compounded feeds or AHRstitutional swill, farm residue and market waste
did not provide sufficient DM, CP and ME necessary to meet the RDA in all study sites. Use
of AFR was associated with smaller litter sizes, delayed age at first farrowing and longer
farrowing intervals in sows.

4.5.2 Recommendations

The study recommemd capacity building for farmers and extension agemdeedtesting

and formulation Training and participatory action research could be beneficial in
demonstrating improved reproductive performance of sows through proper feéeegsgrch
should also focus omproving supply of nutrients fromiable alternativefeed resources
through use of tdmologysuch as ensiling, dehydrating and compacting and supplementation

with crystalline amino acids and exogenous enzymes.
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CHAPTER FIVE

BIO-ECONOMIC VALUES ASSOCIATED WITH INCLUSION OF SELECTED
ALTERNATIVE FEED RESOURCES IN DIETS OF WEANED PIG LETS

Abstract

This studyestimated the benefits of inclusion of selected alteradded resources (AFR) in
weaned piglet diets. A completely randomised design was used where 32 Landrace X Large
White piglets weaned at 56 days consisting of 16 barrows and 16 gilts were randomly
assgned to the 4 diets gllotting them to numberechges suchthat there were piglets of

each seyer diet.The diets consisted of;)(ia kasalmaizesoybean diet, (ji adiet containing

15% cold pressed canola méaPCM diet), (ii). a diet containing 15% rice polishing (RPL
diet) and (iV). a diet contaiing 15% rice bran (RBN diet)lhe basal diet was used as the
control diet.Results showed that CPCM diet had no effect on average daily feed intake
(ADFI), average daily gain (ADG) or metabolisable energy: average daily gain (ME: ADG)
ratio but reducedp O 0 fe@dscpst: ADG (FEADG) ratio by 24.44% in feeding weaned
piglet. RPL diet did not affect ADFl and ADGbu t here was a 12.iM6% i n«
ME: ADG ratio and a 22.7% decreagep O inOthe &dsi) of feeding per kg increase in
body weidnt (FC ADG ratio). RBN diethada 13.32% increase p O inCADRI Without a
change inADG. Rice bran did not provide any advantage on either dietary energy or feed
cost efficiency over the basal diet. Rice bran therefore did not offer any benefiugdeim
weaned piglet dietsThe study concluded that inclusion of AFR such as cold pressed canola
meal and rice polishing in weaned piglet diets providesebamomic benefits that reduce the
cost of feeding pigs. Inclusion of AFR rich in dietary fibrelsas rice bran in weaned piglet

diet do not offer bieeconomic benefitsThis study recommendezlzaluation of use of bio
technology to improve digestibility of fibrous feedstuff such as ban. The study also
recommendedvaluation of effects oflietaly components oAFR on changes in digestive

capability anctarcass quality in finisher pigs.

Key words: Alternative feed resources, Bexonomic valugBrassica napusCold pressed,

dietary energy efficiency, feed cost efficiency

5.1 Introduction
The obgctive of this study was to investigate the effects of inclusion of selected alternative
feed resources (AFR) in weaned piglet diets on average daily feed intake (ADFI), scaled
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average daily feed intake (SFI) average daily weight gain (ADG) and scalebe\dsily
gain (SADG). The study also sought to compute and compare feed cost efficiencies and

metabolisable energy: ADG ratio (ME:ADG) between test feeds.

Some AFR have been reported to have potential to improve production efficiencies through
better growh rates, lower feed conversion ratios and reducednaftitional factors (Angle
(2017) Diarraet al. (2017) reported that dried and ground cassava leave included in pig feeds
at 30% maintains growth and reduces cost of pork production. Kangl (2010)
demonstrated the use dified and fermented papaya processingimductas a substrate for
yeast Saccharomyces cerevis)agrowth resulting in a product that was rich in CP (45%)
and could be used as an alternative to commercial protein ingredienttheBget al (2016)

and Ncobeleet al. (2017 reportedthat boiling, fermentation, sun drying and ensiling AFR
were beneficial processing techniqueShemical treatment of AFR has also been
demonstrated to give positive results. Vadieebll (2011) deronstrated that treating velvet
beans with sodium bicarbonate reduced-aatritional factors in the beans and improved

performance of chicken.

Efficient utilisationof AFR in pig diets is dependent on several factors; key factors being the
effects on pal@ability, digestibility and nutrient availability for absorptigRegnieret al,
2010) These factors have a direct impact on ADFI, ADG, ME:ADG and FC: ADG ratios and
therefore, these indices can be used to evaluate the performance offgigd different

diets

5.2 Materials and methods

5.2.1 Experimental diets

Experimental diets were formulated using Evapig® feed formulation software such that the
four diets had aminimum metabolisable ener@900 kcalkg, lysine1.2% and methionine
0.6%. The dietxonsisted of (i) basal maizesoybean digt(ii) diet containingl5% cold
pressed canola meal to replace soybean meal as a protein sou@d (), (iii) diet
containing 15% rice polishing to replageize (RPL diet) an¢iv) diet cataining 15% rice
branto replacemaize (RBN diet)as shown inTable 13 Feed preparation was done at
Egerton University, Tatton Agricultural Park feed miEnergy levels were adjusted
accordingly using canola oil so that the diets did not vary in metabolisable energy .content
The cost of each diet was computed using phee of each raw material used in its

formulation based on purchase receggshown in Table 13
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The AFR used were selected on the basis of potential availability in the country, observation
from a survey bsmallholder pig farms, likelihood of reducing competition for food grain

with man and potential to provide an alternative and cheaper protein source. Cold pressed
canola cake was obtained from a vegetable oil processing factory in Nakuru County which
souces its raw material from CanolBr@ssica napusgrowing regions including Timau and

Mau Narok. Hybrid seeds for the crop are distributed locally byeB&ast Africa Limited

that distribute Belinda Bayeyr a varigy selected for low uracic aci€Cold pessed canola

meal was used in the second diet at the rate of 15% to replace soybean meal as was used in
the basal diet. Rice polishing and rice bran were obtained from Sagana Rice Mill in Kirinyaga

County which is located in a rice growing region.

5.2.2Management of &perimental piglets

Experimental piglets were obtained from Egerton University Tatton Agricultural Park pig
unit. The experiment was set up in a completely randomized design using 32 Landrace X
Large White piglets consisting of 16 boars dsdgiltsweaned at 56 days thatre assigned

to the 4 dietsThey were allottedo numberedtages sucthat there were 4 boars and 4 gilts

per diet.The piglets were offered feed and waaer libitum throughout the duration of the
experimeral period(5 weeks).Feeding was done in such a way as to ensure that there was
always some feed left in the trough every morning. To achieve this, an additional 100g of
feed was provided for any piglet whose trough had less than Seft ofverfeed from the
previousdays ration.

Authority to useEgerton University Tatton Faranimals for the study as well as the pig unit
was obtained from the Egerton University Tatton Agricultural Park farm committee.
Measures to maintain biosecurity were put in place since the faranquarantine area.
Authority to use live animals as experimental units was also obtained from the Institute of
Primate Researchfter certifying compliance with international code of animal ethics in
research Constant observation was done to ensure pigg were free from any kind of
distress. Regular observation of pigs for any signs of ill health was done to facilitate prompt

treatment.

Piglets were allowed 5 days to acclimatise with the experimantal diet as well as the cages,
ensuring that the ambietemperatures which varied betweer! 122° C were comfortable
for the pigs. Care was also taken to minimise unfarmiliar movements to avoid fright.

Sufficient clean water was availed to the piglets through out the day.

76



Table 13: Feed composition and feed cost computation for experimental diets

Feed Component Price Ksh/kg Inclusion Rate In Diet (%) Cost of fraction per 100kg
Basal CPCM RPL RBN Basal CPCM RPL RBN
Maize (White) 27.78 65.60 60.00 53.20 46.45 1822.37 1666.8 1477.9 1290.38
Soybean meal 90 22.80 6.60 20.40 19.35 2052 594 1836 17415
Fish meal 120 5.00 5.00 5.00 5.00 600 600 600 600
Canola meal 26 0.00 15.00 0.00 0.00 0 390 0.00 0.00
Rice polishing 9.6 0.00 0.00 15.00 0.00 0.00 0.00 144 0.00
Rice bran 8 0.00 0.00 0.00 15.00 0.00 0.00 0.00 120
Lysine 280 0.50 0.60 0.50 0.50 140 168 140 140
Methionine 740 0.40 0.30 0.40 0.40 296 222 296 296
Limestone 5 2.50 2.50 2.50 2.50 12.5 12.5 12.5 12.5
DCP 140 2.50 2.50 2.50 2.50 350 350 350 350
S/W Premix 280 0.25 0.25 0.25 0.25 70 70 70 70
Salt 60 0.25 0.25 0.25 0.25 15 15 15 15

Vegetable oll

(Canola) 128 0.20 2.00 0.00 2.80 25.6 15 0 358.4
100.00 100.0 100.0 100.0 5383.47 4103.3 4941.4 4993.78
Cost of feed in Ksh/k¢ 53.83 41.03 49.41 49.94

Key. CPCM=cold pressed canola meal diet, RPL=rice polishing diet, RBN=rice bran diet, DCP=dicalcium phosphate, S/W=sow and
weaney

Vitamin and mineral premix provided per kilogram of diet: 450 mg Fe; 400 mg Cu; 250 mg Zn; 150 mg Mn; 0.5 mg |; 0.25 mg Se;
8,000 IU vitamin A; 2,000 vitamin D3; 37.5 mg vitamin E; 0.925 mg vitami3;kK8.43 mg vitamin B2; 0.04 mg vitamin B12; 34.5

mg nicotinic acid; 26 mg pantothenic acid.

1US$=101.2
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5.2.3 Data collection and analysis

Difference in the means of weaning weigltexperimental piglets between and sexes were
computed using -test using SPSS statistical softwapNOVA was computecdnd Tukey's

test used to seperatee mean weights of piglets between did®soximate and energy values

of diets were determined iftriplicates and comparison of mean values was done by
computing ANOVA using PROC ANOVA procedures of SASystemsand Tukey's test
used to seperate the mearDietary gross energy values were determined using bomb

calorimeter model number e2K and comparisbmean values done in a similar procedure.

Daily feed intake was calculated as the difference between the total amount of feed offered to
each piglet and the residual feed in the trough after 24 hours. Weight of piglets was taken
every 7' day using a djital weighing scalevith an accuracy of & Feacal samples were
collected from 4 pigletsandomly selected frorthe 8 allocated to each diet over a period of

26 days(between day 9 and 35 of the experimemhecal weight was determined and
recorded by déecting all the feaces on the cage floor. To estimagepercentage moisture
content offeaces, a subample of approximately 200 g was weighadd thendried in an

oven at 58C until there was no further loss in weight. Dry feaces from pigs on sarhe die
were mixed and milled then stored in-aght containers until the time of analysis.

The cages were equipped with a drain which allowed for urine to be collected in a container
placed under the cage in which 1 ml of 1%58, was added. Urine volume waseasured

using a measuring cylinder and a sample of 10 ml was collected in corked test tubes,
placed in a rack and refrigerated -4°C until the time of analysis for urinary nitrogen.
Urinary nitrogen concentration was determinechgsKjedhal methodand multiplied by a
standard constaméctor 6.25t0 estimate the amount ofudeprotein in urineComparison of

mean protein values was done by computing ANOVA using PROC ANOVA procedures of

SAS® systems and Tukey's test used to seperate the mean.

Computation of apparent digestibility was done using Equation 6 and comparison of means
was done using PROC ANOVA procedure. The ADFI was computed by dividing the total
amount of feed eaten by each piglet over the test period by the test duration in dags. Sca
daily feed intake (SFI) was computed to account for the different individual weight of pigs
using the approach of Ncobedaal (2019 and was given as the daily feed intake in grams
per kg body weight. The average daily weight gain (ADG) was com@#dbe regression

c oef f ijcon thenregregsion of weight in kg against time in d8¢gsled average daily
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gain (SADG) was computed to account for the different individual weight of pigs using the
approach of Ncobelat al (2018 and was given as ¢hdaily weight gain in grams per kg

body weight.

Feed conversion ratio (FCR) was computed as the coefficient of a regression of ADFI against
ADG. The metabolisable energy to ADG ratio (ME:ADG) was computed as the regression
coef f ijcon the iegreésh of piglets' mean daily ME intake against their ADG. The
mean daily ME intake was computed as the product of ADFI and the dietary ME content. The
product of ADFI and feed cost per kg was used to compute the feed cost to ADG ratio (FC
ADG). Comparison othe mean values of ADFI, SFI, ADG, &, FCR, ME: ADG and

FC: ADG was done by computing ANOVA using PROC ANOVA procedures of GAS
systems and Tukey's test used to seperate the meast. square means of ADFI, ADWG,
ME:ADG ratio and FC: ADG ratio for thexperimental diets and between sex of piglets
were computed using PROC GLM procedures of $Agstems and Tukeys test used to

seperate the means.

5.3 Results

5.3.1 Piglet weightat start of experiment
The mean weight of piglets at day 62 (start of expent) was 10.91+ 0.39kg. The

difference in the mean weights between diets and sex was insignifi@ant@. 05 ) .

5.3.2Composition and gparent digestibility of test diets

Results of the proximate, detergent fibre and gross ematggswere as shown ifiable 14

The EE content in CPCM diet (482 1.2 g/kg) was significantly highef p O a® . 05)
comparedo the EE in the basal diet. The EE content in RPL and RBN diets was also higher
(p O comparéd)to the basal diet, (45.D.04 g/ kg,and 206 + 0.5 g/kgrespectively.

