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ABSTRACT 

ENHANCING PIG PRODUCTIVITY ON EAST AFRICAN SMALLHOLDER FARMS  

Natalie Carter       Advisor:  

University of Guelph, 2015      Dr. Cate Dewey 

East African smallholder farmers raise pigs to generate income for medicine, school, food, and 

funerals (Dewey et al. 2011). Seasonal feed shortages and unbalanced diets contribute to slow 

pig growth and reduced earnings.  

The thesis objectives were to: 1) determine the average daily gain (ADG) of pigs on Kenyan 

smallholder farms; 2) estimate east African pigs’ nutrient requirements; 3) develop low-cost diets 

based on nutritional value and seasonal availability of east African pig feedstuffs; and 4) 

compare pen-and pig-level productivity (ADG, feed conversion, impact of starting bodyweight 

[SBW]) of Ugandan local and crossbreed pigs fed commercial versus forage- or silage-based 

diet. 

Factors associated with ADG of pigs weighed during a cross-sectional, observational study were 

determined using linear models. Feedstuff nutrient composition was estimated through nutrient 

analysis and from literature. Tropical-pig performance results were used to adjust the NRC 

(2012) growing-finishing-pig nutrient requirement model and estimate east African pigs' nutrient 

requirements. Diets were generated using a least-cost diet-formulation program. Pen- and pig-

level productivity of Ugandan pigs fed 1 of 3 randomly assigned diets (commercial, forage-

based, or silage-based) were assessed using linear and mixed linear regression models, 

respectively.  



 

  

Kenyan pigs had low ADG (0.13+0.002 kg/day). The ADG of 3- and 10- to 12-month-old pigs 

(0.12±0.005 and 0.11±0.005 kg/day, respectively) was lower than that of 1-to 2-month-old pigs 

(0.13±0.007 kg/day) (p<0.05). Assuming a 1kg birthweight ADG can be estimated with pigs' 

weight and age. Nutritionally suitable pig feedstuffs available in 3 seasons are most limited from 

November-February. High ash content in sampled milled feeds versus the literature suggests 

contamination. For every 1kg increase in SBW, ADG increased by 0.012, 0.015, 0.013, and 

0.009 kg/day in 9-15, 15-19, 20-24, and 28-32-week-old pigs, respectively. Feed conversion was 

similar to that of other tropical pigs. Newly-weaned pigs fed forage- and silage-based diet had 

lower ADG (0.27+0.013 and 0.25+0.013 kg/day less, respectively) than pigs fed commercial 

diet. Forage- and silage-based diets are unsuitable for small newly-weaned pigs but are useful for 

heavier pigs (11.9 and 9.2 kg SBW, for forage- and silage-based diet, respectively) and ensure an 

ADG higher than that of pigs on Kenyan smallholder farms.  
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 CHAPTER ONE 

Introduction and Literature Review 

1.1 Study area - Western Province, Kenya and Central Region Uganda  

Busia and Kakamega Districts in Western Province, Kenya and Mukono and Masaka Districts in 

Central Region, Uganda are located in East Africa. Kenya and Uganda share a border. Busia and 

Kakamega are in agro-ecological zones Lower Midland 1-3, approximately 1500 m above sea 

level with annual mean temp of 21-24 °C and average rainfall of 1,000 mm (www.fao.org). 

Sugar cane and maize farming are predominant crops (www.fao.org). Mukono and Masaka are 

located in the Lake Victoria Crescent agro-ecological zone approximately 1,000-1,800 m above 

sea level with annual mean temp of 13-20 ° C, and average rainfall of 1,200-1,450 mm 

(www.fao.org; www.worldweatheronline.com). Mixed cropping of bananas, coffee, vegetables, 

and maize are predominant crops and there is some dairy farming (www.fao.org). 

1.1.1 Pig population and pork consumption 

In Kenya there are over 3 million smallholder farm-families and 80% of them live on less than 2 

hectares of cropland (Mutisya et al. 2010). Eighty percent of pigs in East Africa (Kenya, 

Tanzania and Uganda) are kept traditionally on smallholder farms (Lekule and Kyvsgaard 2003). 

In 2009 there were over 87,000 pigs in Western Province, Kenya and over 84,000 of them were 

raised in traditional smallholder management systems (FAO 2012).  In Uganda there are over 1.1 

million smallholder farm families raising over 3.2 million pigs (Uganda Bureau of Statistics 

[UBOS] 2011). An increasingly important activity, in the past thirty years the numbers of pigs 

has increased from 0.19 million to 3.2 million and pork consumption has increased ten-fold in 
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Uganda (UBOS 2011). In 2011 Uganda had the highest per capita pork consumption in sub-

Saharan Africa (3.4 kg/person/year) (UBOS 2011). 

1.1.2 Poverty 

In Kenya and Uganda the gross national income per capita is low ($1,160 and $600 U.S. dollars 

(USD) respectively in 2013) (The World Bank 2013). In Kenya and Uganda 43.4% and 37.8% 

respectively of the population earned < $1.25 USD per day in 2013 (The World Bank 2013). 

Busia and Kakamega districts in Western Province, Kenya and Masaka and Mukono, Districts in 

Central Region, Uganda studied here, were identified by the International Livestock Research 

Institute (ILRI) as areas with both high pig population and poverty levels (Thornton et al. 2002; 

Ouma et al. 2014). Small-scale pig production in East Africa can improve the welfare of 

smallholder farm families and lift people out of poverty (Kristjanson et al. 2004; Ouma et al. 

2014; Randolph et al. 2007).  

1.2 Smallholder pig production 

Pig-keeping is attractive for several reasons: pigs require minimal inputs and labour, have high 

feed conversion efficiency, produce offspring in large numbers, and have short intervals between 

generations (Lekule and Kyvsgaard 2003). The inputs required to purchase cattle and to manage 

cattle (e.g. amount of land required for grazing or growing feed, amount of purchased feed [e.g. 

napier grass], amount of water consumed daily) are typically higher than those for pigs. When 

those inputs are beyond the resources of farmers, especially disadvantaged members of society, 

raising pigs may be within their reach (Mashatise et al. 2005; Kitalyi et al. 2005). East African 

smallholder pig farmers raise an average of 1 to 2 pigs to generate income to pay for medicine, 

school fees, food, home improvements, seeds, funeral costs, and to buy other animals and expand 
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their farms (Dewey et al. 2011; Kagira et al. 2010; Ouma et al. 2014). Only 2% of farmers keep 

pigs for their own household consumption (Kagira et al. 2010). In 2008, Dewey et al. (2011) 

report that 10 % (6/58) of pigs were sold because the farmer had no feed for the pig. 

One Kenyan study found that pig housing was present on 13% of farms where pigs are kept and 

pigs are allowed to scavenge during the day and are only confined in the pig house at night 

(Mutua et al., 2012). Many (31%) farmers cite not having food to give to the pigs as the reason 

for letting pigs scavenge (Mutua et al., 2012). Farmers report pigs are tethered for more than half 

of the daytime during planting (91%), growing (90%), and harvesting (78%) time (Mutua et al., 

2012).  Another Kenyan study found that 33% of pigs were allowed to scavenge (free-range) 

during the dry season but were tethered during the cropping season, and 65% of pigs were 

tethered all of the time, while only 2% of farmers reported pigs were housed at all times (Kagira 

et al., 2010).  

Another Kenyan study found that free-ranging pigs travelled an average of 4,340 m in a 12 hr 

period and spent 47% of their time away from their home farm (Thomas et al., 2013). All pigs 

(n=10) in the Thomas et al., (2013) study were infected with adult ticks and lice, and 8 of them 

were infected with at least one of the following gastrointestinal parasites: Strongyloides spp, 

Strongylus spp., Trichuris spp., Coccidia and Ascaris spp. (Thomas et al., 2013). Kagira et al 

(2010) report that farmers diagnose worm infection by clinical signs (unthriftiness, distended 

abdomen, coughing, stool consistency, poor appetite, and vomiting). Most farmers (69%) report 

deworming pigs; 46% of farmers report deworming pigs every 3 months and 35% dewormed 

pigs after more than 3 months had passed and when pigs exhibited clinical signs of parasite 

infection (Kagira et al., 2010). Farmers selected treatment medication based on cost, advice from 

farmers, seminars, and animal health workers, as well as ease of administration (Kagira et al., 
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2010). Some (13%) farmers reported deworming pigs with fish (Rastrineobola argentea) and 

others (10%) reported using papaya (Carica papaya) seeds to deworm pigs (Kagira et al., 2010). 

Given the long distances pigs walk each day, the irregular deworming protocol, practice of 

deworming using fish and papaya seeds, the high prevalence of pigs infected with parasites in the 

study area is not unexpected. Moreover even if pigs are effectively dewormed they can easily 

become reinfected when scavenging as they come into contact with other pigs and infected land. 

1.2.1 Local, indigenous, and cross breed pigs 

Pigs in sub-Saharan Africa are usually divided into two major groups: indigenous (i.e. existing 

naturally in a particular region or environment) and introduced exotic breeds (www.merriam-

webster.com; Blench 2000). Indigenous pigs are often black or pied, have a long snout, and 

straight tail (Blench 2000). In colonial times exotic pigs from Europe, the Far East and America, 

under smallholder management practices, were allowed to breed with indigenous pigs with no 

controlled breeding strategy (Blench 2000). Phenotypically these crossbreed pigs most resemble 

the indigenous pigs and few phenotypic traits of exotic pigs can be seen in these so-called “local” 

breed pigs (Blench 2000).  In the Kenyan study district, 64% of pigs are crossbreeds (exotic x 

indigenous) and 36% are black or black and white and are referred by the farmers as indigenous 

(Kienyeji in Swahili) (Kagira et al. 2010). Kienyeji pigs are short-statured, long nosed and 

predominantly black, reddish-brown or spotted; exotic pigs resemble Large White, and are taller 

and longer than the local pigs, shorter-nosed relative to the size of the head, and mostly white; 

and cross breed pigs have some features of local and exotic breeds; are of medium stature, 

moderate nose length and are typically white with some black spots (Kagira et al. 2010; Dewey 

personal communication). It is commonly thought that there were no pigs in East Africa before 

Europeans were there indicating Kienyeji pigs are the result of uncontrolled breeding of exotic 
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crosses and are not truly indigenous or native to the area (Blench 2000). Analysis of Ugandan 

Kienyeji pig DNA indicates they are crosses of breeds originating in Europe, North Africa, Far 

East, and India (Noce et al. 2015). In this thesis, the term “local” will be used to refer to Kienyeji 

pigs. Anecdotal reports by Ugandans state that under the Idi Amin presidency (1971 to 1979) 

pig-keeping was illegal in accordance with Amin’s Islamic faith (i.e that pigs should not be 

touched and pork should not be eaten) and all pigs were killed or driven out of Uganda, but no 

formal documentation of this can be found.    

1.2.2 Pig growth performance and feed conversion efficiency in the tropics 

The growth performance of local pigs in the tropics differs from that of exotic pigs in the tropics 

and exotic pigs raised in commercial settings (Ndindana et al. 2002; Codjo 2003; Kanengoni et 

al. 2004; Len et al. 2007; Anugwa and Okwori 2008; Dewey and Straw  2006). Lack of feed, 

seasonal feed shortages, unbalanced diets, poor genetics, free-range management, and 

gastrointestinal parasites contribute to low growth performance of pigs raised on smallholder 

farms (Kagira et al. 2010; Mutua et al. 2012; Thomas et al. 2013). Local and indigenous breed 

pigs have poorer growth performance (ADG of 182 to 407 g/day and gain to feed ratio [G:F; kg 

of bodyweight gain / kg of feed consumed] of 0.220 to 0.371) than local/indigenous x exotic 

crossbreed pigs (ADG of 387 to 616 g/day and G:F of 0.245 to 0.402) and exotic breed pigs 

(ADG of 570 to 831 g/day and G:F of 0.288 to 0.524) (Appendix I) ((Ndindana et al. 2002; 

Codjo 2003; Kanengoni et al. 2004; Len et al. 2007; Anugwa and Okwori 2008). In comparison, 

exotic breed pigs (11-25 and 25-50 kg BW) raised in commercial settings have ADG of 585 to 

758 g/day, respectively and G:F of 0.614 to 0.479 kg, respectively, indicating poorer growth 

performance in pigs in the tropics (NRC 2012). 
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1.3 Farmer access/challenges 

Many smallholder pig farms are located in rural areas only accessible by foot paths. 

Transportation is often scarce and/or unaffordable, and roads are frequently impassable due to 

heavy rain. Markets and feed suppliers are seldom within walking distance making it difficult for 

farmers to purchase feedstuffs. In addition, smallholder farmers do not have a regular source of 

income with which to purchase feedstuffs or to pay for transportation required to get to distant 

markets and feed suppliers, or to pay for transportation to get heavy bags of feed back to their 

farms. The distance of farmers from markets also affects the way in which pigs are traded/sold. 

Butchers buy pigs at the farm, directly from farmers, and not in a central market (Levy et al., 

2014a). Most (75%) butchers enlist the help of agents to find pigs available to buy, call farmers 

on cell phones (67%) or are contacted by cell phone by farmers (54%), or butchers go from farm-

to-farm to look for pigs to buy (69%) (Levy et al., 2014a). Few farmers (11%) bring pigs to the 

butchers shops (Levy et al., 2014a). Butchers discourage farmers from bringing pigs to the 

butcher shop because butchers wish to avoid inadvertently buying a stolen pig (Levy et al 

2014a).  

Competition for food between people and pigs is another challenge. Pig farmers consume many 

of the same products fed to their pigs such as millet, maize, fruits, vegetables and sun-dried fish, 

resulting in food competition (Mutua et al. 2012). Food competition is exacerbated when 

seasonal food shortages occur between harvests and food must be reserved for human 

consumption.  

When surpluses exist following harvest there are difficulties to overcome. Storage is inadequate 

to protect feedstuffs from contamination by vermin, insects, moisture, and mold (Mutua et al. 
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2012). Farmers often lack the resources needed to cook or refrigerate cattle blood and rumen 

content to destroy harmful pathogens and store these feedstuffs. 

1.4 Pig feeding  

“Livestock nutrition is one of the most important constraints on increased livestock production, 

especially during dry season when forage quality and quantity is low” (Orodho - www.fao.org). 

In East Africa, pigs are mainly fed high-carbohydrate low-to-no-protein diets, and farmers report 

that access to feed, and feed scarcity are key constraints (Kagira et al. 2010; Mutua et al. 2011; 

Mutua et al. 2012; Katongole et al. 2012). Kitchen waste is available on many smallholder farms 

but often there is only enough to partially feed one pig (Lekule and Kyvsgaard 2003). Low-to-no 

cost opportunistic and planted forages and fruits, and crop residues are available seasonally 

(Katongole et al. 2012; MAAIF 2005; Mutua et al. 2012; Ouma et al. 2014; Muhanguzi et al. 

2012). Pigs are fed ugali (maize porridge), leftover food from homes and restaurants, fruits, 

vegetables, weeds and forages, cassava root and peel, banana peel, cattle blood and rumen 

contents, brewers and grist mill waste, maize bran, sweet potato vine and ground sun-dried fish 

(Rastrineobola argentea) (Mutua et al. 2012; Kagira et al. 2010; Tatwangire 2013). Reports vary 

as to the amount of fish given to pigs (i.e. 2 to 3 spoonsful occasionally [wherein farmers are 

giving it to pigs because they believe it works as a dewormer] versus a few handfuls each week 

due to high cost) however in either case the amount is unlikely to provide sufficient protein 

(Mutua et al. 2012; Kagira et al. 2010). Although a variety of potential feedstuffs for pigs are 

available, there is insufficient knowledge of the feeding value of local feedstuffs (Mutua et al. 

2012). These local feedstuffs could be used in the formulation of balanced rations to meet pigs’ 

nutrient requirements, to ameliorate pig growth performance while minimizing feed costs. Low-
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cost diets need to be developed using seasonally available local feedstuffs. These diets need to be 

tested to assess their efficacy and to determine the growth potential of East African pigs. 

1.4.1 Purchased feedstuffs 

Few farmers in the study area feed pigs commercially prepared diets. Mutua et al (2012) report 

commercial feeds are available but are prohibitively expensive while Kagira et al (2010) report 

5% of farmers supplement pig diets with commercial feed. In Uganda, adulterated, poor quality 

milled feeds are sold, and ingredient composition of commercially prepared diets is also poor 

(Katongole et al. 2012; Tatwangire 2013). A National Animal Feeds Policy has been developed 

by the Ugandan Ministry of Agriculture, Animal Industry and Fisheries to regulate the quality of 

milled feeds but the Animal Feeds Bill required to make the policy operational has not been 

passed, so feed quality is unregulated (Katongole et al. 2012; MAAIF 2005).  

1.4.2 Zero-cost feedstuffs 

Access to zero-cost feedstuffs is essential for sustainable pig production (Levy et al. 2014b). Pig 

farmers must be able to access at least some zero-cost feedstuffs to have positive net income 

from the pig-keeping enterprise (Levy et al., 2014b). However, farmers must provide a 

purchased protein source to achieve growth rather than simply maintenance feed intake (Levy et 

al. 2014b). Increasing the proportion of sun-dried fish or commercial feed to supplement the 

protein content in diets comprised of zero-cost feedstuffs is the most cost effective solution to 

meet pig protein requirements (Levy et al. 2014b). However, exclusively feeding commercial 

feed is not an economically viable option because the high cost of commercial feed and low 

market price for pigs results in net losses when pigs are sold (Levy et al. 2014b). Farmers are 

already providing pigs with zero-cost feedstuffs in the study area (Mutua et al. 2012; Kagira et 
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al. 2010). However farmers are not providing balanced diets and some are not providing 

sufficient feed for growth or for pigs to meet their genetic growth potential (Mutua et al., 2012; 

Kagira et al., 2010). 

1.4.3 Seasonal availability 

Mutua et al. 2012 report feeding fruits to pigs was more frequent (26%) in October and 

November (26%) than in June and July (7%) or February (12%). During the dry season some 

farmers use compounded feeds and bran but in the wet season forages, crop residues and kitchen 

leftovers are mainly used (Tatwangire 2013).  Many pig farmers (31 %) report that a lack of feed 

to give their pigs is the reason they allow the pig to roam freely during the day rather than 

confining it (Mutua et al. 2012). In one Kenya study, as mentioned previously, 65% of pigs were 

kept tethered but 33% were tethered only during the rainy season when crops were planted and 

growing, and allowed to free-range during the dry season after harvest (Kagira et al. 2010). The 

amount farmers feed pigs varies with availability which results in slow-growing, poor looking 

pigs in the dry season (Kagira et al. 2010). In the Philippines, season (dry season [October–

April] and wet season [May–September]) was significantly associated with both protein and 

energy content of pig diets and both were lower in the wet season (P < 0.001) (Lee et al. 2005). 

1.4.4 Locally available feedstuffs for pigs in other parts of the tropics 

Smallholder farmers in rural parts of Africa, Latin America, South East Asia, and India practice 

free-range management and feed pigs waste products, kitchen leftovers, grass, and brewery and 

cereal co-products (Nath et al. 2013; Lekule and Kyvsgaard 2003). In Zimbabwe pigs are raised 

on smallholder farms and fed forages, pumpkins and kitchen wastes (Mashatise et al. 2005). In 

Nigeria, because of high feed costs, farmers feed their pigs poor quality feeds including garbage, 
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resulting in poor growth and low reproductive performance (Onyimonyi et al. 2010). In Nigeria, 

pigs are fed kitchen and restaurant waste, rice, millet, sorghum, maize bran, vegetables, weeds, 

sweet potato, cassava root, and yam (Rekwot et al. 2003). In Namibia most smallholder farmers 

(98%) feed pigs kitchen leftovers and allowed pigs to scavenge (Petrus et al. 2011). In Namibia 

pigs are also fed watermelons and watermelon leaves when they are available seasonally, millet 

bran, and brewers waste (Petrus 2011). During avocado harvest on Mexican plantations, grazing 

pigs, including local breed pigs raised by smallholder farmers, used to eat the avocado pulp from 

ripe fruits on the ground, and now farmers feed avocado to pigs when it is abundantly available 

annually during peak harvest time (Grageola et al. 2010). In Vietnam, pigs are fed duckweed, 

rice bran and ensiled cassava root (Lai 1998). In Laos, smallholder famers feed pigs maize, 

cassava root and another tuber called Bon (Colocasia esculenta), pumpkin and pumpkin leaf, 

rice bran, broken rice, local rice wine distiller’s waste, and leaves from Yahuabin 

(Crassocephalum crepidioides), paper mulberry (Morus papyrifera), Phak hom (Amaranthus 

viridis), and sweet potato leaves (Phengsavanh et al. 2010). Availability of these feedstuffs varies 

seasonally throughout the year. Only 7% of farmers in Laos reported using commercial feed 

(Phengsavanh et al. 2010). Pigs in the Laos study had ADG of only 104 to 140 g/day, which 

Phengsavanh et al (2010) report may be due in part to nutritionally unbalanced diets, 

underfeeding because of limited availability, and the limited nutrient content of the feedstuffs. In 

India, smallholder farmers mainly feed pigs agricultural co-products and plants (Nath et al. 

2013). Pigs are fed kitchen and brewers wastes, mustard oil cake, banana pseudostems, cassava 

and other tubers, sweet potato vines and other leafy plants (Nath et al. 2013). Leaf shoots and 

plant stems supplement commercial feeds but only 5% of farmers report using commercial feed 

due to high cost and non-availability (Nath et al. 2013). In the Philippines, potato is the most-
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common feedstuff given to pigs on smallholder farms, and in the wet season pigs are given 

cabbage, sweet potato vine, and carrots (Lee et al. 2005). Lee et al (2005) also report that in one 

study site most (81%) pig diets contained some commercial feed and in a second study site 22% 

of diets were comprised only of commercial feed and 28% of diets were a mixture of commercial 

feed and bran (wheat, corn, or rice). However Lee et al. (2005) report daily diets were 

substantially deficient particularly in protein content. Therefore it may be that the commercial 

diet was not a nutritionally complete ration. 

1.4.5 Silage for pigs in other parts of the tropics 

Ensiling is a method of preserving crops through fermentation under anaerobic conditions 

wherein water-soluble carbohydrates in crops are fermented by lactic acid bacteria into lactic and 

acetic acids (Weinberg and Muck, 1996). Micro-organisms that would otherwise cause spoilage 

are inhibited by the decreased pH of the ensiled material (Weinberg and Muck, 1996). Ensiling 

also reduces anti-nutritional factors including oxalic acid (by 51–100%), tannins (by 49–84%) 

and trypsin inhibitory activity (by 74–78%) (Martens et al. 2013). Although aflatoxin, 

Salmonella, and E. coli are present before ensiling mixtures of sweet potato vines, maize and 

cassava meals, rice bran, sun-dried chicken manure and salt, none are present after 14-21 days of 

ensiling (Peters et al. 2001). There are many plant protein sources available for pigs in the 

tropics, in particular legumes, but many contain anti-nutritional factors that negatively affect pig 

performance (Martens et al. 2012). Both ensiling and cooking provide viable solutions for using 

legumes as feedstuffs for pigs (Martens et al. 2012). Vietnamese pigs fed ensiled uncooked sweet 

potato grew comparably to pigs fed cooked sweet potato roots (Peters et al. 2002). Less labour 

time and fuel were needed for ensiling than for cooking (Peters et al. 2002). Furthermore ensiling 

reduced more than 30% of trypsin inhibitor which eliminated the need to cook the tubers (Peters 
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et al. 2002). Farmers using sweet potato root silage, raised three times more pigs than they raised 

when they were cooking tubers for pigs because of the decrease in cost and labour required 

(Peters et al. 2002). Moreover, silage was stored for five months eliminating issues of storing 

tubers for pro-longed periods without spoilage (Peters et al. 2002). In the tropics, plants are only 

available in some seasons, with a surplus during the rainy season and a dearth in the dry season 

(Martens et al. 2013). Preserving plants during the wet season at their peak nutrient content and 

digestibility through ensiling can make efficient use of the surplus and provide feed when 

supplies are limited and nutrient quality is reduced during the dry season (Martens et al. 2013). 

In Laos ensiled stylo (Stylosanthes guianensis (Aubl.) Sw. var. guianensis), a tropical forage 

legume, replaced up to 50% of soybean crude protein in diets of exotic (Landrace × Yorkshire) 

and native (Moo Lath) Lao pigs with no negative effect on performance and carcass traits 

(Kaensombath et al. 2013). Replacing fishmeal and groundnut cake in traditional Vietnamese pig 

diets with ensiled sweet potato leaves and supplementary lysine had no negative effect on pig 

performance and also farmers benefitted economically (Van An et al. 2005).  

1.5 Pig nutrient requirements  

Requirements of amino acid, mineral, vitamin, fatty acid, total nitrogen (crude protein), and 

calcium to phosphorous ratio of exotic breed growing pigs fed ad libitum in commercial settings, 

and dietary energy contents related to corn and soybean meal-based diets, are characterized in 

NRC (2012). Studies describing the nutrient requirements of local and crossbreed East African 

pigs could not be found in the literature. Local and exotic x local breed pigs elsewhere in the 

tropics can utilize neutral detergent fibre (NDF) at higher levels than exotic breed pigs (van 

Kempen 2001; Ndindana et al. 2002; Kanengoni et al. 2004). 
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1.6 Study rationale 

Over 30% of the population in East Africa is under-nourished (www.faostat.org). Practical food 

security and poverty alleviation solutions, including improvements in livestock production 

efficiency, are required to increase East African smallholder farmers' adaptive capacity in the 

face of environmental stressors including a rapidly growing population and increasingly 

unfavourable and unpredictable climatic conditions. Solutions must utilize minimal land, water, 

and labour resources, maximize use of agricultural co-products, weeds, and crop residues, and 

minimize human and livestock competition for the same food. Pork production provides much-

needed animal source protein and also income to purchase other food. However, pig performance 

is poor, in part due to lack of feed, lack of using balanced diets, high cost of feed, and seasonal 

feed shortages. Slow pig growth results in below-potential earnings for farmers and butchers and 

a pork supply that is lower than the village needs. More efficient growth would result in better 

economic outcomes because total feeding costs would be lower (Levy et al. 2014b). Many 

farmers are feeding diets that meet only the maintenance needs of a pig of a given size (Levy et 

al. 2014b). Therefore the pig is unable to grow well (Levy et al. 2014b).  Hence the feed costs 

are high because the farmer is only feeding to maintain the pigs’ weight and not to enable pig 

growth (Levy et al. 2014b). For the potential benefits of pork production to be realized, pig 

productivity must be improved and production constraints decreased (Mutua et al. 2011; Mutua 

et al. 2012).  

Low-cost balanced diets for pigs, using locally available feedstuffs to enable continuous pig 

feeding regardless of season are needed to improve pig performance. Pigs must be fed balanced 

diets in large enough quantity to meet pigs’ genetic growth potential. Locally available feedstuffs 

for pigs have been identified but empirical studies characterizing their nutritional content and 
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seasonal availability have not been done. Nutritional content and seasonal availability of these 

feedstuffs is needed as a basis for low-cost diet formulation for each season. Current ADG on 

smallholder farms under local management conditions in East Africa is unknown. Empirical 

evidence of ADG is required as a basis for low-cost diet formulation and to establish a baseline 

ADG so that the outcome of any future interventions related to improvement of ADG can be 

measured.  

Estimated nutrient requirements of local and crossbreed pigs in East Africa are also needed as a 

basis for low-cost diet formulation. Empirical studies characterizing the nutrient requirements of 

local and crossbreed pigs in East Africa have not been done, although estimates as model inputs 

for economic evaluations of pig rearing are available (Levy et al. 2014). Estimates of nutrient 

requirements are needed because the growth performance potential of local pigs differs from that 

of exotic pigs (Ndindana et al. 2002; Codjo 2003; Kanengoni et al. 2004; Len et al. 2007; 

Anugwa and Okwori 2008). A variety of diets suitable for different seasons and based on the 

different feedstuffs available to farmers are needed. These diets need to be tested in a controlled 

study involving local and crossbreed east African pigs to assess their efficacy and to determine 

the growth potential of east African pigs that are similar to those raised on smallholder farms. 

1.7 Research objectives 

The objectives of this thesis were to: 

1) determine the ADG of pigs on smallholder farms in two districts of Western Province, Kenya  

2) summarize the nutritional value and seasonal availability of locally available feedstuffs for 

pigs in Western Province, Kenya and Central Region, Uganda  
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3) estimate the nutrient requirements of local breed starting-growing pigs raised on smallholder 

farms in Western Province, Kenya, and local and crossbreed (local x exotic) starting-growing 

pigs raised on smallholder farms in Central Region, Uganda 

4) develop balanced low-cost diets for local and crossbred pigs using seasonally available local 

feedstuffs  

5) compare the pen-level productivity (ADG and feed conversion [gain to feed]) of local and 

crossbred Ugandan pigs fed  commercially prepared diet versus silage-based or forage-based 

diets  

6) determine the pig-level productivity (ADG, variation in weight, and impact of starting 

bodyweight) for local and crossbreed Ugandan pigs fed 1 of 3 diets (commercial, silage-based, 

forage-based). 

  



 

  

16 

 

1.8 References 

Anugwa, F.O.I. and Okwori. A.I., 2008. Performance of growing pigs of different genetic groups 

fed varying dietary protein levels, African Journal of Biotechnology, 7, 2665--2670. 

Blench, R.M., 2000. A History of Pigs in Africa. In: R.M. Blench and K.C. Macdonald (eds), 

The Origins and Development of African Livestock - Archaeology, Genetics, Linguistics and 

Ethnography, 2000, (University College London Press, Taylor & Francis Group), 355--367. 

Codjo, A.B., 2003. Estimation des besoins énergétiques du porc local du Bénin en croissance 

entre 7 et 22 kg de poids vif, Tropicultura, 12, 56--60. 

Dewey, C.E. and Straw, B.E., 2006. Herd Examination. In: B.E. Straw, J.J. Zimmerman, S. 

D’Allaire, D.J. Taylor (eds), Diseases of Swine, 9th edition, 2006, (Blackwell Publishing, 

Ames), 5. 

Dewey, C.E., Wohlegemut, J.M., Levy, M., and Mutua, F.K., 2011. The impact of political crisis 

on smallholder pig farmers in Western Kenya, 2006–2008, Journal of Modern African Studies, 

49, 3, 455--473. 

Food and Agriculture Organization (FAO), 2012. Pig Sector Kenya, FAO Animal Production 

and Health Livestock Country Reviews, No. 3, Rome. 

Food and Agriculture Organization (FAO) Crop Calendar. 

http://www.fao.org/agriculture/seed/cropcalendar/welcome.do Accessed 1 June2015. 

Food and Agriculture Organization Statistics Division (FAOSTAT). Food Security. Prevalence 

of Undernourishment (%) 3 years average. http://faostat3.fao.org/browse/D/*/E. Accessed 1 June 

2015. 



 

  

17 

 

Grageola, F., Sangines, L., Diaz, C., Gomez, A., Cervantes, M. and  Lemus, C., 2010. The effect 

of breed and dietary level of avocado fat on the N and energy balance in young pigs, Journal of 

Animal Feed Sciences, 19, 37--49. 

Kaensombath, L., Neil, M. and Lindberg, J.E., 2013. Effect of replacing soybean protein with 

protein from ensiled stylo (Stylosanthes guianensis (Aubl.) Sw. var. guianensis) on growth 

performance, carcass traits and organ weights of exotic (Landrace × Yorkshire) and native (Moo 

Lath) Lao pigs, Tropical Animal Health and Production, 43, 865--871. 

Kagira, J.M., Kanyari, N., Maingi, N., Githigia, S.M., Ng’ang’a, J.C. and Karuga, J.W., 2010. 

Characteristics of the smallholder free range pig production system in Western Kenya, Tropical 

Animal Health and Production, 42, 865--873. 

Kanengoni, A., Dzama, K., Chomonyo, M., Kusina, J. and Maswaure, G., 2004. Growth 

performance and carcass traits of Large White, Mukota and Large White x Mukota F1 crosses 

given graded levels of maize cob meal, Animal Science, 78, 61--111. 

Katongole, C.B., Nambi-Kasozi, J., Lumu, R., Bareeba, F., Presto, M., Ivarsson, E. and 

Lindberg, J.E., 2012. Strategies for coping with feed scarcity among urban and peri-urban 

livestock farmers in Kampala, Uganda, Journal of Agriculture and Rural Development in the 

Tropics and Subtropics, 113, 165--174. 

Kitalyi A., Mtenga L., Morton J.U., McLeod A., Thornton P., Dorward A. and Saadullah M., 

2005. Why keep livestock if you are poor? In: E. Owen, A. Kitalyi, N. Jayasuriay, and T. Smith 

(eds), Livestock and wealth creation: improving the husbandry of animals kept by resource-poor 

people in developing countries, (UK: Nottingham University Press, Nottingham, UK,. 232--262. 



 

  

18 

 

Kristjanson, P., Krishna, A., Radeny, M., and Nindo, W., 2004. Pathways out of poverty in 

western Kenya and the role of livestock. Pro-Poor Livestock Policy Initiative Working Paper, 

No.14. Rome (Italy): FAO. https://cgspace.cgiar.org/handle/10568/1212. Accessed 3 June 2015. 

Lai, N.V., 1998. On-farm comparison of Mong Cai and Large White pigs fed ensiled cassava 

root, rice bran and duckweed. In: Livestock Research for Rural Development, 10, 3, 

http://www.lrrd.org/lrrd10/3/lai103.htm. Accessed 3 June 2015.  

Lee, J-A. L.M., Laῆada, E.B., More, S.J., Cotiw-an, B.S., and Taveros, A.A., 2005. A 

longitudinal study of growing pigs raised by smallholder farmers in the Philippines, Preventive 

Veterinary Medicine, 70, 75--93. 

Lekule, F.P., and Kyvsgaard, N.C., 2003. Improving pig husbandry in tropical resource-poor 

communities and its potential to reduce risk of porcine cysticercosis, Acta Tropica, 87, 111--117. 

Len, N.T., Lindberg, J.E., and Ogle, B., 2007. Digestibility and nitrogen retention of diets 

containing different levels of fibre in local (Mong Cai), F1 (Mong Cai Yorkshire) and exotic 

(Landrace Yorkshire) growing pigs in Vietnam, Journal of Animal Physiology and Animal 

Nutrition, 91, 297--303. 

Levy, M., Dewey, C., Poljak, Z., Weersink, A., and Mutua, F.K. 2014a. Comparing the 

operations and challenges of pig butchers in rural and peri-urban settings of western Kenya.  

African Journal of Agricultural Research, 9, 125—136. 

Levy, M., Dewey, C., Weersink, A., Mutua, F., Carter, N., and Poljak Z., 2014b. Evaluating 

critical factors to the economic feasibility of semi-intensive pig rearing in western Kenya, 

Journal of Tropical Animal Health and Production, 46, 797--808. 

MAAIF, 2005. The National Animal Feeds Policy. Ministry of Agriculture, Animal Industry 



 

  

19 

 

and Fisheries, Entebbe, Uganda. 

http://www.disasterriskreduction.net/fileadmin/user_upload/drought/docs/National%20Feed%20

Policy1.pdf. Accessed 30 May 2015. 

Martens, S.D., Tiemann, T.T., Bindelle, J., Peters, M., and Lascano, C.E., 2012. Alternative plant 

protein sources for pigs and chickens in the tropics – nutritional value and constraints: a review, 

Journal of Agriculture and Rural Development in the Tropics and Subtropics, 113, 101--123. 

Martens, S.D., Hoedtke, S., Avila, P., Heinritza, S.N., and Zeyner, A., 2013. Effect of ensiling 

treatment on secondary compounds and amino acid profile of tropical forage legumes, and 

implications for their pig feeding potential, Journal of the Science of Food and Agriculture, 94, 

1107--1115.  

Mashatise, E., Hamudikuwanda, H., Dzama, K., Chimonyo, M., and Kanengoni, A., 2005. 

Socio-economic roles, traditional management systems and reproductive patterns of Mukota pigs 

in semi-arid North-Eastern Zimbabwe, Bunda Journal of Agriculture, Environmental Science and 

Technology, 3, 97--105. 

Merriam-Webster Incorporated- an Encyclopedia Britannica Company. http://www.merriam-

webster.com/dictionary/indigenous. Accessed 31 May 2015. 

Muhanguzi, D., Lutwama, V., Mwiine, F.V., 2012. Factors that influence pig production in 

Central Uganda - Case study of Nangabo Sub-County, Wakiso district, Veterinary World, 5 346-

-351. 

Mutisya, T.W., Zejiao, L., and Juma, N., 2010. Soil and Water Conservation in Kenya-

Operations, Achievements and Challenges of the National Agriculture and Livestock Extension 

Programme (NALEP), Journal of American Science, 6, 7--15. 



 

  

20 

 

Mutua, F.K., Dewey, C.E., Arimi, S.M., Schelling, E. and Ogara, W.O., 2011. Prediction of live 

body weight using length and girth measurements for pigs in rural Western Kenya, Journal of 

Swine Health and Production, 19, 26--33. 

Mutua, F.K., Dewey, C., Arimi, S., Ogara, W., Levy, M. and Schelling, E., 2012. A description 

of local pig feeding systems in village smallholder farms of Western Kenya, Tropical Animal 

Health and Production, 44, 1157--1162. 

Nath, B.G., Pathak, P.K., Ngachan, S.V., Tripathi, A.K., and Mohanty, A.K., 2013. 

Characterization of smallholder pig production system: productive and reproductive 

performances of local and crossbred pigs in Sikkim Himalayan region, Tropical Animal Health 

and Production, 45, 1513--1518 

National Research Council of the National Academies, 2012. (NRC, 2012) Nutrient 

Requirements of Swine, (The National Academies Press, Washington). 

Ndindana, W., Dzama, K., Ndiweni, P.N.B., Maswaure, S.M. and Chimonyo, M., 2002. 

Digestibility of high fibre diets and performance of growing Zimbabwean Mukota pigs and 

exotic Large White pigs, fed maize based diets with graded levels of maize cobs, Animal Feed 

Science and Technology, 97, 199--208. 

Noce, A., Amills, M., Manunza, A., Muwanika, V., Muhangi, D., Aliro, T., Mayega, J., Ademun, 

R., Sànchez, A., Egbhalsaied, S., Mercadé, A., and Masembe, C., 2015.  East African pigs have a 

complex Indian, Far Eastern and Western ancestry. In: Animal Genetics, Immuogenetics, 

Molecular Genetics, and Functional Genetics, 

http://onlinelibrary.wiley.com/doi/10.1111/age.12305/full. Accessed 31 May 2015.  



 

  

21 

 

Onyimonyi, A.E., Ugwu, S.O.C., and Machebe, N.S., 2010. Performance and linear 

measurements of growing pigs fed on basis of their body weight, Pakistan Journal of Nutrition 9, 

57--59. 

Orodho, A.B. Grassland and pasture crops Country Pasture/ Forage Resource Profiles, Kenya. 

http://www.fao.org/ag/AGP/AGPC/doc/counprof/kenya.htm#1. Accessed 1 June, 2015. 

Ouma, E., Dione, M., Lule, P., Pezo, D., Marshall, K., Roesel, K., Mayega, L., Kiryabwire, D., 

Nadiope, G., Jagwe, J., 2014. Smallholder pig value chain assessment in Uganda: results from 

producer focus group discussions and key informant interviews, (International Livestock 

Research Institute Research Report, Nairobi, Kenya). 

http://livestock-fish.wikispaces.com/VCD+Uganda. Accessed 23 February 23 2015. 

Peters, D., Tinh, N.T., and Thuy, T.T., 2001. Fermented sweet potato vines for more efficient pig 

raising in Vietnam, AGRIPPA, Food and Agriculture Organization, Rome, Italy. 

www.fao.org/docrep/article/agrippa/x9500e10.htm. Accessed 1 June 2015. 

Peters, D., Tinh, N.T., and Thach, P.N., 2002. Sweet potato root silage for efficient and labor-

saving pig raising in Vietnam, AGRIPPA, Food and Agriculture Organization, Rome, Italy. 

www.fao.org/docrep/article/agrippa/554_en.htm. Accessed 1 June 2015. 

Petrus, N. P., Mpofu, I., Schneider, M.B., and Nepembe, M., 2011. The constraints and 

potentials of pig production among communal farmers in Etayi Constituency of Namibia, In: 

Livestock Research for Rural Development, Volume 23, Article #159 , 

http://www.lrrd.org/lrrd23/7/petr23159.htm. Accessed 5 March 5 2013. 

Phengsavanh, P., Ogle, B., Stür, W., Frankow-Lindberg, B.E. and Lindberg, J.E., 2010. Feeding 

and performance of pigs in smallholder production systems in Northern Lao PDR, Tropical 

Animal Health and Production, 42, 1627--1633. 



 

  

22 

 

Randolph, T., Schelling, E., Grace, D., Nicholson, C., Leroy, J., Cole, D., Demment, M., Omore, 

A., Zinsstag, J., and Ruel, M., 2007. Invited Review: Role of livestock in human nutrition and 

health for poverty reduction in developing countries, Journal of Animal Science, 85, 2788--2800. 

Rekwot, P.I., Abubakar, Y.U., and Jegede, J.O., 2003. Swine production characteristics and 

management systems of smallholder piggeries in Kaduna and Benue states of North Central 

Nigeria, Nigerian Veterinary Journal, 24, 34--40. 

Tatwangire A., 2013. Uganda smallholder pigs value chain development: Past trends, current 

status and likely future directions, (International Livestock Research Institute Research Report, 

Nairobi, Kenya). 

http://cgspace.cgiar.org/bitstream/handle/10568/34090/uganda_situation_analysis_oct2013.pdf?s

equence=1. Accessed 31 May 2015. 

The World Bank. Poverty & Equity Regional Dashboard subSaharan Africa 2013. 

http://povertydata.worldbank.org/poverty/region/SSA. Accessed 1 June, 2015. 

Thomas, L.F., de Glanville, W.A., Cook, A. and Fevre, E.M., 2013. The spatial ecology of free-

ranging domestic pigs (Sus scrofa) in western Kenya, BMC Veterinary Research. 

http://www.biomedcentral.com/1746-6148/9/46. Accessed 23 April 2015. 

Thornton, P.K., Kruska, R.L., Henninger, N., Kristjanson, P.M., Reid, R.S., Atieno, F., Odero, 

A.N., and Ndegwa, T., 2002. Mapping poverty and livestock in the developing world, ILRI 

(International Livestock Research Institute), Nairobi, Kenya, 124. 

Uganda Bureau of Statistics (UBOS). Livestock numbers (thousand animals), 2008 – 2010. 

http://www.ubos.org/onlinefiles/uploads/ubos/pdf%20documents/Agric_T1_2011.pdf. Accessed 1 

June 2015. 



 

  

23 

 

Van An L., Hong, T.T.T., Ogle, B. and Lindberg, J.E., 2005. Utilisation of ensiled sweet potato 

(Ipomoea batatas (L.) Lam) leaves as protein supplement in diets for growing pigs, Tropical 

Animal Health and Production, 37, 77--88. 

van Kempen, T. Is fibre good for the pig? In: Swine News. North Carolina Cooperative 

Extension Service, 2001. 

http://www.ncsu.edu/project/swine_extension/swine_news/2001/sn_v2407.htm. Accessed 23 

April 2015. 

Weinberg, Z.G., and Muck, R.E., 1996. New trends and opportunities in the development and 

use of inoculants for silage, FEMS Microbiology Reviews, 19, 53--68. 

  



 

  

24 

 

 CHAPTER TWO 

Average daily gain of local pigs on rural and peri-urban smallholder farmers in two 

districts of Western Kenya 

NB: A version of this chapter is published in Journal of Tropical Animal Health and Production 

(2013) 45:1533–1538.   

The final publication is available at http://link.springer.com/article/10.1007/s11250-013-0395-2 

Abstract 

The objective of this study was to determine the average daily gain (ADG) of pigs on rural and 

peri-urban smallholder farms in two districts of Western Kenya, in order to establish a baseline 

to measure the impact of future management interventions. Average daily gain (kg/day) for 664 

pigs weighed one, two or three times and the proportion of local and cross breed pigs was 

determined. Assuming a uniform birth weight of 1 kg, ADG did not differ between pigs weighed 

once or twice. Overall, ADG was higher in peri-urban pigs (0.15+0.058 kg/day) than rural pigs 

(0.11+0.047 kg/day). Pigs at 1-2 months had a higher ADG than those at 3 months or 10- to 12 

months and ADG was higher in cross breed than local pigs. Over the two districts, the ADG was 

low (0.13+0.002kg/day). Most (87.2%) pigs were of local breed. Low ADG may be due to 

malnourishment, high maintenance energy expenditure, high parasite prevalence, disease, and/or 

low genetic potential. This low ADG of pigs raised on smallholder farms in Western Kenya 

indicates a high potential for improvement. The growth rate of pigs in Western Kenya must be 

improved using locally available feedstuffs to make efficient use of resources, promote 

sustainable smallholder pig production, and improve the livelihood of smallholder farmers. 
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2.1 Introduction 

Annual consumption of pork in Sub-Saharan Africa is estimated to increase by 155% between 

the years 2000-2030 and by 167% across low income countries globally (FAO 2011). Millions of 

pigs are raised by smallholder farmers in East Africa. In 2008 there were 3.2 million pigs in 

Uganda with 1.1 million households keeping on average two pigs (UBOS 2011). In 2011, 117 

000 tonnes of pork were produced in Uganda and nearly 1/3 of the 10kg of meat consumed per 

capita was pork (FAOSTAT). In Kenya, small-scale production is practiced by 70% of pig 

producers (FAO 2012). In 2009 there were 187 000 pigs in Kenya and of these, 84 000 were 

raised in traditional/backyard systems (KNBS 2009). Resource-poor subsistence farmers in the 

tropics, raise pigs to generate income (FAO 2012). Pig-keeping is attractive for several reasons: 

pigs require minimal inputs and labour, have high feed conversion efficiency, produce offspring 

in large numbers, and have short intervals between generations (Lekule and Kyvsgaard 2003; 

Mutua et al. 2010). Extreme poverty in Kenya can be alleviated through pig production (FAO 

2012), but the productivity of pigs raised by poor farmers is low. Evidence is needed to identify 

and remove production constraints in order to realise the full potential benefits of pig production. 

The objective of this study was to determine the average daily gain (ADG) of pigs on 

smallholder farms in two districts of Western Kenya in order to establish a baseline ADG so that 

the outcome of any future interventions related to improvement of ADG can be measured. 

2.2 Materials and Methods 

This research was approved by the Research Ethics Board and the Animal Care 

Committee of the University of Guelph, the Director of Veterinary Services in Kenya, and the 

Board of Postgraduate Studies, University of Nairobi, Kenya. Participants gave informed consent 

before participating in the study. 
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2.2.1 Data collection 

The study area and selection of farms is described in detail by Mutua et al. (2011a). Briefly, two 

districts in Western Province, Kenya, were selected: a peri-urban area, Kakamega District, and a 

rural area, Busia District. These districts were identified as areas of extreme poverty by the 

International Livestock Research Institute and have a high prevalence of pig farming (Thornton 

et al. 2002; Mutua et al. 2010). All smallholder pig farmers in all villages of two sublocations in 

each district was determined using key informant interviews with government officials, village 

elders, and pig farmers. From this list, 288 smallholder pig farms were randomly selected 

proportional to the number of farms (70-75%) in each village (Mutua et al. 2011a). 

The method of data collection is described in detail by Mutua et al. (2011a). Briefly, farms in the 

peri-urban district were visited during three study periods: June/July 2007, December 2007/May 

2008 and October 2008. Data collection that started in December 2007 was continued in May 

2008, because of post-election violence in the area. Farms in the rural district were visited in 

June/July 2006, October/November 2006, and February/March 2007. All pigs on 288 farms were 

weighed except pregnant sows, nursing pigs the farmer planned to sell, and pigs that were too 

heavy for the scale (>100kg) or too difficult to restrain. Pigs were weighed one, two or three 

times depending on whether they were still on the farm on subsequent visits or if they were new 

pigs at the 2
nd

 or 3
rd

 visit. 

Each pig was identified with one uniquely numbered/coloured ear tag.  Small pigs (<10 kg) were 

weighed with a hand-held Junbao
®
 spring scale (Yongkang Junbao Appliance Co., Ltd., 

Zhejiang, China). Larger pigs (> 10kg) were weighed with a Chatillon
®
 circular spring scale 

(Chatillon Force Measurement Products, 8600 Somerset Drive, Largo, Florida, USA 33773) 

suspended from a tree. Both scales were accurate to within 0.1 kg.  
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Data recorded included the ear tag number and colour, breed, weight (kg), age (months) 

estimated by the farmer within 0.5 months, and date on which the data were collected. Genetic 

background of the pig was crudely estimated by phenotypic observations by one of two authors 

as follows; local pigs were short of stature, long nosed and predominantly black; exotic pigs, 

resembling Large White, were taller and longer than the local pigs, shorter nosed relative to the 

size of the head, and predominantly white; crossbred pigs had some features of both local and 

exotic; were of medium stature, moderate nose length and were typically white with some black 

spots. Digital photographs were taken of each pig’s body and head and when the genetic 

classification was confusing, two authors discussed the most appropriate category in which to 

place the pig. Pigs were removed from the study during data screening if the weight or age were 

missing, the unique ear tag could not be verified, or if the pig was older than 12 months of age. 

All data were entered into MS Excel (Microsoft Corporation, Microsoft Way, Redmond, 

Washington) then exported to Statistix
TM 

(Analytical Software, PO Box 12185, Tallahassee, 

Florida USA) for analyses.  

Birth weight for pigs in this study was assumed to be 1kg for all pigs in order to estimate ADG 

for pigs having only one weight measure. While we realise that the average birth weight of 

indigenous and crossbred pigs ranges from 0.89 to 1.33 kg (Ncube et al. 2003), we used 1 kg as a 

standard weight for all pigs. Individual birth weights likely ranged from 0.5 to 1.8 kg, but 

estimating birth weight as 1 kg would result in very small changes in ADG over several months 

of the pig’s life. While birth weights of less than 0.7kg do occur, research has shown that these 

pigs do not survive past 3 days of life (Dewey et al. 2008). 

Average daily gain (kg/day) was calculated for pigs weighed once as follows: (weight – 1 kg) ÷ 

(estimated age of the pig in days) (N=235 peri-urban and 236 rural). For pigs weighed twice, a 
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paired t-test was used to determine whether ADG from birth to second weight differed from 

ADG from first to second weight. For pigs weighed three times, a paired t-test was used to 

determine whether ADG from birth to third weight differed from ADG from second to third 

weight. Average daily gain of pigs weighed once did not differ from pigs weighed twice (p=0.6), 

so a single ADG from birth was calculated for each pig. Each pig was included only once in the 

final model. For pigs weighed multiple times, the weight used for model building was randomly 

selected from the 1
st
, 2

nd
, or 3

rd
 weight. For the final model the initial, second, and third weights 

were included for 16, 16, and 0 pigs in the peri-urban district and 80, 80 and 65 pigs in the rural 

district respectively.  The ADG was calculated as (weight – 1 kg) / number of days from birth to 

date weighed.  

To control for potential confounding of month and year pigs were grouped according to the 

month and year in which they were weighed. Two months were treated as one variable when a 

data collection period extended through an entire month and into the first several days of the next 

month. Sex was measured as either female or male (boars and castrates). Breed effect was 

measured as local or non-local. Pigs were grouped according to their age in months to explore 

putative age effect on ADG. Some ages were combined in order to have a sufficient number of 

observations in each category, as follows: 1 to 2, 7 to 9, and 10 to 12 months. 

The population proportion of local and crossbred pigs was determined. 

2.2.2 Statistical analysis and model building  

Using multiple linear regression ADG was regressed on age of pig (1 to 2, 3, 4, 5, 6, 7 to 9, and 

10 to 12 months), district (peri-urban or rural), sex, breed, year, and month of the year.  Initially, 

univariable analyses were conducted and variables were retained for further analysis if p values < 

0.20. Multivariable analyses were conducted using a backward elimination selection process 
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where variables were removed from the model if p values were >0.05. Interactions between 

variables with p values <0.05 in the multivariable model were assessed. Linearity of the 

relationship between starting bodyweight and ADG was assessed by testing the significance of a 

quadratic transformation of starting bodyweight. Associations where p<0.05 were retained in the 

final model. Variables whose removal resulted in a >20% change in coefficients were considered 

to have a confounding effect and were included in the final model. Assumptions for the models 

were assessed by evaluating standardized residuals, leverage, and influence. Residuals were 

plotted against the predicted ADG.   

2.3 Results 

2.3.1 Peri-urban district 

Of 279 pigs weighed, 7 were removed from the model since they were more than 12 months old. 

Five pigs were omitted as outliers after the Cooks Distance test because the weight did not seem 

to be feasible given the age as follows: 2 months, 24kg; 3 months, 34kg; and 3 pigs at 2 months, 

70kg, and were assumed to be falsely entered data. The final model included 267 pigs; 32 pigs 

weighed twice and 235 pigs weighed once.  

Average daily gain by age category is presented in Table 1. Breed (p=0.40), month (p=0.25) and 

year (p=0.40) in which pigs were weighed, and sex (p=0.39) were not associated with ADG. 

Mean ADG of 3-month old pigs (0.14+0.046kg/day) was lower by 0.03+0.013kg/day than that of 

1-to 2-month old pigs (0.17+0.069kg/day)(p=0.049). Age of pigs accounts for 0.22% of the 

variation in ADG (adjusted R-squared = 0.0022) 

2.3.2 Rural district 
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Of 422 pigs weighed, 20 were removed because they were more than 12 months old, weight was 

missing or the pig’s identity was unclear. Five pigs were omitted as outliers after the Cooks 

Distance test because the weight did not seem to be feasible given the age as follows: 1 month, 

15kg; 3 months, 35kg; 3 months, 30kg; 2 months, 40kg; 7 months, 5kg, and were assumed to be 

falsely entered data. The final model included 397 individual pigs; 32 pigs weighed three times, 

129 pigs weighed twice and the 236 pigs weighed once. Average daily gain by age category is 

presented in Table 1. Breed (p=0.14), month (p=0.33) and year (p=0.70) in which pigs were 

weighed, and sex (0.98) were not associated with ADG (p>0.05). Mean ADG of 3-month old 

pigs (0.10+0.046kg/day) was lower by 0.02+0.009kg/day than that of 1-to 2-month old pigs 

(0.12+0.058kg/day)(p=0.03). Age of pigs accounts for 2.7% of the variation in ADG (adjusted 

R-squared = 0.0271).  

2.3.3 Across districts 

 Overall mean ADG by age, 25
th

, 50
th

, and 75
th

 percentiles are presented in Table 2. In 

pigs weighed twice, ADG from birth to second weight did not differ from ADG from first weight 

to second weight (p=0.6). In pigs weighed three times, ADG from birth to third weight did not 

differ from ADG from second weight to third weight (p=0.8). 

Sex (p=0.29), and year (p=0.38) and month (p=0.09) in which pigs were weighed were not 

associated with ADG. After controlling for age and breed, ADG of pigs in the peri-urban area 

(0.15+0.058kg/day) was higher by 0.04+0.004 kg/day than that of pigs in the rural area 

(0.11+0.047kg/day) (p<0.001) (Table 3). Average daily gain of 3-month old pigs 

(0.12+0.005kg/day) and 10- to 12-month-old pigs (0.11+0.005kg/day) was 0.02+0.007 kg/day 

lower than that of 1-to 2-month-old pigs (0.13+0.007kg/day) (p=0.006 and 0.004, respectively). 

Average daily gain of local breed pigs (0.12+0.054kg/day) was 0.01+0.006 kg/day lower than 
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that of cross breed pigs (0.15+0.060kg/day) (p=0.049). Overall ADG of weaned pigs, and all 

pigs, in the two districts was 0.13+0.002 kg/day. Age of pigs, breed, and district accounts for 

14.9% of the variation in ADG (adjusted R-squared = 0.1491). The models met the assumptions 

for linear regression.  

The majority of pigs in this study (87.2%) were local breeds, and 12.8% were crossbreeds. 

2.4 Discussion 

Average daily gain of pigs weighed once did not differ from that of pigs weighed twice. In order 

to calculate ADG, as long as the age of every pig and the estimated birth weight of pigs in the 

area are known, weighing pigs once provides sufficient information to calculate ADG. Given the 

challenges and costs associated with weighing pigs on smallholder farms, often located in remote 

tropical areas with little to no vehicular access, minimizing the number of times pigs are weighed 

is preferable. If pigs only need to be weighed once, the power of a research study of smallholder 

pigs will be increased if more farms and pigs can be included for the same amount of money. 

Also, because pigs are sold based on family need, it is not possible to predict that a pig will still 

be available to be weighed at a particular age as would occur in a commercial setting.  

The ADG of pigs on smallholder farms in Western Kenya is much lower than that of European 

breeds of pigs raised on commercial farms in developed countries. The ADG of pigs in this study 

did not change with age as it does in pigs on commercial farms in developed countries (Dewey 

and Straw 2006). Average daily gain of indigenous pigs and pigs of local breeds, i.e. indigenous- 

and exotic-breed crosses, raised on smallholder and research farms in Africa and Asia is 

similarly low (Kumaresan et al. 2007; Darfour-Oduro et al. 2009; Chimonyo et al. 2010; 

Phengsavanh et al. 2010;Mutua et al. 2012).  
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The lower ADG of newly weaned 3-month-old pigs may be due to a lack of highly digestible 

specialized feedstuffs required for pigs of this age (Thomson and Friendship 2012). Moreover, 

pigs in our study were not provided food or water ad libitum. The lower ADG of pigs aged 10-12 

months may be the result of inadequate feeding of animals nearing maturity. Low ADG of pigs 

regardless of age may be due to farmers not feeding their pigs enough to meet their energy 

requirements (FAO 2012; Mutua et al. 2012). Kitchen waste and a variety of other feedstuffs are 

fed to pigs in Western Kenya, but diets are often inadequate, unbalanced, of poor nutritional 

value, and contain high amounts of carbohydrates (Kagira et al. 2010; Mutua et al. 2012). In the 

rural area, 81% of smallholder pig farmers report high cost and lack of feed as production 

constraints (Kagira et al. 2010) and 65% report insufficient feed, especially during the dry 

season, as a major production challenge (Mutua et al. 2011b). Due to lack of pig feed, 31% 

percent leave pigs to feed outdoors mainly on grass (Mutua et al. 2012). Just 5% of farmers feed 

commercial feed to their pigs (Kagira et al. 2010).  

Average daily gain of pigs in the peri-urban district was higher than that of pigs in the rural 

district. Agricultural produce markets are more prevalent in the peri-urban than in the rural 

district and are closer to smallholder farms, providing scavenging pigs with access to readily 

available waste products. Peri-urban farmers also have ready access to products such as rumen 

contents and blood, and food waste from restaurants and schools, all of which can be fed to pigs. 

Other contributing factors to low ADG might include high amounts of maintenance energy 

expended by free-range pigs, exposure to elements due to lack of housing, parasite loads, 

disease, and low genetic potential. Sixty five percent of pigs in the area are kept tethered and 

33% range freely during the dry season and are tethered only during the rainy season. Just 2% of 

pigs are kept in shelters permanently and 61% are without housing (Kagira et al. 2010). Given 
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the area’s climate, and lack of pig housing, pigs may frequently be exposed to inclement 

weather. Energy would then be used to maintain body temperature; decreasing the amount of 

energy available for ADG and efficient feed conversion.  

In the rural area, 84.2% of pigs are infected with one or more species of nematodes including 

Ascaris suum and Trichuris suis (Kagira et al. 2012). Reduced ADG and feed efficiency have 

been observed consistently in controlled nematode infection trials (Greve 2012). A. suum 

infection can depress feed efficiency and ADG of pigs by up to 10% (Lee 2012). Pigs free from 

T. suis grow 35% faster and are 23 % heavier than infected pigs (Hale and Stewart 1979). Given 

that 31% of farmers in the area do not deworm their pigs and 33% of pigs range freely during the 

rainy season even dewormed pigs are at risk of re-infection by being tethered in, or scavenging 

in contaminated areas (Kagira et al. 2010). Average daily gain of cross breed pigs was higher 

than that of local breed pigs. Given the high prevalence of local breed pigs lack of genetic 

improvement, as well as heavy parasite load, and endemic diseases such as enteritis and 

pneumonia, are likely contributing to the low ADG in this study. 

2.5 Conclusion 

The ADG of pigs in Western Kenya must be improved using feedstuffs available locally, thereby 

using resources efficiently while promoting sustainable smallholder pig production, and reducing 

smallholder farmer poverty (Randolph et al. 2007; Mutua et al. 2012). Higher ADG would 

enable farmers to sell market-weight pigs sooner, produce more kilograms of pork per year, and 

increase income for routine household expenses and, to pay for school fees, hospital bills, and 

food shortages (Dewey et al. 2011). Development of diets based on seasonally available local 

feedstuffs, particularly those unfit or undesirable for humans, will alleviate human/pig food 

competition. Research is needed to identify these feedstuffs and their nutrient value and to create 
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least-cost balanced diets using them (Mutua et al. 2012). This study found average daily gain of 

pigs raised on smallholder farms in Western Kenya is very low, indicating high potential for 

improvement. 
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_____________________________________________________________________ 

 

Peri-urban District 

_____________________________________________________________ 

Months N Mean SD Range  95% C.I. Median 

of age 

 

1 to 2  31 0.17 0.069 0.05-0.31 0.14-0.19 0.15 

3  49 0.14 0.046 0.05-0.25 0.15-0.13 0.14 

4  30 0.16 0.052 0.07-0.27 0.14-0.18 0.16 

5  33 0.15 0.062 0.05-0.30 0.13-0.17 0.14 

6  35 0.16 0.052 0.06-0.32 0.14-0.18 0.15 

7 to 9  63 0.15 0.061 0.03-0.30 0.14-0.17 0.14 

10 to 12 26 0.14 0.063 0.05-0.27 0.12-0.17 0.13 

Total  267 

 

 

Rural District  

_____________________________________________________________ 

Months N Mean SD Range  95%C.I. Median 

of age 

 

1 to 2  60 0.12 0.058 0.016-0.26 0.10-0.13 0.13  

3  50 0.10 0.046 0.03-0.27 0.08-0.11 0.09 

4  40 0.12 0.049 0.03-0.24 0.10-0.14 0.12 

5  40 0.12 0.049 0.05-0.26 0.10-0.14 0.11 

6  53 0.12 0.042 0.03-0.25 0.11-0.13 0.12 

7 to 9  83 0.12 0.046 0.04-0.26 0.11-0.13 0.12 

10 to 12 71 0.10 0.033 0.01-0.22 0.09-0.10 0.10 

Total  397 

 

  

Table 2.1 Average daily gain (kg/day) of pigs by month of age on smallholder farms in two districts 

of Western Kenya, 2006-2008. 
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________________________________________________________________________ 

 

Age of pig N Mean SD SE 25
th

  Median 75th 

(months)     percentile   percentile 

________________________________________________________________________ 

1 to 2  91 0.13 0.066 0.007 0.08  0.13  0.18 

3  99 0.12 0.051 0.005 0.08  0.11  0.15 

4  70 0.14 0.053 0.006 0.09  0.13  0.18 

5  73 0.13 0.057 0.007 0.09  0.13  0.16 

6  88 0.13 0.050 0.005 0.09  0.13  0.16 

 7 to 9  146 0.13 0.056 0.005 0.09  0.12  0.16 

10 to 12 97 0.11 0.047 0.005 0.08  0.10  0.13 

Total  664 

  

Table 2.2 Average daily gain (kg/day) of 664 pigs raised on smallholder farms in peri-urban and 

rural districts of Western Kenya, 2006-2008 
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________________________________________________________________________ 

 

Across Districts 

________________________________________________________________________ 

 

Variable   Regression  Standard  P value 

    Coefficient  Error 

 

Referent: Age 1  0.13   -   -   

to 2 months  

Age 3 months   -0.02   0.007   0.006 

Age 4 months   -0.00   0.008   0.75 

Age 5 months   -0.01   0.008   0.43 

Age 6 months   -0.00   0.008   0.84 

Age 7 to 9 months  -0.00   0.007   0.52 

Age 10 to 12 months  -0.02   0.007   0.004 

Local breed versus  -0.01   0.006   0.049 

cross breed     

Peri-urban versus  0.04   0.004   <0.001 

rural district 

 

Adjusted r
2
 =0.1491 

  

Table 2.3 Factors associated with average daily gain of pigs owned by smallholder farmers in two 

districts of Western Kenya, 2006-2008 
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 CHAPTER THREE 

 

 

Nutrient composition and seasonal availability of local feedstuffs for pigs in Western Kenya 

NB  A version of this chapter is published in the Canadian Journal of Animal Science. 

Published on the web 13 May 2015, 10.4141/CJAS-2015-003.  

The accepted version (prior to copy editing and page composition) is available at 

http://pubs.aic.ca/journal/cjas. The final publication will be in the September 2015 edition of the 

printed journal. 

Abstract 

In this study nutritional values and seasonal availability were estimated for 25 local feedstuffs for 

pigs in western Kenya, based on analyzed nutrient contents and a review of the literature. 

Characteristics considered included: CP, NDF, ADF, ether extract (EE), Ca, P, standardized total 

tract digestible (STTD) P, total Lys, standardized ileal digestible (SID) Lys (all as g kg
-1

 of DM), 

and DE (kcal kg
-1

 DM). Contents of total Lys, SID lysine, STTD P, and DE were estimated. 

Overripe improved-variety avocado (Persea americana) had the greatest estimated DE (5280 

kcal kg
-1

 DM) and EE content (521 g kg
-1

 of DM). Cattle rumen content had the greatest NDF 

content (664 g kg
-1

 of DM). Sun-dried fish (Rastrineobola argentea) had the greatest estimated 

STTD P content (13.5 g kg
-1

 of DM). Amaranthus spinosus L. had the greatest Ca content (26 g 

kg
-1

 of DM). Fresh cattle blood had the greatest CP and estimated SID Lys content (944 and 83.0 

g kg
-1

 of DM, respectively). Feedstuffs availability periods are: March through May plus 

September and October; June through August; and November through February. Local feedstuffs 
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of sufficient nutritional value for pigs are seasonally available. Estimated nutritional values may 

assist in diet formulation.  

3.1 Introduction 

In developing countries livestock production can lift people out of poverty (Kristjanson et 

al. 2004; [Food and Agriculture Organization (FAO) 2012]). Pigs in western Kenya are generally 

fed inadequate diets because of high costs and seasonal shortages of appropriate feedstuffs 

(Kagira et al. 2010; Mutua et al. 2012). As a result mean ADG of growing pigs on smallholder 

farms is low at 130 + 2 g d-1 (Carter et al. 2013). Although a variety of potential feedstuffs for 

pigs are available, there is insufficient knowledge of the feeding value of local feedstuffs (Mutua 

et al. 2012). In properly formulated diets locally available feedstuffs may be used to meet 

nutrient requirements of pigs, improving pig growth performance and reducing feed costs. The 

objective of this study was to estimate the nutritional value and seasonal availability of 25 locally 

available feedstuffs for pigs in western Kenya. For nine feedstuffs sufficient information was 

deemed available in the literature. For the other 16 feedstuffs a total of 58 samples were 

collected for conducting nutrient analysis and estimation of nutritional values from nutrient 

contents.    

3.2 Materials and Methods 

3.2.1 Selection of feedstuffs, sampling and nutrient analysis  

Thirty-five locally available potential feedstuffs for pigs were identified by Mutua et al. 

(2012) and Kagira et al. (2010). Based on the scientific literature and interviews with local 

agriculture extension officers, these feedstuffs were ranked according to their appropriateness for 

widespread use for pigs considering their use as human food rather than feed, relative cost, 
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palatability, zoonotic disease risk, anti-nutritional factors and toxins, and likelihood of 

widespread accessibility and adoption by pig keepers. The 17 lowest ranked feedstuffs were 

excluded from this study, with reasons given in parentheses: beans, banana, papaya, guava, 

jackfruit, kale, orange, and sugarcane (also used for human food and high relative cost); sweet 

potato tuber (also used for human food); fish innards and spoiled tomato (limited accessibility); 

peelings from avocado and mango, yam leaf, and maize stocks and cobs (poor palatability); and 

cassava peels (high in anti-nutritional factors). Kitchen waste was also excluded because it must 

be boiled before being consumed by pigs to eliminate pathogens such as salmonella, 

campylobacter, Trichinella, and toxoplasma and to reduce the risk of spreading diseases, 

including hog cholera, foot and mouth disease, and African swine fever (New Zealand 

Government 2013; Office of the Federal Register National Archives and Records Administration 

2002). Facilities required to boil kitchen waste are likely beyond the resources of smallholder 

farmers. In addition to the 18 selected feedstuffs, seven other feedstuffs were selected because 

they were deemed relevant by local experts: rice bran (Oryza sativa), improved amaranth 

(Amaranthus sp.), indigenous amaranth (Amaranthus dubius Thell), spiny amaranth (Amaranthus 

spinosus L.), millet brewer’s waste, millet (Eleusine coracana), and sorghum (Sorghum bicolor). 

A list of the 25 selected feedstuffs is presented in Table 1. 