The gross energy (GE) value for RPL diet was significantly higher O titan tBasof the

basal diet (4049 + 19.55 kcal/kg verses B8Y kcal/kg) The DM content of RBN diet was
higher( p O than irOtie basal diet, (92.64% ses 91.31%)
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Table 14: Proximate, fibre and gross energy fractions of exgrimental dietson dry matter basis

Diet DM % Ash % CP % EE % NDF % GE % DE kcal/kg ME

kcal/kg(computed]
Control 91.31(0.14) 9.12(0.04) 19.47(1.15) 1.61(0.01) 25.12(3.02) 3812(0.5) 3361.45 3058.3
CPCM 91.61(0.16) 7.33(0.18) 19.38(0.91) 4.82(0.12)  29.40(145) 3718(13.3) 3229.67 3039.3
RPL 91.67(0.38) 9.43(0.06) 18.81(0.81) 4.57(0.00) 32.36(0.32) 4050(19.6) 3491.16 3160.6
RBN  92.64(0.08) 12.76(0.06) 18.03(0.58) 2.06(0.05) 33.80(1.3) 3850(37.1) 3128.97 2944.1

DM=dry matter, CP=crude protein, EE=ether agtr NDF=neutral detergent fibre, GE=gross energy, CPCM=cold pressed canola meal diet,
RPL=rice polishing diet, RBN=rice bran diet, Standard errors in parenthesis.
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Results of the mean feed intake, feacal weight, dietary and faendl urinaryprotein
aralysis ae shown onAppendix XI and XllI. There were no differences iapparent
digestibility between the basal diet and the 3 test diets as showabtn b.

Table 15: Comparison of apparent digestibility of testdiets

Test pareneter Diet p- value
Basal CPCM RPL RBN

Apparent digestibility of diet % 70.1 74 76.66 69.11 0.35

Apparent digestibility of Nitrogen % 78.38 83.75 784 79.76 0.32

CPCM=cold pressed canola meal, RPL= rice polishing diet, RBN=rice bran diet

Noblet and Le Goff (2001) reported that the digestibility of fibre varies between 0.4 to 0.6 as
compared to fats, sugars and protein whose digestibility is over 0.8. The presence of higher
dietary fibre in RBN diet however did not affect crude protein digdiggilcontrary to the
findings of Bindelleet al. (2008) and Jha and Berrocoso (2015). These differences can be
attributed to the different non starch polysaccharides present in the different feedstuff that
also have different digestibility coefficientsgbhlet and Le Goff, 2001).

5.3.3Average daily feed intake

Composite data on ADFI was not normally distributed around the mean (1148.5899
g/day); ShapireéVilk's statistic = 0.93, p =0.05. This data was normally distributed when
each diet was considerandividually. An evaluation of the distribution of ADFI values
between sexes showed that the data was normally distriblitede was no difference in
ADFI between the 4 diets; F = 0.51, p = 0.48. There was no difference in the mean ADFI of
the test diet compared to basal diet (basal diet = 16986.19, CPCM diet = 1138.89
88.89, RPL diet = 1153.2864.11 and RBN diet = 1206.74104.37).There was an initial
steep rise in the ADFI of all feeds between the first and second weeks of the experienent aft
which, the ADFI incrased at a decreasing raide ADFI for RBN diet remained higher than
that of the basal diet throughout the experimental period.

The mean SFI for the basal, CPCM, RBN and RPL diets were 15.17, 15.25, 14.84 and 17.19
g/kg body weighrespectively. Results &#NOVA showed that SFI of RBN diet was higher

than that of the basal diet as well as RPL diet; F =5.00, p = 0.01. A graphical comparison of
SFI for the 4 diets was as shownRigure 4 This meant that piglstoffered RBN diet fed

more per kg body weight than piglets fed on any of the other 3 diets.
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There was an initial increase in SFI for all diets followed by a gradual decrease from the

second week of the experiment onwards.

22
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Weeks of successive teeding

Figure 4: Weekly trend of scaled average daily feed intake of the diets

Key: CPCM=cold pressed canola meal, RPL= rice polishings, RBN=rice bran

5.3.4 Average daily weight gain
Results showedn initial phase of slow growth for all diets between Day 56 (weaning age)

and Day 62 whichapresented the acclimatization period. Regresaiatysisfor the growth
curve ketween 62 an@9 days of agédor all diets which showed that linear regression had the
highest coefficient of determination?R 99.8%, p = 0.01

Results of regression analy showed that the ADG for the 4 diets were; basal diet =4#.46
0.01, t = 42.5, p=0.Q0% = 99.8%; CPCM diet = 0.47, t = 106.67, p = 0.00; RPL diet = 0.56
+0.02,t=31.36, p = 0.00 and RBN diet = 0#48.01, t = 35.24, p = 0.00he mean values

for ADG between dietsvere not differentF = 2.12, p = 0.12. Independent sdespl-test
showed that there wer® differencsein ADG between male (0.4 0.03) and female (0.5

0.02) piglets over the test periodPL diet had the lowest me#CR =2.04+ 0.02 F =
19.20, p =0.00. The mean FCR for CPCM was not different from that of the control diet. The
FCR for RBN diet was 2.68 0.09 which was higher than that of the basal diet (2.8D7).

There was alecrease in SADG followed by a reduction in the rdtelerrease from the
second week of the experiment onwards. The SADG for the three test diets were similar to
the SADG for the control diet; F = 1.92, p = 0.15. The results showed that as piglets grew

older, there was s a decrease in weight gain as a pipof body weight.
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5.3.5Metabolisable energy to ADG ratio
The variances in mean ME:ADG values in kcal/kg for the 4 diets were different; basal diet =

7398.48+ 230.87, CPCM = 7232.7% 62.29, RPL = 6439.59 75.44 and RBN = 7884 273
(Figure 5; F = 2482, p = 0.01The mean ME:ADG for mle and female piglets were not
different (7010.94+ 123.69 and 7412.28 208.3 respectively); t =1.629, p = 0.11. A
comparison of the mean ME:ADG of each of the 3 test diets with that of the basal diet
showed that thenean ME:ADG of RPL diet was significantly lower, t = 3.95, p = 0.00,
implying that a lower amount of dietary ME intake (6439.59 kcal) from RPL diet was

required for every 1kg increase in body weight compared to 7398.48 kcal from the basal diet.
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Figure 5: Comparison of meanME: ADG ratio between researchdiets

5.3.6Feed cost to ADG ratio
Results of a comparison of FBDG were as shown oRigure 6 Results of independent

samples ftest showed that the mean FC: Gin KESkg for CPCM diet (97.6+ 0.86) was
lower than hat of the basal diet (130.224.06); t = 7.09, p= 0.00. The mean FC: ADG for
RPL diet (100.64 1.18) was lower than that ofdlbasal diet; t = 6.98, p = 0.0lhe mean
values of feed cost: ADG ratio for tsaws and gilts were comparable =t1.52+ 3.78 and
117.67+ 5.09 respectively; t = 0.95, p =.86, indicating that the cost of feeding weaned

piglet from 56- 99 days of age was equal between sexes.
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Figure 6: A comparison of FC: ADG ratio between experimentaldiets

5.4 Empirical estimation
Results of least square meafsADFI, ADWG, ME:ADG ratio and FC: ADG ratio fathe

experimental dietand between sex gifiglets wereshown onTable 16 The results showed

that the ADFI of the diets were not significantly different. The mesdnefor ME: ADG for

RPL diet was significantly lowgr p O th@n titao) the basal, CPCM aR&8N diets.The

meanvalue of FC: ADG for CPCM and RPL diets were significantly lonep O 0. 05) t
the mean value for thbasal ad RBN diets Both diet and sex were significaptp O in0 . 0 5)
explaining variatin in ME: ADG (R = 0.54) and FC: ADG (R= 0.78) ratios.

5.5 Discussion

Among the major challenges to pig farming in Kenya is high cost and poor quality of feeds.
Efforts to reduce feeding costs are often limited by the nutritional value of available
alternative feed resources. Though maize is by far the most important energy source for pig
feeds in Kenya, its use in pig feed processing is constrained by competition with man because
it also is the staple food in the country. There is need to investigatesth of alternative
energy sources as well as poomventional and cheaper protein sources so as to reduce the
cost of feeding pigs. This study therefore investigated thedamomic benefits of inclusion

of alternative feed resources in weaned pigletsdwhile reducing the fractions of maize and

soybean as the main energy and protein sources respectively.
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Table 16: Effects of diet and sex bpig on daily gain, feed intake and feed efficiency during the grower phase (6®9days of age)

Parameter Diet Sex
Basal CPCM RPL RBN Male Female p-value
ADFI (g) 1079.39(86.01) 1154.8%(86.01) 1153.23(85.32) 1206.74(85.32) 1116.28 1181.47  0.15
(56.24)  (61.14)
ADG (g) 45453 (34.94)  480.22(34.94) 566.25(34.66) 456.38(34.66) 47854  500.15  0.52
(36.24)  (38.89)
ME:ADG (Kcallkg) 7344.54(182.83) 7286.7f(182.83) 6439.59(181.38) 7700.74(181.38) 7010.94  7408.40  0.03
(123.64)  (209.50)
FC:ADG (KES/kg) 129.29 (3.11) 101.67 (3.11) 100.67 (3.09)  130.63(3.09) 106.24 124.89  0.02

(1.18) (2.01)

Means on the same row with different superscripts are significantly different.
CPCM-=cold pressed canola meal, RPL=rice polishing diet, RBN=rice bran diet, ADFl=average daily feed intake (g/day), AD&daigra
gain, ME:ADG=metabolisable energy to average daily gain ratio, FC: ADG=feed cost average daily gain ratio
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i. Feed digestibility

Results from this study showed that substituting maize waéhpolishing or rice bran 45%

in diets of weaned piglets did not affecethpparent digestibility of the diets. The apparent
digestibility of nitrogen was also not affectédcreasing dietary fibre in piglet digtssults in
reduceddigestibility of such diets duentincreased bulkiness. Howeyenclusion of rice
polishing awl rice bran in weankpiglet diets at the rate of %bdid not increase the dietary

fibre to a level thaaffecedfeed digestibility and nitrogen digestibility.

Substituting soybean meal with cold pressed canola meal as a protein source did not affect
the apparent digestibility of the diet as well as the apparent digestibility of nitrogen. Canola
meal is obtained after cold pressingBrassica napuseeds to produce edible oil. Canola
meal ato has a higher fibre conterimpared to soybean medowever,results in this study
showed that inclusion of canola ma&alweanel piglet diets at the rate of #bdid not affect

the apparent digestibility of the diethough the difference in NDF fraction between the
basal and CPCM diets was insignificant, the mealuesin CPCM diet (29.4%) was 4.4
percentage points higher than the recommended maximum of 25% (NRC, 2012) for growing
pigs. The effects of dietary fibre on digestibility of diets aaéributed to its viscosity and
fermentability which are dependent oretholubility and structural characteristics of fibre.
Viscous fibre binds water and increases digesta viscosity hence reducing nutrient digestibility
in the small intestine@RenteriaFloreset al, 2008;Sereneet al, 2008; Hoodat al, 2011
Fermentald fibre passes into the large intestines and is fermented to produce 8G§A
therefore likely that dietary fibre present in cold pressed canola meal was less of the viscous

and more of the fermentable nature.

ii. Average daily feed intake

The startingpoint for evaluation of animal performance is the evaluation of feed intake
(Whittemore et al, 2003. Feed intake is influenced by many factors including animal
charateristics such as body weiglgenetic adaptations, feed factors such as nutrient gensit
digestibility, presence of antiutritional factors (Cadogaand Choct, 2003) particle size, feed
form (I'Anson et al, 2012), environmental and management factors such as ambient
temperaturghumidity and housing density. The experiment was done $iathhere was no
variation in the above factors except for experimental diets where the energy and protein
sourceswere varied while maintaining the level of ME and amino acids lysine and

methionine constant.
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This study showed that ADRVas not changed wherice polishing and rice bramere used

as substitutes for maize5% andcanola meal as aubstitute for soybean meal &5% in
weaned piglet dietsWhen individual differences in body weight were considered in the
analysis, theesults showed that pigkebfferedRBN diet had a higher feed intake per kg
body weight as compared to the piglets fed on the basal RIigXl diet had a neutral
detergent fibre concentration that was 15.06% higher as cethpaithe basal diet. Though
this differences were not dtatically significant due to the small samples sizes (in this 8ase
replicates for each diet) dould explain the difference in SFThe difference could also be

associated with a higher rate of passage through the gatststinaltract

Brassicanapusseeds are known to contain glycosinolates (Blood and Radostits, 1989) which
have astringent properties (Wickramasurgtaal, 2015). Since pig tongues are heavily
endowed with taste buds, the astringent properties of glycosinolates could have &fstted
palatability and feed intake. However, inclusion of canola meal in weaned piglet diet at the
rate of 15% in place of soybean meal did not affect either ADFI or SFI of theFdied.

intake in pigs is affected by dietary factors (energy concentrgtiatein level and amino

acid balance, feed processing), animal factors (breed, body weight, health status) and
environmental factors (Li and Patience, 2017). The diets offered to piglets in this experiment
were isocaloric while the other factors were hetthstant, probably explaining lack of
difference in mean ADFI and SFI between the basal and CPCM diets.

iii. Average daily weight gain

Results fromthis study showed that the average daily gain (ADG) of the test diets did not
differ from that of the basaliet. Substituting soybean meal with canola meal as a protein
source at the rate of 15% did not affect the ADG. A comparison of nutritional values between
canola meal and soybean meal from laboratory anaysiamples in this studgnddifferent
literature isshown onTable 17 Though sybean meal was higher in @@mpared to canola
meal, the higher EE content in canola meal compensated for energy and therefore the dietary
ME remained unchanged. The higher CF in canola meal did not affect the ADG in CPCM
diet fed piglets.This finding corroborates the earlier finding that inclusion of cold pressed
canola meal in pig diet did not affect feed digestibility, thereby strengthening the arguement
that the dietary fibre present is fermentable and probably de&@+A which were absorbed

to provide energy for pig growth; therefore ADG was not compromised.
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Table 17: Comparison of nutritional values of Soybean meal and Canola meal used in
diet formulation

Feedstuff Processing Nutritional valie Reference

Soybean mea Solvent CP=44.520.97), NDF=22.14(4.2), Current study results
EE=2.01(0.52), GE=4199kcal/kg
Solvent CP=47.73(2.3) CF=3.891.6) NRC, 2012
EE=1.52 (0.91)ME=3294 kcal/kg
Canola meal Expelled CP=36.32(1.66), NDF46.64 (8.5), Current study results
EE=8.31(0.32), GE4484 kcal/kg
Expelled CP =35.19(40.8), (:77(2.66) NRC, 2012
EE=9.973.34),ME=3540 kcal/kg

CP=crude protein, CF=crude fibre, EE=ether extract, ME=metabolisable genergy

NDF=neutral detergent fibre

Substitution d maize for rice polishingnd ricebran at the rate of 15% weanediglet diets
did not affect ADG. As earlier noted, the SFI of RBN diet washéighan that of the basal
diets well as CPCM and RPL diets. Therefore, to maintain a similar growth rttethve
basal diet, piglets fedd libitumon a diet where maize has been replagitd rice bran at the

rate of 186 will increase their feed intake per kg body weight by 13.32%.

iv. Metabolisable energy: Average daily gain ratio (ME:ADG)

ME:ADG was used @.a measure of dietary energy efficiency in reference to piglet weight
gain. Results in this study showed that substitutimgjze with rice polishing at 6 in
weaned piglet diets resulted in a 12.96% improvement in dietary energy efficiency (basal diet
= 7398 + 230.87 kcal/lkg weight increase, RPL diet = 64394$595.43 kcal/kg weight
increase). The two diets were isocaloric and also balancedgsioe and methionineThe

RPL diet had an EE content that was 2.8 times higher than the basal diet. Thikazauld
resulted in an increased apparent digestibility of RPL diet by 9.4% when compared to the
basal diet resulting in a higher ADG. Collirst al. (2009) also reported improved
performance of pigs fedn diets withincreasing fat fractions. The higher B&adtions in RPL

diet could have contributed to a lower ME:ADG.