In June and August 2012, in Busia and Kakamega districts in western Kenya, a total 58 

samples were collected of 16 different feedstuffs for which data in the literature was deemed 

insufficient. For each feedstuff at least one sample was collected, while for some feedstuffs up to 

10 samples were collected based on anticipated variability or deemed importance. The actual 

number of analyzed samples per feedstuff is described in further detail below and is listed in 

Table 1. At least four samples were taken for feedstuffs expected to be highly variable in 
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composition i.e avocado fruit (Persea americana; n = 10), fresh cattle blood (n = 4), cattle rumen 

content (n = 7), grist mill waste (n = 5), and brewer’s waste (similar but not identical to brewer’s 

grains; n = 6). Three samples were taken for the highest ranked feedstuffs, such as maize flour 

(Zea mays), hairy beggarticks (Bidens pilosa L.), dayflower (Commelina africana), and cassava 

leaf (Manihot esculenta Crantz). Samples of avocado fruit, mango fruit (Mangifera indica; n = 

4), hairy beggarticks (n = 3), dayflower (n=3), improved amaranth (n = 2), indigenous amaranth 

(n = 2), and spiny amaranth (n = 2), were collected during a 5-d period in June. Brewer’s wastes, 

cassava root (n = 3), rice bran (n = 1), cattle rumen content, and cattle blood samples were 

collected during a 15-d period in August. Maize flour (n = 3), grist mill waste, and cassava leaf 

(n = 3) samples were collected during both sampling periods. Each legume (leaf and stem) and 

cassava leaf (axil, stalk, and blade) sample was a composite of several plants. Each mango and 

avocado sample (flesh and skin included, seed removed) was derived from one entire fruit. 

Mango and avocado were classified by a local research assistant according to local human 

consumption preferences by gently squeezing the fruit to determine its degree of ripeness. Each 

cassava root sample was a sub-sample of one tuber that was cut into pieces. Each maize flour 

sample was a 0.15 kg composite sample taken from a single larger 10-kg sample of whole maize 

from a home (n=1) or a market vendor (n=2) then ground separately at the same local grist mill 

in Bulwani village. Grist mill waste samples were sourced from five grist mills and each 0.13 kg 

sample was a composite sample taken from a single larger 10-kg sample. Maize brewer’s waste 

(n = 4) and millet brewer’s waste (n = 2) samples were sourced from six local brewers (4 

brewers in Funyula village and 2 brewers in Butula village) and each 0.25 kg sample was a sub-

sample of one larger 2-kg sample (all of the waste from one batch of brew). Cattle rumen content 

and cattle blood samples were sourced from 11 animals. Each 0.40 kg cattle rumen content 
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sample and each 0.35 kg cattle blood sample was a sub-sample taken from one larger 2-kg 

composite sample. Results obtained from nutrient analyses conducted in this study are identified 

in italic font in Table 1 and as “current study”. 

At the time of collection fresh samples were immediately placed in Ziploc® clear plastic 

bags, (SC Johnson, 1525 Howe Street, Racine, WI, USA) sealed, and put in an insulated 

container with ice. In June samples were delivered on the day of sample collection to Kenya 

Agriculture Research Institute Laboratory (KARI), Kakamega, Kenya, for immediate processing. 

In August samples were shipped 10 days apart by courier in an insulated container packed with 

ice, which arrived at the Animal Nutrition Laboratory, University of Nairobi, Nairobi, Kenya, the 

next day at 0900. Upon arrival the entire samples were weighed and dried at 60° C to a constant 

weight – at KARI in a Fisher scientific isotemp oven model 750G (Thermo Fisher Scientific Inc., 

81 Wyman Street, Waltham, MA, USA) and at University of Nairobi in an ED-53 oven (Binder 

GmbH, Im Mittleren Osch 5, 7852 Tuttlingen, Germany) - and then ground to pass through a 1 

mm screen with a Willey Mill Standard Model No. 3 (Arthur H. Thomas Co., Vine St, 

Philadelphia, PA, USA). Dried ground samples were immediately placed in Ziploc® clear plastic 

bags, sealed, and sent to International Livestock Research Institute (ILRI) Laboratory, Addis 

Ababa, Ethiopia, for nutrient analysis. Samples were analyzed for contents of dry matter (DM) 

[Association of Official Analytical Chemists (AOAC) 1995; 934.01], CP (AOAC 1990; 988.05), 

and ether extract (EE) (AOAC 1990; 920.39); Ash and NDF (Van Soest and Robertson 1985); P 

(AOAC 2002; 965.17); and Ca (atomic absorption spectroscopy using AAnalyst 300 and 

according to instructions provided with the equipment; The Perkin-Elmer Corporation, Waltham, 

MA, USA). The DM content of each original fresh sample was calculated considering 

cumulative moisture losses during the two consecutive drying procedures.  
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Nutrient values for maize flour, chicken viscera, cattle rumen content, and all leafy 

materials were taken from the online animal feed resources information system (Feedipedia 

2014) and from sources describing feedstuffs sampled in tropical regions, as they were 

considered to better reflect local conditions in East Africa. For example, for maize flour, values 

were taken for maize grain, sub-Sahara and East Africa from Feedipedia (2014), rather than 

those for yellow dent corn listed in NRC (2012). For tropical feedstuffs such as cassava root, and 

sugar cane molasses, nutrient values from all sources were included in the data base (Table 1). 

3.2.2 Data management 

Data was managed using MS Excel (Microsoft Corporation, Microsoft Way, Redmond, 

WA, USA). For subsequent use in diet formulation, the following characteristics were 

considered: CP, NDF, ADF, ether extract (EE), calcium (Ca), phosphorous (P), estimated 

standardized total tract digestible (STTD) P, estimated standardized ileal digestible (SID) Lys 

content (all as g kg
-1

 of DM), and estimated DE (kcal kg
-1

 DM). Mean, standard deviation, and 

coefficient of variation of each characteristic for each feedstuff was determined, based on either 

analyses results for individual samples or individual values obtained from the literature.  

Digestible energy (DE; kcal kg
-1

 of DM), when not available in the literature, was 

estimated as: [4168 - (9.1 x Ash % x 10) + (1.9 x CP % x 10) + (3.9 x EE % x 10) – (3.6 x NDF 

% x 10)] [National Research Council (NRC) 2012]. Total Lys content, when not reported in the 

literature (maize brewer’s waste, millet brewer’s waste, grist mill waste, and raw chicken 

viscera), was estimated from analyzed CP content and literature values for Lys content within CP 

in related feedstuffs. For maize brewer’s waste and grist mill waste, Lys content within CP was 

taken from sub-Sahara and East Africa maize grain (Feedipedia 2014). For millet brewer’s waste 

Lys content within CP was taken from millet (NRC 2012). For raw chicken viscera Lys content 
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within CP was taken from poultry meal (NRC 2012). For maize and millet brewer’s waste the 

potential increase in Lys content due to fermentation was ignored; based on a 10 % increase in 

Lys content within CP in corn dried distiller’s grains (DDG) compared to corn (NRC 2012), the 

effect of fermentation was considered negligible. Lys content within CP in avocado, mango, and 

rice bran was estimated from literature values for these feedstuffs.  

The SID (%) of Lys in citrus pulp (40 %; [Centraal Veevoederbureau (CVB) 2003]) was 

used to estimate SID of Lys in all fruits. Alfalfa meal SID of Lys (56 %; NRC 2012) was used to 

estimate SID of Lys in all leafy materials. Yellow dent corn and sorghum SID of Lys (74 %; 

NRC 2012) was used to estimate SID of Lys in all cereal grains. The SID of Lys of microbial 

mass is higher than that of leafy materials (e.g., brewer’s yeast SID of Lys of 76 % versus alfalfa 

meal SID of Lys 56%: NRC 2012). Therefore, SID of Lys of cattle rumen content was estimated 

at 60 % to reflect improvements in AA availability of leafy materials (56%; NRC 2012) due to 

microbial fermentation in the rumen. Mean SID of Lys in blood meal and poultry meal (90 %; 

NRC 2012) was used to estimate SID of Lys in cattle blood and chicken viscera. The SID of Lys 

in fishmeal (86 %; NRC 2012), rice bran (78 %; NRC 2012), sugar cane molasses (86 %: NRC 

2012) and cassava (55 %; CVB 2003) were used as the nearest approximation for SID of Lys of 

sun-dried fish, rice bran, sugar cane molasses, and cassava root and potato tuber (Solanum 

tuberosum), respectively. 

The STTD (%) of P in citrus pulp (55 %; CVB 2013) was used to estimate STTD of P in 

all fruits. Grass meal and alfalfa STTD of P (40 %; CVB 2013) was used as an estimate for all 

leafy materials. Sorghum P STTD (20 %; NRC 2012) was used as an estimate for millet and 

millet brewer’s waste. Yellow dent corn P STTD (34 %; NRC 2012) was used as the nearest 

approximation for maize flour and maize brewer’s waste. The STTD of P in cattle rumen content 
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was estimated at 50 % to reflect improved P availability of leafy materials (40 %; CVB 2013) 

due to microbial fermentation in the rumen. The STTD of P in blood meal (88 %), poultry meal 

(62 %), rice bran (23 %), sugar cane molasses (63 %), cassava meal (24 %), and fishmeal 

combined (82 %) were used as estimates for cattle blood, chicken viscera, rice bran, sugar cane 

molasses, dehydrated cassava root, and sun-dried fish, respectively (NRC 2012). 

3.2.3 Seasonal availability 

Seasonal availability of feedstuffs in the two districts, located in agro-ecological zones Lower 

Midland 1-3, and Upper Midland 1 and 4, was estimated using FAO crop calendar (FAO 2014) 

and by local district livestock and crop extension officers in Busia district, western Kenya. 

3.3 Results and Discussion 

3.3.1 Nutrient content of feedstuffs 

Estimated mean values and variability for nutrient profiles of the 25 feedstuffs are 

summarized in Table 1.  

Across feedstuffs estimated DE content ranged between 844 and 5280 kcal kg
-1 

DM, 

while EE content ranged between 6.0 and 521 g kg
-1

 of DM. Avocado fruit (overripe and ripe 

improved variety, overripe and ripe local variety) had high estimated DE content. The high 

estimated DE content can be attributed to the relatively low NDF content and the high EE 

content of avocado fruit (overripe and ripe improved, overripe and ripe local). Cattle blood also 

had high estimated DE content. Cattle rumen content had the lowest estimated DE content. 

Overripe improved avocado had the highest EE content, while cattle blood and sugar cane 

molasses had the lowest EE content. 
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Across feedstuffs ash content ranged between 14 and 159 g kg
-1

 of DM. Sun-dried fish 

had the highest ash content and maize flour had the lowest ash content. Neutral detergent fibre 

and ADF content ranged from 8.0 to 664.0 and from 4.0 to 475 g kg
-1

 of DM, respectively. Cattle 

rumen content, rice bran, and banana leaf had high NDF content. Cassava root without peel, and 

potato tuber, had low NDF content. Hairy beggarticks, dayflower, and cattle rumen content had 

high ADF content. Sugar cane molasses and maize flour had low ADF content.  

Across feedstuffs Ca and P content ranged from 0.16 to 26.1 and from 0.7 to 16.0 g kg
-1

 

of DM, respectively, while estimated STTD P content varied between 0.1 and 13.5 g kg
-1

 of DM. 

Spiny amaranth, sun-dried fish, and cassava leaf had high Ca content. Cassava root with peel, 

and sorghum had low Ca content. Maize flour, overripe and ripe local avocado had low and 

equal Ca content. Sun-dried fish had the greatest total P content. Rice bran and cassava root plus 

peel had low total P content. Sun-dried fish had the greatest estimated STTD P content. Many 

feedstuffs had low estimated STTD P content including cassava root (with and without peel), 

mango (ripe and overripe), grist mill waste, millet brewer’s waste, and dayflower.  

Across feedstuffs CP and estimated total Lys content ranged from 26.0 to 944 g kg
-1

 of 

DM and from 0.2 to 92.0 g kg
-1

 of DM, respectively, while estimated SID Lys content varied 

between 0.1 and 83.0 g kg
-1

 of DM. Cattle blood had the greatest CP content. Cassava root with 

and without peel, and mango (ripe and overripe local) had low CP content. Cattle blood and sun-

dried fish had the greatest estimated total Lys content. Sugar cane molasses and cassava root 

with and without peel had low estimated total Lys content. Cattle blood and sun-dried fish had 

high estimated SID Lys content. Sugar cane molasses, banana peel, and cassava root with and 

without peel had low estimated SID Lys content. The relatively high CP and estimated SID 

content in many of the forages including amaranth (improved, indigenous, and spiny), dayflower, 
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hairy beggarticks, and cassava leaf is noteworthy. This study demonstrates that forages can be 

considered as sources of CP and Lys for pigs.  

The variability in nutrient content among samples was large for some of the feedstuffs. 

Estimated DE content varied considerably between samples of cattle rumen content (CV = 15.9), 

indigenous amaranth (CV = 26.4), improved amaranth (CV = 67.8), and spiny amaranth (CV = 

39.4). Crude protein (CV = 25.4) and EE (CV = 32.3) content varied between cattle rumen 

content samples. Ether extract content varied between samples of grist mill waste (CV = 39.3)  

and overripe local avocado (CV = 53.9). Neutral detergent fibre content varied between samples 

of grist mill waste, maize brewer’s waste, cassava leaf, and spiny amaranth (CV = 30.3; CV = 

19.4; CV = 50.6; and CV = 20.6 respectively). The Ca content varied between samples of spiny 

amaranth (CV = 50.6) and samples of cattle blood (CV = 63.2). Lastly, total P content varied 

between maize flour samples (CV = 93.9). 

In some instances large differences in nutrient values were observed between analyses 

conducted in this study when compared to literature values. Variation within analyses conducted 

in this study, and between analyses conducted in this study and literature values, can be 

attributed to various factors such as animal management and nutrition (cattle blood and cattle 

rumen content), maturity, cultivar, and seasonal effects (plants, fruits, vegetables), and milling 

and processing practices (grains and grain co-products). 

In particular for blood, differences in CP (mean values, analyzed vs literature: 519.0 vs 

944.0 g kg
-1

 of DM), EE (6.0 vs 14.0 g kg
-1

 of DM), total P (1.5 vs 3.0 g kg
-1

 of DM), and 

estimated total Lys content (50.7 vs 92.0 g kg
-1

 of DM) were large. Variability in blood nutrient 

content may be due to differences in animal management and nutrition, as well as chemical 

changes that occur when blood is exposed to the environment. Similarly, large differences were 
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observed for cattle rumen content samples for estimated DE (844 vs 2795 kcal kg
-1

 of DM), CP 

(126.0 vs 208.0 g kg
-1

 of DM), and EE content (31.0 vs 146.0 g kg
-1

 of DM). These differences 

were not unexpected because the nutrient profile of rumen content reflects variability in 

feedstuffs consumed by ruminant animals. In the case of rice bran differences in contents of 

estimated DE (1126 vs 2102 kcal kg
-1

 of DM), NDF (606.0 vs 487.0 g kg
-1

 of DM), EE (49.0 vs 

103.0 g kg
-1

 of DM), and Ca (1.2 vs 4.7 g kg
-1

 of DM) may be due to variation in rice varieties or 

milling processes. In hairy beggarticks, differences in CP content (252.0 vs 150.0 g kg
-1

 of DM) 

may reflect differences in plant maturity and seasonal effects. In dayflower,  differences in 

contents of EE (70.0 vs 162.0 g kg
-1

 of DM), ADF (406.0 vs 196.0 g kg
-1

 of DM), Ca (17.8 vs 

1.1 g kg
-1

 of DM), and P (4.2 vs 0.7 g kg
-1

 of DM) may be because in this study Commelina 

africana was sampled, while in the literature values are only reported for Commelina 

benghalensis. In cassava root, differences in contents of estimated DE (2227 vs 3713 kcal kg
-1

 of 

DM), CP (73.0 vs 31.0 g kg
-1

 of DM), ADF (219.0 vs 42.0 g kg
-1

 of DM), EE (17.0 vs 8.0 g kg
-1

 

of DM), and Ca (12.4 vs 2.0 g kg
-1

 of DM) and in cassava root with peel, differences in contents 

of estimated DE (2060 vs 3750 kcal kg
-1

 of DM), CP (100.0 vs 26.0 g kg
-1

 of DM), NDF (514.0 

vs 78.0 g kg
-1

 of DM), ADF (164.0 vs 53.0 g kg
-1

 of DM), and EE (16.0 vs 8.0 g kg
-1

 of DM) 

may reflect differences in plant maturity and type of cultivars sampled in this study and in the 

literature.  

This study is the first major attempt to characterize the nutritional value of locally 

available feedstuffs for pigs in western Kenya. This information is needed as a basis to develop 

balanced low-cost diets for pigs for use in each season. When using these locally available 

feedstuffs to formulate diets, potential nutritional risks should be considered, including extreme 

nutrient compositions, anti-nutritional factors and toxins, and contamination (e.g. with sand). 
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These considerations are discussed in more detail in a subsequent manuscript where pig nutrient 

requirements, ingredient constraints (i.e., minimum and maximum dietary inclusion levels), and 

actual diet composition are presented (Chapter 4). The study has various limitations. First, for 

some of the feedstuffs few samples were obtained (n<3). The variability between samples of 

these feedstuffs was unknown, and even though care was taken to sample across time and 

locations, there is the concern that the obtained samples may not be representative of feedstuffs 

in the study area. Second, for two feedstuffs the volume of material collected was insufficient for 

conducting all of the intended nutrient analysis. Not enough material was available to conduct 

NDF analysis on any of the dayflower samples, or to conduct EE and ADF analyses on two of 

the dayflower samples. Not enough material was available to conduct NDF analysis on one of 

the hairy beggarticks samples, or to conduct EE and ADF analyses on two of the hairy 

beggarticks samples. Third, in this study nine feedstuffs were not sampled (banana peel, chicken 

viscera, sugar cane molasses, banana leaf, sweet potato vine, potato, sun-dried fish, millet, and 

sorghum) and only literature values are presented. For these feedstuffs the literature nutrient 

values and variability reported in Table 1 may not be representative of feedstuffs in this specific 

region and sampling period, even though literature values do represent results obtained from 

tropical regions. The last limitation is the subjective classification of ripeness of avocado and 

mango, as well as possible further ripening of fruit between sampling and sample drying. 

However, fruit was stored at all times in an insulated container with ice so ripening should have 

been minimal.  

The current study yields valuable information about nutritional values of local feedstuffs 

in western Kenya. In future studies and when more resources are available this data base may be 

expanded and focussed on additional feedstuffs, such as ensiled or dried forages and tubers, co-
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products such as sunflower and cottonseed meal, and dried and fermented blood and rumen 

content that have potential to serve as major feedstuffs for pigs.   

3.3.2 Seasonal availability 

Seasonal availability of feedstuffs is shown in Table 2. There are three main periods of 

availability of feedstuffs for pigs in western Kenya; March through May plus September and 

October; June through August; and November through February. Fresh forages are available 

shortly after the rains begin (March and September) and while rain continues to fall (April, May, 

and October). Fruit is available from June through August. Agricultural co-products such as 

banana peel and leaf, chicken viscera, cattle blood and rumen content, maize brewer’s waste, 

millet brewer’s waste, grist mill waste, rice bran, and sugar cane are available all year. Grains, 

maize flour, and sun-dried fish are also available all year. Neither forages nor fruit are available 

from November through February making this the time of year when availability of feedstuffs for 

pigs is most limited. Soybean meal is not widely available in western Kenya. 

3.4 Conclusion 

In conclusion, local feedstuffs of sufficient nutritional value for pig diets are seasonally 

available in the tropical region of western Kenya. There is considerable variation in analyzed 

nutritional value between individual samples of the same type of feedstuff. Moreover, for several 

feedstuffs there is considerable difference between the analyzed nutrient values observed in the 

current study and values reported in the literature. Therefore, further sampling and analysis of 

these local feedstuffs is recommended. Analyses may be expanded to include some key anti-

nutritional factors and toxins that may limit the use of these feedstuffs in animal diets. 

Consideration of the variation in seasonal availability of feedstuffs is critical when developing a 
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strategy to overcome seasonal feed shortages for pigs. Conservation of seasonally available 

feedstuffs should also be explored to overcome seasonal feed shortages and to minimize 

competition between people and animals for food and feed. Further research is required to 

investigate feed and food safety aspects of using and treating animal products such as cattle 

blood and chicken viscera. For full cost-benefit analyses of using alternative local feedstuffs for 

pigs, the opportunity costs and benefits of using various feedstuffs, such as labour required to 

gather them, should be considered. Knowledge about the nutritional value and seasonal 

availability of locally available feedstuffs for pigs in sub-Saharan regions such as western Kenya 

will allow researchers to develop diets that are well-balanced and low-cost, ultimately leading to 

improved pig growth performance and reduced poverty.   
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study
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1.2 

4681  + 
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2 i,h 56. 5120 + 60.0 944.0 0 0 14.0 5.0 + 3.0 + 1.0 2.8 + 1.1
k
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Table 3.1 Dry matter (DM) content, estimated digestible energy content (DE) and nutrient composition of locally available feedstuffs for 

pigs in Western Kenya estimated from laboratory analysis (current study) or a review of the literature
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Chicken viscera 
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Poultry offal meal 
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Maize brewer’s waste (Zea mays) 
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Millet brewer’s waste (Eleusine coracana) 

Current 

study 

2  18.

1 + 

10.

0 

2141 +  

36 

70.0 

+  

17.0 

114.0 

+ 

24.0 

489.0 

+ 

36.0 

339.0 

+  

18.0 

39.0 

+  

4.0 

5.1 + 

0.1 

1.8 + 0.2 0.35 + 

0.03
yy

 

3.5 + 

0.8
xx

 

2.59 + 0.56
 zz

 

Rice bran  (Oryza sativa) 
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1  84.

6 
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ww

 6.3 2.54
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Sugar cane molasses 
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Forages 

Banana leaf (Musa sp.) 
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Literature 1 rr 92.

2 

1501 182.4 150.0 385.0 353.0 25.0 – – – – – 

Dayflower leaf and stem (Commelina africana)  

Current 

study 

3  21.

6 + 

17.

6 

1496 + 

408 

221.0

n
 

246.0 

+ 1.0 

499.0 

+ 

28.0
ss
 

406.0

n
 

70.0
r
 17.8 + 

0.2 

4.2 + 2.0 1.7 + 0.78
m
 2.6 + 

0 

1.5+ 0.01
l
 



 

  

64 

 

Literature 9 pp.nn 83.

7 + 

3.7 

3575 + 

356.3 

24.0 

+ 1.1 

208.0 

+ 

35.0 

412.0 

+ 

33.0 

196.0 

+ 

19.0 

16.2 

+ 6.5 

1.1
n
 0.7

r
 0.4

m,n
 9.0

n
 5.0

j,n
 

Sweet potato vine (Ipomoea batatas)  

Literature  3 i,mm,uu 15.

9 + 

3.5 

2024 + 

245.8 

111.0 

+ 7.0 

149.0 

+32.0 

393.0 

+ 

44.0 

310.0 

+ 

10.0 

350 

+ 

18.0 

5.0 + 

6.0 

2.0 + 2.0 0.9 +1.0
m

 6.0
n
 3.3

n,l
 

Tubers 

Cassava root (Manihot esculenta Crantz)  

Current 

study 

2  24.

9 + 

7.8 

2778 + 

570 

26.0 

+ 6.0 

71.0 

+ 

32.0 

376.0 

+ 

128.0 

133.0 

+ 5.4 

17.0  

+  

2.0 

18.0 + 

6.2 

0.8 + 1.0 0.24 + 0.06
ll
 2.0 + 

1.0 

1.4+ 0.62
kk

 

Literature 3 i,h,jj 68.

2 + 

30.

3 

3713 + 

154.4 

51.0 

+ 

13.0
qq

 

31.0 

+ 6.0 

56.0 

+ 

19.0 

42.0 

+ 

26.0 

8.0 + 

2.0 

2.0 + 

2.0 

1.0 + 1.0 0.30 + 0.1
ll
 1.0 + 

0 

0.6 + 0.2
 kk

 

Cassava root with peel (Manihot esculenta Crantz) 

Current 

study 

1  25.

1 

2060 56.0 100.0 514.0 164.0 16.0 5.0 1.0 0.3
ll
 3.5 1.9

 kk
 

Literature 1 i 37. 3750 28.0 26.0 78.0 53.0 8.0 0.16 1.2 0.3
ll
 1.6 0.9

 kk
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6 

Potato root  (Solanum tuberosum) 

Literature 1 i 20.

2 

1925 112.0 165.0 427.0 317.0 48.0 9.5 2.9 0.5
ll
 5.9 2.9

kk
 

Fruit 

Avocado fruit– ripe
ii
 improved (Persea americana) 

Current 

study 

2  18.

0 + 

0.1 

4089 + 

295 

97.0 

+ 

36.0 

73.0 

+ 3.0 

256.0  

+ 2.0 

251.0 

+ 0.3 

407.0 

+ 9.0 

1.1 + 

0.4 

1.7 + 0.3 0.96 + 

0.19
hh

 

4.8 + 

0.2
gg

 

1.9 + 0.08
ff
 

Avocado fruit– overripe
ii 

improved (Persea americana)  

Current 

study
 

2  15.

2 + 

0.2 

5280 + 

902 

50.0 

+ 

12.0 

78.0 

+ 0 

170.0 

+ 

56.0 

158.0 

+ 

40.0 

521.0 

+ 

208.0 

0.7 + 

0.2 

2.1 + 0.3 1.1 + 0.14
hh

 5.1 + 

0
gg

 

2.1 + 0
ff
 

Avocado fruit– ripe 
ii
local (Persea americana) 

Current 

study 

2  24.

4 + 

0.5 

4849  +  

241 

60.0  

+ 

12.0 

57.0 

+ 

18.0 

199.0 

+ 

19.0 

169.0 

+ 

15.0 

470.0 

+ 

63.0 

0.4 + 0 2.1 + 0.4 1.2 + 0.22
hh

 3.7 + 

1.2
gg

 

1.5 + 0.47
ff
 

Avocado fruit– overripe
ii
 local (Persea americana)  

Current 

study 

4  17.

8 + 

4485 

+1219 

58.0+ 

18.0 

50.0 

+ 

205.0 

+ 

210.0 

+ 

382.0 

+ 

0.4 + 0 2.3 + 0.3 1.3 + 0.18
hh

 3.3 + 

1.1
gg

 

1.3+ 0.45
 ff
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1.1 17.0 163.0 152.0 206.0 

Avocado fruit raw, all commercial varieties
 
(Persea americana) 

Literature
f 

1 ff 25.

7 

– – 77.8 – – – – – – 4.9 2.0
 ff

 

Mango fruit – ripe
ii
 local (Mangifera indica) 

Current 

study  

2  17.

3 + 

0.5 

2826 + 

80 

32.0 

+ 1.0 

32.0 

+ 3.0 

327.0 

+ 4.0 

301.0 

+ 

14.0 

16.0 

+ 

14.0 

2.9 + 

0.4 

0.8 +0.2 0.44 + 

0.09
hh

 

2.6 + 

0.2
dd

 

1.0 + 0.09
 ff

 

Mango fruit– overripe
ii
 local (Mangifera indica) 

Current 

study 

2  16.

9 + 

2.2 

3227 + 

264 

33.0 

+ 3.0 

380.0 

+10.

0 

205.0 

+ 

70.0 

202.0 

+ 

83.0 

7.0 + 

1.0 

3.9 + 

1.3 

0.9 + 0 0.48 + 

0.01
hh

 

3.1 + 

0.8
 dd

 

1.2 + 0.33
 ff

 

Literature
f 

1 ff 16.

5 

– – 49.0 – – – – – – 3.9 1.6
 ff

 

Fish 

Sun-dried fish (Rastrineobola argentea) 

Literature  9 cc - zzz 90.

9 + 

3.0 

4209 + 

807.1 

159.0 

+ 

44.0 

599.0 

+ 

74.0 

0 0 120.0 

+ 

26.0 

16.0
r 

16.0
10 

13.5
n,yyy

 67.0 + 

7.0 

58.0 + 5.9
yyy,xxx

 

Grain 
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Maize Flour (Zea mays) 

Current 

study  

3  86.

6 + 

0.2 

3766 + 

439 

14.0 

+ 2.0 

95.0 

+ 

16.0 

181.0 

+ 

115.0 

44.0 

+ 4.0 

49.0 

+ 3.0 

0.4 + 

0.1 

3.3 + 3.1 1.1 + 1.05
b
 2.8 + 

0.5
a
 

2.05+0.35
zz
 

Maize grain, subSahara and East Africa (Zea mays) 

Literature 1 i 90.

0 

3965 43.0 80.0 155.0 32.0 45.0 0.4 2.9 1.0
b
 2.3 1.7

 zz
 

Millet (Eleusine coracana) 

Literature 2 i,h 88.

8 + 

0.4 

3426 + 

19.1  

40.0
n 

112.0 

+ 

32.0 

208.0 

+ 

42.0 

126.0 

+ 

42.0 

32.0 

+ 

23.0 

3.0 + 

3.0 

3.0 + 0 1.4  + 0.0
yy

 3.0 + 

1.0 

2.5+ 0.8
zz

 

Sorghum (Sorghum bicolor) 

Literature 2 i,h 88.

4 + 

1.4 

3934 + 

125.4 

20.0 

+ 2.0 

106.0 

+ 2.0 

114.0 

+ 6.0 

43.0 

+ 9.0 

34.0 

+ 

36.0 

0.3 + 0 3.3 + 3.0 1.3 + 0.1
yy

 2.0 + 

0 

1.7 + 0.1
zz

 

z
 Values represent means ± standard deviation; in the case of literature values the actual references are provided.  

y
 For values found in the literature, references are provided.

  

x
 CP = Crude protein. 

w
 NDF = Neutral detergent fibre. 
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v
 ADF = Acid detergent fibre. 

u
 EE = Ether extract. 

t
 STTD P = Standardized total tract digestible phosphorus content. Calculated from P content and estimates of STTD of P from CVB 

(2003) for closely related feedstuffs alfalfa and grass meal
m

, and from NRC (2012) for closely related feedstuffs blood meal
k
, poultry 

meal
d
, yellow dent corn

b
, sorghum

yy
, rice bran

ww
, sugar cane

 
molasses

vv
, cassava meal

ll
, citrus pulp

hh
, and fish meal combined

yyy
 

respectively as the nearest approximation. See the text for further details. 

s
 In this study amino acid analyses were not conducted. Estimated from CP content and the Lys to CP ratio in closely related feedstuff 

poultry meal
d
, maize grain subSahara and East Africa

a
, millet

ww
, dayflower (Commelina benghalensis)

ss
, avocado raw all commercial 

varieties
gg

, mango
dd 

respectively as nearest approximation. See the text for further details. 

r
 SID Lys = Standardized ileal digestible lysine content. Calculated using Lys content and estimates of SID of Lys for closely related 

feedstuffs, including alfalfa meal
l
 (NRC 2012), blood meal and poultry by product

j
 (NRC 2012), alfalfa meal + microbial activity

f
 

(NRC 2012), yellow dent corn and sorghum
zz

 (NRC 2012), rice bran
ww

 (NRC 2012), sugar cane molasses
vv

 (NRC 2012), dehydrated 

cassava
kk

 (CVB 2003), citrus pulp
ff
 (CVB 2003), fishmeal combined

yyy 
(NRC 2012) respectively as the nearest approximation. In this 

study amino acid analyses were not conducted. See the text for further details. 

q
 Tartrakoon et al. (2009). 

p
 Emaga et al. (2011). 

n
 Value is from one sample only.  
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i
 Feedipedia (2013). 

h
 NRC (2012). 

f 
Used for Lys as fraction of crude protein only. 

e
 Oliveira and de Carvalho (1975). 

uu
 Katongole et al. (2007).  

tt
 Ravindran (1993). 

rr 
Lebas et al. (2012). 

qq
 Value is from two samples only.  

pp 
Chikwanha et al. (2007). 

nn
 Lanyasunya et al. (2007). 

mm
 Giang et al. (2004). 

jj
 Blair (2007). 

ii
Mango and avocado were classified by a local research assistant according to local human consumption preferences by gently 

squeezing the fruit to determine its degree of ripeness. 

ff
 Agricultural Research Service United States Department of Agriculture (2013). 

cc
 Tuitoek (1992). 

bb
 Oduho et al. (2005). 
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aa
 Bille and Shemkai (2006). 

zzz 
Kabahenda et al. (2011). 

xxx
 Value is from four samples only. 
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 Months 

Feedstuff Jan. Feb. Mar. Apr May June July Aug. Sep. Oct. Nov. Dec. 

Amaranth- Indigenous (Amaranthus dubius Thell.), 

Improved (Amaranthus sp.), Spiny (Amaranthus 

spinosus L.) 

No No Yes Yes Yes Yes No Yes Yes Yes No No 

Avocado (Persea americana) No No No No No Yes Yes Yes No No No No 

Dayflower (Commelina africana) No No No Yes Yes Yes Yes No Yes Yes Yes No 

Hairy beggarticks (Bidens pilosa) No No Yes Yes Yes Yes No No Yes Yes No No 

Mango (Mangifera indica) No No No No No Yes Yes Yes No No No No 

Potato tuber (Solanum tuberosum) Yes Yes Yes No No No No No No No No Yes 

Sweet potato vine (Ipomoea batatas) No No No No Yes Yes Yes Yes Yes Yes Yes Yes 

 

Table 3.2 Seasonal availability of local feedstuffs for pigs in Western Kenya 
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 CHAPTER FOUR 

 

Nutrient requirements and low-cost balanced diets, based on seasonally available local 

feedstuffs, for local pigs on smallholder farms in Western Kenya 

NB An abbreviated version of this chapter has been submitted for publication to the Journal of 

Tropical Animal Health and Production. It is currently under review (submitted May 5, 2015). 

Abstract  

Pork production can alleviate poverty in the tropics, but pig productivity is currently low. 

Low-cost balanced diets are needed to improve pig performance. In this study we estimated the 

nutrient requirements of local pigs on smallholder farms and developed balanced low-cost diets 

using seasonally available local feedstuffs.  Diets were formulated to provide pigs with 80% of 

the nutrient density in corn and soybean meal based (reference) diets to minimize the cost per 

unit of energy and other nutrients.
 
Estimated requirements for starting and growing pigs (8 to 35 

kg body weight) were: Digestible energy (DE) 2960 kcal kg
-1

 of dry matter (DM), standardized 

ileal digestibility (SID) lysine 5.8 g kg
-1

 of DM; calcium 2.8 g kg
-1

 of DM; standardized total 

tract digestible (STTD) phosphorous 1.7 g kg
-1

 of DM; and SID CP 105 g kg
-1

 of DM. Twenty-

two diets are presented based on season, cost, and feedstuff availability. Nutrient requirements of 

local pigs on smallholder farms in Kenya differ from those of exotic breed pigs raised in 

commercial settings. Seasonally available local feedstuffs are used to develop low-cost balanced 

diets.   

4.1 Introduction  
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Pork production can alleviate poverty in Kenya (FAO, 2012). For the potential benefits of 

pork production to be realized, pig productivity must be improved and production constraints 

decreased (Mutua et al., 2011; Mutua et al., 2012). In western Kenya unbalanced diets, poor 

genetics, free-range management, and gastrointestinal parasites contribute to low growth 

performance of pigs raised on smallholder farms (Kagira et al., 2010; Mutua et al., 2011; Mutua 

et al., 2012; Carter et al., 2013; Thomas et al., 2013). Pigs are mainly fed high-carbohydrate low-

to-no-protein diets, and farmers report that access to feed is a key constraint (Kagira et al., 2010; 

Mutua et al., 2011; Mutua et al., 2012). Cost-effective balanced pig diets are likely to improve 

pig performance in western Kenya. Nutrient requirements of local pigs raised in smallholder 

management conditions are largely unknown. To our knowledge, empirical nutrient requirement 

studies for local pigs in East Africa have not been done. Estimated nutrient requirements are 

therefore needed because the growth performance potential of local pigs differs from that of 

exotic pigs (Ndindana et al., 2002; Codjo, 2003; Kanengoni et al., 2004; Len et al., 2007; 

Anugwa et al., 2008). The first objective of this study was to use a modeling approach to 

estimate nutrient requirements of local breed starting and growing pigs raised on smallholder 

farms in two districts of Western Kenya. The second objective was to develop balanced low-cost 

diets using seasonally available local feedstuffs. 
 

4.2 Materials and Methods 

4.2.1 Determination of nutrient requirements 

The dynamic NRC (2012) nutrient requirement model for growing-finishing pigs was converted 

into a static model to represent the utilization of daily digestible energy (DE, kcal d
-1

) intake for 

maintenance, body protein deposition (Pd, g day
-1

), and body lipid deposition (Ld, g day
-1

) for 
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pigs between 8 and 35 kg bodyweight (BW), and to estimate nutrient requirements from BW and 

Pd. The static model was used to estimate mean average daily body weight gain (ADG, g day
-1

) 

from Pd and Ld, and nutrient requirements of Kenyan local starting pigs (8 to 20 kg BW) and 

growing pigs (20 to 35 kg BW).  

For conversion to a static model an equation was required to estimate the ratio between 

fat-free empty BW gain (e.g. protein, water plus ash gain) and Pd between 8 and 35 kg BW. This 

equation was generated using daily changes in body composition obtained from the (dynamic) 

NRC (2012) growing-finishing pig model and used to reflect that the ratio between fat-free 

empty BW gain and Pd declines with increasing BW:  

(Fat-free empty BW gain) / Pd = 5.1533 - 0.047901 × BW + 0.00073988 × BW
2
 – 

0.0000044851 × BW
3
.
 

All other calculations, including the estimation of nutrient requirements, were taken 

directly from NRC (2012) and programmed into Microsoft Excel 
TM

 (Microsoft Corporation, 

Microsoft Way, Redmond, WA, USA). Pig performance results from five controlled feeding 

trials involving indigenous and local breed pigs were used to adjust the model to growth 

performance levels observed in Kenyan pigs (Ndindana et al., 2002; Codjo, 2003; Kanengoni et 

al., 2004; Len et al., 2007; Anugwa et al., 2008; Carter et al., 2013). Using the observed mean 

BW (kg), feed DM intake (g day
-1

), and diet DE content (kcal kg
-1

 of DM) as model inputs, mean 

Pd (g day
-1

; also a model input) was adjusted until observed ADG was identical to model 

estimated ADG. This approach is described in detail in NRC (2012). Mean BW, ADG, feed 

conversion ratio (feed:gain; FCR), DE, intake (expressed as a percentage of voluntary daily DE 

intake according to NRC (2012),
 
estimated mean Pd (g day

-1
), the ratio between Ld and Pd 

(Ld:Pd; a simple measure of composition of BW gain), and requirements for key nutrients were 
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recorded for each of the five studies. For these parameters the mean values across the five studies 

were also calculated.  

When energy intake is restricted, the minimum Ld:Pd for modern, exotic pigs is 

approximately 1.0 (NRC, 2012). However, local pigs have higher Ld than exotic pigs, which is 

reflected in higher levels of back fat (Depres et al., 1994; Kanengoni et al., 2004; Kaensombath 

et al., 2013). Therefore in the model Ld:Pd was maintained at greater than 1.5. We also 

recognize that as BW increases, the slope of the linear increase in Pd with increasing energy 

intake, which is a direct reflection of minimum Ld:Pd, decreases (NRC, 2012). However, the 

decrease in slope is small in pigs up to 35 kg BW and is not characterized in African local pigs. 

Therefore the BW effect on minimum Ld:Pd was not considered in the static model. Based on 

the interpretation of the 5 studies and estimated typical values for daily DE intakes (91.6 and 

79.5 % of voluntary daily DE intake according to NRC (2012), for starting and growing pigs 

respectively; diet DE content 3700 kcal/kg) and ADG (201 and 311 g day
-1 

for starting and 

growing pigs respectively), estimates of typical Pd and Ld were generated for local Kenyan pigs. 

Typical ADG for starting and growing Kenyan pigs was estimated from the observed ratio of 

observed ADG versus observed BW for starting and growing pigs reported in the 5 studies, and 

the observed 90
th

 percentile overall ADG of local pigs in western Kenya (Carter et al., 2013). As 

mentioned earlier mean Pd in the model was then adjusted until observed ADG and estimated 

ADG were similar, while Ld:Pd was maintained at greater than 1.5. This information was then 

used to estimate the nutrient requirements of Kenyan local pigs in typical management 

conditions, i.e. presence of intestinal parasites, and free-range management (neither tethered nor 

housed). 

4.2.2 Estimated effect of intestinal parasite burden on energy intake and nutrient requirements  
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The effect of parasite burden on DE intake, Pd, and Ld:Pd was estimated by using the 

adjusted model to fit two studies which compared the performance of pigs infected and not 

infected with Strongyloides ransomi and Trichuris suis, respectively. In those studies the effect 

of intestinal parasites on pig performance was positively correlated with the level of infection. 

Therefore, performance results from the middle level of infection of S. ransomi and T. suis 

(10,000 and 1,100 eggs per kg BW respectively) were used as model inputs (Hale and Stewart, 

1979; Hale and Marti, 1984).  

4.2.3 Estimated time free-ranging pigs spend non-stationary  

An attempt was made to estimate pigs’ free-ranging activity and the associated energy 

requirements. A Global Positioning System (GPS) enabled collar (Savannah Tracking Ltd, 

Kenya http://www.savannahtracking.com) was used to track the movement of ten free-ranging 

domesticated pigs in western Kenya over a period of 7 days for each pig. The study area, 

selection of farms, and use of GPS technology to track pigs’ movement patterns is described in 

detail in Thomas et al (2013). For the purposes of this study, additional analyses were performed 

in order to estimate the number of hours in a 24 hour period that pigs spent non-stationary.  The 

amount of time individual pigs spent stationary was determined using Hawths tools extension for 

Arc GIS. Step-length was defined as every period between readings (3 min intervals). Stationary 

period was defined as any period with a 0-5 m step-length (approximate accuracy of GPS unit 

was 5 m). The number of stationary periods was summed and multiplied by the length of the 

recording period (minutes). Time spent stationary was calculated as a percent of the whole 

recording period. The balance was considered time spent non-stationary i.e. free-ranging.  

4.2.4 Estimated effect of free-range management on energy intake and nutrient requirements 
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The adjusted NRC (2012) model was used to interpret the effect that time spent free-

ranging had on pig nutrient requirements using the methods described above for local pigs. It 

was assumed that maintenance DE requirements of pigs in a relatively stress free environment 

(205 kcal / kg BW
0.6

) were increased by 0.0717 kcal day-1 per kg total BW
0.75

 per minute of 

non-stationary time (Dourmad et al., 2008; NRC, 2012). We recognize that pigs scavenge while 

free-ranging but feed intake while scavenging is unknown. Therefore equal model inputs for feed 

intake for free-ranging pigs and housed/tethered pigs were used. 

4.2.5 Diet formulation 

The nutritional value and seasonal availability of local pig feedstuffs was determined and 

reported previously (Carter et al., 2015). Briefly, proximate nutrient analysis was performed on 

21 feedstuffs and complemented with literature data. Ingredient price was determined at local 

markets and expressed as Kenyan shillings (KES) kg-1 (Table 1).  

A least-cost diet formulation program based on that used by Skinner et al (2012) was 

applied to generate diets for two phases of feeding: starting pigs and growing pigs (8 to 20 and 

20 to 35kg BW respectively). This optimization program was used to minimize feed costs 

(KES/kg) while considering 34 ingredients to satisfy five nutritional constraints, i.e. minimal 

requirements for DE, total calcium, standardized total tract digestible (STTD) phosphorous, as 

well as standardized ileal digestible (SID) CP and lysine. Lysine was the only AA considered in 

the formulations because it is the first limiting AA in practical pig diets (NRC, 2012). 

In order to minimize the cost per unit of energy and other nutrients, diets were formulated 

at varying nutrient densities, while the ratios among the energy content and nutrient constraints 

were kept constant.  Initially the energy density in corn and soybean meal diets was used as a 

reference (NRC, 2012). At each 5% reduction in nutrient density the diet costs were then 
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calculated per unit of energy, in order to determine the lowest diet cost per unit of energy and 

other nutrients.  

In addition, a maximum constraint of 350 g kg-1 was imposed on NDF, to limit the 

inclusion of fibrous feedstuffs (i.e. forages and agricultural co-products) in the diet. While 

typical corn-soybean meal diets for exotic breed growing pigs range in NDF from 5 to 10 

percent, local and exotic x local cross breed pigs can utilize higher NDF levels (vanKempen, 

2001; Ndindana et al., 2002; Kanengoni et al., 2004). National Research Council (2012) 

recommendations for minimum constraints were imposed on the inclusion of salt and a vitamin 

and micro-mineral containing premix. Finally to control diet palatability maximum inclusion 

levels were imposed for cassava leaf (Manihot esculenta), sugar cane molasses, and avocado 

fruit (Persea americana). Cassava leaf inclusion level was limited to 200 g kg-1 of DM due to 

presence of tannins and hydrocyanic acid. Efficient pig gains have been observed when cassava 

leaf inclusion level is 150-330 g kg-1 of the diet but decreased gains have been observed at 200-

300 g kg-1 inclusion level (Alhassan et al., 1982; Sarwat et al., 1988; Ravindran et al., 1987; 

Ravindran, 1993). Sugar cane molasses inclusion level was limited to 50 g kg-1 of DM because 

at levels greater than 100 g kg-1 and 200 g kg-1 of the diet (as fed) for starting and growing pigs, 

respectively, it has been observed to cause diarrhea, and negatively affect nitrogen retention, 

energy digestibility, growth, and feed conversion (Le Dividich et al., 1974; Van and Men, 1992). 

Avocado inclusion level was limited to 150 g kg-1. Others report that nitrogen retention declined 

in local non-improved genotype pigs compared to improved genotype pigs when avocado pulp 

was provided at 200 g kg-1of DM, but acknowledge the decline may be due to the body 

composition (high back fat) of unimproved pigs (Lemus-Flores et al., 2005; Grageola et al., 

2010). Those results and an effort to minimize human/pig competition for food/feed were 
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considered when determining the inclusion level of avocado. Amaranthus spp inclusion level 

was limited to 0.3 g kg-1 due to risk of nitrate toxicity (Cornell University, 2015). Average daily 

gain and overall well-being were not affected in pigs that consumed drinking water containing up 

to 300 ppm of sodium nitrate (Seerley et al., 1965). 

4.3 Results and Discussion 

4.3.1 Observed growth performance and estimated nutrient requirements of indigenous and 

local pigs 

The mean growth performance results (BW, ADG, DE intake (expressed as % of 

voluntary intake according to NRC, 2012), and FCR from five previously conducted studies 

involving indigenous and local breed pigs are presented in Table 2. These ADG and FCR values 

are low relative to those observed in developed countries (NRC, 2012). Similarly Ld values are 

low and Ld:Pd is high relative to those observed in developed countries (NRC, 2012). These 

results support the need to estimate nutrient requirements of local Kenyan pigs. 

4.3.2 Observed growth performance and estimated effect of intestinal parasite burden on 

energy intake and nutrient requirements of pigs 

Observed mean BW, ADG, DE intake, FCR, estimated Pd, and estimated SID lysine 

requirements from two previously conducted studies involving pigs infected and not infected 

with intestinal parasites S. ransomi and T.suis are presented in Table 3. Digestible energy intake 

was lower in S. ransomi infected pigs than non-infected pigs whereas DE intake did not differ 

significantly between T. suis infected and non-infected pigs. The ADG and FCR values for 

infected pigs were low relative to non-infected pigs as were estimated Pd values. Estimated 

required SID lysine was lower in infected than non-infected pigs. 
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4.3.3 Estimated time spent free-ranging by Kenyan pigs 

On average, free-ranging pigs were stationary 26.7% of the time and were non-stationary 

73.3% of the time (17.6 hours per 24 hour period). Free-ranging pigs walked on average 4300m 

(range 1401-6383) during daylight and 4500m (range 1293-7809) during the night (Thomas et 

al., 2013). There was no significant difference between the amount of time pigs spent walking 

during daytime or nighttime (Thomas et al., 2013).   The estimated increase in maintenance 

energy requirements due to this high level of activity, and the reduced energy available for 

production if there is no additional energy/feed intake, are discussed further below.  

4.3.4 Estimated growth performance and nutrient requirements of local Kenyan pigs 

Estimated typical ADG, FCR, DE intake Pd, Pd:Ld, and SID lysine requirements of 

Kenyan local starting and growing pigs are presented in Table 4 (NRC, 2012). The estimated 

ADG and FCR values were low relative to those observed in developed countries, but fall within 

the range of ADG and FCR values previously observed in indigenous and local pigs (Ndindana 

et al., 2002; Codjo, 2003; Kanengoni et al., 2004; Len et al., 2007; Anugwa et al., 2008; NRC, 

2012). Estimated Ld values for Kenyan pigs were considerably lower than those observed in 

developed countries and those estimated for other indigenous and local pigs (Ndindana et al., 

2002; Codjo, 2003; Kanengoni et al., 2004; Len et al., 2007; Anugwa et al., 2008; NRC, 2012). 

Estimated Pd:Ld values for Kenyan pigs were higher than those observed in developed countries 

and equal to the values estimated for other indigenous and local pigs (a model input).  Lastly, 

estimated SID lysine requirements in Kenyan pigs were higher than in observed indigenous and 

local breed pigs, and in pigs of similar BW and feed intake in developed countries. 

Estimated mean BW, ADG, FCR, DE intake, Pd, Pd:Ld, and SID lysine requirements of 

local Kenyan starting and growing pigs infected with intestinal parasites versus non-infected is 
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shown in Table 4 (NRC, 2012). The estimated ADG and FCR values for infected Kenyan pigs 

were low relative to those of non-infected pigs. The DE intake of infected pigs was lower than 

that of non-infected pigs. This low ADG and FCR and low DE intake was reflected in the low Pd 

and high Ld:Pd estimated in infected pigs compared to non-infected pigs. Lastly, estimated SID 

lysine requirements were low in infected Kenyan pigs compared to non-infected Kenyan pigs. 

These results are comparable to others who report pig growth performance, feed intake, and 

apparent digestibility of dietary nitrogen decline with increased levels of chronic immune system 

activation (Williams et al., 1997a; Williams et al., 1997b).   

Estimated mean BW, ADG, FCR, DE intake, Pd, Pd:Ld, and SID lysine requirements of 

local Kenyan starting and growing pigs free-ranging 17.6 hours per day is shown in Table 4. The 

ADG and FCR values for free-ranging pigs are low relative to restrained pigs, Pd was lower and 

Ld:Pd was higher in free-ranging pigs, and SID lysine requirements were low in free-ranging 

pigs compared to housed/tethered pigs. The ME maintenance requirements of starting and 

growing pigs due to walking 17.6 hours per day were estimated to be 58.4 and  64.6% greater 

than for housed/tethered pigs. Furthermore the estimated amount of energy available for 

production was 77.0 and 82% less for free-ranging Kenyan starting and growing pigs, 

respectively, compared to housed/tethered pigs. We acknowledge that pigs consume some feed 

as they free-range but the amount and quality of feed consumed is unknown (Copado et al., 

2004).  Therefore, the model input for feed intake of restrained pigs was also used for free-

ranging pigs, which may lead to an underestimation of feed intake and thus growth rates of free-

ranging pigs. However, given the current low ADG in the study area (130 ± 2 g/day) it is 

unlikely that feed intake by free-ranging pigs is of sufficient quantity or quality to provide both 
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the maintenance ME required when non-stationary for 17.6 hours per day and energy needed for 

optimal growth performance (Carter at al., 2013).  

The effect of free-ranging activity on pig performance and nutrient requirements is 

estimated to be numerically higher than the effect of intestinal parasite infection. The ADG of 

starting and growing pigs with intestinal parasites was estimated to be 83.8% that of  

housed/tethered non-infected pigs, while the ADG of free-ranging starting and growing pigs was 

estimated to be 34.1 and 30.9%, respectively that of housed/tethered non-infected pigs. 

Similarly, the Pd of starting and growing pigs with intestinal parasites was estimated to be 78.0% 

that of  housed/tethered non-infected pigs, while the Pd of free-ranging starting and growing pigs 

was estimated to be  41.0 and 38.0%, respectively, that of housed/tethered non-infected pigs. 

Estimated Ld:Pd of starting and growing pigs with intestinal parasites (1.99 and 2.01 

respectively) was larger than that of  housed/tethered non-infected pigs (1.50 and 1.52 

respectively), while estimated Ld:Pd of free-ranging starting and growing pigs was smaller (0.50 

and 0.31 respectively).  

Lastly the SID lysine requirements of starting and growing pigs with intestinal parasites 

was estimated to be 86.0% that of  housed/tethered non-infected pigs, while the SID lysine 

requirements of free-ranging starting and growing pigs was estimated to be 57.0 and 54.0%, 

respectively, that of housed/tethered non-infected pigs. These results indicate that while infection 

with gastrointestinal parasites negatively affects pig performance, free-range activity has an even 

larger negative effect. 

4.3.5  Diet formulation for restrained local Kenyan pigs 
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The cost per unit energy at a nutrient density of 100% of that in corn and soybean meal based 

reference diets (NRC, 2012) was 38% greater than the cost per unit energy when nutrient density 

was reduced by 20%. Providing local Kenyan pigs with 100% of the nutrient density in corn and 

soybean meal based diets would have made the diets prohibitively expensive to farmers. At 80% 

of this reference nutrient density the cost per unit of energy and other nutrients was optimal and 

diets were more affordable to farmers. Diet formulation constraints and ingredient inclusion 

levels are shown in Table 5.  

Diets were developed based on seasonal availability of feedstuffs during three periods: March 

through May plus September and October; June through August; and November through 

February. Composition, cost, and nutrient content of diets for housed/tethered local Kenyan pigs 

(8-35 kg BW) in each of three periods of seasonal availability are shown in tables 6, 7 and 8. 

Several diets were developed for each period in consideration of smallholder farmers’ restricted 

access to feedstuffs, human/pig food/feed competition, inadequate storage, supply shortages, and 

processing limitations.  

Farmers’ access to purchased feedstuffs is limited. Many smallholder pig farms are located in 

remote rural areas and are only accessible by foot paths. Transportation means are often scarce 

and/or unaffordable, and roads are frequently impassable due to heavy rain. Markets and feed 

suppliers are seldom within walking distance making it difficult for farmers to purchase 

feedstuffs. In addition, smallholder farmers whose livelihoods depend solely on subsistence 

farming do not have a regular source of income with which to purchase feedstuffs. Therefore, it 

was important to provide farmers with several diet options to better enable them to feed their 

pigs balanced diets when access to purchased feedstuffs is limited or feedstuffs are not 

affordable.  
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Grain-free and fish-free diets and diets that exclude all ingredients people eat were formulated 

for two reasons: 1) human/pig food/feed competition and 2) lack of adequate storage. Pig 

farmers consume many of the same ingredients that they feed to their pigs, resulting in 

human/pig food/feed competition. Often farmers grow millet and sorghum for use as breakfast 

porridge especially for children and the elderly; maize to make ugali, a thick maize and water 

porridge that is the staple food in Kenya; and fresh fruits and vegetables, and purchase sun-dried 

fish to make soup.  These are also fed to pigs (Mutua et al., 2012). Food/feed competition is 

exacerbated when seasonal food shortages occur between harvests and farmers must reserve their 

food supply for human consumption. Therefore pig diets excluding grains, fish, and all human 

food were needed. When surpluses do exist following harvest, adequate storage to protect 

feedstuffs from contamination is rarely available. Grain is usually stored loose in a wooden-pole-

with-thatched-roof structure. Sun-dried fish is usually sold and stored in clear knotted plastic 

bags. In both cases feeds are easily contaminated by vermin, insects, moisture, and mold. 

Therefore pig diets excluding stored grains and fish were needed.  

Diets excluding cattle blood and cattle rumen content were developed because high demand for 

these co-products results in supply shortages. Moreover farmers often lack the resources needed 

to process and store these products. Blood must be reserved in advance. In remote areas with 

local slaughter facilities, only a small number of cattle are slaughtered each week so blood and 

rumen content are frequently unavailable. Refrigeration is not available and given the tropical 

climate, it is not feasible to buy and store large quantities of blood and rumen content when they 

are available. Furthermore, to destroy any pathogens that may be present, farmers should cook 

blood before it is fed to pigs, but they do not. Cooking is done over open fires using charcoal or 
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fallen branches collected by hand. This may be prohibitively resource-intensive for farmers so 

diets without blood were formulated. 

Diets meeting the energy and nutritional requirements of pigs infected with intestinal parasites 

are not presented here. Since voluntary feed intake is estimated to be lower in intestinal parasite-

infected pigs than non-infected pigs, offering infected pigs more feed or higher energy feed 

would not offset performance losses due to parasites. It would however lead to increased feed 

cost. The prevalence of pigs with intestinal parasites in the study area is high (Kagira et al., 2012; 

Thomas et al., 2013).
 
Lack of and ineffective deworming protocols, and free-range management, 

increase the risk of intestinal parasite burden infection and reinfection post-deworming (Kagira 

et al., 2010).
 
 Given the poor pig performance estimated for pigs with intestinal parasites, 

inclusion of an effective deworming protocol in smallholder farmers’ pig management practices 

would better enable pigs to realize potential performance.  

Similarly, diets meeting the energy and nutritional requirements of free-ranging pigs are not 

presented here. Given the poor performance estimated for free-ranging pigs and the large 

increase in ME requirements needed to offset the energy expended while walking, being housed 

or tethered would better enable pigs to realize potential performance. 

The diets presented here need to be tested to validate their efficacy. Pig performance is likely to 

be sensitive to and dependent upon the quality of the feedstuffs e.g. variation in nutritional value 

by location and season, contamination, and spoilage. 

4.4 Conclusion 

The nutrient requirements of local pigs raised on smallholder farms differ from those of exotic 

breeds raised in commercial settings. Sufficient feedstuffs are available in each season to enable 

development of low-cost balanced diets that minimize human/pig competition for food/feed, 
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although many feedstuffs are only available seasonally. Management practices on smallholder 

pig farms may lead to sub-optimal feed conversion and ADG, and high energy requirements. 

Deworming constraints and production constraints causing farmers to practice free-range 

management need to be removed in order to realize potential pig performance. Further research 

is needed about removing these constraints, feedstuff preservation, entrepreneurial opportunities 

for value-added processing of feedstuffs, farmers’ perception of the diets, and the potential 

impact of using the diets. On-farm trials are needed to assess diet feasibility, farmer ease of use, 

and pig performance. Feeding local pigs low-cost balanced diets can improve pig performance 

resulting in increased farmer income from sales of faster-growing heavier pigs. The resulting 

increased supply of pork, an important animal-source food, will improve food security. 
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Ingredient Price 

(KES/kg 

of DM)
a
 

Ingredient Price 

(KES/kg of  

DM)
a
 

Forages and fruit and tubers Agricultural Co-products 

Amaranth- Indigenous 

(Amaranthus dubius Thell.) 

0 Banana peel (Musa sp)  0 

Amaranth- Improved (Amaranthus 

sp.)  

0 Cattle blood 268 

Amaranth- Spiny (Amaranthus 

spinosus L.) 

0 Cattle rumen content 212 

Avocado (Persea americana) – 

ripe local 

38 Chicken viscera 0 

Avocado (Persea americana) – 

overripe local 

52 Grist mill waste 37 

Avocado (Persea americana) – 

ripe improved 

51 Maize brewer’s waste (Zea 

mays) 

117 

Avocado (Persea americana) – 

overripe improved 

61 Millet brewer’s waste (Eleusine 

coracana) 

293 

Cassava root  92 Sugar cane molasses 25 

Dayflower (Commelina africana) 0 Fish 

Hairy beggarticks (Bidens pilosa) 0 Sun-dried fish (Rastrineobola 

argentea)  

273 

Potato tuber (Solanum tuberosum) 151 Grains 

Sweet potato vine (Ipomoea 

batatas) 

0 Maize Flour (Zea mays)  32 

Mango (Mangifera indica) – ripe 

local 

141 Millet (Eleusine coracana) 31 

Mango (Mangifera indica) – 

overripe local 

145 Sorghum (Sorghum bicolor) 54 

Minerals and vitamins 

Common table salt 60 

Limestone 9 

Mineral and vitamin premix 489 
a
1 Kenyan shilling = 0.011 US dollars at time of submission 

 

  

Table 4.1 Ingredients considered in diet formulation with price per kg of dry matter 
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Source Mean 

Body 

Weight 

(kg) 

Mean 

Average 

Daily 

Gain (g 

day
-1

) 

FCR
a 

DE
b
 

(kcal 

kg of 

DM 
-1

 

) 

% of 

Reference 

Energy 

Intake
 c
 

Body 

Protein 

Deposition 

(g day
-1

) 
d
 

Body Lipid 

Deposition 

To Protein 

Deposition 

Ratio 
d
 

SID
e 
Lysine 

Requirement 

(g kg
-1

 of Diet 

DM) 

Ndindana 

et al., 2002 

35.5 520 4.00 2391 99.2 60.9 3.34 4.7 

Codjo, 

2003 

14.7 182 3.97 3090 87.6 21.1 3.38 5.4 

Kanengoni 

et al., 2004  

32 360 5.59 2239 76.3 47.6 2.34 5.0 

Len et al., 

2007 

34.2 407 3.12 3284 84.2 50.2 2.94 6.5 

Anugwa 

and 

Okwori, 

2008 

15 323 2.72 3239 109.5 43.4 2.3 7.7 

Mean of 

above 5 

26.3 358 3.88 2847 91.4 44.6 2.86 5.9 

a 
Feed conversion ratio. FCR for  Len et al., 2007

 
was calculated. All others were reported in the 

manuscripts. 

b
 Digestible energy. Calculated from metabolizable energy (ME) as DE = ME/0.96. 

Table 4.2. Observed growth performance and estimated nutrient requirements of indigenous and 

local breed pigs 
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c
 Equation 8-9 in NRC (2012) representing voluntary daily ME intake of a 50/50 mix of barrows 

and gilts.
 

d
 Estimated from observed DE intakes and average daily gain, by matching observed with NRC 

(2012)
 
estimated average daily gain by varying mean body protein deposition in the NRC (2012) 

growing-finishing pig nutrient requirement model.
 
 Maintenance energy requirements were not 

adjusted. 

e
 Standardized ileal digestible. Estimated using the NRC (2012) growing-finishing pig nutrient 

requirement model. 
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 Table 4.3. Effect of nematode infection on pig performance and nutrient requirements 

Source Treatment 

 

 

Mean 

BW
a 

(kg) 

Mean 

ADG
b
 

(g 

day
-1)

 

Percent 

Change 

in 

ADG
b 

Mean 

FCR
c 

Percent 

Change 

in FCR
c
 

DE 

(kcal 

kg
-1

 

of 

DM) 

Percent of 

Reference 

Energy 

Intake
d
 

Percent 

Change in 

Reference 

Energy 

Intake  

Actual 

Pd
e
(g 

day
-1

) 

Percent 

Change 

In 

Actual 

Pd
e
  

Lysine 

requirement
f 

 (g kg
-1

 of 

diet dry 

matter) 

Percent 

change in 

lysine 

requirement 

Hale 

and 

Marti, 

1984 

0 

Strongloides  

ransomi 

larvae/kg 

body weight 

56.9 770  2.86  3774 107.8 n/a 85.3 n/a 6.6  

10 000 

Strongloides 

ransomi 

larvae/kg 

body weight 

53.5 690 -10.4 3.08 7.14 3774 107.9 +0.05 69.9 -18.0 5.9 -11.9 

Hale 

and 

Stewart, 

0 Trichuris 

suis eggs/kg 

body weight 

60 890  3.21  3869 138.9 n/a 70.3 n/a 4.7  
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a
 Body weight 

b
 Average daily weight gain 

c
 Feed conversion ratio 

d
 Equation 8-9 in NRC (2012) representing voluntary daily ME intake of a 50/50 mix of barrows and gilts.

 

e
 Body protein deposition. Estimated from observed DE intakes and average daily gain, by matching observed with NRC (2012) 

estimated average daily gain by varying mean body protein deposition in the NRC growing-finishing pig nutrient requirement model.  

Maintenance energy requirements were not adjusted. 

f
 Estimated using the NRC (2012) growing-finishing pig nutrient requirement model. 

  

1979 1100 

Trichuris suis 

eggs /kg 

body weight 

54.2 740 -16.9 4.26 24.6 3869 131.8 -5.1 52.0 -25.6 4.3 -9.3 

Mean 

change 

(%) 

   -13.6     -2.5  -21.8  -10.6 
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 Mean Body 

Weight With 

Range (kg) 

Average 

Daily 

Gain (g 

day
-1

) 

FCR
a 

DE (kcal 

kg
-1

 DM) 

Percent 

Reference 

Energy 

Intake
b
 

Body 

Protein 

Deposition 

(g day
-1

)
c
 

Body Lipid 

Deposition to 

Body Protein 

Deposition 

Ratio
c
 

SID
d
 Lysine 

Requirement 

(g kg
-1

 of DM) 

Estimated 

performance 

housed/tethered  

local pigs
e 

14 (8-20) 

27.5 (20-35) 

167 

259 

3.57 

3.51 

2960 

2960 

73.3 

63.6 

24.9 

38.5 

1.50 

1.52 

7.2 

7.2 

Estimated 

performance of 

housed/tethered  

local pigs infected 

with intestinal 

parasites
e 

14 (8-20) 

27.5 (20-35) 

140 

217 

4.16 

4.08 

2960 

2960 

71.5 

62.0 

 

19.4 

30.1 

1.99 

2.01 

6.2 

6.2 

Estimated 

performance of 

free-ranging local 

pigs walking 17.6 

hours per day
e 

14 (8-20) 

27.5 (20-35) 

57 

80 

10.38 

11.38 

2960 

2960 

73.3 

63.6 

10.1 

14.5 

0.50 

0.31 

4.1 

3.9 

a
 Feed conversion ratio 

b
 Equation 8-9 in NRC (2012)  representing voluntary daily ME intake of a 50/50 mix of barrows and gilts.

 

c
 Estimated from observed DE intakes and average daily gain, by matching observed with estimated average daily gain by varying 

mean body protein deposition in the NRC (2012) growing-finishing pig nutrient requirement model.
 
Maintenance energy requirements 

were not adjusted (NRC, 2012). 

Table 4.4. Estimated performance of local pigs in western Kenya for estimating nutrient requirements 
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d
 Standardized ileal digestible  

e
 Estimated using the NRC (2012) growing-finishing pig nutrient requirement model. 
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 Ration Formulation Constraints (% of DM) 

 8-20 kg Bodyweight 20-35 kg Bodyweight 

Energy and nutrients 

Digestible energy (kcal kg
-1 

diet DM) 2960 2960 

Maximum NDF 25.0 25.0 

Total calcium
a 

0.28 0.29 

STTD
b
 phosphorous 0.13 0.14 

SID
c
 CP 8.5 8.4 

SID
c
 lysine 0.58 0.58 

Ingredient inclusion levels 

Minimum salt 0.24 0.24 

Suggested mineral and vitamin premix
d 

0.10 0.10 

Maximum cassava  leaves (Manihot esculenta) 20.0 20.0 

Maximum sugar cane molasses 5.0 5.0 

Maximum avocado (Persea americana) 15.0 15.0 
a
 Determined as the greater of total calcium:total phosphorous = 0.9, or total calcium:STTD 

phosphorous = 2.15 

b
 Standardized total tract digestible 

c
 Standardized ileal digestible 

d 
The vitamin and mineral premix typically provides the following in units per kg of DM of 

complete feed: Cu, 18181 ppm; Fe, 163636 ppm; Mn, 27273 ppm; Se, 273 ppm; Zn, 163636 

ppm; Vitamin A, 2268 I.U.; Vitamin D3, 206 I.U.; Vitamin E, 14 I.U.; Vitamin K, 1.7 mg; 

Riboflavin, 3.3 mg; Niacin,12.4 mg; Pantothenic Acid, 8 mg; Choline, 82 mg; Biotin, 0.04 mg; 

Vitamin B12, 0.01 mg; Folic acid, 0.02 mg; Vitamin B6, 0.8 mg.
34 

  

Table 4.5. Ration formulation constraints and inclusion levels for diets for local pigs in western 

Kenya  
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 Diets for November, December, January, and February 

Ingredients Diet 1 Diet 2
f
 Diet 3

g
 Diet 4

h
 Diet 5

i
 Diet 6

j
 Diet 7

k
 

Diet Formulation (% of DM) 

Banana leaf (Musa sapientum) 11.1 - - 18.8 10.8 9.5 12.7 

Cassava leaf (Manihot esculenta) 20.0 20.0 20.0 - 20.0 20.0 20.0 

Cattle blood 3.7 3.2 3.9 4.2 - 4.0 1.6 

Dayflower (Commelina africana) - - 19.2 - - - - 

Grist mill waste - - - - - 58.0 60.3 

Maize brewers waste - - - - - 5.5 - 

Maize flour (Zea mays) 7.8 39.1 43.9 - - - - 

Millet (Eleusine coracana) 45.4 - - 67.0 52.8 - - 

Sugar cane molasses 5.0 5.0 5.0 5.0 - - - 

Sun-dried fish (Rastrineobola argentea) - 0.92 - 0.098 5.2 - 3.7 

Sweet potato vine (Ipomoea batatas) - 26.6 - - - - - 

Limestone 6.7 4.8 7.6 4.4 5.8 2.6 1.3 

Salt
a
 0.24 0.24 0.24 0.24 0.24 0.24 0.24 

Vitamin and mineral premix
b
 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Price (Kenyan shillings kg
-1

 of DM)
c
 29.5 26.6 27.6 35.4 33.7 40.0 38.0 

Table 4.6. Diet composition and nutrient composition (% of DM) of diets for local pigs (8-35 

kg body weight) for November through February in western Kenya (80% nutrient density) 
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Calculated nutrient composition (% of DM) 

DE (kcal kg
-1

 of DM) 2960 2960 2960 2960 2960 2960 2960 

CP 14.7 15.2 16.5 12.8 15.6 14.2 14.4 

NDF 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

Ether extract 4.18 4.83 4.83 3.13 4.63 4.95 4.54 

Total calcium 3.12 2.59 3.70 1.78 2.92 1.72 1.36 

Total phosphorous  0.28 0.27 0.30 0.29 0.36 0.31 0.23 

STTD
d
 phosphorus 0.13 0.13 0.14 0.13 0.19 0.13 0.13 

Total sodium 0.07 0.07 0.07 0.07 0.07 0.07 0.07 

Total lysine   0.83 0.87 0.86 0.73 0.85 0.82 0.84 

SID
e
 lysine 0.58 0.58 0.58 0.58 0.58 0.58 0.58 

a
 Iodized table salt 

b
 Vitamin and mineral premix composition is presented in Table 5.     

c
 Based on the following available ingredients and the price kg

-1
 of DM presented in Table 2. 