Substituting soybean meal with canola meal in weaned piglet diets at 15% did not alter the
energy efficiency of CPCM diet. Replacing maize for rice bran in weaned piglet diets did not

alter theenergy efficiency of RBN diet. The difference in apparent digestibility between the

88



basal dietand CPCMand RBN diets was 1.4% and 5.5% respectively. From this analysis,
feed digestibility appears to be a determinant of ME: ADG. This study would reconanend

more robust study on this relationship.

v. Feed cost: Average gain ratio

Substituting soybean meal with canola meal at 15% in weaned piglet diet reduced the cost of
feeding for every 1 kg increase in body weight by 24.44%. This was as a result of the
relatively big difference in price between soybean meal and canola meal (KES 90 and KES
26 respectively). Use afce polishing at the rate of ¥%bto replacemaize in weaned piglet

diet resulted in a 22.7% reduction in the cost of feeding for every 1 kgaserin body
weight. Though rice bran was relatively cheap, it did not reduce the cost of feeding owing to
higher feed intake and the cost of increasing dietary ME of RBN diet using vegetable oil to

make it isocaloric with the basal diet.

5.6. Conclusion @d Recommendations

5.6.1 Conclusion

i. Cold pressed canola meal used in weaned piglet diets at the rate of 15% had no effect on
average daily feed intake, weight gain or digtanergy efficiency but increaséeled cost
efficiency by 24.44% in feeding weed piglet.

ii. Rice polishing used in wead@iglet diets at the rate of #bdid not affect feethtake and

weight gain andhere was a 12.96% improvement in dietary energy efficiency and a 22.7%
decrease in the cost of feeding per kg increase in bodjhtvei

iii. Rice branused in weaned piglet diet at%5increasd in feed intakeby 13.32%without a
change in weight gain. Rice bran did not provide any advantage on either dietary energy or
feed cost efficiency over the basal diet. Rice bran thereforaatidffer any benefit when

used in weaned piglet diets.

5.6.2 Recommendations

This study recommendeévaluation of use of bitechnology to improve digestibility of
fibrous feedstuff such as rideran. The study also recommendexhluation of effects of
dietary components of AFR on carcass quality and changes in digestive capability in finisher

pigs.
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CHAPTER SIX

EFFECTS OF EXOGENOUS ENZYMES ON NUTRIENT DIGESTIBILITY AND
PERFORMANCE OF WEANED PIGLETS FED RICE BRAN DIET

Abstract

This study estimaig the benefits of inclusion of exogenous enzymes in a low protein, fibre
rich diet of weaned piglet§ he choice of test diet was informed by the results obtained in
Chapter Four wleh concluded that inclusion of rice bran in wehpelet diets at the rate of
15% in place of maize did not offer any benefit obasalmaize- soybean diet. This study
sought to compare the average daily feed intake (ADFI), scaled average daily &e&d int
(SFI) average daily weight gain (ADG), scaled average daily gain (SADG), metabolisable
energy to ADG ratio (ME:ADG) and feed cost to ADG (FADG) ratio between a 20% rice
bran diet RBN), a 20% rice bran diet with exogenalistary (Natuzyme®)multi-enzyme
complex(RBNe) and a basal maizesoybean meal dieResults showed that inclusion of
Natuzyme® multienzyme complex in a 20% rice bran diet of weaned piglets had no effect
on dry matter digestibilityf the diet. Inclusion of exogenous enzymesiltesl in ncreased

( p O dietary dggstible energy of the diet by 8.7% and a 12.5% incfegse O in0 . 05)
apparent digestibility of nitrogecompared to diet without exogenous enzymaeslusion of
exogenous enzymes in weaned piglet tiduced p O the SFIby )3.4%but there was

no effect on average daily gailhere was a 12.77% improvemeftp O . 05)
metabolisable energy: average daily gain ratio ameduction ( p O inOthe Ge®d cost:
average daily gain ratio by 12.25%he study concluded that thoutifere is no change in
growth rate, inclusion of dietary enzymes in weaned piglet diets is beneficial in that it
improvesthefeed conversion ratio and reduces the cost of producing a kilogram ofTjperk.
study recommended further studf/individual exognous enzymes to help understand their

mode of action in increasing apparent digestibility of nitrogen.

Key words: Anti-nutritional factors, Apparent digestibility, Dietary fibfexogenous dietary

enzymesRice milling byproduct

6.1 Introduction

As a reslt of current trends with increasing cost feedstuffs used in production of animal
feeds, there is increasing interest in improving feed efficiency (Cowi@6d9; Yegani and
Korver, 2013).However, the presence of significant levelsio$oluble fibreand antt
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nutritional factors(ANFs) in various feedstuffs limits potential benefits in animal feeding
Some of the common ANFs includgucosinolates in mustard and canola meals, trypsin
inhibitors and haemagglutinins in legumes, tannins in legumes andscegeasypol in
cottonseed cakes, and uricogenic nucleic acid bases in yepsiducts (Gilanet al, 2012).
ANFs have been reported to cause sigaifi decrease in protein and amino acid
digestibility. Phytates commonly found in legumes and cereails baen reported to reduce

amino acid digestibility and bioavailability of phosphorous.

Dietary fibre (that is, NSP, incluwdig pecti ns, c e |l I-glucams fBuctan$y e mi c e
oligosaccharides, lignin, and resistant starch affects the voluntary feed intake of pigs. Since

the apparent digestibility of dietary fibre is low (460%), dietary fibre lowers the energy

value of diets. Pigs consume 100g DM/ kg body weidfit (Martenset al, 2012)and

therefore, high dietary fibre levels limit energy intake and reduces perfornfanogercome
challengesassociated with presence of high leveld@tary fibreand phytatesexogenous

enzymes have been used in pig diets, however, results havemibesh andinconclusive

(Adeola and Cowieson, 201Miu et al, 2013).

The mode of action of exogenous enzymes is un¢Bedford and Schulze, 1998 cited by
Walshet al, 2013 butis hypothesised to improve digestibility of energy, protein and fats by
reducing viscosity of digesta by acting on NSP. This increases contact between feed and
digestive enzymes as well as with the absorptive surface of theN&P hydrolysing
enzymes irpigs appear to have a dual role, functioning both to reduce viscosity of the digesta

and weakening the cell wall of cereals (Bedford and Schulze, 1998).

Though use of exogenous enzymes has been shown to be beneficial, potential negative effect
could restt as a result of reduction of the beneficial effects of fermentable dietary fibre; that

of reducing ammonia emmision. Inclusion of exogenensymesn pig diets has also been
shown to reduce tgueansarydtal 2001 lderfadef al.,@@1ly. of b

Rice bran is a byproduct of rice milling and constitites about 10% of the total wegght
unprocessed rice and comprices of the aleurone, pericarp subaleurone and germ. It is rich in
dietary fibre, vitamins and minerals (Sandarodiyan andza2016). Dietary fibre present in

rice bran comprises mainly comprises of arabinose and xylose (Argtisdn 1995; Farrel

and Martin, 1998)which could be utilsed more efficiently in pig diets by including

exogenous enzymes that enhance their dejoada

93



6.2 Materials and methods

6.2.1 Experimental diets

Three gperimental dietxonsisted of; {i a basalmaize soybean diet, Yiia diet in which
maize had been substituted witheribran at 20% (RBN diet) and )ia diet similar to RBN

diet in which &ogenous enzymes had been included (RB&&yshown in Table 18The
exogenous enzymes used comprised ofultienzyme complex Natuzyfiemanufactured by
Bioproton PTY limited, Australia and distributed in Kenya by Cooper Kenya Limited
Natuzymé& is presergd in powder form and contains 12,000 units/g of xylanase, 6000
units/g of cellulase, 1500units/g of phytase, 700 units/g of-glataanase, 700 units/g of
protease and 400 units/g of alplmylase. Natuzynfewas included in RBNe diet at the rate
of 350mgkg of feed as perthma n u f a adcammendabiagilhe nutrient composition of
RBN and RBNe diets were assumed to be identical since inclusion of Nafuzyme

multienzyme complex had negligible effect on composition.

6.2.2 Experimental piglets

The experinent was set up in a congpbly randomized design using Rdndrace X Large
White piglets consisting of 12 boars and 12 gitsaned at 56 days thatere randomly
assigned to the 3 dietShey were randomly allottetd numberedcages suckhat there were
4 boars and 4 gilts per diet. Piglet managenpeatocols weres described in section2s2 of

Chapter Four.

6.2.3 Data collection and analysis
Data collection and analysis was done usirggedures described in sectio2.3 of Chapter

Four.

6.3 Results

6.3.1 Comparision of diet composition of experimental diets

Results of poximate and detergent fibre analysisowed that thenean valus of EE inRBN
and RBNe diets shown in Tabl® terehigher( p O th@nth@ T¢an value ithe basal
diet. ThemeanDM content of RBN and RBNe diets was higifep O than tBefgan
value inthe basal diet, (92.64% versus 91.31%he meanCP content of RBN and RBNe
diet was lowe( p O cdmpabedl Jahe mean valuthe basal diet, (149.3 + 3.3 g/kg versus
197.1+ 11.5 g/kg)
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Table 18 Formulation and cost of experimental feeds

Price Inclusion Rate In Diet (%) Cost of fraction per 100kg
Feed component (Ksh/kg) Basal RBN RBNe Basal RBN RBNe
Maize (White) 27.78 65.60 46.45 46.43 1822.37 1290.38 1290.38
Soybean meal 90 22.80 19.35 19.33 2052 1741.5 17415
Fish meal 120 5.00 5.00 5.00 600 600 600
Rice bran 8 0.00 20.00 20.00 0.00 160 160
Lysine 280 0.50 0.50 0.50 140 140 140
Methionine 740 0.40 0.40 0.40 296 296 296
Limestone 5 2.50 2.50 2.50 12.5 125 12.5
DCP 140 2.50 2.50 2.50 350 350 350
S/W Premix 280 0.25 0.25 0.25 70 70 70
Salt 60 0.25 0.25 0.25 15 15 15
Vegetable oil (Canola) 128 0.20 2.80 2.80 25.6 358.4 3584
Natuzymé® 857.14 0 0 0.035 0 0 30
Total 100.00 100.0 100.0 5383.47 5033.78 5063.78
Cost of feed in Ksh/kg 53.83 50.34 50.64

CPCM=cold pressed canola meal diet, RPL=rice polishing diet, RBN=rice bran diet, DCP=dicalcium phosphate, S/W=sow and
weaner

Vitamin and mineral @mix provided per kilogram of diet: 450 mg Fe; 400 mg Cu; 250 mg Zn; 150 mg Mn; 0.5 mg I; 0.25 mg Se;
8,000 IU vitamin A; 2,000 vitamin D3; 37.5 mg vitamin E; 0.925 mg vitamif; 8.43 mg vitamin B2; 0.04 mg vitamin B12; 34.5

mg nicotinic acid; 26 mg paothenic acid.

1 US$ =101.2 KES

Natuzyme® containedl2,000 units/g of xylanase, 6000 units/g of cellulase, 1500 units/g of phytase, 700 units/eghfdaetase, 700

units/g of protease and 400 units/g of akalnaylase.
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Table 19: Proximate, fibre and gross energy fractions of experimental dietsn a DM basis

Diet DM% Ash% CP% EE% NDF% GE kcal/kg DEkcallkg  ME (computed)

Control 91.31(0.14) 9.12(0.04) 19.47(1.15) 1.61(0.01) 33.53(3.02) 3812(0.5) 3361.45  3058.3
RBN  92.64(0.08) 12.76(0.06) 14.93(0.58) 2.06(0.05) 38.58(1.3)  3850(37.1)  3128.97  2944.1
RBNe 92.64(0.08) 12.76(0.06) 14.93(0.58) 2.06(0.05) 38.58(1.3)  3850(37.1)  3360.60

DM=dry matter, CP=crude protein, EE=ether extract, NDF=neuttargknt fibre, GE=gross energy, CPCM=cold pressed canola meal diet,
RPL=rice polishing diet, RBN=rice bran diet, Standard errors in parenthesis.
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The mean digestible energy of RBNe diet (336
value in RBN diet 3069 kcal/kg). The mean digestible energy of RBNe was however
comparable to the mean value of the basal diet.

6.3.2 Apparent digestibility of experimental diets

The mean apparent digestibility of DM of RBNe diet was numerically higher (78%) than that
of either the basal diet (70%) and RBN diet (69%), however, this differevas not
significant (Table 20 The mearvalue ofapparent digestibility of nitrogen in RBNe diet was
significantly higher( p O tian tBa df the basal diet 80% and 78% respectively,
however, there was no difference in the mealue ofapparent digestibility for nitrogen
between RBN and RBNe diets. The apparent digestibility of NDF in RBNe diet was
numerically highef79%) than that of the basal diet (68%) and RBN diet (70%), however, the
difference was insignificarf p O. 0. 05)

Table 20: Comparison of apparent digestibility of experimental diets

Parameter R° Diet p-value
Basal RBN RBNe

APPD % 0.44 707(2.01) 69(4.01) 78%0.02) 0.24

APPDN % 0.74 78(1.0) 80™(3.21) 90°(0.01) 0.03

APPDF % 0.56 68(2.0) 707(4.06) 79(1.20 0.13

Means on the same row with different superscripts are significantly different.
APPD=apparein digestibility of DM, APPDN=apparent digestibility of nitrogen,
APPDF=apparent digestibility of dietary fibore, RBN=rice bran diet, RBNe=rice bran diet

with Natuzymé&, numbers in parenthesis are standard errors.