Sugar cane molasses; maize brewers waste; maize flour; millet brewers waste; millet (Eleusine 

coracana); grist mill waste; sorghum (Sorghum bicolor); cassava root with and without peel 

(Manihot esculenta); cattle rumen content; fresh cattle blood; sun-dried fish; common salt; 

limestone; micronutrient mineral mix; and the following free ingredients: sweet potato vine, 

cassava leaf, and dayflower. 

d
 Standardized total tract digestible 

e
 Standardized ileal digestible 

f
 Sweet potato vine is available in November and December only 
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g 
Dayflower is available in November only 

h
 No cassava leaf included 

i
 No blood included 

j
 No food humans consume included 

k
 No grain included 
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 Diets for June Through August 

Ingredients Diet 

1 

Diet 

2
f
 

Diet 

3
g
 

Diet 

4
h
 

Diet 

5
i
 

Diet 6 

j
 

Diet 

7
k
 

Diet formulation ( % of DM) 

Cassava leaf (Manihot esculenta) 20.0 20.0 - 20.0 20.0 20.0 20.0 

Cattle blood 3.9 3.9 3.6 - 3.9 3.8 3.9 

Grist mill waste - - - - - 53.4 27.0 

Hairy beggarticks (Bidens pilosa L). 7.9 8.3 - - 7.6 - 16.6 

Indigenous amaranthus (Amaranthus dubius 

Thell.) 

- - - 0.3 0.3 - 0.3 

Maize brewers waste - - - - - 5.0 - 

Maize flour (Zea mays) 20.6 20.6 45.3 17.8 26.0 - - 

Ripe local avocado (Persea americana) 15.0 15.0 - 15.0 15.0 - 15.0 

Spiny amaranthus (Amaranthus spinosus L.) 0.3 - - - - - - 

Sugar cane molasses 5.0 5.0 5.0 5.0 5.0 - 5.0 

Sun-dried fish (Rastrineobola argentea) - - 1.42 5.71 - - - 

Sweet potato vine (Ipomoea batatas) 19.2 19.0 43.2 28.1 17.1 16.5 8.5 

Limestone 7.7 7.7 1.1 7.7 9.6 9.0 3.3 

Salt
a
 0.24 0.24 0.24 0.24 0.24 0.24 0.24 

Table 4.7 Diet composition and chemical analysis (% of DM) of diets for local pigs (8-35 kg body 

weight) for June through August in western Kenya (80% nutrient density) 
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Vitamin and mineral premix
b
 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Price (Kenyan shillings per kg DM)
c
 25.9 26.0 30.6 30.1 26.5 37.2 28.9 

Calculated chemical analysis (% of DM) 

DE (kcal kg
-1

 of DM) 2960 2960 2960 2960 2960 2960 2960 

CP 15.0 15.0 13.7 15.3 14.9 14.8 15.7 

NDF 25.0 25.0 25.0 25.0 25.0 25.0 25.0 

Acid detergent fibre 18.2 18.3 15.4 17.6 17.7 14.2 19.0 

Ether extract 10.8 10.8 3.8 11.3 10.9 4.8 10.5 

Total calcium 3.7 3.7 0.82 3.8 4.3 1.2 2.2 

Total phosphorous  0.25 0.25 0.27 0.31 0.26 0.30 0.24 

STTD
d
 phosphorus 0.13 0.13 0.13 0.18 0.13 0.13 0.13 

Total sodium 0.07 0.07 0.07 0.07 0.07 0.07 0.07 

Total lysine   0.89 0.89 0.80 0.92 0.89 0.89 0.89 

SID
e
 lysine 0.58 0.58 0.58 0.58 0.58 0.58 0.58 

a
 Iodized table salt 

b 
Vitamin and mineral premix composition is presented in Table 5.    

 

c
 Based on the following available ingredients and the price kg

-1
  of DM presented in Table 2: 

sugar cane molasses; maize brewers waste; maize flour; millet brewers waste; millet (Eleusine 

coracana); grist mill waste; sorghum (Sorghum bicolor); cassava root with and without peel 

(Manihot esculenta); cattle rumen content; fresh cattle blood; sun-dried fish; banana (Musa spp); 

ripe and overripe improved avocado (Persea americana); ripe and overripe local avocado; ripe 

and overripe local mango (Mangifera indica); common salt; limestone; micronutrient mineral 
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mix; and the following free ingredients: sweet potato vine, cassava leaf, dayflower, hairy 

beggarticks, indigenous amaranthus, spiny amaranthus, improved amaranthus (Amaranthus sp.) 

d
 Standardized total tract digestible 

e
 Standardized ileal digestible 

f
 No Amaranthus spp included  

g
 No cassava leaf included

  

h 
No blood included 

i
 No sun-dried fish included 

j
 No food humans consume included 

k
 No grain included 
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 Diets For March, April, May, September, October 

Ingredients Diet 1 Diet 2
f
 Diet 3

g
 Diet 4

h
 Diet 5

i
 Diet 6

j
 Diet 7

k
 Diet 8

l
 

Diet formulation (% of DM) 

Banana leaf (Musa sapientum) - - - - - - 9.5 - 

Cassava leaf (Manihot 

esculenta) 

20.0 20.0 20.0 - 20.0 20.0 20.0 20.0 

Cattle blood 3.8 3.8 3.9 4.4 3.8 - 4.0 2.9 

Dayflower (Commelina 

africana) 

- - 19.2      

Grist mill waste - - - - - - 58.0 55.3 

Hairy beggarticks (Bidens 

pilosa) 

25.3 6.2 - 38.3 23.1 26.1 - 14.4 

Indigenous amaranthus 

(Amaranthus dubius Thell.) 

0.3 0.3 - 0.3 0.3 0.3 - 0.3 

Maize brewers waste - - - - - - 5.5 - 

Maize flour (Zea mays) 42.7 40.2 43.9 56.5 47.8 41.0 - - 

Sugar cane molasses 5.0 5.0 5.0 5.0 - 5.0  5.0 

Sun-dried fish (Rastrineobola 

argentea) 

- - - - - 5.48 - 1.72 

Table 4.8. Diet composition and chemical analysis (% of DM) of diets for local pigs (8-35 kg BW) 

for March, April May, September and October in western Kenya (80% nutrient density) 
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Sweet potato vine (Ipomoea 

batatas) 

- 19.6 - - - - - - 

Salt
a
 0.24 0.24 0.24 0.24 0.24 0.24 0.24 0.24 

Vitamin and mineral premix
b
 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Price (Kenyan shillings kg DM
-

1
)

c
 

26.6 26.2 27.6 26.6 27.1 30.8 40.0 35.4 

Calculated chemical analysis (% of DM) 

DE (kcal kg of DM
-1

) 2960 2960 2960 2960 2960 2960 2960 2960 

CP 17.3 15.6 16.5 17.3 16.9 18.2 14.2 15.6 

NDF 25.0 25.0 25.0 25.0 25.0 25.0 25.0 22.5 

Acid detergent fibre 17.8 15.9 13.4 17.8 17.0 18.0 12.9 14.3 

Ether extract 4.69 4.62 4.83 4.69 4.84 5.28 4.95 4.03 

Total calcium 1.942 2.45 3.70 1.94 2.64 1.80 1.72 1.0 

Total phosphorous  0.34 0.28 0.30 0.34 0.34 0.42 0.31 0.24 

STTD
d
 phosphorus 0.16 0.13 0.14 0.16 0.16 0.23 0.13 0.13 

Total sodium 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 

Total lysine   0.87 0.87 0.86 0.87 0.86 0.89 0.82 0.84 

SID
e
 lysine 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 

 
a
 Iodized table salt 

b 
Vitamin and mineral premix composition is presented in Table 5.    
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c
 Based on the following available ingredients and the price kg

-1
 of DM presented in Table 2: 

sugar cane molasses; maize brewers waste; maize flour; millet brewers waste; millet (Eleusine 

corocana); grist mill waste; sorghum (Sorghum bicolor); cassava root with and without peel 

(Manihot esculenta); cattle rumen content; fresh cattle blood; sun-dried fish; banana; limestone; 

common salt; limestone; micronutrient mineral mix; and the following free ingredients: sweet 

potato vine, cassava leaf, dayflower, hairy beggarticks, indigenous amaranthus, spiny 

amaranthus, (Amaranthus spinosus L.) improved amaranthus (Amaranthus sp.). 

d
 Standardized total tract digestible 

e
 Standardized ileal digestible 

f
 Sweet potato vine is available in May, September, and October only 

g 
Dayflower is available in April, May, September, and October only 

h 
No cassava leaf included 

i
 No sugar cane molasses included 

j
 No blood included 

k
 No food humans consume included 

l
 No grain included 
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 CHAPTER FIVE 

 

Nutritional value and seasonal availability of feed ingredients for pigs in Uganda 

NB: This paper has been submitted for publication to Agricultura Tropica et Subtropica. It is 

currently under review (submitted May 5, 2015). 

Abstract 

In this study nutritional values and seasonal availability of 43 local feed ingredients for 

pigs in Uganda, were estimated based on nutrient analyses and literature values, information 

needed to develop low-cost balanced rations for pigs on smallholder farms. Parameters 

considered were: concentration of ash, neutral detergent fibre (NDF), crude protein (CP), 

calcium (Ca), phosphorous (P), ether extract (EE), total lysine (Lys), standardized ileal digestible 

(SID) Lys, standardized total tract digestible  (STTD) P (all as % of dry matter [DM]);  digestible 

energy (DE), (kcal kg
-1

 of DM); and DM concentration. Concentration of DE, total Lys, SID 

Lys, and STTD P were estimated. Ingredient seasonal availability and relative importance were 

identified. Ground sun-dried fish (Rastrineobola argentea) had highest estimated DE 

concentration and Napier grass (Pennisetum purpureum) had lowest (4209and 535 kcal kg
-1

 of 

DM respectively). Ground sun-dried fish had highest CP and estimated total Lys concentration 

(59.9 and 1.4% of DM respectively) and banana peel (Musa sapientum), had lowest (5.21 and 

0.08 % of DM respectively). Milled ingredients sampled here had higher ash than in the 

literature (e.g. ground sun-dried fish 58.1 vs 15.9 % of DM) likely indicating sand 

contamination. There were 3 seasons of availability of ingredients. Banana peel, maize bran, and 

sweet potato vine (Ipomoea batatas) were ranked highest; and commercially-prepared ration, and 

kale/collard greens (Brassica oleracea var. acephala), were ranked lowest as potential feed 
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ingredients. Ingredients with nutritional profiles suitable for pigs are available but some only in 

certain seasons.  Estimated nutritional values may assist in ration formulation. 

5.1 Introduction 

Small-scale pig production in East Africa can improve the welfare of smallholder farm 

families (Kristjanson et al 2004; Ouma et al 2014; Randolph et al 2007). On average, these 

farmers raise 1 to 4 pigs to pay for medicine, school fees, food, home improvements, and to 

expand their farms (Dewey et al 2011; Kagira et al 2010; Ouma et al 2014). However, pigs are 

unthrifty and grow slowly (Carter et al 2013; Kagira et al 2010; Katongole et al 2012; MAAIF  

2005; Muhanguzi et al 2012; Mutua et al 2011; Mutua et al 2012). Poor genetics, free-range 

management, parasites, and nutritional deficiencies may contribute to their slow growth (Kagira 

et al 2012; Katongole et al 2012; MAAIF 2005; Muhanguzi 2012; Mutua et al 2012; Ouma et al 

2014; Thomas et al 2013). In Uganda, smallholder pig farmers report that feeding management is 

an important production constraint. Feed scarcity, high cost, seasonal variations in feed quality 

and availability, food/feed competition between people and pigs, and lack of knowledge to 

formulate low-cost nutritionally balanced rations are key challenges (Katongole et al 2012, 

MAAIF 2005; Mutua et al 2012; Ouma et al 2014; Muhanguzi et al 2012). Low-to-no cost 

opportunistic and planted forages and fruits, crop residues, and concentrates are available 

seasonally (Katongole et al 2012; MAAIF 2005; Mutua et al 2012; Ouma et al 2014; Muhanguzi 

et al 2012). These materials could be used in the formulation of balanced rations to meet pigs’ 

nutrient requirements, to ameliorate pig growth performance while minimizing feed costs. In 

Uganda, empirical studies characterizing the nutritional value and seasonal availability of local 

feed ingredients for pigs have not been done. This information is needed as a basis for 

development of seasonal low-cost balanced rations for local pigs. The objective of this study was 
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to summarize the nutritional value, seasonal availability, and relative importance of 43 locally 

available feed ingredients for pigs in Central Region, Uganda as a basis for development of low-

cost balanced rations. This objective was accomplished by carrying out nutrient analysis on 183 

samples of 43 types of locally available feed ingredients for pigs and by estimating the DE and 

Lys concentration of these ingredients from nutrient profiles. Data from a comprehensive 

literature review complemented this information. 

5.2 Materials and Methods 

5.2.1 Selection of feedstuffs, sampling, and nutrient analysis 

Seventeen local feed ingredients for pigs were identified through focus group discussions 

with 1400 smallholder pig farmers and 280 key informants through an in-depth value chain 

assessment conducted in Kamuli, Masaka, and Mukono districts of Uganda (Ouma et al 2014). 

An additional 26 feed ingredients were identified by two local extension officers and 18 other 

local pig farmers: banana peel, brewers’ waste, Calliandra calothyrus, celery leaf (Apium 

graveolens var. dulce), cottonseed meal, crushed oyster shells, glycine (Neonotonia wightii), 

guava fruit (Psidium guajava), jackfruit (Artocarpus heterophyllus), kale/collard greens, lead 

tree leaves (Leucaena spp), limestone, maize bran, maize stalk and leaf, papaya leaf (Carica 

papaya), pumpkin leaf (Cucurbita moschata), sugar cane (Saccharum spp.), ground sun-dried 

fish, sunflower meal (Helianthus annuus), sweet potato tuber, wet maize bran, and crushed 

maize (Zea mays). A comprehensive literature review of the nutritional values of the 43 feed 

ingredients was done. A list of the ingredients is presented in Table 1. 

 In April 2013, a total185 samples of 43 different feed ingredients commonly fed to pigs 

(i.e. forages, tree leaves, opportunistic legumes, fruits, vegetables, home- and commercially-
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prepared rations, grains, and grain co-products) were collected from smallholder pig farms and 

purchased from feed stores in Mukono District (n=53 and 8 respectively) and Masaka District (n 

= 109 and 13 respectively) in Central Region, Uganda. Farms and stores were selected using 

convenience sampling. All samples were collected on 3 days in the same week. The aim was for 

each sample to weigh at least 200 grams. For every sample the collection date, collection 

location (district, village, farmer or store name), feed ingredient name and weight (grams) were 

recorded. For plant samples, storage details were recorded e.g. length of time between harvest 

and sampling and storage conditions (e.g. kept in open air, standing hay, kept in storage facility 

or barn, sacked, ensiled). Stage of maturity (e.g. knee high, waist high, milk stage, dough stage, 

flowering stage), and harvesting stage (e.g. overgrown, overripe, date and time harvested); and 

description of feed (e.g. moulded, yellow coloured, rotten) were also recorded. For mixed rations 

i.e. home-mixed or commercially prepared, storage details (e.g. sacked, heaped on floor), date 

and time mixed, price per kilogram in Ugandan shillings (UGX), types and amount (kg) of feed 

ingredients included; and name of source store were recorded. For purchased dry feed 

ingredients (e.g. grains, grain co-products, ground sun-dried fish, limestone, crushed oysters 

shells) the price (UGX kg
-1

), and storage details (e.g. sacked, heaped on floor, sacked and on 

pallets) were also recorded.  

For each ingredient at least one sample was collected, while for some ingredients up to 11 

samples were collected based on relative importance and anticipated variability. Higher numbers 

of samples (8-11) were collected for feed ingredients that were ranked most important (sweet 

potato vine, cocoyam leaf (Colocasia), maize bran, cassava leaf (Manihot esculenta), pumpkin 

leaf, banana leaf, hairy beggarticks (Bidens pilosa), local amaranthus (Amaranthus lividus), and 

dayflower (Commelina benghalensis). A single sample was collected for feed ingredients ranked 
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low in importance (celery leaf, glycine, lead tree leaves, groundsel (Senecio discifolius), and 

sugar cane). The number of samples collected was pre-determined based on (financial) resources 

available for nutrient analyses. 

Each 0.20 kg cassava leaf (axil, stalk, and blade), fruit tree leaf, cocoyam leaf (sagittate 

leaf and approximately 8 cm of stem), and legume and forage (leaf and stem) sample was a 

composite of 5-6 plants. Each avocado (Persea americana) (flesh and skin included, seed 

removed), guava, papaya, and jackfruit sample were a sub-sample of 1 entire fruit that was cut 

into pieces. Each banana peel sample was a composite of pieces of peels from 5-6 bananas. The 

two 0.20 kg brewer’s waste samples were sourced from 2 batches from the same commercial 

brewer and each was a sub-sample of 1 larger 1000 kg sample. Each maize bran, cottonseed 

meal, crushed oyster shell, limestone, sunflower meal, soybean meal, wet maize bran, ground 

sun-dried fish, and crushed whole maize sample was a 0.1 kg composite sample taken from a 

single larger 1.0 kg sample of maize bran from a home (n=1) or a feed stockist (n=2). Sub-

samples consisted of 0.2 kg grab samples taken from 5 different locations in the larger sample 

and mixed well. Two local crop experts identified English and botanical names for all species of 

plants. Resulted obtained through nutrient analyses conducted in this study are identified in italic 

font in Table 1 and as “current study”.  

Fresh samples were immediately placed in clear zip-type plastic bags, sealed, and put in 

an insulated box with ice. In Masaka samples were stored in a refrigerator overnight and 

delivered to the laboratory the next day. In Mukono, samples were delivered to the laboratory on 

the day of sample collection. All drying and nutrient analysis was done at Agricultural 

Production Laboratory, Makerere University, Kampala, Uganda. The entire samples were 

weighed and frozen for several days. Samples were thawed and dried at 60° C to a constant 
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weight in a LEEC oven model FCKI (LEEC Limited, Private Road No. 7, Colwick Industrial 

Estate, Nottingham, UK) and then ground to pass through a 1mm sieve using a Foss Tector 

Cyclotec 1093 grinder (Fisher Scientific, Bishop Meadow Road, Loughborough, Leicestershire, 

UK) and immediately placed in clear zip type plastic bags and sealed. Samples were analyzed for 

dry matter (ISO, 1999; 6496), ash (ISO, 2002; 5984), crude protein (IS0, 2005; 5983-2), ether 

extract (AOAC, 1990; 920.39), neutral detergent fibre (Van Soest and Roberson 1985), total 

phosphorous (ISO, 1998; 6491), and total calcium (simple flame photometric determination 

using Bibby Scientific Jenway Flame Photometer PFP7 and using protocol P05-011A provided 

with the equipment). The DM concentration of each fresh sample was determined by calculating 

moisture lost cumulatively during the 2 drying procedures. 

Nutritional values for leafy materials, sunflower meal, cottonseed meal, maize bran, 

banana peel, and cocoyam root were taken from the online animal feed resources information 

system (Feedipedia 2014) and from sources characterizing ingredients sampled in tropical areas 

because they were deemed to best reflect East African conditions. 

5.2.2 Data management 

Data was managed using MS Excel (Microsoft Corporation, Microsoft Way, Redmond, 

WA, USA). The following parameters were included: CP, NDF, EE, Ca, P, estimated STTD P, 

estimated SID Lys concentration (all as % of DM), actual DM, and estimated DE (kcal kg
-1

 of 

DM) for later use in ration formulation. Mean, standard deviation, and coefficient of variation of 

each parameter for each feed ingredient was determined, based on analyses results for each 

sample and from the literature.   

5.2.3 Estimation of nutrient content 
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Digestible energy (kcal kg
-1

 of DM), was estimated as: [4168 - (9.1 x Ash % x 10) + (1.9 

x CP % x 10) + (3.9 x EE % x 10) – (3.6 x NDF % x 10)] (NRC, 2012) when not found in the 

literature and only for samples with ash concentration less than 25 % of DM; these extreme ash 

contents are considerably outside the range of values used to generate the prediction equation 

(Noblet et al., 1994). Total Lys concentration when not found in the literature (brewers waste, 

gallant soldiers (Galinsoga spp.), spurge (Euphorbia spp.), maize stalk and leaf, groundsel, and 

papaya leaf was estimated from analyzed CP concentration and literature values for Lys 

concentration within CP in related feed ingredients. For brewer’s waste Lys concentration within 

CP was taken from sorghum (NRC, 2012). Lys concentration within CP in avocado, C. 

calothyrus, cocoyam leaf and root, cottonseed meal, glycine, guava fruit, jackfruit, kale/collard 

greens, lablab (Lablab purpureus), Napier grass, papaya fruit, pumpkin leaf, sunflower meal, 

dayflower, and sweet potato tuber was estimated from literature values, for these ingredients.  

The SID (%) of Lys in all fruits was estimated using the SID (%) of Lys in citrus pulp (40 

%; CVB, 2003). SID of Lys in all leafy materials was estimated using the SID of Lys in alfalfa 

meal (56 %; NRC, 2012). The SID of Lys in fishmeal (86 %; NRC 2012), dehydrated cassava 

(55%; CVB, 2003), cottonseed meal (63%; NRC, 2012), sunflower meal, solvent extracted 

(76%; NRC, 2012), sorghum (74%; NRC, 2012), corn bran (74%; NRC, 2012), were used as the 

nearest approximation for SID of Lys of ground sun-dried fish, sweet potato tuber, cottonseed 

meal, sunflower meal, brewers’ waste, and maize bran respectively. 

The STTD (%) of P in all fruits was estimated from the STTD (%) of P in citrus pulp (55 

%; NRC, 2012). The estimate for all leafy materials was based on grass meal and alfalfa STTD 

of P (40 %; CVB, 2013). Brewer’s waste STTD of P was estimated from sorghum P STTD (20 
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%; NRC, 2012). Corn bran STTD of P (27%; NRC, 2012) was the nearest approximation for 

maize bran.  

5.2.4 Determination of seasonal availability and relative importance of feedstuffs 

Mukono and Masaka districts are located in Central Region, in the Lake Victoria 

Crescent agro-ecological zone (www.fao.org). This zone is characterized by hilly and flat areas 

with soils that are good to moderate, altitude ranges from 1,000-1,800m, and average rainfall of 

1,200-1,450mm (www.fao.org). On the day of sampling in each of the districts, seasonal 

availability and relative importance of each feed ingredient were estimated by one local crop and 

veterinary extension officer and one pig farmer (Table 2). On a pre-developed form, all 

ingredients were listed vertically and the months of the year were listed horizontally so as to 

form a grid. Officers and farmers, each on a unique form, indicated the months in which each 

ingredient was available by writing an X in the appropriate cells. On the same form, beside each 

ingredient, they wrote the relative importance of each feed ingredient with 10 being the most 

important and 1 the least important. The mean relative importance was determined for each 

ingredient (Table 2).  

5.3 Results and Discussion 

5.3.1 Nutrient content of feedstuffs 

Estimated values, mean and standard deviation for nutrient profiles of the 43 ingredients 

are summarized in Table 1. Across ingredients estimated DE concentration ranged from (535 to 

4209 kcal kg
-1

 of DM) and EE concentration ranged from 0.9 to 20.1% of DM. Ground sun-dried 

fish had the highest estimated DE concentration. Napier grass, groundsel, red amaranthus 

(Amaranthus cruentus or dubius) and commercially mixed ration had low estimated DE 
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concentration. Individual samples of ground sun-dried fish (n=3), commercial feed (n=1), 

cottonseed meal (n=1), and dayflower (n=3) had ash concentration greater than 25% (69.0, 46.7, 

58.8, 30.7, 27.3, 32.5, 33.7, 25.5 % of DM, respectively). For those samples with extremely high 

ash contents DE contents could not be estimated reliably (Noblet et al., 1994). Avocado fruit 

with peel had the highest EE concentration. Red amaranthus and sweet potato tuber had low EE 

concentration. Across ingredients ash concentration ranged from 1.59 to 96.3% of DM. Shells, 

limestone, and ground sun-dried fish had the highest ash concentration. Avocado and sweet 

potato tuber had low ash concentration. NDF concentration ranged from 1.92 to 71.7% of DM. 

Napier grass, groundsel, banana leaf, and C. calothyrus had high NDF concentration. Ground 

sun-dried fish and limestone had low NDF concentration. 

Across ingredients Ca concentration ranged from 0.09 to 12.96 % of DM. Crushed oyster 

shell, limestone, Russian comfrey, glycine, and cassava leaf had high Ca concentration. Guava 

fruit, jackfruit, and maize bran had low Ca concentration. Phosphorous concentration ranged 

from 0.04 to 1.6 % of DM, while estimated STTD P content ranged from 0.02 to 0.54 % of DM. 

Ground sun-dried fish, pumpkin leaf, cottonseed meal, and sunflower meal had high P 

concentration. Groundsel and dayflower had low P concentration. Maize bran and cottonseed 

meal had high estimated STTD P concentration and C. calothyrus, celery leaf, papaya fruit, 

banana peel, dayflower, and groundsel had low estimated STTD P concentration. 

Crude protein and estimated total Lys concentration ranged from 0.04 to 59.9 and from 

0.08 to 6.7 % of DM respectively, while estimated SID Lys concentration ranged from 0.05 to 

5.80 % of DM. Ground sun-dried fish, cottonseed meal, sunflower meal, and brewers waste had 

high CP concentration. Limestone, crushed oyster shells, banana peel, and sugar cane had low 

CP concentration. Ground sun-dried fish and pumpkin leaf had high estimated total Lys 
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concentration while banana peel had low estimated total Lys concentration. Ground sun-dried 

fish had the highest estimated SID Lys concentration while banana peel, guava fruit, and papaya 

fruit had the lowest. The relatively high protein concentration of glycine, hairy beggarticks, 

gallant soldiers, kale/collard greens, and spurge and the estimated SID Lys concentration in 

pumpkin leaf, cocoyam leaf, hairy beggarticks, amaranthus varieties, and spurge is notable. This 

research indicates that forages are available as CP and Lys sources for pigs. 

Variability within feed ingredients analyzed in this study, and between literature values 

and feed ingredients analyzed in this study, can be attributed to a variety of factors including 

cultivar, maturity and seasonal effects (fruits, vegetables, and plants), and processing procedures 

(grain, grain co-products and ground sun-dried fish). 

The nutrient concentration variability among samples was large for some of the 

ingredients. Estimated DE concentration varied considerably between samples of brewers waste 

(CV=47), cottonseed meal (CV=33), kale/collard greens (CV=35), and dayflower (CV=56). Ash 

concentration varied considerably between samples of grain and co-products including sunflower 

meal (CV=101.8), cottonseed meal (CV = 97.3), brewers waste (CV=83.8), and maize bran 

(CV=75.7). Ash concentration also varied between samples of avocado with peel (CV=37.8), 

maize stalk and leaf (CV=32.5), and papaya leaf (CV=30.6). Crude protein and EE concentration 

varied between samples of very mature cocoyam root (CV= 68.2 and 102.5 respectively), papaya 

leaf (CV= 57.4 and 104.0 respectively) and papaya fruit (CV = 29.9 and 60.5 respectively). 

Crude protein concentration in maize stalk and leaf (CV = 32.5) also varied between samples. 

Ether extract concentration varied between samples of avocado with peel (CV = 67.8) and 

samples of pumpkin leaf (CV=73.8).  
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The NDF concentration varied between samples of ground sun-dried fish, kale/collard 

greens, pumpkin leaf, papaya leaf, maize bran, very mature cocoyam root, papaya fruit, and 

gallant soldiers (CV = 62.5; CV=51.6; CV = 41.0; CV=37.0; CV= 35.0; CV= 34.0;  and CV = 

30.7 respectively). The Ca concentration varied between samples of home-mixed ration (CV = 

63.5), very mature cocoyam root (CV = 37.6.0), and papaya leaf (CV=31.6). Lastly, total P 

concentration varied considerably between Russian comfrey samples (CV = 84.4), guava fruit 

(CV=78.6), spurge (CV = 70.0), hairy beggarticks (CV = 69.9), cottonseed meal (CV = 66.9) and 

samples of pumpkin leaf (CV = 65.0). 

In some instances nutritional values differed greatly between analyses conducted in this 

study and literature values. In particular for ground sun-dried fish, differences in ash (mean 

values, analyzed vs literature: 58.1+1.11 vs 15.9+4.4 % of DM), CP (25.9+1.79 vs 59.9+ 7.4 of 

DM), NDF (10.9+ 6.79 vs 0 % of DM), and EE (1.65 + 0.98 vs 12.0+2.6 % of DM) were large.  

For maize bran there were large differences in ash (6.81 + 5.15 vs 1.62 + 1.8 % of DM) 

and EE concentration (0.93 + 0.42 vs 5.3 + 6.12 % of DM). Differences in ash concentration for 

cottonseed meal (12.8+1.2 vs 7.7+1.18 % of DM) were also large. The higher ash concentration 

in grains, grain co-products, and ground sun-dried fish samples from the current study compared 

to the literature indicate that contamination or adulteration may be occurring at some point(s) in 

the feed supply chain. The Ugandan National Animal Feeds Policy recognizes the poor quality of 

concentrates available in Uganda and the resulting inadequate nutrition and reduced performance 

of livestock, and outlines a need to improve the quality of concentrates (MAAIF 2005) but no 

law has been passed to enforce feed quality standards (Katongole et al 2012). High quality 

unadulterated concentrates are needed for pigs to achieve potential growth performance. 
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Research and interventions into processing systems and constraints hindering feed processors’ 

and stockists’ ability to provide high quality feed are needed. 

For banana peel, differences in NDF concentration for banana peel (44.1+ 5.21 vs 29.4 + 

1.8 % of DM), C. calothyrus (53.4 + 0.64 vs 33.0 + 1.12 % of DM), Napier grass (55.8 + 5.54 vs 

71.7 + 3.1 % of DM), and Russian comfrey (34.1 + 6.26 vs 18.8.0 % of DM) were large between 

samples from this study and those reported in the literature as were EE concentration in 

dayflower (1.55 + 0.74 vs 16.2 + 6.5 % of DM), pumpkin leaf (1.17 + 0.87 vs 5.62 % of DM), 

Russian comfrey (0.90 + 0.47 vs 3.6 % of DM). These differences may be due to the types of 

cultivars and the maturity of the plants sampled here and in the literature. Ether extract 

concentration in sunflower meal (6.52 +3.36 vs 2.9 + 0.83 % of DM) was also large. These 

differences may be due to variation in sunflower oil extraction and dehulling methods. 

Differences in Ca concentration between analyses conducted in this study and literature 

values for forages kale/collard greens, lablab, gallant soldiers, groundsel, and Russian comfrey 

(0.48 + 0.06 vs 2.24; 0.29 vs 1.3; 0.38+0.03 vs 2.45; 0.19 vs 1.45; and 0.90+0.47 vs 3.6 % of 

DM respectively) were large. These differences may be due to calcium deficient soil in the study 

area (Wortmann and Eledu, 1999). Differences in P concentration for jackfruit (1.05 +0.52 vs 

0.08) and cottonseed meal (0.31+0.21 vs 1.26 + 0.19) were also large, which may be due to the 

types of cultivars and maturity of jackfruit, and method of cottonseed meal production methods. 

5.3.2 Seasonal availability and relative importance of feedstuffs 

There were 3 main periods of pig feed ingredient availability in the study districts; 

January and February, March through May plus September through December; and June through 

August. Opportunistic legumes and fresh forages were available soon after the rains begin March 

and September) and while rain continues to fall (April, May, October, November, December). 
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Fruit was available from June through August and November through February. Agricultural co-

products banana peel and leaf, cassava leaf, papaya leaf, brewers’ waste, maize bran, cottonseed 

meal, and sunflower meal were available all year as were sugar cane, oyster shells, limestone, 

and ground sun-dried fish. Opportunistic legumes and forages were not available in January or 

February making these the months in which availability of local feed ingredients for pigs was 

most limited. 

The ingredients ranked most important were banana peel, sweet potato vine and maize 

bran. Opportunistic legumes, crop co-products, purchased grain co-products and ground sun-

dried fish were ranked highly important. Opportunistic legumes and crop co-products are 

inexpensive and widely available because they can be gathered by farmers from their own fields. 

Purchased grain co-products and ground sun-dried fish are widely available to buy at feed 

stockists. Kale/collard greens and celery leaf were ranked low in importance. They are rarely 

grown on pig farms. Cassava leaf was also ranked low. Some farmers report cassava leaf makes 

their pigs vomit and this may be the reason for its relative low importance.  

5.4 Conclusion 

This study is the first effort to describe the nutrient concentration of locally available feed 

ingredients for pigs in Uganda. This information provides a basis for developing low-cost 

balanced rations for pigs for use in different seasons. When formulating rations using local feed 

ingredients for pigs characterized here, consideration of possible nutritional risks including anti-

nutritional factors and toxins, extreme nutrient compositions, and contamination (e.g. with sand) 

is recommended. These are discussed in more detail in a subsequent manuscript where pig 

nutrient requirements, ingredient constraints, actual ration composition and estimated pig 

performance are reported (Chapter 3). 
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The study has some limitations. First, for some of the ingredients few samples were 

collected (n<3). Despite effort being made to sample at many locations, the variability between 

samples of these ingredients was unknown, raising a concern that the samples collected in this 

study may not be representative of ingredients throughout the study area. Second, not enough 

material was available to conduct EE analysis on the one sample of jackfruit after people had 

eaten the flesh. This meant it was not possible to estimate DE. The last limitation is that all 

samples were collected during a 7-day period so nutritional concentration may not be 

representative of the same ingredient in other seasons or years.  

This data base should be expanded through future studies to include sampling in all 

seasons and stages of plant maturity. It should also include ensiled plants, co-products, and 

tubers, and co-products such as blood and rumen contents which are potentially important pig 

ingredients but are not widely used in Uganda. The opportunity costs and benefits of using 

alternative local ingredients, such as labour required to produce and/or collect them should be 

evaluated in a cost-benefit analysis. Further analyses should also include toxins and anti-

nutritional factors that could restrict the use of local ingredients in pig rations.  

In conclusion, local feed ingredients of adequate nutritional value for pig rations are 

available seasonally in Uganda. Analyzed nutritional value varies considerably between samples 

of the same type of ingredient. Furthermore, for several ingredients the analyzed nutritional 

values observed in this study and values reported in the literature differ considerably. Therefore, 

additional sampling and analysis of these local ingredients is recommended. Knowledge about 

the seasonal availability and nutritional value of locally available feed ingredients for pigs in 

sub-Saharan regions such as Uganda will enable nutritionists to develop balanced, low-cost 
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rations for use by smallholder farmers. These are expected to lead to improvements in pig growth 

performance and poverty reduction.  
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Item N Sourcea DMb, % as 

fed  

DEc, kcal kg-1 of 

DM  
Ash, % of 

DM 

CPd, 

% of 

DM 

NDFe, % of 

DM 

EEf
,
 % of 

DM 

Calcium, 

% of DM 

Phosphorous

, % of DM 

Estimated 

STTDg 

Phosphor
ous, % of 

DM 

Estimated 

Total 

Lysh,  % 
of DM 

Estimated SID   

Lysi, % of DM 

Amaranthus- big 2 Current study 13.4+2.1 1508+224.66 20.6 + 
1.93 

26.1+ 
2.05 

37.4+ 3.25 1.6+ 1.0 0.4+0.02 0.3+0.16 0.12+0.06
j 

1.3+0.11 0.8+0.06u 

Amaranthus – local 

(Amaranthus lividus) 

9 Current study 13.9+1.77 1728+182.59 19.4+2.62 24.3+

3.33 

33.7+6.51 1.87+0.77 0.42+0.05 0.46+0.24 0.19+0.10 

j 

1.26+0.17 0.70+0.10  

Amaranthus – red 
(Amaranthus cruentus 

or dubius) 

1 Current study 15.4 1266 20.1 19.9 40.4 0.19 0.32 0.25 0.10 j 1.03 0.58u 

Amaranth leaves, raw 1 1 8.31 n/a n/a 29.6 n/a n/a n/a n/a n/a 1.53 0.86 

Avocado + peel 
(Persea americana) 

6 Current study 18.37+1.24 3326+633.18 5.05+1.91 6.52+ 
1.36 

34.28 + 
7.49 

20.1+ 
13.64 

0.14 + 
0.02 

0.63+ 0.19 0.35+0.11
k 

0.44+0.09 0.18+0.04v 

Avocado fruit raw, all 

commercial varieties 

(Persea americana)  

1 2 26.8 n/a 

 

n/a 

 

7.5 n/a n/a n/a n/a n/a 0.49 0.20v  

Banana leaf (Musa 

sapientum) 

9 Current study 23.5+ 5.72 1796+171.01 10.26+ 

0.79 

16.13

+ 
3.07 

54.66+ 

5.28 

5.72+ 

2.10 

0.29+ 

0.02 

0.71+0.35 0.29+0.14 

j 

0.86+0.16 0.48+0.09u 

Banana leaf (Musa 

sapientum) 

2 2 58.0 + 51.4 1603 + 463.4 9.9 + 1.3 12.8 + 

2.6 

58.5 + 4.0 5.0 + 3.8 0.8 0.2 0.13 j n/a n/a 

Banana peel- sun-dried 
(Musa sapientum) 

7 Current study 17.54+3.33 2072+163.34 8.04+ 
1.81 

5.21+ 
0.49 

44.1+5.21 3.22+1.19 0.19+0.03 0.53+ 0.29 0.21 
+0.11j 

0.08+0.01 0.05+0.0u 

Banana peel- sun-dried 

(Musa sapientum) 

5 2 55.5 + 56.8 2974 + 511.9 11.8 + 2.0 6.9 + 

1.1 

29.4 + 1.8 10.5 + 3.4 0.4 0.2 0.06 + 

0.05 j 

0.11 0.06u 

Banana peel – cooked 
(Musa sapientum) 

1 Current study 13.07 2128 7.91 24.75 52.83 2.85 0.23 n/a n/a n/a n/a 

Brewer’s waste 2 Current study  42.7+24.13 2747+1304.6 11.3+9.48 31.9+

6.16 

34.3+5.85 6.11+2.93 0.15+0.02 0.52+0.07 0.21+0.03
l 

0.68+0.13
l  

0.36+0.07l 

Calliandra calothyrus 3 Current study 32.3+9.12 2237+52.70 5.49+0.30 23.0+
0.19 

53.4+0.64 1.41+0.16 0.17+0.01 0.61+0.15 0.24+0.06 

j 
1.52+0.01 0.85+0.01u 

Calliandra calothyrus  14 3-9 91.2+0.54 2924† 5.87+1.26 21.4+

3.46 

33.0+11.2  0.80+0.43 0.23+0.07 0.08+0.04 

j 

1.42+0.23 0.83+0.11u 

Cassava leaf (Manihot 8 Current study 22.9+5.15 2709+327.85 8.1+0.26 22.9+ 36.4+9.20 3.2+1.26 0.3+0.03 0.7+0.44 0.3+0.18 j 1.3+0.14 0.7+0.08 

Table 5.1 Dry matter (DM) concentration, estimated digestible energy concentration (DE) (kcal kg
-1

 of DM) and nutrient composition (% 

of DM) of locally available feed ingredients for pigs in Central Region, Uganda estimated from laboratory analysis (current study) or a 

review of the literature   
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esculenta) 5.15 

Cassava leaf (Manihot 

esculenta)o 

2 2 57.8 + 49.9 2777 + 261.7 8.3 + 1.2 23.7 + 

1.6 

42.3 6.4 + 0.6 1.4 + 0.3 0.4 + 0.1 0.23 + 

0.04 j 

1.3 0.75u 

Celery leaf (Apium 

graveolens var. dulce) 

1 Current study 17.9 1666 19.8 17.5 30.8 1.87 0.22 0.17 0.07 j 0.69 0.38u 

Celery leaf (Apium 

graveolens var. dulce) 

 1 4.66 n/a 16.09 14.81 n/a 3.65 0.86 0.52 0.21 j 0.58 0.32u 

Cocoyam leaf 

(Colocasia) 

10 Current study 11.+2.86 2516+269.93 13.5 + 

3.02 

24.3+

4.09 

29.0+5.71 4.04+1.71 0.33+0.05 0.55+0.24 0.22+0.10 

j 

3.01+0.51 1.69+0.28u 

Cocoyam leaf 

(Colocasia) 

3 1,10,11 

 

36.1+43.1 2363† 13.6+1.56 23.9+

9.64 

37.6* 8.43+4.62 0.75* 0.42* 0.17 j 2.96+1.76 1.10+1.18u 

Commercially 

prepared ration (mash) 

4 Current study 87.6+0.73 1328+348.99 22.8+6.01 16.8+

2.29 

31.0+8.83 0.78+0.39 0.44+0.08 0.51+ 0.31 n.a n.a n.a 

Dietary requirement 

(25-50kg growing pig) 

1 NRC (2012) 

model: ADG 
415 g/d  Feed 

intake 1.48 kg 

DM / day
12 

90.0 2970 - 9.16 - - 0.30 0.33 0.14 0.65 0.56 

Cottonseed meal  3 Current study 91.7+0.75 3666+127.4  12.8+12.5 35.3+
2.20 

23.1+5.77 6.01+0.96 0.16+0.03 0.31+ 0.21 0.11+0.07
m 

1.41+0.08 0.89+0.05m 

Cottonseed meal  3 12-14
 90.7+ 1.45 3219+11.1  

§
 7.7+ 1.18 45.2+

2.07 

26.3+2.28 7.48+2.0 0.24+0.02 1.26+0.19 0.46+ 

0.08 

1.27+0.88 0.53+0.60m 

Dayflower (Commelina 
benghalensis) 

8 Current study 9.03+1.19 1249+284.3  23.8+6.42 18.9+
1.29 

40.3+5.38 1.55+0.74 0.34+0.09 0.67+0.34 0.27+0.14 

j 
0.82+0.06 0.46+0.03u 

Dayflower 

(Commelina 
benghalensis)o 

9 2 83.7 + 3.7 3575 + 356.3 2.4 + 0.11 20.8 + 

3.5 

41.2 + 3.3 16.2 + 6.5 0.11 0.07 0.04 j 0.9 0.50u 

Gallant soldiers -

(Galinsoga  spp.) 

8 Current study 11.9+2.8 1802+244.79 17.7+3.0 21.6+

3.72 

34.2+10.5 1.67+0.67 0.38+0.03 0.60+0.27 0.21+0.13 

j 

1.15+0.20
s 

0.65+0.11u 

Gallant soldiers-
(Galinsoga parviflora) 

1 15 11.6 n/a 14.7 27.6 n/a 3.45 2.45 0.50 0.20 j n/a n/a 

Glycine (Neonotonia 

wightii) 

1 Current study 27.10 1911 12.18 22.52 45.10 1.21 0.26 0.88 0.35 j 0.71 0.40u 

Glycine (Neonotonia 
wightii) 

6 13,16,17
 33.0 1765† 11.8+2.6 19.3+

5.3 
49.7+6.4 2.40* 1.49* 0.25* 0.10* j 0.61+0.12 0.34+0.07u 

Groundsel  (Senecio 

discifolius) 

1 Current study 16.5 1457 12.09 11.39 53.85 2.87 0.19 0.04 0.02 j 0.61s 0.34u 

Groundsel (Senecio 
discifolius) 

1 15  13.7 n/a 19.0 19.0 n/a 5.11 1.45 0.39 0.16 j n/a n/a 

Guava fruit (Psidium 

guajava) 

2 Current study 14.2+1.09 3073* 3.97+0.47 6.53* 

 

33.6+ 5.89 3.7+ 0.97 0.16+ 

0.003 

0.64+0.50 0.35+0.28 

k 

0.19* 0.07v* 

Guava fruit (Psidium 
guajava) 

1 1 19.2 n/a 7.24 13.3 n/a 5.0 0.09 0.21 0.11 k 0.38 0.15v 

Hairy beggarticks 

(Bidens pilosa) 

8 Current study 12.0+1.79 1770+235.36 15.0+1.48 24.7+

2.34 

43.7+5.17 1.53+0.47 0.33+0.04 0.57+0.40 0.23+0.16 

j 

1.32+0.14 0.74+0.08u 

Hairy beggarticks 
(Bidens pilosa) o 

1 2 92.2 1501 18.24 15.0 38.5 2.5 n/a n/a n/a n/a n/a 

Home-mixed dry ration 

(mash) 

8 Current study 84.6+2.31 2334+514.43 14.4+5.28 17.4+

3.44 

25.0+4.65 1.22+1.04 0.17+0.11 0.49+0.24 n/a n/a n/a 



 

  

133 

 

Commercially 

prepared ration 
(recommended for 25-

50kg growing pig) 

1 12 90.0 3780 n/a n/a n/a n/a 0.73 0.62 0.34 1.24 1.09 

Jackfruit  - flesh +peel 

+seeds (Artocarpus 
heterophyllus) 

2 Current study 15.5+3.25 3327+18.96 4.8+0.66 8.25+

1.67 

18.4+1.12 2.56+0.18 0.18 + 

0.02 

1.05+0.52 0.58+0.29
k 

0.33+0.07 0.13+0.03v 

Jackfruit  - flesh 

(Artocarpus 
heterophyllus) 

1 1 26.5 n/a 3.54 6.48 n/a 2.41 0.09 0.08 0.04 k 0.26 0.10v 

Jackfruit remains after 

people eat flesh 

(Artocarpus 
heterophyllus) 

2 Current study 15.9+0.53 n/a 6.53+0.75 8.02+

1.15 

23.3+2.43 n/a 0.18+0.02 0.46+ 0.23 0.25+0.13
k 

0.32+0.05 0.13+0.02v 

Kale/ Collard Greens  

(Brassica oleracea var. 
acephala) 

4 Current study 10.3+0.58 2149+742.83 19.6+4.33 23.4+

1.44 

21.2+10.9 2.14+0.60 0.48+0.06 0.38+0.11 0.15+0.04 

j 

0.91+0.06 0.51+0.03u 

Kale/ Collard Greens  

(Brassica oleracea var. 

acephala) 

1 1 10.38 n/a 12.7 29.1 n/a 3.45 2.24 0.50 0.20 j n/a n/a 

Lablab (Lablab 

purpureus) 

1 Current study 14.52 2565 10.75 24.53 33.33 2.79 0.29 0.49 0.20 j 1.37 0.77u 

Lablab (Lablab 

purpureus) 

1 13 22.1 2003† 11.1 18.4 44.6 2.6 1.3 0.29 0.12 j 1.03 0.58u 

Lead tree leaves 

(Leucaena) 

1 Current study 26.50 3199 8.22 29.11 24.53 2.80 n/a n/a 0.37 j 1.47 0.82u 

Lead tree leaves 
(Leucaena) 

10 3- 5,13,16,18 

 

29.9* 267713 8.5* 23.4+
3.0 

32.9+9.4 6.6+2.3 1.9+0.8 0.9+1.2 0.3+0.5 j 1.18+0.15 0.66+0.08u 

Limestone (Calcium 

carbonate) 

2 Current study 99.8+0.04 n/a 96.3+1.5 0.04+

0 

1.92+0.05 0.63+0.07 2.90+0.50 0 0 0 0 

Limestone (calcium 

carbonate) 

 12 n/a n/a n/a n/a n/a n/a 43.3 0.02 n/a n/a n/a 

Maize bran 8 Current study 84.7+3.58 2690+546.20 6.81+5.15 13.0+

11.8 

31.9+11.8 0.93+0.42 0.10+0.02 0.56+0.29 0.13+ 

0.09n 

0.58+0.06
n 

0.43+0.04n 

Maize bran 3 12,13
 90.86+3.84 2847+206.8  

§
 3.05+2.77 10.51

+1.63 

36.82+0.6 5.03+4.36 0.35+0.27 0.25+0.15 0.07+0.04
n 

0.44+0.09
n 

0.32+0.07n 

Maize bran – wet  1 Current study 91.18 2586 9.55 24.37 34.00 1.22 0.19 0.56 0.15n 1.10n 0.81n 

Maize – whole grain 

crushed twice (Zea 

mays) 

1 Current study 84.17 3260 1.59 8.56 26.42 0.64 n/a n/a n n n 

Maize grain, subSahara 

(Zea mays) 

1 13 90.0 396513 4.3 6.0 15.5 4.5 0.04 0.29 0.10n 0.23n 0.17n  

Maize stalk and leaf at 

maize field thinning 
time (Zea mays) 

4 Current study 13.9+7.39 1404+199.83 16.2+5.26 14.4+

4.69 

45.34+11.8 1.74+0.33 0.27+0.08 0.65+0.17 0.26+0.07
j 

0.25+0.08
t 

0.14+0.05u 

Napier grass 

(Pennisetum 
purpureum) 

6 Current study 15.3+2.65 1139+297.75 15.4+1.71 15.7+

1.52 

55.8+5.54 2.02+ 

0.39 

0.24+ 

0.03 

0.54+ 0.32 0.22+0.13
j 

0.27+0.03 0.15+0.01u 
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Napier grass 

(Pennisetum 
purpureum) 

6 13,16,19,20  18.8+2.2 535+194.2 
§
 16.2+9.1 17.1+

21.1 

71.7+3.1 7.1+6.9 0.4* 0.3* 0.12j * 0.3* 0.17u* 

Oyster shells crushed   2 Current study 99.3+0.006 n/a 95.9+0.06 0.41+

0.48 

0 0.43+0.38 12.96+0.4

7 

0.28+0.04 n/a n/a n/a 

Papaya fruit – flesh+ 
skin+ seeds (Carica 

papaya) 

4 Current study 8.0+2.89 3182+158.87 8.2+0.95 10.8+
3.21 

14.8+5.02 2.3+1.42 0.2+0.06 0.7+0.14 0.4+0.07k 0.3+0.09 0.1+0.04v 

Papaya fruit – flesh+ 

skin+ seeds (Carica 
papaya) 

 1,13 

 

10.1+2.64 291613 5.8+3.6 7.6+5.

2 

n/a 2.18* 0.2+0.04 0.12+0.05 0.07+0.03
k 

0.21* 0.08v* 

Papaya leaf  (Carica 

papaya) 

3 Current study 20.4+4.33 3341+54.96 10.71+3.2

8 

19.0+

10.9 

18.0+7.36 5.40+5.62 0.31+0.10 0.42+0.21 0.17+0.08 

j 

1.01+0.58 0.57+0.33u 

Papaya leaf  (Carica 
papaya) 

5 13,21
 20.9* n/a 11.9+0.84 23.8+

0.35 
n/a 2.40+2.55 0.87+1.73 0.35* 0.14 j n/a n/a 

Pumpkin leaf 

(Cucurbita moschata) 

10 Current study 13.1+3.73 1827+475.70 18.8+3.64 30.4+

4.32 

34.9+5.95 1.19+0.87 0.44+0.06 0.79+0.52 0.32+0.21 

j 

1.93+0.27 1.08+0.15u 

Pumpkin leaf 
(Cucurbita moschata) 

1 1 7.12 n/a 17.4 44.2 n/a 5.62 0.55 1.46 0.58 j 2.81 1.57u 

Russian Comfrey 

(Symphytum x 
uplandicum) 

4 Current study 12.6+6.35 1556+382.70 20.8+1.86 25.1+

1.02 

34.1+6.26 0.90+0.47 0.37+0.03 0.36+0.31 0.14+0.12 

j 

1.22+0.10 0.68+0.05u 

Russian Comfrey 

(Symphytum x 

uplandicum) 

1 13 13.4 262913 24.9 18.6 18.8 3.6 1.87 0.49 0.20 j 0.67 0.38u 

Spurge (Euphorbia 

spp.) 

8 Current study 15.2+2.81 2738+347.53 12.1+1.33 25.1+

3.77 

26.6+6.94 3.54+1.49 0.30+0.03 0.78+0.55 0.31+0.22 

j 

1.34+0.20
s 

0.75+0.11u 

Spurge (Euphorbia 
heterophylla) 

2 22,23
 19.0+2.12 3116 † 8.10* 25.20

+17.1 

27.5* 7.0* n/a n/a n/a n/a n/a 

Sugar cane 

(Saccharum spp.) 

1 Current study 16.41 4080 5.00 5.45 30.77 35.17 0.16 0.67 n/a n/a n/a 

Sun-dried fish ground 
(Rastrineobola 

argentea) 

3 Current study 92.2+2.72 n/a 58.1+11.1 25.9+
1.79 

10.9+6.79 1.65+0.98 0.80+0.06 0.63+0.17 0.52+ 
0.14p 

0.29+0.02 0.25+0.02p 

Sun-dried fish 

(Rastrineobola 
argentea) o 

9 2 90.8 + 2.8 4209 + 807.1 15.9 + 4.4 59.9 + 

7.4 

0 12.0 + 2.6 1.6 1.6 1.4p 6.7 + 0.7 5.80 + 0.59p 

Sunflower meal 

(Helianthus annuus) 

3 Current study 93.2+0.87 2536+774.45 10.3+10.4

4 

22.4+

0.47 

38.3+7.70 6.52+3.66 0.13+0.03 0.58+0.35 0.17+0.10
q 

0.84+0.01
q 

0.67+0.01q 

Sunflower meal 

(Helianthus annuus) 

3 12-14 

 

88.9+0.99 2350+90.5 § 6.9+0.12 33.0+

1.82 

44.0+2.27 2.9+0.83 0.43+ 0 

 

1.17+0.13 0.38+0.10
q 

1.21+0.11 0.64+0.56q 

Sweet potato tuber 

(Ipomoea batatas) 

1 Current study 35.2 3282 2.84 17.8 28.3 1.36 0.13 0.86 0.21r 0.75 0.41r 

Sweet potato tuber 
(Ipomoea batatas) 

1 1,13 26.36+5.15 3489 13 3.98+0.52 6.21+
1.00 

11.3* 0.66+0.62 0.13+0.01 0.18+0.04 0.10+0.02r  0.26+0.05 0.14 + 0.03r 

Sweet potato vine and 

leaf (Ipomoea batatas) 

11 Current study 13.8+2.65 2156+389.27 11.4+3.17 18.5+

3.15 

38.9+6.3 1.88+0.40 0.28+0.08 0.39+0.25 0.16+0.10 

j 

0.74+0.13 0.42+0.07u 

Sweet potato vine and 
leaf (Ipomoea batatas) 

3 2 15.9 + 3.5 2024 + 245.8 11.1 + 0.7 14.9+ 39.3 + 4.4 3.5 + 1.8 0.5 + 0.6 0.2 + 0.2 0.09 j + 0.6 0.33u 
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3.2 0.10 

Avocado leaf and seed were sampled but are toxic to pigs so not included here as a feed ingredient for pigs. 

 
a 
References are provided for values found in the literature. Current study indicates values from analyses done in this study. 

b 
Dry matter. 

c 
Digestible energy. Not calculated for samples with ash concentration > 25.0 % of DM. 

d 
Crude protein 

e 
Neutral detergent fibre 

f  
Ether extract 

g 
STTD P = Standardized total tract digestible phosphorus concentration. Calculated from P content and estimates of STTD of P from 

CVB (2003) for closely related ingredient grass meal and alfalfa
j
 and dehydrated cassava

r
, and from NRC (2012) for closely related 

ingredient citrus pulp
k
, sorghum

l
, cottonseed meal

m
, corn bran

n
, fishmeal combined

p
, and sunflower meal solvent extracted

q
 

respectively as the nearest approximation. See the text for further details. 

h 
Lys = Lysine. In this study amino acid analyses were not conducted. Estimated from CP content and the Lys to CP ratio in closely 

related sorghum
l
 (NRC 2012), and from calculated mean

s 
of closely related ingredients glycine, Russian comfrey, dayflower, and 

sweet potato vine from (Feedipedia (2014) and Tokita et al (2006); Feedipedia (2014); Carter et al (2015); Carter et al (2015) 

respectively, and from Feedipedia (2014) in closely related ingredient Napier grass
t
 respectively as nearest approximation. See the text 

for further details. 



 

  

136 

 

i 
SID Lys = Standardized ileal digestible lysine concentration. In this study amino acid analyses were not conducted. Calculated using 

the estimate of SID Lys from CVB (2003) for closely related ingredient dehydrated cassava
r
, and citrus pulp

v
, and from NRC (2012) 

for closely related ingredient sorghum
l
, cottonseed meal

m
, corn bran

n
, fishmeal combined

p
, sunflower meal solvent extracted

q
, and 

alfalfa meal
u
 respectively as the nearest approximation. See the text for further details. 

* One sample only 

†
 Calculated from mean crude protein, ether extract, ash, and neutral detergent fibre 

§ 
Mean of digestible energy literature values 

1 Agricultural Research Service United States Department of Agriculture (USDA) 2015 

2 Carter et al 2015 

3 Barahona et al 2003 

4 Hess et al 2008 

5 Hove et al 2003 

6 Kaitho and Kariuki 1998 

7 Salawu et al 1997 

8 Salawu et al 1999 

9 Wambui et al 2006 

10 Apata and Babalola 2012 
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11 Regnier et al 2012 

12 NRC 2012 

13 Feedipedia Animal feed resources information system 2014 

14 Rodriguez et al 2013 

15 Wehmeyer and Rose 1983 

16 Njarui et al 2003 

17 Tokita et al 2006 

18 Mtenga and Laswai 1994 

19 Abdulrazak et al 1996 

20 Kidder 1945 

21 Ayoola and Adeyeye 2010 

22 Bindelle et al 2009 

23 Kouaou et al 2013 

 

  



 

  

138 

 

  Months in which available 

Ingredient Relative Importance 

according to pig 

farmers
a
 

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Amaranthus- big 9   Yes Yes Yes    Yes Yes Yes  

Amaranthus – local – 

(Amaranthuslividus) 

9   Yes Yes Yes    Yes Yes Yes  

Amaranthus – red  

(Amaranthus cruentus or dubius) 

9   Yes Yes Yes    Yes Yes Yes  

Avocado + peel 

(Persea americana) 

8 Yes Yes    Yes Yes Yes    Yes 

Banana flower (Musa sapientum) 7   Yes Yes Yes    Yes Yes Yes  

Banana leaf (Musa sapientum) 7  Yes Yes Yes Yes   Yes Yes Yes Yes  

Banana peel- sun-dried (Musa 

sapientum) 

10 Yes Yes    Yes Yes Yes    Yes 

Banana peel – cooked (Musa 

sapientum) 

10 Yes Yes    Yes Yes Yes    Yes 

Brewer’s waste 8 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Table 5.2 Seasonal availability and relative importance of 45 locally available feed ingredients for pigs in Central Region, Uganda 
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Callidandra calothyrus 7             

Cassava leaf (Manihot esculenta) 3    Yes Yes Yes    Yes Yes Yes 

Celery leaf (Apium graveolens 

var. dulce) 

0             

Cocoyam leaf (Colocasia spp.) 9   Yes Yes Yes Yes   Yes Yes Yes Yes 

Commercially prepared ration 

(mash) 

2 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Cottonseed meal 8 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Oyster shells crushed 8 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Dayflower (Commelina 

benghalensis) 

8   Yes Yes Yes    Yes Yes Yes  

Glycine (Neonotonia wightii), 6   Yes Yes Yes    Yes Yes Yes  

Guava fruit (Psidium guajava) 7 Yes Yes Yes Yes       Yes Yes 

Hairy beggarticks (Bidens pilosa) 9   Yes Yes Yes    Yes Yes Yes  

Home-mixed dry rations (mash) 8 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Jackfruit - flesh +peel +seeds 

(Artocarpus heterophyllus) 

7 Yes Yes    Yes Yes Yes    Yes 

Jackfruit- remains after people 

eat flesh (Artocarpus 

heterophyllus) 

5 Yes Yes    Yes Yes Yes    Yes 
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Gallant soldiers (Galinsoga 

parviflora) 

9   Yes Yes Yes Yes    Yes Yes Yes 

Kale/Collard Greens (Brassica 

oleracea var. acephala) 

2   Yes Yes Yes Yes    Yes Yes Yes 

Spurge (Euphorbia heterophylla) 7   Yes Yes Yes Yes    Yes Yes Yes 

Lablab (Lablab pupureus) 8     Yes Yes   Yes Yes Yes Yes 

Lead tree leaves (Leucaena) 2    Yes Yes Yes   Yes Yes Yes  

Limestone (calcium carbonate) 1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Maize bran  10 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Maize stalk and leaf at maize 

field thinning time (Zea mays) 

8   Yes Yes     Yes Yes   

Maize bran – wet 10 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Maize – whole grain crushed 

twice 

9 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Groundsel (Senecio discifolius) 7   Yes Yes Yes     Yes Yes Yes 

Napier grass (Pennisetum 

purpureum) 

8   Yes Yes Yes Yes    Yes Yes Yes 

Papaya fruit – flesh+ skin+ seeds 

(Carica papaya) 

8   Yes Yes Yes Yes   Yes Yes Yes Yes 

Papaya leaf (Carica papaya) 4 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 
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Pumpkin leaf (Cucurbita 

moschata) 

5    Yes Yes Yes    Yes Yes Yes 

Russian comfrey (Symphytum x 

uplandicum) 

8   Yes Yes Yes    Yes Yes Yes  

Sugar cane (Saccharum spp.) 5 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Sun-dried fish - ground 

(Rastrineobola argentea) 

8 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Sunflower meal (Helianthus 

annuus) 

7 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Sweet potato tuber (Ipomoea 

batatas) 

9  Yes Yes Yes    Yes Yes Yes   

Sweet potato vine and leaf 

(Ipomoea batatas) 

10  Yes Yes Yes    Yes Yes Yes   

a 
10= most important and 1 = least important 
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 CHAPTER SIX 

 

Growth performance of local and crossbreed Ugandan pigs fed commercial diet versus forage- or 

silage-based diets 

6.1 Introduction 

Smallholder pig farmers in east Africa report that high cost of feed, poor quality of feed, and lack 

of feed are key constraints to pig rearing (Ouma et al, 2014; FAO 2012; Muhanguzi et al, 2012; 

Mutua et al., 2012; Kagira et al., 2010). Pig farmers have limited access to feedstuffs, inadequate 

storage, and restricted processing ability in part due to poor infrastructure (e.g. 6.7% of the rural 

population has access to electricity) (Ouma et al, 2014; FAO 2012; Muhanguzi et al, 2012; 

Mutua et al., 2012; Kagira et al., 2010; Worldbank 2010). Commercially prepared pig diets are 

beyond most farmers’ financial means (Mutua et al., 2012; Kagira et al., 2010). Feedstuffs 

availability fluctuates seasonally, exacerbating existing food/feed shortages (Kagira et al., 2012; 

Mutua et al., 2012). Pig farmers consume many of the same products fed to pigs (e.g. millet, 

maize, fruit, vegetables, sun-dried fish) resulting in food competition (Kambashi et al., 2014; 

Kagira et al., 2010; Mutua et al. 2012).  Pigs are fed carbohydrate-rich low-or-no-protein 

nutritionally unbalanced diets (Kambashi et al., 2014; Kagira et al., 2010; Mutua et al., 2012). 

Inadequate and imbalanced feeding contributes to the low growth performance of pigs on east 

African smallholder farms (Carter et al, 2013; Muhanguzi et al, 2012; Mutua et al., 2012; Kagira 

et al., 2010), and elsewhere in the tropics (Kumaresan et al., 2007; Cargill et al., 2009; 

Phengsavanh et al 2010; Reidel et al., 2012; Kambashi et al., 2014) resulting in decreased farmer 

profit (Levy et al 2009). Well-balanced cost-effective diets are needed to improve pig 

performance in East Africa. Fresh and ensiled locally available feedstuffs can be used in diets 
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that meet the nutrient requirements of pigs (Kaensombath et al., 2012; Ly et al., 2012; Adeniji 

2008; Giang et al., 2004; Kanengoni et al., 2004). Efficient use of these feedstuffs is required to 

promote sustainable pig rearing enterprises and enable pig farmers to realize profits thereby 

improving rural livelihoods. Low-cost forage- and silage-based diets containing some zero-cost 

feedstuffs are needed to improve pig performance and empirical evidence of their efficacy is 

needed. Our five hypotheses were: 1) average daily gain (ADG) of pigs fed improved diets 

(forage-based or sweet potato vine and tuber silage-based) is lower than pigs fed a commercial 

diet and higher than ADG of pigs raised under typical East African smallholder management 

conditions; 2) feed conversion of pigs fed forage-based or silage-based diets is less efficient than 

pigs fed a commercial diet; 3) ADG is positively correlated with body weight (BW); 4) ADG of 

cross breed pigs is higher than that of local breed pigs; and 5) variability between estimated and 

analyzed nutrient content of diets formulated based on estimated nutrient availability will be 

small. The objectives of the study were 1) to determine the ADG, and feed efficiency (gain to 

feed [G:F] ratio) of female and castrated male, local and crossbreed (exotic x local) pigs in 

Uganda fed 1 of 3 diets (forage-based, silage-based, or commercial), and 2) determine the cost 

per kg of each diet, and the cost of feed per kilogram of pig BW gain, when all ingredients are 

purchased or some are zero-cost. 

6.2 Materials and Methods 

6.2.1 Diet formulation 

The seasonal availability, relative importance, price per kg, and nutritional value of local pig 

feedstuffs in Masaka and Mukono districts of Central Region, Uganda were determined and 

reported previously (Chapter 5). Briefly, proximate nutrient analysis was performed on 43 
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feedstuffs and complemented with a comprehensive literature data. Feedstuffs included in this 

study were selected based on cost, relative importance, farmer ease of access, seasonal 

availability, known safe levels of inclusion due to anti-nutritional factors, and likelihood of 

securing sufficient volume throughout the trial period. Sweet potato vine and tuber silage was 

included in response to seasonal feedstuffs shortages because silage can be made when vines and 

tubers are plentiful, and fed when feedstuffs are scarce (Peters et al., 1997).  

The nutritional requirements of 8 to 65 kg BW crossbreed (local x exotic) pigs in Uganda were 

determined using the methods outlined in Chapter 4). Briefly, the dynamic NRC (2012) nutrient 

requirement model for growing-finishing pigs was converted into a static model to represent the 

use of daily intake of digestible energy (DE kcal/day; calculated from daily feed DM intake and 

diet DE content in kcal/kg of DM) for body protein deposition (Pd, gram/day), body lipid 

deposition (Ld, gram/day) and maintenance for pigs between 8 to 20, and 20 to 35, and 35 to 65 

kg bodyweight (BW). Estimated nutrient requirements per kg feed DM were similar for these 

BW ranges. Mean ADG (kg/day) was predicted from Pd and Ld using the static model. 

Estimates of nutrient requirements were based on performance level assumptions i.e. feed intake 

(582, 977, 1376 g/day) and ADG (207, 342, and 453 g/day) for 8 to 20, and 20 to 35, and 35 to 

65 kg BW pigs, respectively at diet energy density of 2960 kcal/kg of DM. All other 

calculations, including nutrient requirement predictions, were taken directly from NRC (2012) 

and programmed into Microsoft Excel (Microsoft Corporation, Microsoft Way, Redmond, WA). 

Balanced low-cost diets (forage-based and silage-based) were formulated using methods 

described in Chapter 4). Briefly, diets for three phases of feeding (newly weaned, growing, and 

finishing pigs (8 to 20, 20 to 35, and 35 to 65 kg BW respectively) were generated using a least-

cost diet formulation program based on that used by Skinner et al (2012). The program was used 
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to minimize diet cost (Ugandan shillings/kg) and satisfy five nutritional constraints, i.e. 

minimum requirements for DE, total calcium (determined as the greater of total calcium:total 

phosphorous = 0.9, or total calcium:standardized total tract digestible [STTD] phosphorous = 

2.15), STTD phosphorous, standardized ileal digestible (SID) crude protein and lysine (2849 

kcal/kg of dry matter [DM], 0.45, 0.17, 10.2, and 0.73 % of DM respectively), while considering 

26 feedstuffs. Mean nutrient content values for each feedstuff, estimated from actual pre-trial 

analyzed nutrient content and from the literature as described in Chapter 5) were used in diet 

formulation.  The actual DM content of wilted forages was estimated, but not determined 

directly. Water loss during wilting was calculated using fresh and wilted weights, and the 

average DM content from pre-trial proximate nutrient analysis as described in Chapter 5). Lysine 

was considered because it is generally the first limiting amino acid in pig diets (NRC, 2012). 

Requirements for micro-nutrients were met by including a commercial vitamin and mineral 

premix.  Requirements for sodium and chloride were met by including a minimum amount of salt 

in the diets. Additivity of feedstuff nutrient value was assumed. The energy density in corn and 

soybean meal diets was initially used as a reference for establishing nutrient requirements (NRC 

2012).  To determine the least-cost diet per unit of energy and other nutrients, diet costs were 

calculated per unit of energy at each 1% decrease in nutrient density. Ratios among the nutrient 

constraints and energy content were kept constant to explore the effect of lowering diet energy 

density to minimize the cost per unit of energy and other nutrients.  

To limit fibrous feedstuffs, diet neutral detergent fibre (NDF) content was not allowed to exceed 

350 g/kg of DM. Although diet NDF content in typical corn and soybean meal based diets starter 

and grower pig diets is limited to 100 and 150 g/kg of DM, respectively, local breed and cross 

breed pigs may tolerate NDF at higher dietary levels (van Kempen, 2001; Ndindana et al., 2002; 
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Kanengoni et al., 2004). Salt, and mineral and vitamin premix minimum constraints (3.9 and 1.5 

g/kg of DM, respectively) were imposed per NRC (2012) recommendations.  