6.3.3Average daily feed intake

The weaningweights of piglets between dietaiere equal, the means for ADFI between
barrows (1040+ 67.19 g/day) and gilts (1224.3757.84 g/daywere diffe e nt 0.g9p O
Least square means of the ADFI of experimental dieggse equal Sex of piglets was
insignificant in theGLM model while weaning weight was a significant determinant of

variation inmeanADFI betwee experimental dietp( O @Tab@XL)

Pigs offered RBN diet had a higher SFI throughout the entire period of the experithent. T
mean value oSFIfor RBN diet (36.45+ 1.2 g/kg ) was highep O ) thhan@h& mean for
RBNe diet (318 + 0.99 g/kg). Both diet and sex of piglets were significgpgt O )0 . 05

determinants of variation imean SFI
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Table 21: Effects ofexperimental diets, sex and weaning weight on growth and performance indicators.

Indicator Experimental diets Sex Weaning
weight

Basal diet 1 RBN diet RBNe diet Male Female p-value p-value

ADFI (9) 1143.54(54.27) 1210.74(52.47) 1065.38(53.89) 1040.1(6.19) 1224.4(57.84) 0.05 0.01

ADG (g) 461.78 (20) 456.05(19.34) 468.82(19.86) 450.76(31.61) 484.22(17.65) 0.10 0.01

SFI(g/kg) 33.35(1.2) 36.4% (1.2) 31.8'(0.99) 32.29(0.88) 35.20(1.22) 0.01 XX

ME:ADG (kcal/kg) 7344.9% 7727.53 6740.38 6916.01 7571.3 0.05 XX

(256.89) (255.99) (255.99) (191.41) (258.11)
FC:ADG (ksh/kg) 129.3F(4.41) 131.09(4.39)  115.03 (4.39) 118.79(3.41)  130.51(4.41) 0.04 XX

Means on the same row with different superscripts are significantly different.

ADFl=average daily feed intake, ADG=average daily weight gain, SFl=scaled average daily feed intake, ME:ADG=metabolisable energy t
average daily weight gain ratio, FC: ADG=feed cost to average daily weight gain ratio. RBN=rice bran diet, RBNe=rice \»tin rdigdti-

enzyme complex, Standard errors in parenthesis, xx=variable omitted due to inefficiency
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6.3.4Average daily gain

Regression analysis showed that thean values of ADG for the 3 diets were not
significantly different( p O ; IfasaDdiet)= 46278 + 20 g/day, RBN diet = 456.0819.34

g/day and RBNe diet = 468.82 + 19.86 g/daitM model predicted 66% of the variability in

ADG; F = 9.08, p O 0.05. Weaning weight of p
= 31.5, p O 0 seR & piglets Wit noesigrdficaathy explaindvariation in ADG.
Spearman correlation ciieient showed that there was a positive correlathldG and

weaning weightPear son' s r =  Oe rBsdlts wepe p@serent @ HJrapa nd  t
(Figure 9.

650 7 & V=3297x+140.1
600 - R?=0.640

550 -
500 -
450 -
400 -

350 A

ADG (g/day)

300 A

250 T T T T T T T T 1

Weaning weight {kg)

Figure 7: Regression results estimating the relationship between weaning weight of

piglets and average daily weight gain between 629 days of age

6.3.5 Metabolisable energy to ADG ratio

Computation of least square means of the ME:Afaii® of experimental diets showed that

the model was significant; F =atichinlMEAD® O O.
ratio (Table2l) . Sex of piglets was significant as a
The mean value of ME:ADG for RBNdiet was significantly lower than the mean values of

the Basal dietand RBN digtF= 4. 16., p O 0. 05)

6.3.6 Feed cost to ADG ratio

Computation of feed cost was as shownTable 18 Computed least square means of the

FC. ADG ratio of experimental diet¢Table21) showed that the model was significant; F =

4. 45, p O 0.05, and explARG nat®.dSex400 piglete tvas v ar i a
significant as a covariate in t he:Ab®rdte ! ; F o=
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of RBNe diet (115.03 4.39 Ksh/kg) was significantly lower than the mean values of either
the Basal diet (129.31 4.41 Ksh/kg) or RBN diet (131.084.39 Ksh/kg).

6.4 Discussion

This study evaluated the effects of inclusion of exogenous enzymes in high fibre, low protein
diet dfered to weaned pigletad libitum The study compared digestibility, feed intake,
weight gain, dietary energy efficiency and feed cost efficiency betweehasal maize
soybean meal diet and two similar diets where Natuzyme® -enidtyme complex was

included into one.

Results of this study showed that inclusion of Natuzyme® raultyme complex in rice bran

diet offered to weaned piglets improved the apparent digestibility for nitrogen. This was
associated with the presence of protease in the enaymgex.Li et al (2010) also reported
improved digestibility of nitrogen in extruded corn diets of pigs in which proteases were
included.The mode of aatin of exogenous proteases was through improvingdahbility of

dietary protein. This study did nbhd significant improvement in digestibility of NDF he

effects of exogenous enzymes on nutrient and energy digestibilitytheefore found to be
variable in comparison to other findings in literature. These effects are dependent on a
number of factos, key among these being the nature-autiitional factors (especially NSPs

and phytates) present in the substrate, microbial source of exogenous enzyme and age of
experimentalanimak (Munir and Magsood, 2013). Jet al. (2012) concluded that the
effediveness of exogenous enzymes can be improved by using a cdorbiobienzymes,

particularlycarbohydrases, which would effect a broader activity on substrate.

Results of this study showed that inclusion of Natuzyme® reualtyme complex in rice bran
diet offered to weaned pigletsad libitum reduced feed intake per kilogram body weight
gainedby 13.4%. This was attributed to the increased digestibility ofID&easing dietary
energy concentration results in a decrease in feed intake in pigs thatdaad fbitum
(Quiniou and Noblet, 2015).

Results of this study showed that inclusion of Natuzyme® realtiyme complex in rice bran

diet offeredto weaned piglets had no effect on piglets' average daily weight gain, however,
there was a 12.7% reductionin metabolisable energy utilisation per kilogréody weight

gain. This finding was associated with reduced feed intake of RBNeldielt was attributed

to the increased digestibility of Darough reduction of viscosity of digesta thus facilitating

more ontact of the digesta with intestinal muco$datuzyme® multenzyme complex
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accounted for 0.6% of the total cost of RBNe diet. Though piglé¢sed RBNe diet hach
numericaly higher and insignificant meaf\DG than the mean values of the basal and RBN
diet, the difference was significant when feed cost was considered. As a result, inclusion of
Natuzyme® multienzyme complex in rice bran diet of weaned piglets reduced the cost of

feeds per kilogram weight gain by 12.25%.
6.5 Conclusion and recommendations

6.5.1 Conclusion

This study concluded thatdlusion of Natuzyme® mukenzyme complex in rice bran diet of
weaned piglethad no effect on dry matter digestibility of the dagtd average daily gain
The beneficial effects included; 8.7% increase inadietligestible energy,2.5% increase in
apparent digestibility of nitrogeri3.4% reduction ifieed intake per kilogram body weight
gained, 12.77%mprovement immetabolisable energy: average daily gain ratid a 12.25%

reduction inthe feed cost: avage daily gain ratio

6.5.2 Recommendations
The study recommended further study of individual exogenous enzymes to help understand
their mode of action in increasing apparent digestibility of nitrogdecomparative study of

the efficacieof commercially &ailable exogenous enzymes would be useful.
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CHAPTER SEVEN

EFFECTS OF DIETARY NUTRIENT COMPOSITION ON CARCASS
CHARACTERISTICS AND GUT MORPHOLOGY OF BARROWS AND GILTS FED
ON SELECTED ALTERNATIVE FEED RESOURCES

Abstract

This study investigated differences in carcass characteristics (lallingercent, backfat
thickness and loin eye area) and ileal mucosal morphology (villous height and crypt depth) in
pigs offered 4growerfinisher diets up to the age of 180 dsyupon which barrows were
slaughteredThe diets consisted of (i) a basal maspgbean meal diet, (i) a standard protein
high lipid diet diet containing 20% cold pressed canola meal (idyvgprotein, high lipiddiet
containing 20% rice polisng (iv) a low protein, low lipiddiet containing 20% ricéran.
Results showed that Inclusion of rice polishing in finisher pig diets at 20% indréase O
0.05) dietary lipids to 45g/kg while reducing dietary protein concentration to 159g/kg and
resulted in a lgher average daily gain compared to pigs on the basal diet. There was a 12.1%
increase in killingout percent which implied better carcass yield24.5%increase in loin

eye area which implied better lean tissue deposition and a 19.3% degcrpaseO iA. 05)
villous height Inclusion of rice bran in finfser pig diets at 20%esulted in a decrease in
dietary protein to 149.3g/kg and an increase in NDF resulted in a ligher O a@erage5 )
daily gain compared to pigs on the basalt d{@68.07g/day verse898g/day) and
subsequently larger loin eye size (29.2%crarses 20.46cf), implying better lean tissue
deposition. lleal villi were significantly longdr p O inOriceOb&j diet pig attributed to
higher dietary fibre. Inclusion of cold pressed camoksal in finisher diets at 20% did not
change growth rate, however, it increasédp O dubc@amgous fatleposition
significantly. There was however an increasep O inOileaD dsypt depth in jgs fed on
CPCM dietthough dietary fibre was not higls avas the case with rice bran di€he study
concludedthat diets that are higher in fibre have beneficial effects of limiting subcutaneous
fat deposition and increasing digestive and absorptive gut surface area thereby improving
utilisation of dietary fore. The study recommended further stud@s the role of dietary fats

of different phyto-origin and antinutritional factors in canola meah altering the

morphology of the lower small intestinal mucosa

Keywords: Backfat thickness, Crypt depth, Killingut percent, Loin eyé/illous height
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7.1 Introduction

This study investigated the effects of using alternative feed resources in pig diets on carcass
characteristics and gut morphology. This study was informed by the need to generate
information on the fects of the various fractions @ig diets on carcass quality which has
implications on market value as well as on the integrity of intestinal epithelia which has an
implication on food digestion and assimilatioRig diets have been shown to induce
significant changes in gut weight with obvious effects on killing percent. Kas®t al

(1980) andlin et al. (1994)reportedthat an increase in dietary fibre results in an increase in
gut length and weight which would reduce the killing out percentagey &aal (20149
reported that pigs fed raw potato starch in place of corn starch over a long period significantly
increased the weight of the stomach and large intestines thereby reducing the dressing

percentage.

Pig dets have been reported to have sfgiaint effects orbackfat thicknes¢BFT). Fanget

al. (2019 reported a decrease in Brihen pigs were fed on raw potagtarch. There was

also a decrease in the concentration of short chain fatty acids (SCFA) in the colaat.dDoti
(2014) reported thathe pattern of gut digestion of starch may affect BFT and growth
performance of gilts. Consumption of diets with a high amylose: amylopectirdestieased
intramuscular fat content and increased loin eye area (LEA) through reduced hepatic
lipogenesis Yanget al, 2015).Krecht and Duzinski (2016) reported an inverse relationship
between BFT and lean meat contdRésistant starch which escapes digestion in the upper
small intestines may act as a potential prebiotic favouring butyrate production with a

likelihood of less subcutaneous fat and more lean tissue deposition (Gatlaért2015).

Intestinal gut morphology could also be affected by a variety of factors. Raw potato starch
was reported to increase intestinal mucosal thickness when comparerh tetarch in pig

diets (Fanget al, 2014. Use of probiotics and prebiotics has also been associated with
beneficial effects on intestinal mucosal morphology. Giannehat (2016) demonstrated

that usingEnterococcus faeciuroulture, mannaligosactarides and organic acids in pig
diets resulted in increasedyeal villous height. Low concentratiaof brancheechain fatty

acids and lactic acid in the proximal colon was also associated with increased villous height
and gut developmen(Halaset al, 2010). It could therefore be suggested that there is a
relationship between dietary components, concentration of SCFA in lower gut and fat

metabolism which influence fat and protein accretion.
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7.2 Materials and methods

7.2.1 Experimental diets

The 4 grower finisher diets used in this study consisted of; (i) a basal rsmybean meal

diet, (ii) a diet containing 20% cold pressed canola meal to replace soybean meal as a protein
source(CPCM diet)(iii) a diet containing 20% rice polishing to replace mgRPL diet)ard

(iv) adiet containing 20% rice bran to replace mdRBN diet)

7.2.2Management of &perimental pigs

Experimental pigs from study hapter Fivewere selected randomly to participate in this
study where 2 barrows and 2 gilts were ranlyoassigned to each of the 4 diets. The pigs
were housed in 4 pens eacgteasuring 5X 6 metres such that pigs on a similar diet were
housed in one perhe pens were equipped with drinking nozzles which served to provide
water throughout the day. Pigs wéee up to the age of 180 days at the rate of 3.5% of their
body weight daily in 2 portions at a 6 hourly intervals. At the start of the experiment, water
was provided using watering buckets to ensure that pigs that had not learned to drink from

drinking rozzles had sufficient drinking water.

7.2.3 Data collection

All barrows (8) were slaughtered at 180 days of age to facilitate measurement of carcass
characteristicsThe weight of each pig was recorded at the beginning of the experiment.
Killing-out percet was computed as the hot carcass weight after evisceration and
decapitation as a fraction of the pig live weight immediately before slaughter. Back fat
thickness (BFT) was determined by measuring the thickness oflihesa tissue layer at 3
levels;atthe first rib, the tenth rib and the first lumbar vertebrae. The measurement was done
at a point 6 inches (approximately 14.6 centimetres) lateral from the dorsal spinous process.
Measurement was done by first tracing the back fat width on labeled tramispegtate paper

using an indelible marker then measuring this width at an accuracy of 0.01mm. The loin eye
was identified after making a clean cut perpendicularly across the long axis of the vertebral
column at the junction of the faand 11" thoracicvertebrae so as to give the view of the
transverse section of tHengissimus dorsmuscle. The loin eye area was determined
triplicates by tracing the loin eye (transverse section of lthregissimus dorsimuscle) on

acetate paper using an indelible kerand placing it on an area grid

Following evisceration, 3 sections of the ileum measuring approximately 2 cm each were

excised at a point approximately 10cm proximal to the¢ececolic junction and placed in
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labeled glass jars containing 10% falm fixative. The samples were then delivered to the
University of Nairobi, Veterinary Pathology Laboratory for preparation of histological
sections permanently mounted on microscope slides using the procedures described in
Appendix XIV. To facilitate exanination of morphological features, hematoxylin and eosin

dye was used to stain the specimens. Microscopic examination at a magnification of 10 X 10
allowed for measurement of intestinal villous height and crypt depth as illustrated in
Appendix XV. One slde with tissue section from each of the slaughtered pigs was selected
for examination. On each slide, 2 optical views were randomly examined so that 2 villi with
clear lamina propria were selected from each view for estimation of height in triplicates. Thi
resulted in 12 measurements per pig and therefore 24 measurements for each of the 4 diets.

The same procedure was followed in measurement of crypt depth.

7.2.4 Data analysis
Data analysis was done by computinge$ts,GLM and ANOVA procedures as dedmed in

section 4.2.3.

7.3 Results

7.3.1Comparison of composition of experimental diets

The EE content itPCMdiet (48.2+ 1.2 g/kg) was significantly highg¢r p O cdmpadesl )

to the EEcontentin the basal diet (16.1 0.1 g/kg) The EE content iRPL and RBNdiets

was also highef p O cdmpaesl jo th&EE content of the basal diet with mean values of
45.7+ 0.04 g/ kgand 206 + 0.5 g/kgrespectively.The meangross energy (GE) value for
RPL diet was significantly highef p O th@n tBe5mean valuef the basal diet (4049
19.55 kcal/kg verses 3811.57 kcal/kdhe DM content oRBN diet was highef p O 0. 05)
than in themean value of thbasl did, (92.64% versus 91.31%)he CP content dRBN

diet was lower{ p O c@mpdresl xahe mean valuef the basal diet, (149.8 3.3 g/kg
versus 197.% 11.5 g/kg) Though the mean NDF values were not significantly different
between diets, the mean NDF f@BN diet (367.1+ 1.24 g/kg) was 26% higher than the
mean for the basal diet (29.8663.94 g/kg).The mean NDF of thd diets was 311.2g/kg
whi ch was signi fithan thé necorhnmemgdidevalue fopthe @ppér lindit®f)
250g/kgin pig diets When the same comparison was done without the mean NDF of RBN
diet, the difference was insignificarfor purposes of this studZPCM diet was therefore
considered as a standgrd o t e i 1B%)(higiPEE @ietRPL diet was considered as a low
protein (CPO16%), high EE diet whild&RBN diet was considered as low protein, high NDF
diet.
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7.3.2 Pig weightsbetweenages99 - 180 days.

The mean initial weight of experimental pigs was 24:9271 kg. There was no difference in
the mean weight of pigs betweeretd; F =1.89, p = 0.19. A comparison of the mean weight
between sex showed that there was no difference in the mean valu€s55,/# = 0.59At

180 days pigs offered RPL diet wereheavier (66.06+ 2.11 kg) than pigefferedthe basal
diet (53.99+ 2.02 kg)(Table 22. The mean weights (at 180 days) of pigs offee@&CMdiet
(57.21 + 2.09 kg) an&BN diet (61.42+ 2.09) were notifferent from the mean weight of
pigs offeredthe basal diet; F = 6.3, p =0.0domputation of least square meah®wed that

the overall mean ADG was 439.41 g/day. The mean ADG for pigs f&Pardiet (475.71+
17.35 g/kg) andRBN diet (468.07 + 17.19 g/kg) were significantly higher than the ADG for
pigs fed on the basal diet (398446.6 g/kg); F =4.77, p =0.05ex of pgs was significant

in the model, F = 15.21, p = 0.0fhe mean ADG fobarows (411.36+ 29.62 g/day) was
significantly lower than the mean value for gild67.47+ 15.17 g/day;, t = 2.98, p = 0.01.

7.3.3Killing out percentage (KO %)

Pig diets explained50.2% of variation in KO%. The overall mean KO% was 68.3%. The
mean KO% of pigefferedRPL diet (71.05%) was highdr p O th@n tie Sngan value for
pigs offeredthe basal diet (66.89%)Yhe mean KO% of pigs offerecdPCM (68.2%) and
RBN (67.06%) diets wre not different from the mean value of pigs offettezl basal diet; F
=6.71, p = 0.0¢Table 23.

7.3.4 Back fat thickness

Pig diet explained 35.2% of variation in BFT. The mean BFT for pigs offered CPCM diet
(15.77mm) was significantly higher than tiheean value for pigs offered the basal diet
(9.48mm) Table 23. The mean BFT for pigs offered RPL and RBN diets were not

significantly different from the mean value for pigs offered the basal diet.

7.3.5 Loin eye area

The analysis of variance model wagrsficant (F = 9.63, p = 0.01) and explained 59% of
variation of the LEA. The LEA of pigs offered RBN diet (29.2frmas significantly higher
than the mean value for pigs offered the basal diet (2026dthe LEA of pigs offered
CPCM diet (24.11cR) and RPL diet (26.46cff) were not significantly different from the
mean LEA of pigs offered the basal di&éable 23.
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Table 22: Initial and final weightsand average daily weight gairof finisher pigs fed on experimental diets betweefl9 - 180 days

Parameter N Diet Sex
Basal CPCM RPL RBN Male Female p-value
Initial weight (kg) 16 22.1F(1.98) 23.59(1.98) 28.29(1.98) 24.1(1.98) 23.94 (1.21)  25.11 0.33
(1.77)
Final weight (kg) 16 53.99(2.02) 57.2F°(2.09) 66.06(2.11) 61.42°(2.09) 57.12 (1.48)  62.22 0.02
(1.51)
ADG (g/day) 16 398.44 418.79" 475.7F 468.07 411.36  467.47 0.01
(16.6) (17.19) (17.35) (17.19) (29.62)  (15.17)

Means on the same row with different superscripts are significantly different.
CPCM=cold pressed canola meal, RPL=rice polishing, RBN=rice bran, ADG=average daily weight gain, numbers hegsaramicate

standard errors.
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Table 23. The effects ofexperimental dietson killing -out percent, backfat thickness and

loin eye area in finisher pigs slaughtered at 180 days

Index R? Diet p-value
Basal CPCM RPL RBN

KO% 50.20 66.89 68.20% 75.0F 67.06 0.01

BFT mm 35.2 0.48 15.77 13.68°" 15.08° 0.03

LEA cny? 59.01 20.46 24.1F¢ 26.46"° 29212 0.01

Means on the same row with different superscripts are significantly different.
CPCM=cold pressed canola meal, RPL=rice polishing, RBN=rice, f&killing out,
BFT=back &t thickness, LEA=loin eye area.

7.3.6 Villous height and crypt depth

Computation of least square means for villous height showed that the model was significan

F = 13.23, p = 0.01 (Table 24The mean ileal vibus height of pigs offered RBMiet

(307.71+ 9.03um) was significantly highdr p O th@n tiBeSmean value for pigs offered

the basal diet (283.588.61 um). Pigs offered RPdiet had a significantlylowgd p O 0. 05)
mean villous height (237.72 7.63 pun) comparedio the mean value for pigs offered the

basal diet.

Table 24. Effects of experimental diets orileal villous height and crypt depth on finisher

pigs slaughtered at 180 days

Morphological feature N Diet
Basal CPCM RPL RBN
Villous height in pm 96 283.58 268.43 237.72 309.7F
(8.61) (7.14) (7.63) (9.03)
Crypt depth irum 96 158.23 192.58 159.39 175.4°
(6.66) (6.66) (5.68) (7.69)

Means on the same row with different superscripts are significantly different.
pm=micrometers CPCM=cold pressed canola meal, RPL=rice polishRBN=rice bran

numbers in parenthesis indicate standard errors

Computed least square means for crypt depth showed that the model was significant; F =
6.19, p = 0.00. The mean ileal crypt depth of pigs offered the CPCM diet (1:08.68 um)

was significatly larger( p O th@n tife Snpan value for pigs offered the basal diet (158.23

+ 6.66 um). The mean ileal crypt depth of pigs offered the RPL (1595368 um) and RBN
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(175.4+ 7.69 um) diets were not significantly different from the mean ileal crypt depth of
pigs offered the basal diet.

7.4 Discussion

i. Pig growth between 99 180 days of age

Results from the study showed that though the basal diet was high in protein (195g/kg), pigs
offeredal ow protein (O 160g/ k(@4bgke had hider(gph G tOh.e0r5 )e
weight gain Pigsoffered a rice bran diet which was high in NDF and low i pr ot ei n (
150g/kg) had highet p O a®erageSdaily gain compared to pigs fed on the basal diet.
These findings pointed to a lower requirement for protein iisHer pig diet between 99

180 days of age. This finding corroborated the finding of Gatllal (2015)who associated

higher daily gain in low protein and high fibre diets with a decreased incidence of scours
associated with high levels of dietary pintel'he faster growth in high NDF diets cowltso

have been attributed tp i gabilgy to utilise dietary fibre more efficiently for energy
production as they grow. This paradigm has been associated with an increase in the fibrolytic
microbial populationin the ileum, caecum and the large intestifi@achKnudsenet al,

1991; Kil et al, 2010). Among the main products of lower gut fermentation in pigs are gases
(such as hydrogen, carbon dioxide and hydrogen), lactic acid and short chain fatty acids
(SCFA) such as butyric acid. SCFA are rapidly absorbed into the blood stream and contribute

up to 30% of energy requirements of growing pidarel, 1987; Mosenthin, 199&hi and

Noblet, 1994).

Though evaluation of palatability of the diets was not withinst@pe of this study, it also
appeared that rice polishing diet was more palatable than other diets. This period was
characterised by a linear growth pattern for all 4 diets which implied that tissue accretion was
also linear in this phase of growth. Simitasults were described by Bikketral. (1995) and
Quiniouet al (1996) showed that protein deposition increased linearly with increased energy
intake until maximum protein deposition is reached, after which no further protein deposition

occurs.

ii. Killing out percentage

This study showed that pigs with the highest live weight at slaughter and average daily gain
also had the highe$tp O kiling @& percent. Among the factors that affect killing out
percentage are breed, sex, diet, and envirotahéactors that affect growth such as type of
housing, stocking density, ambient temperature and humidity. In the study however, these
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variables with the exception of diet were held constant. Results of a study done on lambs by
Wood et al. (1983) showedhat the contribution of nenarcass components such as offals,
omental fat and diaphragm to live weight of an animal decreased with an increase in live
weight, therefore explaining the increase in killing out percentage with increased live weight.
Various studies (Kas®t al, 1980 Jin et al, 1994) have shown that an increase in dietary
fibre results in an increase in gut length and weight which would reduce the killing out
percentage. However, this study did not establish a relationship between hegtidiband a
decrease in killingout percentage but ratherth higher live weight.

iii. Back fat thickness

Results of this study showed that subcutaneous fat accretion was significantly (higherO
0.05)in pigs offeredCPCM diet which was high in lipid compared pigs offeredthe basal
diet which was lower in lipids but equivalent in protein contditere was however no
difference in fat accretion betweergs offeredRPL diet which was highn lipid and low in
protein, pigs offeredRBN diet which was low in lipid and rich in dietary fibre apdys
offeredthe basal dietThis implies that in low protein diets (14050g/kg), increasing the
concentration of ether extract to approximately 4§giould be useful in energy
compenston without compromisindack fat deposition compared to the basal diet. In the
current study, preliminary findings showed that canola meal used in pig diet had an ether
extract oncentration of 80.1 + 3.9 g/kg@wing to its rich content of mono and
polyunsaturated fatty acids primarily 62% oleic acid, 22% linoleic acid and 10% linolenic
acid (Xie and Dunford, 2017) common in cold pressed vegetable oil seed meals. Therefore,
cold pressed carmlmeal when incorporated inPCM diet probably resulted in a higher
amount of unsaturated fatty acids in the diet. Results of a study by Chilliard (1993) also
reported that diets high in unsaturated fatty acid resulted in more lipogenic activity in rats and
pigs. Kloareget al (2007 reported that fat deposition on the carcass is a reflection of dietary
fat present in feeds, such that inclusion of unsaturated fats in diets resulted in subcutaneous
fat deposition while saturated fats such as tallow in pig diets resulted in increased
intramuscular fat deposition. Inclusion of fats rich in unsaturated fatty acids in protein rich

diets could therefore result in an undesirable effect of increased subcutaneous fat deposition.

iv. Loin eye area
Results of this study showed that pmféeredthe RBN diet which was low in protein and
et her extract and rich in dietary fibre had

0.05. This implied that low protein, high fibre diet would be beneficiahoraasing lean
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growth in pigs aB9- 180days. Pig®offered theRPL diet which was low in protein and high
in lipids also hadhlarger loin eye size than pigéferedt he basal .diet; p O

Lowering dietary protein in finisher pig diets did not have any negative effect on carcass
yield (Galloet al, 2015). A study by Sung@/ook et al (2015) however showed that the
protein value of rice bran protein was much higher than that of vegetable proteins and was
comparable to that of casein; therefore, could be used as a substitute to animalTstein.
could alsohave contributed ta larger loin eye size since amino acid balanca diet is an
important determinant of muscling in pigs (Sundretral 2011) However, there is need to
carry out further investigation on the role of rice bran protésrewis the contribution of

dietary fibre in rice bran on pig growth.

v. Intestinal morphology

Results of this study showed that pajieredhigh fibore RBNdiet had significantly longe(p

O 0).ilexlsvilli compared to pigofferedthe basal dietPigsoffered high lipid low fibre

RPL diet had shortgp O ) Willi ddrBpared compared to @ged on the basal dieCrypt

depth in pigoffered CPCM and RBNiets were significantly larggp O ) than0n5igs
offeredthe basal dietStudies in pig nuition have indicated the significant role played by
diets in changing the histological appearance of the gut (Agyekum and Nyachoti, 2017).
Studies byJin et al (1994) Brunsgaard (1998and Serenat al (2008) showed that diets

rich in fibre were assoated with an increase in proliferation of mucosal cells with resultant
increase in mucin production, increased villous height and crypt depth. Insoluble fibres have
however been reported to have an abrasive effect on the intestinal mucosa. The ability of
dietary fibre to alter intestinal epithelial morpholodgpendson the digesta viscosity which

is influenced by solubility of dietary nestarch polysaccharides (Montageteal., 2004).

lleal crypt depth in pigeffered theRPL diet were significantly smadr (p O ) thandns
pigs offeredthe basal dietsuggesting that protein concentration in the diet could probably

have a role in variation in intestinal mucosal morphology.
7.5 Conclusion and recommendations

7.5.1 Conclusion
I.  Rice polishing in finisher pig idts resulted in improvedverage daily gairkilling-

out percentloin eye areanda decrease in villous height
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ii.  Rice bran in finisher pig diets resulted in improwaetrage daily gaifoin eye area
and ileal villus height.
iii.  Cold pressed canola mealfinisher diets did not change growth rate, incredsstk
fat thicknessaind ilealcrypt depth
The performance of finisher pigs improved with lower protein, higher fibre isocaloric diet
with higher lean tissue deposition and increased ileal mucosal eswafaa. Higher dietary
protein was associated with decreased villous height. Higher dietary fat was associated with
increased BFT which was undesirable.