In addition to constraints on nutrients, maximum inclusion levels were imposed for some 

ingredients as well. Cottonseed meal was limited (50 g/kg of DM) due to presence of gossypol 

and its inherent negative effect on growth. A lower level was chosen because of contradictory 

results on growth at levels above 80 g/kg (Li DeFa et al., 2000; Adeniji and Azeez, 2008). 

Cassava leaf level was limited to 200 g/kg of DM due to presence of hydrocyanic acid and 

tannins, because of contradictory results on growth at levels above 200 g/kg (Alhassan and Odoi 

1982; Sarwat et al., 1988; Ravindran et al., 1990; Ravindra 1993). Jackfruit (Artocarpus 

heterophyllus) and avocado (Persea americana) were limited (400 and 200 g/kg of DM, 

respectively) to minimize human and pig food competition, and to avoid potential decrease in 

nitrogen retention reported for avocado inclusion at 200 g/kg of DM (Lemus-Flores et al., 2005; 

Grageola et al., 2010). Sweet-potato-vine-and-tuber silage was limited (400 g/kg of DM because 

cost per kg of weight gain was lowest at 400 g/kg of DM and growth rate declined at levels 

above 400 g/kg of DM (Giang et al 2004). Diet composition is presented in Table 1. 

6.2.2 Sweet potato vine and tuber silage production 

Sweet potato vines (SPV) of mixed varieties (Naspot 10, Naspot 80, Kakamega, and a local 

variety called Kavunza) grown at the District Agricultural Training and Information Centre in 

Lwengo District, Central Region, Uganda were purchased. Sweet potato tubers of mixed, 

unknown orange and yellow flesh varieties were purchased from a sweet potato growers’ co-

operative in Luwero District, Central Region, Uganda. Vines and tubers were harvested early in 

the morning, packed in feed sacks tied closed with twine, and delivered to the research site by 

truck the same morning. Vines were immediately wilted on tarpaulins for 3 days then chopped 
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into 5-10 cm long pieces using a locally made chuff cutter powered by a Chang Fa 108B diesel 

engine (China Power Machinery Co Ltd., The People’s Republic of China). Tubers were 

chopped into pieces of approximately 2.5 cm
3
 using an animal ration shredder (Trapp TRF 80G 

Animal Ration Shredder, Avenue Pref Waldemar Grubba, 4545 - Cx. Postal 106, Jaraguá do Sul, 

Brazil with Briggs and Stratton INTEK PRO 127cc 3.5HP motor, P.O. Box 702 Milwaukee, 

WI).  

A former cattle shed with tin roof and sloped cement floor was divided into six - 4.2 x 1.1 x 1.1 

m bunks using local bricks and cement. The floor and sides of each bunk were lined with heavy 

black polythene. Bunks were filled one at a time. Vines, tubers, and salt were placed in 

alternating layers (70% vines, 30% tubers, 0.05% salt as fed basis) using pitch forks (vines), 

buckets (tubers), and 1kg bags (salt) . The vine:tuber:salt ratio reflected reported optimal nutrient 

and pH results for silage in East Africa (Manoa 2012). Each layer was firmly compacted by 

rolling a heavy log over it by hand and stomping on edges. The pile was tightly covered with 

heavy black polythene. Four-10 cm knife slits on the outer bottom edge enabled effluent 

drainage. Bunks were sealed for minimum 30 days before being fed to pigs. One bunk was used 

at a time and opened once daily to prepare feed. Spoiled silage was removed and discarded.  

6.2.3 Sample size 

The sample size requirement was calculated using a 2-sample t-test comparison with 80% power 

to detect a significant difference in per pen weight gain per day of 20 grams and a 95% 

confidence interval. Variance of gain per day was estimated to be 240 grams.  Ten pens per diet 

were required and each pen contained three pigs as replicates. 

6.2.4 Pig sourcing 
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Animal use was approved by both University of Guelph, Guelph, Canada and International 

Livestock Research Institute, Nairobi, Kenya. The research site was a former commercial pig 

operation, in Masaka District, Central Region, Uganda. The barn had natural ventilation and 

open sections between the top of the walls and the roof.  There were 15 pens each 470cm long x 

74 cm wide and 15 pens each 417 cm long x 95cm wide. There were 10 pens with partially 

slatted floors and 20 pens with solid floors. 

Forty five local breed and forty five cross breed (local x Landrace and/or Large White and/or 

Camborough) pigs from 17 different litters from 16 different farms were enrolled in the study. It 

was thought that farmers might prefer to sell barrows and keep gilts for breeding hence more 

barrows (54) were purchased than gilts (36).   The percent exotic or local breed of the sire and 

dam of each pig was determined by farmer recall because production records did not exist. All 

pigs were born within 3 days of each other. At 10 days of age all pigs were given a unique ear 

tag, received 2 mL of Ferrum TM 10% + B12 by intramuscular injection (Bremmer Pharma 

GMBh, Werkstr 42, 34414 Warburg, Germany), were weighed inside a pail suspended from a 

circular spring hanging scale (Globe Universal, 100kg x 500g, China) accurate to within 0.1kg, 

males were castrated, and birth date, sire breed, and sow breed were recorded. At 36 days of age 

pigs were individually weighed and received 1 mL/33 kg of BW of Ivermectin 10mg 

subcutaneously (V.M.D, nv/sa Hoge Mauw 900, 2370 Arendonk, Belgium). At 8 weeks of age 

all pigs arrived at the research farm on the same day, received 7.5mg of Albendazole B.P 300 mg 

per kg of body weight orally (Ashish Life Science PVT Ltd 213, Laxmi Plaza, New Link Road, 

Andheri (W), Mumbai-53, India), ivermectin as above and, were weighed individually using a 

Dymo S100 Digital USB Shipping Scale (Newell Rubbermaid Dymo, 3 Glenlake Parkway, 

Atlanta, GA), accurate to 0.1kg.  
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6.2.5 Newly weaned growth study- Phase 1 (9 to 15 week old pigs) and Phase 2 (16 to 20 week 

old pigs) 

Eight-week old pigs (n=90), blocked by breed, sex, and litter were randomly assigned to 1 of 3 

diets (commercial, forage-based, or silage-based) and 1 of 2 rooms (5 pens per breed type per 

diet). Each pen contained 3 pigs of the same sex and breed. More barrows (54) were used than 

gilts (36) because there were 5 pens per breed type so sexes could not be equally divided among 

pens.  Pen mean BW (kg) and standard deviation across diets did not differ by diet at the start of 

the trial (6.5+ 2.6, 6.9+2.1, and 6.3+1.8 kg for commercial, forage-based, and silage-based diet, 

respectively). Ten extra pigs of each breed were purchased as replacements in case of death or 

illness. All pigs were fed only commercial diet for a 7 day acclimation period, then introduced to 

their trial diet over a 3 day period by replacing the new diet each day in 33% increments, then 

fed only their trial diet for 11 weeks (9-20 weeks of age), at which point the newly-weaned 

growth study ended.  

6.2.6 Finishing growth study - Phase 3 (21 to 24 week old pigs) and Phase 4 (28 to 32 week 

old pigs) 

For the finishing growth study the 21-week old pigs remained in the same pens with the same 

pen mates, the same diet formulation was used, and all feeding and sampling methods remained 

the same. Only diet assignment to pens was changed. Total BW (kg) per pen and pen-level BW 

tertiles were determined. The two heaviest pens from each tertile were assigned the same diet as 

during the newly-weaned growth study. All other individual pens within each tertile were 

randomly assigned to 1 of the 3 diets. Pen mean BW (kg) and the standard deviation across diets 

were similar at the start of the trial (24.2+ 12.5, 21.4+10.8, and 20.5+12.2 kg for commercial, 

forage-based, and silage-based diet, respectively). During a 7 day acclimation period pigs 



 

150 

 

assigned to a new diet were fed 40% new diet and 60% old diet for 3 days, then 60% new diet 

and 40% old diet for 3 days (as-fed) and then 100% new diet for 1 day. Pigs remaining on the 

same diet as in the newly-weaned growth study received the same diet during the acclimation 

period. Due to failure to procure required ingredients (silage, maize bran, cottonseed meal, and 

commercial diet) non-compliance in diet preparation occurred when pigs were 24 through 27 

weeks of age. Performance and nutritional data during that time are not presented. 

Every pen was labelled with a pen number and diet type. Pens were scraped daily and washed 

with a hose and scrub brush weekly. Immediately following daily cleaning, one handful of 

chopped straw was put in each pen for environmental enrichment. No other bedding was used.  

6.2.7 Diet preparation and feeding 

All dry ingredients were purchased in 70 kg bags from local feed mills, and stored on wooden 

pallets on a cement floor in a brick feed-storage room. Initially (Phase 1 pig age 9-15 weeks) pre-

ground sun-dried fish (Rastrineobola argentea) was used in the forage- and silage-based diets. 

Anecdotal accounts by trial research assistants of sand contamination, supported with pre-trial 

proximate nutrient analysis (data not shown) necessitated modifying diet formulation to include 

whole sun-dried fish of human-consumption grade. Fish was ground in 50 kg batches at the trial 

site in a locally made purpose-built machine with spinning blades powered by a Chang Fa 108B 

diesel engine (China Power Machinery Co Ltd., The People’s Republic of China), for the 

remainder of the trial. 

Every other day, sweet potato vine (Ipomoea batatas), papaya leaf and petiole (Carica papaya), 

and cassava leaf (axil, stalk, and blade) (Manihot esculenta) were delivered from nearby 

smallholder farms located in areas free from active African swine fever, as determined by local 

veterinary officers. Papaya leaf and SPV were wilted for minimum 4 hours in full sun or 8 hours 
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in full shade according to local practice because fresh un-wilted forages cause diarrhea. Cassava 

leaf was chopped in the animal ration shredder then wilted for at least 8 hours in full sun or 8-72 

hours in full shade to decrease anti-nutritional factors. Sun-drying cassava leaf for 8-12 hours 

reduces hydrocyanic acid potential (HCNp) by 88%, and chopping then sun-drying reduces 

HCNp by 92.4% (Ravindran 1987). Jackfruit and avocado were purchased in bulk from local 

farmers 2-5 days before being fed to ensure ripeness. Entire jackfruits were used. Avocado seeds 

were removed and discarded. Initially (Phase 1 pig age 9 to 15 weeks) unripe avocado was used, 

but was observed in refused feed so only ripe and over ripe avocado were used for the remainder 

of the trial. Using a machete, banana leaf (Musa sapientum) was cut daily from trees at the 

research site, the fibrous centre vein was discarded, and the remainder of the leaf was chopped, 

and fed fresh (un-wilted).  

The appropriate amount of each ingredient (post-wilting) was weighed using the Dymo scale 

except for lime, salt, and mineral which were weighed using a Taylor digital kitchen scale, 

accurate to 0.001kg (Taylor Precision Products Inc., Viale Carducci, 125 20099 Sesto S. 

Giovanni (MI), Italy), and weights (kg) were recorded. 

Fruits and foliage were chopped daily in the animal ration shredder, and layered on a tarpaulin 

on the feed storage room floor. All dry ingredients (fish, salt, lime, cottonseed, maize bran, and 

sow and weaner piggery mineral premix (Nutrimix Ltd.,  urlingham Marcus Garvey Rd., 

Nairobi, Kenya ) were individually weighed, thoroughly mixed, then added as a single layer. The 

entire diet was then thoroughly mixed using a shovel. Diets were further crushed in the locally 

made machine into pieces of approximately 2.5 cm
3
, sampled and stored in uncovered 60L 

plastic containers. Forage- and silage-based diets were mixed daily because they spoiled if stored 

for more than 24 hours. 
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Pigs were fed one of three diets ad libitum thrice per day. The control diet was commercially 

prepared 70 kg bags of sow and weaner ration (Ugachick Poultry Breeders, Namulonge Rd, 

Gayaza, P.O. Box 12337 Kampala, Uganda), which is the only pig ration available for purchase 

from that company. The treatment diets were 1) forage-based and 2) silage-based. Ingredient 

composition, and calculated and analyzed nutrient composition of the commercial, forage-based, 

and silage-based diets are presented in Tables 1 and 2 respectively.  

The amount fed the previous day served as a guide and feed amount was adjusted by 10% 

according to the amount of feed refused. For each pen, feed of the appropriate diet type was 

placed by hand in a bucket labeled with pen number and diet type, weighed on the Dymo scale, 

and the weight (kg) was recorded. Each pen had a locally-made wooden feed box (60 x 40 x 14 

cm) and a plastic basin (45 cm in diameter) not affixed to the pen into which feed was placed. 

6.2.8 Diet sampling 

Every day, six 50-gram samples were collected from 6 sections of each pile of both forage- and 

silage-based diets and the bag of commercial diet. Each composite 300-gram sample was 

thoroughly mixed and a 100-gram sub-sample collected from it. Each 100-gram sample was 

placed in a labeled zip-type clear plastic bag and frozen (Deep Freezer, Model CF260LT, 

Mikachi, Kajaine House, 57-67 High Street, Edgware, Middlesex, UK). At the end of each 4 

week period the 28 samples for each diet type were thawed and thoroughly mixed. A 300-gram 

sub-sample of each diet type was collected, placed in a labeled zip-type clear plastic bag, and 

refrozen.  

6.2.9 Refused feed collection and sampling 



 

153 

 

Daily before pigs were fed, all refused feed was collected from each individual pen floor and 

feeder, weighed with the Dymo scale, weight (kg) was recorded, and refused feed was placed in 

a large bucket containing only that refused diet type. The composite for each refused diet type 

was thoroughly mixed and weighed. A 10% sample was collected via 50-gram sub-samples, 

taken from different sections of the bucket of refused feed for each diet type. Each 10% 

composite was placed in a labeled zip-type clear plastic bag and frozen. At the end of each 4 

week period the 28 composite samples for each refused diet type were thawed and thoroughly 

mixed. A 10% sub-sample of each refused diet type was collected, placed in a labeled zip-type 

clear plastic bag, and refrozen. The remaining refused feed was discarded. Movement, export, 

and import permits were acquired and all diet and refused-feed samples were shipped by bus in 

an insulated box and arrived at the laboratory within 6 hours of being removed from the freezer. 

Each sample was weighed upon arrival, dried to constant weight at 60 degrees Celsius in a 

Leader oven model GP180CIA02501110 (Leader Engineering Heat control, Units 6 7 Sherdley 

Business Park Scorecross, St. Helens, Merseyside, United Kingdom), weighed again, then 

ground to pass through a 1 mm screen (Model CE96, UK). Each sample was immediately placed 

in a labeled zip-type clear plastic bag and shipped to International Livestock Research Institute 

(ILRI) Laboratory, Addis Ababa, Ethiopia for proximate nutrient analysis (except ether extract 

due to machine unavailability), and ILRI Laboratory, Hyderabad, India for ether extract analysis.  

6.2.10 Nutrient analysis  

Samples were analyzed for contents of dry matter (DM) [Association of Official Analytical 

Chemists (AOAC) 1995; 934.01], CP (AOAC 1990; 988.05), and ether extract (EE) (AOAC 

1990; 920.39); Ash and NDF (Van Soest and Robertson 1985); P (AOAC 2002; 965.17); and Ca 

(atomic absorption spectroscopy using AAnylist 300 according to equipment instructions; The 



 

154 

 

Perkin-Elmer Corporation, Waltham, MA). The DM content of each original fresh sample was 

calculated considering cumulative moisture losses during the two consecutive drying procedures.  

6.2.11 Pig weighing  

All pigs were individually weighed at the trial start and every 21 days following in a model 

DV201 pig weighing crate (Danvaegt, A/S, Navervej 26, DK-8382 Hinnerup, Denmark) accurate 

to within 1.0 kg. All pigs were weighed after the first feeding of the day. Weight (kg) for each 

pig was recorded.  

6.2.12 Statistical analysis – Average daily gain and gain to feed ratio 

Pen-level ADG and gain to feed ratio (kg of gain/kg of feed consumed) for each of four phases 

(9 to 15, 16 to 20, 21 to 24, and 28 to 32 week old pigs, respectively) was regressed on diet type, 

starting BW, sex, and breed using multiple linear regression. Pigs were grouped according to diet 

(commercial, forage-based, silage-based). To control for potential confounding, breed effect was 

measured (crossbreed or local). Sex effect was measured (female or male castrates). Body weight 

(kg) at the start of each phase was included as a continuous variable. Initially, univariable 

analyses were conducted and variables were retained for further analysis if p values <0.20. 

Multivariable analyses were conducted using a backward elimination selection process where 

variables were removed from the model if p-values were >0.05. Interactions between variables 

with p values <0.05 in the multivariable model were assessed. Linearity of the relationship 

between starting bodyweight and ADG was assessed by testing the significance of a quadratic 

transformation of starting bodyweight. Associations, where p<0.05, were retained in the final 

model. Variables whose removal resulted in a >30 % change in coefficients were considered to 

have a confounding effect and were included in the final model. Interactions between breed and 
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diet, and starting BW and diet were evaluated to explore any potential effect on ADG. 

Assumptions for the models were assessed by evaluating standardised residuals, leverage, and 

influence. Also residuals were plotted against the predicted ADG.  

6.2.13 Comparative cost analysis 

The ingredient composition of 1 kg each of forage- and silage based diet (as-fed) was calculated 

using the least-cost diet formulation program. Using the price per kg of commercial diet and of 

each ingredient during Phase 4 (i.e. the most recent market price available prior to publication), 

the cost of 1 kg of each diet was determined assuming all ingredients were purchased. Zero-cost 

ingredients, those farmers can produce rather than purchase, were included in the diets since 

others have shown in order to earn profits East African pig farmers must feed diets containing 

some zero-cost ingredients (Levy et al., 2014). Therefore the cost of 1 kg of each diet was also 

determined with zero-cost avocado, banana leaf, jackfruit, papaya leaf, sweet potato tubers and 

vines (for use fresh or ensiled) and all other prices remaining the same as above. Pig farmers may 

incur expenses related to producing and harvesting zero-cost ingredients and making silage, 

however expenses vary according to farmers’ available resources (e.g. land, labour, equipment) 

and therefore were not estimated. The cost of feed per kg of BW gain was determined assuming 

all ingredients were purchased, and determined with the zero-cost feedstuffs listed above and all 

other prices remaining the same as above. 

6.3 Results  

Optimal nutrient density of silage-and forage-based diets are presented in Table 1. At a nutrient 

density greater than 95% of that in corn and soybean meal based reference diets (NRC, 2012), 

formulation constraints could not be met to formulate a forage-based diet using the selected local 
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feedstuffs.  At 95% nutrient density the cost per unit of energy was 530% greater than the cost 

per unit energy when nutrient density was reduced by 18%. Similarly, when formulating the 

silage-based diet, at nutrient density greater than 92% of that in reference diets (NRC, 2012) 

formulation constraints could not be met, and at 92% nutrient density the cost per unit of energy 

was 381% greater than the cost per unit energy when nutrient density was reduced by 15%. A 

further reduction in nutrient density only yielded minor reduction in cost per unit of energy, 

while it increased the risk of limiting daily intake of energy and nutrients because of increased 

feed bulkiness. Providing 100% of the nutrient density in corn and soybean-meal based diets 

would have been prohibitively expensive. At the selected nutrient densities (Table 1) the cost per 

unit of energy and other nutrients was minimized and diets were more affordable.  

6.3.1 Diet composition 

Ingredient composition of commercial diet is unknown due to proprietary confidentiality. 

Ingredient composition and nutrient density of forage- and silage-based diets are presented in 

Table 1. Ingredient composition of forage- and silage-based diets was modified during the trial to 

improve nutritional content and due to fluctuating ingredient costs. The difference in inclusion 

level in Phase1 of pre-ground agricultural grade sun-dried fish compared to the inclusion level of 

whole human grade sun-dried fish ground at the trial site in the rest of the trial is notable. Despite 

whole fish costing 2.8 times more than pre-ground (7480 and 2710 Ugandan shillings/kg of DM 

respectively) 2.9 times less whole fish than ground fish was needed because of the superior 

nutritional content of whole fish, due to high ash content in pre-ground fish.  

In phases 2 through 4 optimal nutrient density increased in forage- and silage-based diets 

following the inclusion of higher quality fish. Consequently the inclusion level of sweet potato 

vine and avocado were increased in forage-based diet and the inclusion level of silage in silage-
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based diet was decreased, and cottonseed meal and maize bran were introduced to forage- and 

silage-based diet. In Phase 4 ingredient inclusion level was modified slightly due to an increase 

in the price/kg of cottonseed resulting in higher optimal nutrient density. 

6.3.2 Calculated and analyzed nutrient composition 

Commercial diet nutrient composition was not estimated. Analyzed diet nutrient composition for 

commercial diet is presented in Table 2. Analyzed diet nutrient composition for forage-based and 

silage-based diet is presented in Table 2 and is compared to estimated diet nutrient content  

which was estimated using nutrient content of individual feedstuffs as described in Chapter 5). 

Throughout the study analyzed nutrient content differed from estimated pig requirements and 

estimated values for diets. Throughout the trial calculated diet DE contents based on analyzed 

nutrient contents were lower than calculated DE contents based on previously assumed nutrient 

contents in ingredients across diets, due to high analyzed ash and NDF contents especially in 

Phase 1 diets. In Phase 2 through 4 when pre-ground sun-dried fish and unripe avocado were 

replaced with higher quality fish and ripe and over ripe avocado respectively, lower ash content 

and higher EE resulted in higher calculated DE content based on analyzed diet nutrient contents 

than in Phase 1.  

Calculated DE content was low across diets throughout the trial due to high analyzed ash and 

NDF content. None of the diets provided the estimated DE requirement. Although analyzed 

lysine content is unknown, it was likely high since lysine content is related to CP. Feeding pigs 

diets which do not provide estimated pig nutrient requirements due to low DE content, and high 

ash, NDF and CP content, may negatively influence pig performance.  

Commercial diet had the lowest mean (all Phases) analyzed ash content (9.9 + 1.2 % of DM), 

followed by forage-based and silage-based diet (13.6 + 5.20 and 14.1 + 3.71 % of DM, 
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respectively). Across diets analyzed NDF content was high and exceeded the maximum level 

constraint that was used in diet formulation. Across diets CP content was similar and exceeded 

the minimum inclusion level constraint.  

Forage-based diet had the highest EE content, followed by commercial then forage-based diet. 

Analyzed Ca and P content varied within and across diets. The Ca:P constraint was not met in 

Phases 2 and 3 in forage-based and commercial diets. However, since mean total Ca and P 

content met the constraint except for forage-based diet in Phase 1, sufficient total Ca and P 

content was likely available.   

6.3.3 Newly weaned growth study- Phase 1 (9 to 15 week old pigs) and Phase 2 (16 to 20 week 

old pigs) 

Factors associated with ADG are presented in Table 3. In Phases 1 and 2, when controlling for 

starting BW and diet type, pigs fed commercial diet had the highest ADG, followed by silage-

based diet (p<0.001), then forage-based diet (p<0.001). Starting BW was positively associated 

with ADG; for every 1 kg increase in starting BW, ADG increased by 0.010 + .004 and 0.014 + 

0.004 kg/day, in Phase 1 and 2 respectively (p=0.008 and p<0.001, respectively). The average 

daily gain of pigs fed commercial diet was 0.015 kg/day lower in Phase 2 than in Phase 1. 

Finishing growth study - Phase 3 (21 to 24 week old pigs) and Phase 2 (28 to 32 week old pigs) 

Factors associated with ADG are presented in Table 3. In Phase 3, pigs fed commercial diet had 

the highest ADG, followed by silage-based diet, then forage-based diet (0.462 and 0.240 kg/day 

less respectively for silage- and forage- based diets, (p<0.001 and p<0.001, respectively). Across 

diets ADG was higher in Phase 3 than Phases 1 and 2 for the reasons discussed previously. 

Starting BW was not associated with ADG (p>0.05) because pigs were blocked to have similar 

mean pen-level BW across diets. Average daily gain of local breed pigs was low and 0.079 
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kg/day less than cross breed pigs (p=0.002). Average daily gain of pigs fed commercial diet was 

lower in Phase 4 than 3 likely because DE content was lower and NDF and ash content were 

higher in Phase 4 than 3. 

In Phase 4, ADG of pigs fed silage-based diet did not differ from pigs fed commercial diet 

(p=0.06). Pigs fed forage-based diet had ADG 0.209 kg/day less (p<0.001) than silage-based and 

commercial diet. Starting BW was positively associated with ADG; for every 1 kg increase in 

starting BW, ADG increased by 0.004 + 0.001 (p=0.004). The ADG of local breed pigs was 

0.095 kg/day less than cross breed pigs (p=0.002). Mean initial and final BW (47.7+ 15.7 kg and 

57.6+18.3 kg respectively) and ADG were highest in Phase 4.  

6.3.4 Feed conversion efficiency: Gain to feed ratio 

Factors associated with feed conversion efficiency (kg of gain:kg of feed intake) are presented in 

Table 4. In all phases pigs fed commercial diet had higher feed efficiency (kg BW gain/kg of 

feed intake) than pigs fed forage- and silage-based diets (p<0.05). The feed efficiency of pigs fed 

commercial diet was poorer in Phase 4 than 3. This may be because DE content was lower in 

Phase 4 than 3.  

6.3.5 Comparative cost analysis 

The cost of forage-based, silage-based, and commercial diets and the cost of feed per kg of BW 

gain when all ingredients are purchased, and also when some are available at zero-cost, is 

presented in Table 5. Commercial diet had the highest cost per kg (1.9 times the cost of both 

forage- and silage-based diets when all ingredients are purchased, and 4.0 and 4.1 times the cost 

of forage- and silage based diets, respectively, when some ingredients are available at zero-cost). 

The cost per kg of forage- and silage-based diets was similar.  
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Across diets and phases forage-based diet had the highest cost per kg of BW gain and 

commercial diet had the lowest. The cost of forage-based diet per kg of BW gain was highest in 

Phase 1 and decreased incrementally in each of Phases 2, 3, and 4. The cost of silage-based diet 

per kg of BW gain was highest in Phase 1, decreased incrementally in each of Phases 2 and 3 and 

increased in Phase 4. The cost of commercial diet per kg of BW gain was lowest in Phase 1 and 

increased incrementally in each of Phases 2 through 4. In phases 1 and 2 the cost of commercial 

diet per kg of BW gain was lower than the cost of forage- and silage-based diets per kg of BW 

gain. In phases 3 and 4 the cost of commercial diet per kg of BW gain was higher than the cost of 

forage- and silage-based diets per kg of BW gain. 

6.4 Discussion 

Variation in analyzed nutrient content within diets and between estimated and analyzed values 

may be attributable to variation in maturity, cultivar, and the season in which sampled, ratio of 

sweet potato vine to leaf, differing mill processing methods, and quality of base feed ingredients 

(e.g. maize for maize bran). Had proximate analysis been done on individual ingredients during 

the trial, in addition to the complete diets, variability and differences between estimated and 

analyzed diet nutrient contents could have been minimized, and the effect of each ingredient on 

diet nutrient composition would have been better understood. 

6.4.1 Average daily gain and feed conversion ratio 

In commercial settings, nutrient-dense, highly-digestible diets comprised of oils, blood and milk 

products, and feed additives are formulated to enable young pigs to maximize nutrient intake and 

to maximize expression of growth performance potentials (NRC 2012; Patience et al., 1995). 

However, these ingredients are not available to East African smallholder farmers. The low ADG 
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and FCR observed here may have been influenced by environmental factors (e.g. health, thermal, 

and social environments), pig genotype and sex, pig digestive capacity, as well as diet 

composition, nutrient density, and particle size (NRC 2012; Patience 1995).  

Across diets ADG was low compared to other local breed pigs (0.182 to 0.520 kg/day), cross 

breed pigs (0.387 to 0.616 kg day), and exotic breed pigs (0.570 to 0.831 kg/day) elsewhere in 

the tropics (Ndindana et al., 2002; Codjo, 2003; Kanengoni et al., 2004; Len et al., 2007; 

Anugwa et al., 2008; Carter et al., 2013). In this study feed efficiency was rather low for pigs at 

this BW range relative to studies of exotic commercially raised pigs (0.493, 0.314, 0.479 kg 

gain/kg feed in 7 to 11, 11 to 25, and 25 to 50 kg BW growing pigs, respectively) (NRC 2012). 

However FCR in this study is similar to FCR reported for local breed pigs (0.222 to 0.371) and 

crossbreed pigs (0.300 to 0.415) elsewhere in the tropics (Ndindana et al., 2002; Codjo, 2003; 

Kanengoni et al., 2004; Len et al., 2007; Anugwa et al., 2008). 

The better feed efficiency in female pigs than castrated male pigs is consistent with sex effects 

on lean growth (Pd) potentials (NRC 2012). According to NRC (2012) sex effects on lean 

growth potentials increase with age, which explains why sex effects were significant only in 

Phase 4. 

Low ADG in this study may be due to pigs’ limited digestive capacity. Pigs’ ability to digest 

dietary fibre is dependent on age, BW, ongoing exposure to fibrous feeds, and the chemical 

properties of the fibre (e.g lignin, pectin, cellulose, hemicellulose) which are unknown for the 

trial diets (Noblet and Le Goff 2001; Wenk 2001). Pigs enrolled in this study had significantly 

lighter starting BW (6.8+1.6 kg and 12.1+ 5.7 kg at 9 and 15 weeks of age respectively) than 

slow growing 9 and 15 week old exotic pigs raised in commercial settings (15.0 to 18.2 and 37.3 

to 43.2 kg, respectively) (Dewey and Straw, 2006). The low starting BW of pigs may have 
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resulted in reduced digestive capacity and subsequent low ADG and FCR. Higher mean BW in 

Phases 2 through 4 than in Phase 1 may have enabled increased feed intake and digestive 

capacity, as evidenced by higher ADG in Phases 2 through 4 than in Phase 1. 

As others have described, pigs’ absorptive and digestive capacity (transient gastrointestinal 

hypersensitivity) may be impaired by the introduction of novel diets (Patience et al., 1995). 

Introduction of the novel commercial diet upon arrival at the trial may have resulted in damage 

to intestinal villi caused by anti-nutritional factors, and possibly leading to impaired or inhibited 

ADG and FCR as others have described (Patience et al., 1995). Although piglets may have 

consumed small amounts of sows’ feed before reaching the trial farm, no sows were fed 

commercial diet. Creep feeding in East African smallholder piggeries has not been reported. No 

commercial creep feed was available for purchase. 

Low ADG and FCR observed here may also be due to low nutrient density of diets due to high 

NDF and ash content. In Phase 2 through 4 higher nutrient density compared to Phase 1 was 

reflected in higher ADG than in Phase 1. In all phases pigs fed commercial diet had higher feed 

efficiency (kg BW gain/kg of feed intake) than pigs fed forage- and silage-based diets (p<0.05). 

The better feed efficiency in pigs fed commercial diet reflects higher nutrient density in the 

commercial diet.  

The high NDF content of diets may also have contributed to low ADG and FCR. Others report 

feeding fibrous feeds is cost-effective for pigs at or above 50 kg BW because pigs’ ability to 

digest fibre increases as pigs get older (Machin 1990). However, for young growing pigs, dietary 

fibre provides little or no energy and the digestibility of energy and nutrients is reduced as 

dietary fibre content increases (Noblet and Le Goff 2001; Wenk 2001). As previous research 

suggests, pigs may have adapted to fibrous feed through ongoing exposure and their ability to 
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digest dietary fibre may have improved with increased age and BW resulting in higher ADG in 

Phases 2 through 4 than in Phase 1 (Noblet and Le Goff 2001; Wenk 2001) .  

The lower ADG in pigs fed commercial diet in Phase 2 versus Phase 1 is unexpected since ADG 

is expected to increase with BW up to approximately 80 kg of BW (NRC, 2012).  Moreover FCR 

of pigs in Phase 2 was better than that of pigs in Phase 1. This lower ADG may be due to a 

change in pig health or increased heat stress however those are likely to have affected all pigs 

and not just those fed commercial diet. Ingredient composition of commercial diet may have 

been altered resulting in an increase in anti-nutritional factors that negatively affected pig 

growth, however ingredient composition is unknown. 

For newly weaned pigs, the most critical factor limiting growth is daily nutrient intake (Patience 

et al., 1995). In this study, ADG and FCR were low, which implies that a relatively large 

proportion of daily energy and nutrient intake was required for body maintenance functions.  The 

latter contributes directly to reductions in feed efficiency (NRC, 2012). It is unlikely that pigs in 

this study had sufficient fibre digestion capacity and feed intake of sufficient nutrient density to 

reach their performance potential given their low starting BW, as evidenced by low ADG across 

diets. Others report environment, health, and genetics influence intake but feeding newly weaned 

pigs diets enabling them to reach genetic potential is rare even in commercial settings (Patience 

et al., 1995). It is rare because practical and economic challenges limit nutrient density, as 

occurred in this study (Patience et al., 1995).  

Diet particle size also affects digestibility and growth performance and feed efficiency improves 

by 1.3% with every 0.10 mm decrease in particle size in corn and sorghum (NRC 2012). Trial 

diet particle size is unknown. Finely grinding diets might have improved performance but 
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smallholder pig farmers cannot access grinding machines so grinding diets would be 

inappropriate. 

In Phase 4, ADG of pigs fed silage-based diet did not differ from pigs fed commercial diet 

(p>0.05). Similarly, others report good growth performance in pigs fed silage-based diet. 

Mongcai x Yorkshire (MY) crossbred pigs fed a 40% sweet potato tuber silage diet, had higher 

ADG when the starting BW was greater than 50 kg than at 15-50 kg BW (0.524 and 0.423 

kg/day, respectively) (Giang et al., 2004). Also, 15-50 kg MY pigs fed basal diets with 50% of 

crude protein provided by sweet potato leaf silage had ADG of 0.536 kg/day indicating balanced 

diets including silage can provide the energy and nutrients required for good pig growth 

performance (Van An et al 2005).  

Average daily gain of pigs fed silage-based diet was lower than pigs fed commercial diet in 

Phases 1 through 3. However in all Phases, ADG of pigs fed silage-based diet was higher than 

that of pigs on smallholder farms in Soroti, Uganda (0.115, 0.070, and 0.090 kg /day in each of 3 

villages respectively) that consumed 400-500 kg of sweet potato for 30 days (Peters et al., 1997). 

Sweet potato roots and vines are bulky and perishable and seasonal production results in high 

variability in root and vine quantity, quality, and price (Thiele et al., 2009). Sweet potato is 

available 11 months of the year with seasonal surpluses, but for farmers in remote areas 

marketing surpluses is not economically feasible because of poor roads and long distances to 

markets (Hall et al 1998). Sweet potato tubers, although an important food source for people and 

pigs, contribute very little to farm income (Cargill 2009). Ensiling vines and tubers during the 

wet season converts surplus, highly perishable materials with low marketability, into a much-

needed pig feedstuff that can improve pig growth and farmers’ income (Peters 2008; Cargill 

2009). Peters (2008) describes many advantages to ensiling vines and tubers for pig feeding in 
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East Africa: 1) farmers harvest all at once instead of piecemeal, enabling 3 crops rather than 2 to 

be grown each year; 2) vines are used, most of which would otherwise be discarded; 3) nutrient 

value improves; and 4) silage is an available feed during between harvest shortages. 