7.5.2 Recommendations
This study recommendete following:
i.  Studies into thethe role of dietary fat o ileal mucosal morphology which was
inconclusive in this study.
ii.  The possible role of glycosinolates and other-aatritional factors present in canola

meal in altering gut morphology
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CHAPTER EIGHT

INFLUENCE OF VALUE CHAIN GOVERNANCE ON SMALLHOLDER PIG
ENTERPRISE COMPETITIVENESS

Abstract

Pig production in Kenya has the potential to generate employmenttopities as a result of

the increasingrends in pork demandoupled with high turfover rate of pig production
enterprisecompared to other domestic livestodnterprises However, a a result of
globalisation, there is currently a consumer driven increasgualdity assurance and safety
requirementgor food commaodities including meathesestandards as well as the need for
producers to remain profitabldefine features of value chain governance th#tuence
enterprise competitivenesisat includetechnology adoption, market accepsoduct quality

and work quality Twenty sevenvariables from a survey of 144 pig enterpsis@ 3
geographically and demographically distinct Counties in Kenya were used to develop 5
indices using Porter's diamond methodology. The 5 indices were subjected to Principal
Component Analysis using SPSS statistical software to extract 2 componeaks wére

latent variables foenterprise competitivenes$he 2 conponents were then subjected to
gaussian generalised linear modaind analysis of variancdo estimate the value chain
governance features as determisant smallholder pig enterprise contiigeness Results
showed that/alue chain governance features that influenced pig enterprise competitiveness
positively were ease of market access, product quality, technology adatiocoefficients

of 0.13, 0.6 and 4.099 O The 6t&dy concludkthat work quality in pig enterprises
negatively influenced competitiveness with a coefficient-@f. 3 5, p Thi® study. 05 .
recommended capacity building in the use of technology, improvement of infrastructure to
ensure good quality pork and accesmtrkets. The study also recommended mainstreaming
of decent work concepts in policy making so as to contribute to improved working

conditions.

Key words: CompetitivenessDecent work Factor analysis, Porter's diamonglue chain

governance

8.1 Introduction
Despite the increasing local demand for pork and pork products, smallholder pig production

in Kenya is faced with constraints relating to the s@w@onomic and institutional
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environmentthat governproduction These constraints have contributed to f[mwductivity

and low competitiveness putting to doubt the sustainability of these enterprses.
productivity is associated with the low scale of production, limited access to inputs, and high
transaction costs and thin markets with many sellers, pocesprfew buyers and limited
access to information. To overcome most of these challenges, the value chain approach has
been employed in prpoor development initiatives with the aim of improving the
competitiveness of smallholder producers by upgradinggalbe value chaimAn important
outcome of upgrading is that the actors benefit from impreaedings and the working lives

of employees improves, thereby creating decent work opportunities.

TheUnited Nation'2030 global agenda Sustainable Developemt Goal number 8 (SDG 8)
aims at promotinginclusive and sustainable economic growth, full and productive
employment ad decent work for all by 2030The agricultural sectoremains a major
contribubr to economic growth and employmeim developing and dast developed
countries.In Kenya for examplethe sector employs about 70°5% of the country's labour
force along all value chains (GOK, 2010; The World Bank, 20L&y productivity in
smallholder agricultural productiohowever poses a challenge dohieving SDG 8The
current trend of increased population growth, urbanisation gtabalisationhaveresulted in
increased demand for high caloric djetereased consumer awareness and demand for food
safety and quality standards. These have resttea shift from traditional production

systems tanore organisedgrifood value chainsvith well coordinated governance systems

Value chain governance characterises the linkages between actors in the chain and how these
linkages affect the flow of a pdoict from one node of the value chain to the nesiue

chain governancdliterature therefore focuses on the produfquality), the process
(technology), production environmen{labour and environmental standards) and market
logistics (quantity producegyrice, nature of marketgpolan and Humphrey, 2000; Geraffi

et al, 2005; Oumaet al, 2017). Analysis of value chain governance is therefore important in
identifying leverage points in improving competitiveness (Gerefffal, 2005). Powerful

actors inthe value chain influence producers' capacity, market access and distribution of

gains along the chaiiGereffi and Frederick, 2009)

The International Labor Organization (ILO) proposed the concept of decent work to counter

the damages caused by the -hberalism.De c e n t wor k was defined

realized in freedom condition, equity, secusi and human d) tedpillasd (1 LO
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of decent work include employment creation, guaranteeing rights at work, social protection
and social dialgue (ILO, 2015)The ILO developed a set of variables that have been used in
the formal sector for measurement of decent work deficits as described in ILO (2012).
Different conceptualizations of decent work exist in the global policy arena resultingieom t
different institutional perspectives (Ruggiegbal, 2015). Likewise, in the informal sector,
there are challenges in measurement of decent work using the ILO indicators due to sector
uniqueness and differences in seaaltural attributes of laboun the developing countries
(Gongora, 2016).

Pig value chain governance in Kenya lacks coordination and linkages between actors in the
value chain. This has resulted in a lack of coordination of production and marketing activities
with poor information fbw. As a result, smallholder farmers have not benefited from
expanding market opportunities due to production and market inefficiencies.

This studygeneratd latent variable from enteprise data that wassed as the dependent
variable in a general lineanodel to evaluate the influence of value chain governance
features on the competitiveness of smallholder pig enterpaisgsmplications on decent

work conditions of producers

8.2 Materials and methods

8.2.1Study area samplingproceduresand data collection
The study areasamplingtechniques and data collectiovere as described in section 4.2 in

Chapter Four

8.2.2Conceptual model and variables

The assumption of this study was that there is a correlation betwoeepetitiveness and
economic succedbough there may be no causal relationship (Schutzhoffer, 2aixgnty
sevenvariables(Table 25 that impact on any of the 4 primary activities of the value chain,
that is, inbound logistics, production operations, outbound logistics and marketing and
support servicesdHgure8) were selected frorthe enterprise. All the variables were-ceded

such that their scale was one directional with a negative to positive effect Beal®7
variables vere used to computeindiceswhich weredeterminants of aopetitive advantage

as described in the Porter's diamond approach. Theywseghted on the same scale such

that they all had equal contribution to the latent variable to be computed using PCA.
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Bakan and Dogan (201pyovides a theoretical framework fevaluation of competitiveness

of institutions or nations using the Porter's diamond apprdeuk. model consists of four
determinants of competitive advantage that include; factor conditions, demand conditions,
related and supporting institutions, anadns strategy.

Table 25: Comparison of weightedmean scores of variables used to compute 5 indices

for Principal Component Analysis between research sites

Variable County p-value
Busia  Nakuru  Kiambu

N=52 N=30 N=62

Technology adoption

Improved breeds for upgrading? 0.0688 0.32 0.58 0.01
Use of concentrate feeds? 0.08 052 0.45° 0.01
Access to training from media? 0568  0.97 0.95’ 0.02
Dewormed pigs in last 6 months? 1.8° 1.8% 1.9G* 0.65
Sprayed pign last 3 months? 1.3° 1.13 1.3° 0.65
Quiality control

Pig housing? 0.9 1.97 1.4 0.01
Pig vaccination campaign? 037 0.23 0.19 0.11
Do you slaughter pigs at home? 1272 0.8 0.9 0.03
s the pork at home inspected? 046 1.2 1.1° 0.02
Pigs slaughtered in slabs only? 0.87 0.8 0.9 0.78
Slab workers have health certificates 0.7 0.6 0.24 0.04
Production efficiency

Sow furrowing interval 50 518 5.78 0.04
Sow weaning rate 4558 417 4.0 0.05
Income per unit/day 024 092 1.61° 0.01
Market access

Distance to the market 2.1, 2.63 2.81° 0.01
Price offered at the market 1.08  1.43° 1.69 0.02
Availability of buyers 1.8 27 2.66’ 0.02
Constrained by infrasicture? 1.5 2.77 2.6° 0.01
Constrained by amenities e.g. water’  0.558  0.07° 0.0%’ 0.01
Constrained by consumer perceptior  1.23  1.03° 1.0? 0.04
Do you weigh pigs during sale? 0.08 042 0.32 0.03
Do you keep enterprise records? 0.35% 057 0.37a 0.18
Are you a member of any FBO 0.7° 0.13 0.16 0.52
Factor conditions (labolr work

Participation ratio by gender 0.7° 0.2 0.24 0.19
Wage equality by gender 098 047 0.73 0.01
Contribution to sociasecurity scheme  0.04  0.03 0.00° 0.37
Contribution to health insurance 0.04 0.07 0.0 0.78
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Means on the same row with different superscripts are significantly different.

FBO=Farmer based organisation.

Porter's theory postulates that these factoteract with each other to form conditions where
innovation and competitiveness occilihese determinants correspond to the value chain
governance features discussed earlier and therefore the model is useful in identifying

variables that influence comitevzeness of enterprises.
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Figure 8: Determinants of competitivenessausing value chain concept

8.2.3 Data analysis

To evaluate competitiveness of enterprisks,3 indices were subjected to PCA using SPSS
statisticalsoftware Principal Component Analysis (PCA) is a tool that is used to restructure
data so as to reduce the number of variables in a process known as data reduction or
dimension reduction (Pallant, 2007). PCA generates components which act as latelasvariab
which can then be given a name and used for evaluation of a concept of interest which in this

case wasompetitiveness

Prior to performing PCA, the suitability of data for factor analysis was assessed using the
KaiserMeyer-Oklin and The Bartlett's B of Sphericity.A gaussiangeneral linear model
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was computed with the components as the dependent variables to identify value chain
governance features that were determinants of enterprise competitivikrasaparison of
enterprise competitivenessingderived components was dobetween study areas, feeding
decisions, gender and education levels of participants using ANOVA.

8.3 Results

8.3.1Governance n the pig value chainat the production node

Differences in the actors in the production node wedeatified by obsesation as described

in Figure 9 There were no large scale pig farmers in Busia County, however, smallholders in
Nakuru and Kiambu Counties reported that they obtained breeding stock from large scale
farmers locally. Smallholders in Bustzounty reported that feed suppliers were few making

it difficult to access high quality feeds. It was also difficult to access veterinary services in
Busia County and therefore, the cost of such services were high when available. Extension
services from gvernment officers were easily available in all study areasdsng services

were mainly provided by local boars where a monetary fee was chargedkiru and
Kiambu Counties bupayment was mainly nemonetary in Busia County where parties

agreed thathe owner of the boar would choose a piglet of his choice upon farrowing.

Pig production activities had different target markets. ifiaén objective of smallholders in
Busia County was to sell piglets soon after weamihgh was a quick source of incomar f

these farmers. Mature pigs were often sold before the second farrowing. Smallholders in
Nakuru and Kiambu Counties mainly sold breeding pigs gégrsows and also finished pigs

for slaughter.

Pig trade in Busia County was controlled by brokers whaghopigs directly from farmers

and transported them on motor bikes. Smallholders reported that it was these brokers who
determined the price of pigs. In Nakuru and Kiambu Counties, owners of slaughter slabs and
pork outlets such as pork eateries were rtf@n buyers.Sale of pigs was organised and

structured because the price was dependent on the weight of pigs.

Pig value chain governance structure in Busia County was therefore spot market governance
with many sellers and buyers, significant flexibility nmarket entry and exit and insecure
transactionsThough there was no full integratiohet level of vertical integratiotransport

and slaughtenjvas more in Nakuru and Kiami&tounty where some pig farmers owned pork

outlets, and therefore, the governasgstem was partially heirarchical
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8.3.2 Estimating the influence of value chain governance features on competitiveness

using PCA

Inspection of the correlation matrix revealed the presence of some coefficients of 0.3 and

above (Table @. The KaiseftMeyerOklin value was 0.61 indicating sufficient sampling

adequacyThe Bartlett's test ofphericity reached statistical significancez 8 4 . 4 5 , p O
supporting the factorability of the correlation matrix (Pallant, 2007).
Table 26: Correlation matrix of PCA indices showing coefficients above 0.3.
Index
Technology Quality Market Factor Production
Control access conditions managemen

Technology 1.0 0.33* 0.38* -0.04 0.48*
Quiality control 0.33* 1.0 0.32* 0.06 0.11
Market acces 0.38* 0.32* 1.0 -0.07 0.18
Factor conditions -0.4 0.06 -0.07 1.0 0.01
Efficiency 0.48 0.11 0.18 0.01 1.0

* = coefficients greater than 0.3

PCA revealed the presence of 2 components with Eigen values exceeding 1, explaining 25%

and 23% of the variaecrespectively(Appendix XVI). An inspection of the screeplot

revealed a break after the second component and therefore, the first 2 components were

retained.

Table 27: Pattern and Structure Matrix with Oblimin Rotation of 2 factor solution of

indices of competitiveness

Index Pattern coefficients Structure coefficients Communalities
C1 C: Ci1 C:

Quality Control 0.91* 0.38* 0.92* 0.41* 0.99
Factor conditions 0.09 -0.04 0.08 -0.04 0.01
Tednology -0.07 0.97* -0.05 0.97* 0.95
Production -0.1 0.49* -0.08 0.49* 0.25
management

Market access 0.17 0.4* 0.18 0.4* 0.19

Cl=component 1, C2=component 2, major loadings for each index with (*)
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Figure 9: Comparison of premarket pig value chain actors and functions between study areas
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The oblimin rotation was performed and the Znponent showed a strong loading for all
variables with 4 out of 5 variables loading more on camepb 2 (C2) as shown on Table 27

and one variable (quality control) for component 1 (C1).

Regression factor scores for each component were treated as nefocadsesiew variables
represented by C1 and C2 (Pallant, 2007). Since the 2 components were latent variable for
enterprise competitivengssa significantly higher mean meant th#ébe rating for
competitiveness by the test was highidre model for C1 wasnsignificant while esults for

C2 showed that the variances of the means were significantly different and the model was
also significah where the meanalue for enterprises in Busia County was the loigs O

0.05. The mearvaluesfor Kiambu and Nakuru Counties were comparalbkeb(e28).

Table 28: Comparison of competitivenessof smallholder pig enterprisesusing latent

variables generated from Principal Component Analysis

Latent variables for County p-value
competitiveness Busia Kiambu Nakuru

(N=52) (N=62) (N=30)
Component 1 -0.14 -0.0° 0.27 0.18
Component 2 -0.53 0.37 0.14 0.01

Means on the same row with different superscripts are significdiffiéyent.

Results of a gaussian generalised linear model with C1 and C2 as the dependent variable
showed that the coefficients for technology adoption (4.09), product quality (0.6), market
access (0.13) and quality of woro(35) were all significant; ©0.05 (Table 29

Results of Ttest on C2 between feeding decisions showed thatllsolder enterprises that

fed pigs onPAFR were less competitive thamnterprisesthat useccommercially compounded
feedst(144) =-7 . 5 3, p O 0. 05. A thedcorppanertsshetweenogéndense a n s
of household head showed that the means for C1 were insignificantly different. The means

for male and female household heads for C2 were significantly different @n@.-D0.39
respecti vel y; .Results ®ompaison optheead valuds of C1 and C2
between levels of education (psecondary school, secondary school and-pesbndary

school levels) showed that there was a consistent and significant increase in the mean value

of C2 with an increase in edummn| ev el ; F = Re6ultsdi7a,conparison df thed 5 .

126



mean values for C25beawede@ 2Qeyd®Or 8SH,sBéGwed

years had a | ower

Table 29: Determinants of pig enterprise competitiveness using @nponent2

me an

v al

ue t han

O 50

N = 143, AIC =-67.04 log likelihood = 4793.1¢

Variable Coefficient Standard errot z-value p-value
Technology adoption 4.09 1.3 1.3e+16 0.01
Market access 0.13 3 3.0e+14 0.01
Quality control 0.6 1.5 1.5e+15 0.01
Work quality -0.35 -6.2 -6.2e+16 0.01
Constant -3.19 -8.3 -8.3e+15 0.01

year s

C2 = component 2 representing enterprise competitiveness, AIC = Akaike information

criterion

8.4 Discussion

This study evaluated thenfluence of features of value chain governance on enterprise

competitiveness and the reality of working lives of smallholder pig producers. These features

are attributes that are derived from linkages with other value chain actor through vertical or

horizantal integration as buyers, sellers, service providers or regulatory institutions g@uma

al., 2017).

Results of this study showed thpig value chain governance featurBad significant

influence on the competitivenessamhallholder enterprisess wel as the working life reality

of pig producersn Kenya. Quality contrgla fuction of the Veterinay and Public Health

departmentswas found to be a significant feature of value chain governance that positively

influenced enterprise competitiveneBaraneters used in conceptualisation of quality were

pig housing and meat hygiene which are both policy issues in disease control and quality

assurancelack of proper housing and freange systems of pig production are often

associated with increased incidenaf diseases such as African Swine Fever and Foot and

Mouth diseases which are highly fatal in pigs. These production systems are also of public

health concern as a result of increased prevalenweroh infestation leading to diseases like

hydatidosis. m Busia County, homslaughter of pigs was a common practice and it is likely

that most of the pork was consumed uninspected. Such pradgticesivent the the quality

assurance process vested in mandatory meat inspection and could erode consumereconfidenc

in the product offered to the market.
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Technology adoption was the most significant feature @flue chain governance in
determining enterprise competitiveness. This outcome can be attributedcess to
information/ knowledge about relevant technolsgaad availability of technologies. Use of
improved breeds and high quality feeds were the relevant technologi#ss study
Smallholdes' linkages with animal feed suppliees well as with other pig breeding farms
contribute positively to access teette technologies. Poor infrastructure and weaker access to
information could have led to low demand and therefore lower adoption of these technologies
like in Busia County whiclneflected negatively on enterprise competitiveness.

Market access is an imgant feature of value chain governance because it dictates how gains
are distributed along the value chd@ereffi and Frederick, 2009Poor roads werea
challenge to delivery of pigs to the market in Busia County. As a result, smallholders
transported igs while fastened on motorbikes, a method that was limiting in terms of the size
of pig that could be transporteBue to this challenge, smallholders also preferred to stock
smaller breeds of pigs particularly the indigenous breed, and also sell breedisfter

their first farrowing. Access to water was a challenge ingdran production systems with
possible negative effects on hygiene and pig performaraak of storage facilities such as
refrigerators resulteth pork spoilage. @allholders inteviewed in Busia Countyreported

that pig buyer preferred smaller pigs which they could slaughter and sell before there were

signs of spoilage.

The market structure for mature pigs and weaned piglets in Busia County was primarily spot
market governance ti many buyers and sellers with limited information sharing between
participants and marked independence of choiaeasribed by Webber and Laba§810).

The market price of pigs was determined by pig buyers most of whom were intermediaries
who also ated as transporters. In Kiambu and Nakuru Counties, the market structure was
more vertically integrated since pig buyers were owners of slaughterhouses and pork joints
which sold value added (roasted or cooked) pork. This market structure provides &btors w
the benefit of reduceedx anteandex posttransaction costihat relate to information search

loss in transitand completion of contractual obligatioasid in this way contributes to

improves farmgate prices andnterprise competitiveness.

Besides he product, process and marketss tstudy exploredhe working life reality and
decent work statu®f pig farmersas a featureof value chain governance and drew

relationships to enterprise competiness.Results in this study showed that working

128



condtions in their current state had a negative contribution to enterprise competitivemess.
assumption oéxistence of suchrelationship was attributed to such studie§iatds (2003),
Ahmed (2003) and Guimaraes (20M8ho demonstrated that economicvedpment and
human development contribute positively to decent work. Guimaraes (2013) concluded that
work for human security is closely related to economic security. Larion (2013) emphasised
the need to include the decent work agenda imppiar work poicies in this statement;

"For workerswho face extreme poverty, decent work is the shift from subsistence to

existence and it is the main means to get out of poverty (Andrei Popescu, 2008)".

The concepbf quality in agrifood chains is demand driven mg to increasedconsumer
awareness of food safety and quality standards. Quality standards however extend beyond the
finished product to the process of production, inaigdivork standards.he quality of work

is an essential policy issue and therefbeeomes an importanteature of value chain
governancand can be looked at from the perspective of the 4 pillars of decent work.

i) Creation of employment opportunities

As earlier reported, among the attributes of value chain governance that were found to
positively influence enterprise competitivenesw are key in creation of employmemngre
infrastructure (roads and water), quality assurance and food safety policies, access to
information and inputs. Indicators of employment rate used in this studywege rate and
number of hours worked per dd&esults of this study showed that the mean number of hours
worked per day for both household and hired labour was less than 1.5\Wages workers

were found in only 18.75% of enterprisiesall study areasnd were mainly employed on
taskbased assignments which were dependent on the population of pigswicular time.

It was observedhat pg population in enterprises wasgghly variable owing to factors such

as diseaseoutbreaks and market dynamic3his implied that these workerswere
underemployedprobably because smallholder pempterprises were not large enough to
provide full employment. However, some respondents reported that pig keeping was not

labour intensive and as a restdhour was only hed for short assignments like cleaning.

Access to employment opportunities to both men and women was examined using wage ratio.
The mean ratio of female : male average daily wage higher in Busia County (0.98) and

lower in Kiambu and Nakuru Counties{@.and 0.47 respectivelyj, = 5. 26.Thisp O 0.
was an indicator of participation in pig keeping activity by gender in the study locations. In

Busia County, pig keeping was seen as part of womens' household activities was less
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commercialised. As pig keeping enterprises becarmee naommercially competitive, the
wage ratio became less favourable for women indicating more dominance of the enterprises
by men.ILO (2012) and Guimaraes (2013) reportthilar resultsthat women work and
earn less than men because tfe" precarious ntre of their work as well as cultural

expectations that they take care of children and the elderly family mémber

i) Rights atwork

This aspect of work addresses itself to freedoms that are granted to workers by national
labour laws in regards to gemdequality, elimination of child labour and formalisation of
work. Majority of workersin the subsector were owsaccount workers and those hired on
short assignments. Formalisation of work under these work arrangemasitsften not
practical, constitutig one of the major challenges in organising workers in informal
agriculture similar to the findings ofopezetal. (2016. Child labour was recorded in less
than 1% of the pig enterprisadere most respondents considered it risky to involve children

in pigsrearing activities.

iii) Social protection

The indicators of social protection used in this study included contribution to national health
insurance and social security schemes as well as other obligations of emptajergy of

own account worker did no contribute to either the National Hospital Insurafoed

(NHIF) or the National Saal Security Fund (NSSF) (53.5 and 68.1% respectively). Less
than 5% of wage workers contributed to these schemes. Only 2.8% of wage workers had their
hospital bils paid by their employers where injuries were sustained at \WResults showed

that ownaccount and wage workers in more competitive smallholder enterprises were more
likely to contribute to these schemes probably associated with higher disposablesincome
Low incomes often exclude workers in the informal sefitmm contributory social security

and health schemes thereby keeping them in a cycle of poverty. Larion (2013) argued that

social security is a powerful tool in the fight against poverty and umggc

iv) Social dialogue

The most common form of tripartism in smallholder agriculture is participation in farmer
based organisations such as marketing coopersasietiesiIn large scale production such as

in horticulture farms in Kenyayorkers areorganised in representative organisations which

are useful in engaging employers and governmRasults of this study showed that only
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13.2% of smallholder pig farmers were members of a cooperative society. Results also
showed that cooperative membershiwas associted with increased enterprise
competitiveness; t = 2.74, p O 0.05. Among
organisations such as marketing cooperatives is access to information througmextens
services, access to credit and stable fmte prices as a result of organised marketing. In
effect, these institutions reduce transaction costs along the value chain thereby improving

incomes of producers.

The results of this studghowed that pig value chain governance has significant effects on
enterprise competitiveness and decent work status of producers.

8.5 Implications for policy

As a result of globalisation and increasing awareness of consumer rights, agricultural
production trends today are moving towards introduction of strict standam®duction.
Markets of agricultural produce on the other hand are demanding a traceable footprint of the
commodity right from the producer. To increase production and expand markets for such
produce, it is inevitable that the production environmenttrbesafe for workers and safe to

deliver a wholesome product to the market while ensuring sustainable use of resources.

The findings of this study bring to light the need for policy focuyane chain governance

issues such as; (gnhancingcommerciabkation of the pig subsector especially in western

Kenya through creation of market linkages, value addition, improving infrastructure such as
roads, slaughterhouses and provision of clean water and empowering farmers through
marketing organisations(ii) building farmeas capacity through training, (iii) focus on
farmersdé soci al pr ot e c tial seouritybagd heatthcsohemes, div) n g t
gender mainstreaming in pig value chaind (v)treating decent work agenda as a cross

cutting issue

Devdopment of value chains in agriculture promotes institutionalism which has both supply
side and demand side implications for the decent work agenda (Schutzhoffer, 2014). On the
demand side, higher wages stimulate formation of human capital through enaikegs to
enhance their knowledge thereby enhancing their competitiveness. From the new institutional
theory, it can be argued that an improvement in human capital may have a multiplier effect
on enterprise income associated with reduced transactios aesbciated with lack of
technical knowhowThe increasing population with 35% of Kenyans being between3t5
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years (UNDP, 2013) youth unemployment at 67% (Kaane, 2014) should be a concern for
policy makers with the view of attracting them into agrigtdt This can only be practical if
work opportunities are decent. Social protection should encourage workers to work in the

informal economy.

8.5 Conclusionand recommendations

8.5.1 Conclusion

This study concluded that value chain governanaeé significat influence on pig enterprise
compeitiveness. Among the features of value chain governance, technology adoption had the
strongest influence on enterprise competitiveness followed by product camaditynarket
accessThe quality of work in pig enterprise negatively influenced competitivenesfspig

enterprises.

8.5.2 Recommendation
To improve smallholder participation in the piglua chain, this study recommended

capacity building in the use of technologyckuas inpig breedhg, disease contl and pg
feeding; improvementf infrastructure to ensure good quality pork and access to markets.
The study alo recommened mainstreaming of decent work concepts in policy malasag

crosscutting issueso as to contribute to improved working conditions.
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CHAPTER NINE
GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

9.1 Rationale of the study

The underlying rationale of this study is the loss of income opporturatsssciatedvith
feeding decisions and weak competitivenespotentially resulting in poorenterprise
performancan smallholder pig production systemige motive of the study was to estimate

the nutritional value of alternative feeds in use and to experimentally use the selected
alternative feed resources to evaluate their effects on carcass characteristics and gut
morphology. The study also evaluated the role of biotechological intervention using
commercial exogenous enzymes on improving performance of pigs fed diet rich in dietary
fibre. Finally the studyexplored the influere of value chain governance on competitiveness

of smallholder pig enterpriseghe study tested the hypothedbat

i.  The daily nutrient allowance for dry matter (DM), crude protein (CP) and
metabolisable energy (ME) iralternative feed resources (AFR) are not
significantly different from the recommended daily allowance (RDA) for DM, CP
and ME and have no significant association with reproductive performance.

ii. Inclusion of selected AFR isocaloricweaned piglet dits hasno significant
influence onaverage daily feed intake (ADFI), average daily weight gain (ADG),
metabolisable energy: ADG (ME: ADG) ratio and feed cost: ADG (FC: ADG)
ratio.

iii. Inclusion of exogenous muénzyme complex in selected AFR diet of weaned
piglets hadno significant influence ofeed digestibility, ADFI, ADG, ME: ADG
ratio and FC: ADG) ratio.

iv.  Inclusion of selected AFR in diets of finisher pigs massignificant association
with variations incarcass characteristics and gut morphology.

v. There isno significant relationship between value chain governance features
(technology use, quality control, market access and labour conditions, production
efficiency) at the production node and competitiveness of smallholder pig

enterprises in Kenya.

The studyselected representative smallholder pig enterprises in Busia, NakuKiaandu
Counties which represented the major smallholder pig production reigidkenya They

also reflected thelifferent production systemargely influenced by varyingntensitiesof
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urbanisation Selection of Suwounties within a County was done @n priori basis.
Identification of smallholder pig producing households was done using a snowball technique.
An effort was made to obtain maximum variation in feed resource use byingnsoamt
sampling was done over a wide area within acmnty thereby avoiding potental bias that
would result from common access to a particular feed resource. Asaassnal survey was
conducted at household level and captured demographic andrisetelqta at herd and sow
levels.Pretested structured questionnaires were in personal interégpstimental research
design was used to evaluate use of AFR in pig diets in a controlled environment at Egerton
University Tatton Agricultural Park. Thislaed for consistent and accurate measurements
as well as disease control and management since the farm is a quarantine zone. Feed, feacal
and urine analysis were subjected to laboratoy analysis for proximate and detergent fibre
fractions and gross energletermination at the Egerton University, Department of Animal

Science Nutrition Laboratory.

Mixed analytical methods were applied for this stussing SPSS, STATA and SAS
statistical software.Descriptive statistics (frequencies, means, standard deviatiad
percentages) were used to describe smallholders’ demographic characteristics and enterprise
management practices. Inferential statistics withscfuare test were employed to establish
differences in frequencies of the data. Heckman 2 step selestidal was used to estimate
determinants of choice to use commercially compounded pig feeds. Quantitative data analysis
was used on all experimental data where analysis of variance was computed using ANOVA
and GLM proceduresPrincipal component analysigas used to evaluate decent work

deficits.

9.2 Implications of the findings

9.2.1 Feeding decisions and nutrient allowance associated with alternative feed
resources and implications on sow performance

Preference for commercially compounded feeds amonglisstddr farmers in peturban
enterprises in Kiambu and Nakuru Counties was approximately BO#aral enterprises in

Busia unty, the preference for commercially compounded feeds was very low at less than
10%. The location of the enterprise relativeaanajor urban area appeared to influence the
level of enterprise commercialisation as well as access to inputs including feeds. Incomes in
enterprises in rural areas were generally low and therefore, smallholders likely fed their pigs
on any feedstuff thawas available on the farm or withihe locality that was dittle or no

monetary value. Access to government extension services influenced decisions to use

136



commercially compounded feeds positively. Enterprises where the household head was
female were me likely to use commercially componded feeds. This could have been
explained by the fact that search for and ferrying AFR was labour intensive since most AFR
were bulky. On the other hand, tending pigs was probably seen margeaslered female

domesticchore while selling of pigs was seen as a male task.

The finding that access to AFR influenced decisions to use commercially componded feeds
negatively is suggestive of smallhold@experiences on pig and enterprise performance
when both classes of feedse used. The smallholders enterprises were either unable to
breakeven due to the high cost of feeds or did not acheive their performance targets due to

commerciafeed quality and the likelihood of underfeeding

Homemade feed formulations were popuiar periturban enterprises and were found to
supply sufficient quantities of crude protein, however, it was observed that farmers may fail
to observe benefits from their use since the diets were lacking in essential nutrients. It was
observed that no mindrand vitamin premixes were included in the diets. Honagle feed
formulations and agrmdustrial by products were found to provide higher daily allowances

for crude protein and energy, however, to compensate for the low energy in these diets,
farmers useé bigger rations to feed pigsotivated by the lower cost of these feeds. It would
thus be important to evaluate farn@nmdargins so as to conclude on their overall
performance. It was evident in this study that institutional swill, market and farm wdste d
not offer significant value in terms of daily nutrient allowan8ews fed on commercially
compounded feeds had higher fertility (27.9%) than sows that were not fed on these feeds at
all; t = 4.49, p O 0.05. Sows rityeage bp®% f ar m

compared to sows that were not fed on farm residue.

SomeAFR could be useful for feeding pigs when used in proportions that provide sufficient
daily nutrient allowance since some are rich in some dietary compoiéetsise of AFR
such as istitutional swill, farm and market residue should be discouraged through farmer
training. Pig diets have implications on successful fetal implantation, survival and
developmentLow average daily gaiis often associated wittmalnourishmenbesides other
factors related to geneticEherefore informed use d¢dcally available feed resources could
improve growth rates fertility of sows and overall productivity of smallholder pig

enterprises.
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9.2.2 Bio-economic values associated with inclusion of selectedesthative feed resources

in diets of weaned pigs.

The results of this study demonstrated that some AFR can be used to improve growth of pigs
as well as reduce the cost energy and monetary cost of feedingrpitdps study, cold
pressed canola meal, ripelishing and rice bran were used in the test di&abstituting
soybean meal with cold pressed canola meal as a protein source did not affect the apparent
digestibility of the diet as well as the apparent digestibility of nitroBeassica napuseeds

from which canola meal is made are known to contain which have astringent properties.
Since pig tongues are heavily endowed with taste buds, the astringent properties of
glycosinolates could have affected feed palatability and feed intake. Howeveriomabfis
canola meal in weaned piglet diet at the rate of 15% in place of soybean meal did not affect
feed intakeCold pressed canola meal diet reduced the cost of feeding in Kenya Shillings for
every 1 kg increase in body weight by 24.44% attributed toldtver cost canola meal

compares to soybean meal.

Substituting maize with rice polishing or rice bran at 15% in diets of weaned piglets did not
affect the apparent digestibility of the diets. The apparent digestibility of nitrogen was also
not affected. Tharefore, inclusion of rice polishing and rice bran in weaned piglet diets at the
rate of 15% did not increase the dietary fibre to a level that affected feed digestibility and
nitrogen digestibility, however, piglets offered RBN diet had a higher feekkipr kg body

weight as compared to the piglets fed on the basal diet. This could havasiseerated with

a decrease in ment density associated with a higher amount of dietary fibre and also with a

higher rate of passage through the gasttestind tract.

Diet with rice polishing performed bettby 9.4%than the basal diet in terms wifetabolic
energy requirement per kilogram weight gained. Rice polishing diet had a higher ether extract
value compared to the basal diet, though the 2 diets weralasic. Use of rice polishing
resulted in a 22.7% reduction in the cost of feeding for every 1 kg increase in body weight.
Though rice bran was relatively cheap, it did not reduce the cost of feeding owing to higher
feed intake and the cost of increasdigtary ME of RBN diet using vegetable oil to make it

isocaloric with the basal diet.

9.2.3 Benefits of dietary exogenous enzymes in weaned piglets fed rice bran diet
Owing to the high cost of animal feeds, there is increasing interest in improving feed
efficiency. Technological innovations that have been studied include use of dietary
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exogenous enzymes, probiotics, prebiotics and organic acids. Studies on the use of dietary
exogenous enzymes in swine nutrition have reported mixed results. This situatidrbeo
explained by differences in the composition of non starch polysaccharides (NSP) between
feedstuffs as well as variation within feedstuffs as a result of climatic and edaphic
differences. Microbial sources of carbohydrases have also been repottadetoarying
efficacies. The mode of action of exogenous enzymes is unclear but is hypothesised to
improve digestibility of energy, protein and fats by reducing viscosity of digesta by acting on
NSP. Exogenous enzymes have been reported to allow greategyerelease, decrease
digesta viscosity in the gastrointestinal tract and reduce feeding CostieGon 2010;
Stefanelloet al., 2016).

Natuzyme® a commercially available medihzyme complex was added into a pig diet that
was rich in dietay fibre. To evaluate benefits, saned piglet performance was compared with
that of piglets fed a basal diet and a fibre rich diet without dietary exogenous enzymes.
Natuzyme® multienzyme complex had no effect on dry matter digestibility of the diet,
however, there waan increase in dietary digestible energy by 8.7% and a 12.5% increase in
apparent digestibility of nitrogen. This was most likely associated with xylanase and protease
in the multtenzyme complex since rice bran has a high level of xylose. The resigbis a
indicative of the presence of bound proteins which are probably liberated by the action of
carbohydrase$kesult indicated that there wada4%reduction in feed intakbut there was

no change inaverage daily gain. There was a 12.77% improvememeiabolisable energy:
average daily gain ratio and a reduction in the feed cost: average daily gain ratio by 12.25%.

The benefits observed may not be obvious in smallholder enterprisestisgtneewa no
improvement in weight gain and only a few farmiesst records It would howeverbe useful

to showcase such benefits through farmer education using extension agents. Otherwise, most
smallholders may view commercial muiinzyme complexes as an extra cost on the

enterprise.

9.2.4 Effects of selected alterniave feed resourceson carcass characteristics and ileal
mucosal morphology

Among commonly used measurements of carcass yield are carcass weight relative to pig live
weight (killing-out percent)loin eye area as an indicator of muscling and back fat ik
Proliferation of intestinal mucosal cells and an increase of intestinal villous height result in an

increase in digestive and absorptive surface area. This study evaluated the effects of dietary
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fibore and lipids on carcass characteristics and streiabfi the ileal mucosan growing -
finishing pigs Pigs fed on a low protein low fibre diet had the highest final weight &efor
slaughter and killingout percen{KO%). This implied that though this diet was the richest in
dietary fiber, the role of fibren increasing gut weight was not as significant as the overall
weight of pigs in determining KO%Jse of a diet that was low in protein (159g/kg) and high

in lipids (45g/kg) resulted in a higher average daily gain compared to pigs on the basal diet.
This performance implies the lower requirement of dietangtein infinishing pigs. Pigs fed

on a high protein high lipid diet had the highest size of back fat. Canola meal present in this
diet was rich in unsaturated fatty acids which promote the undesafiéde of deposition of
subcutaneousat This brings to light the limitations of using polyunsaturated fatty acids in
animal feed. A further disadvantage associated with such oils is oxidative rancidity, thereby
reducingpalatability.

Pigs offered low priein low lipid diets had the largest loin eye size which implied that this
diet supported lean growtfihis finding implies that use of some alternative feed resources
that have lower protein values compared to conventional protein sources like soybean mea
could be attempted. Diets that are higher in NSP could also be used in finishing pigs since
results showed incread@ut surface area probably contributing to improved performance.
These findings corroboratafate et al (2014 who concluded that a widange of fibrous

feeds may bappropriate for use in diets of late finishing pigighout detrimental effects on

performance.

9.25 Influence of value chain governance on competitiveness of smallhold@ig
enterprises

Value chain governance characterides linkages between actors in the chain and how these
linkages affect the flow of a product from one node of the value chain to theAnakgsis of

value chain governance is therefore important in identifying leverage points in improving
competitivenessPig value chain governance in Kenya lacks coordination and linkages
between actors in the value chain. This has resulted in a lack of coordination of production
and marketing activities with poor information flow. As a result, smallholder farmers have
not benefited from expanding market opportunities due to production and market
inefficiencies.This studyused principal components évaluate the influence of value chain
governance features on the competitiveness of smallholder pig enterprises andianglicat

on decent work conditions of producers.
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9.3 Conclusions

This study concluded that:

The meandaily nutrient allowances fodry matter, crude protein and metabolisable
energyassociated with alternative feed resour@#sR) were significantly lower tAn
the recommended daily allowanaedwas associated with delayed maturity, reduced

litter sizes and longer farrowing intervals in sows.

Inclusion ofcold pressed canola meahd rice polishing in isocaloric diets of weaned
piglets between 56 99 days hd no effect on average daily feed intdR®FI) and
average daily weight gaifADG) but significantly improved the metabolisable
energy: average daily ga(ME: ADG) and feed cost: average daily gdfC:ADG)

ratios. Inclusion of rice bran in piglet diet&l not offer any bieeconomic benefits.

Inclusion of Natuzyme® mukenzyme complex in rice bran diet of weaned piglets
significantly increasd the apparent digestibility of nitrogeand reducedME: ADG
and FC: ADGratios but had no effect on ADFI and AR

Inclusion of AFR in finisher pig diets was associated significant changes in carcass
characteristics and gut morphology such that; pyetein high fibre diet resulted in
higher lean tissue deposition and increased ileal mucosal surface areshe/diket

higher in lipids was associated with increased BFT.

Value chain governance features (Technology, quality control, markessa@nd
factor conditiony were associated with significantly increased competitiveness in pig
enteprises while labour conddns resulted i negative relationship.

9.4 Recommendations

9.4.1 Recommendationdor policy making

Capacity buildingfor farmers and extension agenots feed testing and formulatida

demonstratémproved reproductive performance of sows through prigesting.

Promoting the use of beneficial alternative feed resources such as cold pressed canola
meal and rice polishings while providing training on the negative effects of fibrous
feedstuffs like rice bran on piglet performance.

Technology transfer irhe use of bietechnologysuch as exogenous dietary enzymes
to improve digestibility of fibrous feedstuff such as rice bran.
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Promoting se of AFR that are higiin fermentablealietary fibrein balanced finisher
pig diets to improve lean carcass depositidhrough increasedligestive and

absorptivecapability

Capacity building in the use of technologies such as in pig breeding and disease
control; improvement of infrastructure to ensure good quality pork and ease of access
to markets. Mainstreaming of detemork concepts in policy making as a cross

cutting issue is critical in contributing towards improving enterprise competitiveness.

9.4.2 Recommenditions for further research

The study recommendddrther research in the following areas:

Use of technologssuch as ensiling, dehydrating and compactlmgnprove safety

and viability of use of alternative feed resources

The role ofindividual exogenous enzymes to help understand their mode of action in

increasing apparent digestibility of nitrogen
Compaative efficacieof commercially availablex®genous enzymaes pig diets
The role of dietary fain AFR on ileal mucosal morpholognd carcass fat quality.

Therole of glycosinolates and other antitritional factors present in canola meal in

alteringgut morphology.
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