It is important to note that across diets pigs in Phase 3 and 4 had higher ADG than pigs raised 

under smallholder conditions in East Africa (0.130 + 0.002 kg/day) (Carter et al. 2013). We 

recognize that these forage- and silage-based diets can be improved upon but they are a better 

alternative than current smallholder management practices wherein pigs are tethered under a tree 

to graze on grass supplemented with low-protein high-fibre feedstuffs, or pigs roam free and 

scavenge during the day and are confined at night with resulting low ADG. 

6.4.2 Comparative cost analysis 

The cost of making forage-based diets, spent in small increments over time when purchasing 

small amounts of ingredients, may be within the means of farmers, but purchasing a 70 kg bag of 

commercial diet may not. The results of this study indicate that feeding commercial diet to newly 

weaned pigs, and then feeding silage-or forage-based diets to finishing pigs is the most cost 

effective solution. Where the resources needed for silage-making are accessible to farmers, 

silage-based diet should be used for growing pigs and when not accessible, forage-based diet 

should be used. Forage- and silage-based diets are not suitable for small, newly weaned pigs.  

 Interventions improving quality and affordability of commercial diets and purchased feedstuffs, 

sold in small quantities by village stockists are needed (Delgado 1999). Improvements to rural 

infrastructure (roads and electricity for refrigeration and feed processing) would improve 

farmer’s access to a wider variety of feedstuffs (IFPRI 2004). Research on increasing weaning 

weights to improve post-weaning performance (Patience et al., 1995; Smith 2007)  through 

options such as improved sow nutrition (Simpson 2009; King 2003; increased access to water for 
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sows (www.thepigsite.com), creep feeding (Patience et al., 1995), and genetics (Kaufmann et al., 

2000) is needed (Mutua et al., 2011) . Characterization of associative effects and dietary fibre 

components for diets in this study is needed. Characterization of locally available nutrient dense, 

digestible, palatable feedstuffs and their incorporation into low-cost balanced diets suitable for 

newly weaned pigs is needed. 

6.5 Conclusion 

Growth performance of newly weaned pigs fed forage- and silage-based diets is lower than pigs 

fed a commercially prepared diet. Average daily gain of pigs fed forage- and silage-based diets 

was notably higher in pigs of mean initial BW > 22.4 + 10.0 kg, and higher than ADG of pigs 

raised in East African smallholder conditions. Also at mean BW >47.7+ 15.7 kg ADG of pigs 

fed silage-based diet did not differ from that of pigs fed commercial diet. Feeding commercial 

diet to newly weaned pigs, and then feeding silage-or forage-based diets to finishing pigs is the 

most cost effective solution. The poor growth performance of newly-weaned pigs in this study 

indicates that strategies resulting in increased weaning weights, creep feeding, and the 

identification of nutrient dense, digestible, palatable feedstuffs and their incorporation into low-

cost balanced diets suitable for newly weaned pigs are needed. The results of this study indicate 

forage- and silage based diets are year round low-cost pig-feeding strategies, that will improve 

the growth performance of East African pigs, thereby increasing pig farmer income and food 

security. 
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 Diet 

 Forage-based   Silage-based  

 Phase
a 
1 Phases 

2&3 

Phase 4
 

 Phase 1
 

Phase 2
 

Phases 

3&4
 

Optimal nutrient density
b
 (%)  75.0 78.0 80.0  70.0 77.0 77.0 

Avocado (Persea americana) – ripe, with peel, seed removed  155.1 200.0 200.0  - - - 

Banana leaf (Musa sapientum) – centre vein removed  7.3 10.0 10.0  - - - 

Cassava leaf, blade, and axil (Manihot esculenta) - wilted - - -  50.0 50.0 - 

Cottonseed meal - 50.0 50.0  50.0 50.0 50.0 

Jackfruit (Artocarpus heterophyllus) – ripe, with peel and seeds 400.0 200.0 200.0  259.6 256.6 254.7 

Maize bran - 133.5 239.2  - 220.1 266.1 

Papaya leaf  (Carica papaya) – wilted - - -  69.2 43.4 45.3 

Sun-dried fish (Rastrineobola argentea)   226.3 77.9 83.0  166.3 74.5 78.1 

Sweet potato vine (Ipomoea batatas) – wilted 200.0 316.2 204.6  - - - 

Sweet potato vine and tuber silage (Ipomoea batatas) - - -  400.0 300.0 300.0 

Table 6.1. Ingredient composition of forage- and silage-based diets (g/kg of dry matter) used in the feed trial 
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Limestone 6.0 6.9 7.2  - - - 

Common table salt 3.8 3.9 4.0  3.5 3.9 3.9 

Vitamin and mineral premix
c
 1.5 1.6 2.0  1.4 1.5 1.9 

a
 Phase 1 = Pig age 9-15 weeks (mean initial and final body weight [BW] 6.8+1.6 kg and 12.1 + 5.7 kg respectively); Phase 2 = 16-20 

weeks, (mean initial and final BW 12.1+ 5.7 and 19.8+9.8 kg respectively); Phase 3= 21-24 weeks, mean initial and final BW 

22.4+10.0  and 29.5+11.6 kg respectively); and Phase 4 = 28-32 weeks (mean initial and final BW 47.7+ 15.7 and 57.6+18.3 kg 

respectively). Non-compliance in diet formulation occurred from 24 - 27 weeks. Data not presented. 

b 
The energy density in corn and soybean meal diets was used as a reference (NRC, 2012). To determine the least-cost diet per unit of 3 

energy and other nutrients, diet costs were then calculated per unit of energy at each 1% decrease in nutrient density. 4 

c 
The premix provides the following  per kg of complete feed (DM): Cu, 18181 ppm; Fe, 163636 ppm; Mn, 27273 ppm; Se, 273 ppm; 5 

Zn, 163636 ppm; Vitamin A, 2268 I.U.; Vitamin D3, 206 I.U.; Vitamin E, 14 I.U.; Vitamin K, 1.7 mg; Riboflavin, 3.3 mg; Niacin,12.4 6 

mg; Pantothenic Acid, 8 mg; Choline, 82 mg; Biotin, 0.04 mg; Vitamin B12, 0.01 mg; Folic acid, 0.02 mg; Vitamin B6, 0.8 mg (Reese 7 

and Hill, 2010.) 8 

  9 
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 Diet 

 Forage-based Silage-based Commercial (control)
a 

 Phase
b 

1 

Phase 

2
 

Phase 

3
 

Phase 

4
 

Phase
b 

1 

Phase 

2
 

Phase 

3
 

Phase 

4
 

Phase
b 

1 

Phase 

2
 

Phase 

3
 

Phase 

4
 

Calculated nutrient composition 

DE
c
 (kcal/kg of DM) 2775 2886 2886 2960 2590 2849 2849 2849 - - - - 

Crude protein 14.0 17.4 17.4 16.9 15.9 16.8 16.6 16.6 - - - - 

Neutral detergent fibre 24.9 29.5 29.5 28.4 23.4 24.0 24.3 24.3 - - - - 

Ether extract 5.6 7.5 7.5 7.5 2.6 2.5 2.0 2.0 - - - - 

Total calcium 0.56 0.56 0.56 0.56 0.62 0.60 0.52 0.52 - - - - 

Total  phosphorous  0.64 0.64 0.64 0.65 0.52 0.60 0.59 0.59 - - - - 

STTD
d 

phosphorous 0.37 0.35 0.35 0.35 0.27 0.32 0.30 0.30 - - - - 

Total sodium 0.19 0.19 0.19 0.20 0.15 0.18 0.18 0.18 - - - - 

Total lysine   0.99 1.06 1.06 1.06 0.96 1.01 1.00 1.00 - - - - 

Table 6.2. Calculated and analyzed nutrient composition (% of dyr matter [DM]) of forage-based, silage-based, and commercially 

prepared diets used in the feed trial 
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SID
e 
lysine 0.71 0.74 0.74 0.76 0.67 0.73 0.73 0.73 - - - - 

Analyzed nutrient composition  

DE
c
 (kcal/kg of DM) 1531 2333 2385 2688 1426 2277 2351 2309 2413 2681 2811 2499 

Ash 21.2 11.9 11.9 9.4 19.6 12.0 12.6 12.0 10.1 9.3 8.6 11.4 

Crude protein 17.9 18.8 18.4 15.7 18.9 17.9 16.9 14.4 15.9 17.2 17.3 18.4 

Neutral detergent fibre 35.6 41.5 39.9 38.3 39.5 37.7 34.0 35.1 37.4 35.1 33.8 34.9 

Ether extract 5.9 9.8 9.9 11.7 2.8 5.6 6.0 5.8 5.2 7.6 8.1 7.0 

Total  calcium 1.84 0.88 0.83 0.69 2.07 0.95 0.87 0.68 1.49 0.96 0.89 1.29 

Total  phosphorous  0.58 1.09 1.07 0.66 0.53 0.96 0.97 0.68 0.79 1.58 1.51 1.32 

a
 Unknown due to proprietary confidentiality. 10 

b 
Phase 1 = Pig age 9-15 weeks (mean initial and final body weight [BW] 6.8+1.6 kg and 12.1 + 5.7 kg respectively); Phase 2 = 16-20 11 

weeks, (mean initial and final BW 12.1+ 5.7 and 19.8+9.8 kg respectively); Phase 3= 21-24 weeks, mean initial and final BW 12 

22.4+10.0  and 29.5+11.6 kg respectively); and Phase 4 = 28-32 weeks (mean initial and final BW 47.7+ 15.7 and 57.6+18.3 kg 13 

respectively). Non-compliance in diet formulation occurred from 24 - 27 weeks. Data not presented. 14 

c
 Digestible energy. Estimated from nutrient composition according to NRC (2012) and based on nutrient composition according to 15 

pre-trial proximate nutrient analysis (calculated; data not shown) or analyzed nutrient composition of the diets (analyzed).  16 

d
 Standardized total tract digestible phosphorus concentration. 17 
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e
 Standardized ileal digestible lysine concentration.  18 
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 Newly weaned growth study  Finishing growth study 

 Phase
b
1 Phase 2  Phase 3 Phase 4 

Variable Regression 

Coefficient 

Standard  

Error 

P 

value 

Regression 

Coefficient 

Standard  

Error 

P 

value 

 Regression 

Coefficient 

Standard  

Error 

P 

value 

Regression 

Coefficient 

Standard  

Error 

P 

value 

Intercept
c 

0.224 - - 0.142 - -  0.610 - - 0.503 - - 

Forage-based 

diet versus 

commercial diet 

-0.258 0.0135 <0.001 -0.125 0.0535 0.028  -0.462 0.038 <0.001 -0.209 0.041 <0.001 

Silage-based diet 

versus 

commercial diet 

-0.243 0.0136 <0.001 - - NS  -0.240 0.040 <0.001 - - NS 

Weight at start of 

weigh period 

(kg) 

0.010 0.0036 0.008 0.014 0.0044 <0.001  - - - 0.004 0.001 0.004 

Local breed 

versus crossbreed 

- - - - - -  -0.079 0.032 0.020 -0.095 0.027 0.002 

Adjusted r
2
 0.9415 0.8104  0.8177 0.8433 

a 
Presented per pig (pen total divided by 3 pigs per pen). 

b 
Phase 1 = Pig age 9-15 weeks (mean initial and final body weight [BW] 6.8+1.6 kg and 12.1 + 5.7 kg respectively); Phase 2 = 16-20 

weeks, (mean initial and final BW 12.1+ 5.7 and 19.8+9.8 kg respectively); Phase 3= 21-24 weeks, mean initial and final BW 

22.4+10.0  and 29.5+11.6 kg respectively); and Phase 4 = 28-32 weeks (mean initial and final BW 47.7+ 15.7 and 57.6+18.3 kg 

respectively). Non-compliance in diet formulation occurred from 24 - 27 weeks. Data not presented. 

c
 Commercial diet, crossbreed 

Table 6.3. Pen level factors associated with average daily gain of pigs (kg/day) 9 to 32 weeks of age in the feed trial 
a
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 Newly weaned growth study  Finishing growth study 

 Phase
a
1 Phase 2  Phase 3 Phase 4 

Variable Regression 

Coefficient 

Standard  

Error 

P 

value 

Regression 

Coefficient 

Standard  

Error 

P 

value 

 Regression 

Coefficient 

Standard  

Error 

P 

value 

Regression 

Coefficient 

Standard  

Error 

P 

value 

Intercept
b 

0.347 - - 0.505 - -  0.391 - - 0.137 - - 

Forage-

based diet 

versus 

commercial 

diet 

-0.318 0.013 <0.001 -0.362 0.029 <0.001  -0.307 0.013 <0.001 -0.075 0.007 <0.001 

Silage-

based diet 

versus 

commercial 

diet 

-0.310 0.013 <0.001 -0.365 0.029 <0.001  -0.240 0.013 <0.001 -0.065 0.007 <0.001 

Weight at 

start of 

weigh 

period (kg) 

- - - 0.007 0.002 0.006  -0.0007 -0.0002  0.001 -0.0001 0.00006 0.046 

Female 

versus 

male 

- - -        0.035 0.007 <0.001 

Silage-

based 

dietXsex 

interaction 

          -0.035 0.010 0.001 

Forage-

based 

dietXsex 

interaction 

          -0.045 0.010 0.001 

Adjusted r
2
 0.9648 0.9769   0.9408 

Table 6.4. Pen level factors associated with feed conversion ratio (kg of body weight gain per kg of feed intake) of pigs in the feed trial  
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a
 Phase 1 = Pig age 9-15 weeks (mean initial and final body weight [BW] 6.8+1.6 kg and 12.1 + 5.7 kg respectively); Phase 2 = 16-20 

weeks, (mean initial and final BW 12.1+ 5.7 and 19.8+9.8 kg respectively); Phase 3= 21-24 weeks, mean initial and final BW 

22.4+10.0  and 29.5+11.6 kg respectively); and Phase 4 = 28-32 weeks (mean initial and final BW 47.7+ 15.7 and 57.6+18.3 kg 

respectively). Non-compliance in diet formulation occurred from 24 - 27 weeks. Data not presented. 

b
 Commercial diet, crossbreed, male  
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  Purchasing all ingredients
b 

Some zero-cost ingredients
c
 

Ingredient 

Amount 

(kg) for 1 

kg of diet  

Ingredient 

price per kg
 

Ingredient 

cost per kg of 

diet  

Ingredient 

price per kg  

Ingredient 

cost per kg of 

diet  

Forage-based diet 

Avocado 0.25 350 87.5 0 0 

Banana leaf 0.02 350 7 0 0 

Cottonseed 0.02 1400 28 1400 28 

Jackfruit 0.22 350 77 0 0 

Maize bran 0.094 450 42.3 450 42.3 

Sun-dried fish 0.03 6800 204 6800 204 

Sweet potato vine 0.36 400 144 0 0 

Limestone 0.002 100 0.2 100 0.2 

Common table salt 0.001 900 0.9 900 0.9 

Mineral and vitamin premix 0.001 15000 15 15000 15 

Total cost of 1 kg of diet  

  

605.9 

 

290.4 

Feed cost/kg of BW gain Phase 1   17337.4  8309.6 

Feed cost/kg of BW gain Phase 2   7667.5  3674.9 

Feed cost/kg of BW Phase 3   4357.2  2088.3 

Feed cost/kg of BW Phase 4   5319.4  2549.5 

Silage-based diet 

Papaya leaf 0.01 350 3.5 0 0 

Cottonseed 0.02 1400 28 1400 28 

Jackfruit 0.25 350 87.5 0 0 

Table 6.5. Comparative cost of forage-based, silage-based, and commercial diets used in the feed trial (as-fed) when all ingredients 

purchased versus some zero-cost ingredients (Ugandan shillings) 
a
. 
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Maize bran 0.09 450 40.5 450 40.5 

Sun-dried fish 0.03 6800 204 6800 204 

Sweet potato vine and tubers for silage 0.59 406 239 0 0 

Common table salt 0.001 900 0.9 900 0.9 

Mineral and vitamin premix 0.001 15000 15 15000 15 

Total cost of 1 kg of diet - - 618.9 - 288.4 

Feed cost/kg of BW gain Phase 1   15224.5  7094.4 

Feed cost/kg of BW gain Phase 2   6629.5  3089.3 

Feed cost/kg of BW gain Phase 3   4675.9  2178.9 

Feed cost/kg of BW gain Phase 4   5064.3  2359.9 

Commercial diet 1 1171.4 1171.4 - - 

Feed cost/kg of BW gain Phase 1   3237.7   

Feed cost/kg of BW gain Phase 2   4340.2   

Feed cost/kg of BW gain Phase 3   9755.0   

Feed cost/kg of BW gain Phase 4   10202.9   
a
 1 UGX = 0.00033 $US dollar at time of manuscript submission. 

b
 At local market price during feed trial Phase 4 June 14 to July 14, 2014. 

c
 Cost of avocado, banana leaf, jackfruit, papaya leaf, sweet potato vine and tubers set to zero to indicate farmers can produce it 

themselves and not purchase it. Crop production, harvesting, and silo construction costs vary according to pig farmers’ situation and 

are not included here.  
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 CHAPTER SEVEN 

 

Average daily gain and the impact of starting body weight of individual nursery and finisher 

Ugandan pigs fed forage- or silage-based or commercial diets. 

NB: This paper will be submitted for publication to Journal of Swine Health and Production. 

 

Abstract 

Objectives: To determine the average daily gain (ADG) of Ugandan pigs fed forage- or silage-

based or commercial diets and to describe the association between starting body weight (BW) on 

ADG for each diet. 

Materials and methods: Local and crossbred Ugandan pigs were randomly assigned to 

commercial or forage- or silage-based diets.  Pigs were weighed every 3 weeks from 65 to 230 

days of age. Growth was compared within and across diet based on the starting weight tertile of 

pigs; small, medium and large.  

Results 

The BW range of 65 day old pigs within litters was large. As age and BW increased mean BW 

variability increased in pigs fed forage- or silage-based diet and decreased in pigs fed 

commercial diet. At mean BW > 11.9 and 9.2 kg, pigs fed forage- or silage-based diet had higher 

ADG than pigs raised by Kenyan smallholder farmers. Starting BW was positively associated 

with ADG. Mean BW of the smallest 1/3 of pigs fed forage- or silage-based diet was lower than 

the mean BW of the largest 1/3 of pigs fed the same diets across weigh dates (p<.05).  

Implications 

Forage-and silage-based diet were unsuitable for newly-weaned pigs. However, once pigs 

reached 11.9 and 12.4 kg the pigs grew well on the forage- and silage-based diets respectively. 
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Research to improve weaning weights, and diets suitable for newly-weaned pigs and feed quality 

for all growing pigs is needed. 

Keywords 

Swine, average daily gain, pig weight, silage, forage, feed trial, subSaharan Africa 

7.1 Introduction 

Smallholder pig farmers in East Africa report that high cost of feed, poor quality of feed, and 

lack of feed are key constraints to pig rearing (Ouma et al, 2014; FAO 2012; Muhanguzi et al, 

2012; Mutua et al., 2012; Kagira et al., 2010). Commercially prepared pig diets are beyond their 

financial means (Mutua et al., 2012; Kagira et al., 2010). Pigs are fed carbohydrate-rich low-or-

no-protein nutritionally unbalanced diets which contributes to low growth performance and 

decreased farmer profit (Kambashi et al., 2014; Carter et al, 2013; Muhanguzi et al, 2012; Mutua 

et al., 2012; Kagira et al., 2010; Levy et al 2009). Fresh and ensiled locally available feedstuffs 

can be used in diets that meet the nutrient requirements of pigs (Kaensombath et al., 2013; Ly et 

al., 2012; Adeniji 2008; Giang et al., 2004; Kanengoni et al., 2004). Well-balanced cost-effective 

diets are needed to improve pig performance in East Africa and empirical evidence of their 

efficacy is needed. The objectives of the study were to determine the average daily gain (ADG) 

of Ugandan female and castrated male, local and crossbreed (exotic x local) pigs fed 1 of 3 diets 

(forage-based, silage-based, or commercial) and to describe the association between starting 

weight on ADG for each diet. 

7.2 Materials and methods  

The study was reviewed and approved by the International Livestock Research Institute, Nairobi, 

Kenya and University of Guelph, Guelph, Canada institutional animal care and use committees. 
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The research site was a single former commercial pig operation, in Masaka District, Central 

Region, Uganda. 

7.2.1 Diet formulation 

The nutritional requirements of 8 to 65 kg bodyweight (BW) crossbreed (CB) (local x exotic) 

pigs in Uganda were estimated using the methods outlined in Carter et al., 2015 PhD Thesis). 

Briefly, the dynamic NRC (2012) nutrient requirement model for growing-finishing pigs was 

converted into a static model to represent the use of daily intake of digestible energy (DE kcal/kg 

of DM) for body protein deposition (Pd, gram/day), body lipid deposition (Ld, gram/day), and 

maintenance for pigs between 8 to 65 kg bodyweight (BW). Mean average daily gain (ADG) 

(kg/day) was estimated from Pd and Ld using the static model. All other calculations were taken 

directly from NRC (2012) and programmed into Microsoft Excel (Microsoft Corporation, 

Microsoft Way, Redmond, WA). Balanced low-cost diets (forage-based and silage-based) were 

formulated using methods described by Carter et al., 2015 (in review Journal of Tropical Animal 

Health and Production).  

Diet composition is presented in Table 1. All dry ingredients were purchased in 70 kg bags from 

local feed mills, and stored on wooden pallets on a cement floor in a brick feed-storage room. 

Every other day sweet potato vine, papaya leaf and petiole (Carica papaya), and cassava leaf 

(axil, stalk, and blade) (Manihot esculenta) were delivered from nearby smallholder farms in 

areas free from active African swine fever virus infection, as determined by local government 

veterinary officers. Papaya leaf and sweet potato vine were wilted for minimum 4 hours in full 

sun or 8 hours in full shade according to local practice because fresh un-wilted forages cause 

diarrhea. Cassava leaf was chopped with the animal ration shredder then wilted for minimum 8 

hours in full sun or 8-72 hours in full shade to decrease anti-nutritional factors. Sun-drying 
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cassava leaf for 8-12 hours reduces hydrocyanic acid potential (HCNp) by 88%, and chopping 

then sun-drying reduces HCNp by 92.4% (Ravindran 1987).  

Jackfruit and avocado were purchased 2-5 days before use to ensure ripeness. Entire jackfruits 

were used. Avocado fruit and skins were included in the diet. Avocado seeds were removed and 

discarded. In Phase 1 unripe avocado was used to provide 3326 kcal of DE/kg of DM, but was 

observed in refused feed so only ripe and over ripe avocado were used thereafter. Using a 

machete, banana leaf (Musa sapientum) was cut daily from trees at the research site, the fibrous 

centre vein was discarded, and the remainder of the leaf was chopped, and fed fresh (un-wilted).  

7.2.2 Sweet potato vine and tuber silage production 

Sweet potato vines (Ipomoea batatas) of mixed varieties were purchased from one farm in 

Lwengo District, Central Region, Uganda. Sweet potato tubers of mixed orange and yellow flesh 

varieties were purchased from a sweet potato growers’ co-operative in Luwero District, Central 

Region, Uganda. Vines and tubers were harvested and delivered by truck early in the morning.  

 Vines were immediately wilted on tarpaulins for 3 days then chopped into 5-10 cm long pieces 

using a locally-made chuff cutter powered by a Chang Fa 108B diesel engine (China Power 

Machinery Co Ltd., The People’s Republic of China). Tubers were chopped into 2.5 cm
3
 pieces 

using an animal ration shredder (Trapp TRF 80G Animal Ration Shredder, Avenue Pref 

Waldemar Grubba, 4545 - Cx. Postal 106, Jaraguá do Sul, Brazil with Briggs and Stratton 

INTEK PRO 127cc 3.5HP motor, P.O. Box 702 Milwaukee, WI).  

A former cattle shed with a tin roof and sloped cement floor was divided into six - 4.2 x 1.1 x 1.1 

m bunks using local bricks and cement. Each bunk was lined with polythene and filled one at a 

time. Vines, tubers, and salt were placed in alternating layers (70% vines, 30% tubers, 0.05% salt 

as fed basis) using pitch forks (vines), buckets (tubers), and 1kg bags (salt). The vine:tuber:salt 
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ratio reflected reported optimal nutrient and pH results for silage in East Africa (Manoa 2012). 

Each layer was firmly compacted by hand-rolling with a heavy log and stomping on the edges. 

Each pile was tightly wrapped with polythene. Four-10 cm knife slits in the lower part of the pile 

enabled effluent drainage. Bunks were sealed for minimum 30 days before silage was used. One 

bunk was used at a time and opened once daily to prepare feed. Spoiled silage was removed and 

discarded.  

The appropriate amount of each ingredient (post-wilting) was weighed using the Dymo scale 

except for lime, salt, and mineral which were weighed using a Taylor digital kitchen scale, 

accurate to 0.001kg (Taylor Precision Products Inc., Viale Carducci, 125 20099 Sesto S. 

Giovanni (MI), Italy), and weights (kg) were recorded. Fruits and foliage were chopped daily 

with the animal ration shredder, and layered on a tarpaulin on the feed storage room floor. All 

dry ingredients (fish, salt, lime, cottonseed meal, maize bran, and sow and weaner piggery 

mineral premix (Nutrimix Ltd.,  urlingham Marcus Garvey Rd., Nairobi, Kenya ) were 

individually weighed, thoroughly mixed, then added as a single layer. The entire diet was then 

thoroughly mixed using a shovel, further crushed in the locally-made machine, a 300 gram 

sample was taken for nutrient analysis, and then the diet was stored in uncovered 60L plastic 

containers. Forage- and silage-based diets were mixed daily because they spoiled if stored for 

more than 24 hours.  

7.2.3 Sample size 

The sample size requirement was calculated using a 2-sample t-test comparison with 80% power 

to detect a significant difference in per pig weight gain per day of 200 grams at the 5% 

confidence level. Between pig standard deviation of gain per day was estimated to be 250 grams. 

Twenty-five pigs per diet were required; therefore we planned to put 30 pigs in each diet group. 
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7.2.4 Pre-study pig management 

Forty-five local breed (LB) and forty-five cross breed (local crossed with Landrace and/or Large 

White and/or Cambrough) pigs from 14 litters and 14 farms were enrolled in the study. Ten 

additional pigs of each breed were purchased as replacements in case of death or illness. The 

breed composition of the sire and dam of each pig was determined by farmer recall because 

production records did not exist. All pigs were born within 3 days of each other (Figure 1). Days 

of age for all pigs in the study was based on a birthdate in the middle of these 3 days. At 10 days 

of age all pigs were given a unique ear tag, received 2 mL of Ferrum 10% + vitamin B12 by 

intramuscular injection (Bremer Pharma GMBh, Werkstr 42, 34414 Warburg, Germany), were 

weighed inside a pail suspended from a circular spring hanging scale (Globe Universal, 100 kg x 

500 g, China) accurate to within 0.1 kg, males were castrated, and birth date, sire breed, and sow 

breed were recorded. At 36 days of age (5 weeks), pigs were individually weighed and received 

1 mL/33 kg of BW of ivermectin 10 mg subcutaneously (V.M.D, Hoge Mauw 900, 2370 

Arendonk, Belgium). At 56 days of age (8 weeks) all pigs arrived at the research farm on the 

same day, received Albendazole B.P 300 mg per kg of body weight orally (Ashish Life Science 

PVT Ltd 213, Laxmi Plaza, New Link Road, Andheri (W), Mumbai-53, India), ivermectin as 

above and, were weighed individually using a Dymo S100 Digital USB Shipping Scale (Newell 

Rubbermaid Dymo, 3 Glenlake Parkway, Atlanta, GA), accurate to 0.1 kg.  

7.2.5 Sedimentation and flotation to detect eggs of gastrointestinal helminths 

Combined sedimentation and flotation was performed to detect eggs of gastrointestinal 

helminths: Strongyles, Ascaris suum, Trichuris, lung flukes (Paragonimus westermani), liver 

flukes (Fasciola hepatica), Strongyloides and Balantium spp and Isospora suis (Eckert et al. 

2008).  
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7.2.6 Pen management 

Every pen was labelled with a pen number and diet type, scraped daily, and washed weekly with 

a hose and scrub brush. Uneaten feed was removed daily and discarded. Immediately after daily 

scraping, one handful of chopped straw was put in each pen for environmental enrichment. No 

other bedding was used.  

7.2.7 Morbidity and mortality 

Pigs that developed diarrhea were examined by a veterinarian who determined the course of 

treatment. Pigs that did not respond to the medication within 3-7 days were removed from the 

trial. Pigs that lost 20% of their body weight, determined using both the pig’s own previous 

weight and the pig’s pen mates (age-matched controls) for comparative weights were removed 

from the study and euthanized. These pigs were replaced by a pig of the same breed, sex and 

approximately the same weight so that there were always 3 pigs in each pen. For the nursery pig 

growth study below, the analyses included only the pigs that were in the study from the 

beginning to the completion of Phase 2 of the study. For the finisher growth study, the pigs that 

were added partway through the nursery study were included in the analyses. 

7.2.8 Nursery pig growth study- Phase 1 (65 to 107 day old pigs) and Phase 2 (107 to 140 day 

old pigs) 

Pens were blocked by room and 1 of 3 diets was randomly assigned to pen. Fifty-six day old pigs 

(n=90), blocked by breed type, sex, and litter were randomly assigned to 1 of 3 diets 

(commercial, forage-based, or silage-based) and 1 of 2 rooms (Figure 2). This resulted in 5 pens 

per breed type per diet (Figure 2). Each pen contained 3 pigs of the same sex and breed. More 

barrows (54) were used than gilts (36) because there were 5 pens per breed type so sexes could 
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not be equally divided among pens. It was thought that farmers might prefer to sell barrows and 

keep gilts for breeding so more barrows were purchased. All pigs were fed only commercial diet 

for a 7 day acclimation period, then introduced to their study diet over a 3 day period by 

replacing the new diet each day in 33% increments. When pigs were 65 days of age the study 

began when the pigs were fed only their study diet for 11 weeks. The nursery pig growth study 

ended when pigs were 140 days of age 

7.2.9 Finisher pig growth study - Phase 3 (146 to 167 day old pigs) and Phase 4 (199 to 230 

day old pigs) 

The 140 day old pigs remained in the same pens with the same pen mates, the same diet 

formulation was used, and all feeding and sampling methods remained the same. Only diet 

assignment was changed (Figure 3). The total BW (kg) per pen and pen-level BW tertiles were 

determined. The two heaviest pens from each tertile within diet were assigned the same diet as 

during the nursery pig growth study. This provided an opportunity to determine how the best 

growing pigs would perform from 8 to 32 weeks of age. All other individual pens within each 

tertile were randomly assigned to 1 of the 3 diets. During a 7 day acclimation period pigs 

assigned to a new diet were fed 40% new diet and 60% old diet for 3 days, then 60% new diet 

and 40% old diet for 3 days (as-fed) and then 100% new diet for 1 day. Pigs remaining on the 

same diet as in the nursery pig growth study received the same diet during the acclimation 

period. Nine pigs that had been purchased as replacements in case of illness or death were 

enrolled in the study. These pigs were fed commercial diet from 99 days of age until they were 

enrolled in Phase 3 of the study. Due to failure to procure required ingredients (silage, maize 

bran, cottonseed meal, and commercial diet) non-compliance in diet preparation occurred when 



 

195 

 

pigs were 168 to 198 days of age. Diet and performance data are not presented for that time 

period.  

7.2.10 Pig weighing  

All pigs were individually weighed at the study start and every 21 days following, after the first 

feeding of the day, in a model DV201 pig weighing crate (Danvaegt, A/S, Navervej 26, DK-

8382 Hinnerup, Denmark) accurate to within 1.0 kg. Weight (kg) for each pig was recorded.  

7.2.11 Diets 

Pigs were fed one of three diets ad libitum thrice daily. The control diet was commercially 

prepared 70 kg bags of sow and weaner ration (Ugachick Poultry Breeders, Namulonge Rd, 

Gayaza, P.O. Box 12337 Kampala, Uganda), which is the only Ugachick pig ration available for 

purchase. The treatment diets were 1) forage-based and 2) silage-based. Diet ingredient 

composition and analyzed nutrient composition are presented in Tables 1 and 2 respectively. The 

pigs were fed ad libitum. Each pen had an unaffixed locally-made wooden feed box (60 x 40 x 

14 cm) and plastic basin (45 cm in diameter) into which feed was placed. 

7.2.12 Diet preparation  

Jackfruit and avocado were purchased 2-5 days before use to ensure ripeness. Entire jackfruits 

were used. Avocado seeds were removed and discarded. Avocado peel was included in the diet. 

In Phase 1 unripe avocado was used to provide 3326 kcal of DE/kg of DM, but were observed in 

refused feed so only ripe and over ripe avocado were used thereafter. Using a machete, banana 

leaf (Musa sapientum) was cut daily from trees at the research site, the fibrous centre vein was 

discarded, and the remainder of the leaf was chopped, and fed fresh (un-wilted).  
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The appropriate amount of each ingredient (post-wilting) was weighed using the Dymo scale 

except for lime, salt, and mineral which were weighed using a Taylor digital kitchen scale, 

accurate to 0.001kg (Taylor Precision Products Inc., Viale Carducci, 125 20099 Sesto S. 

Giovanni (MI), Italy), and weights (kg) were recorded. 

Fruits and foliage were chopped daily with the animal ration shredder, and layered on a tarpaulin 

on the feed storage room floor. All dry ingredients (fish, salt, lime, cottonseed meal, maize bran, 

and sow and weaner piggery mineral premix (Nutrimix Ltd.,  urlingham Marcus Garvey Rd., 

Nairobi, Kenya ) were individually weighed, thoroughly mixed, then added as a single layer. The 

entire diet was then thoroughly mixed using a shovel, further crushed in the locally-made 

machine, a 300 gram sample was taken for nutrient analysis, and then the diet was stored in 

uncovered 60L plastic containers. Forage- and silage-based diets were mixed daily because they 

spoiled if stored for more than 24 hours.  

7.2.13 Diet sampling 

Six 50-gram samples were collected from six sections of every batch of forage- and silage-based 

diet and bag of commercial diet. Each composite 300-gram sample was thoroughly mixed and 

from it a 100-gram sub-sample was collected, placed in a labeled zip-type clear plastic bag and 

frozen (Deep Freezer, Model CF260LT, Mikachi, Kajaine House, 57-67 High Street, Edgware, 

Middlesex, UK). Every 4 weeks the 28 samples for each diet type were thawed and thoroughly 

mixed. A 300-gram sub-sample of each diet type was collected, placed in a labeled zip-type clear 

plastic bag, refrozen and then shipped in an insulated box to the laboratory for analysis  

Each sample was weighed upon arrival, dried to constant weight at 60 degrees Celsius in a 

Leader oven model GP180CIA02501110 (Leader Engineering Heat control, Units 6 7 Sherdley 

Business Park Scorecross, St. Helens, Merseyside, United Kingdom), weighed again, then 
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ground to pass through a 1 mm screen (Model CE96, UK). Each sample was immediately placed 

in a labeled zip-type clear plastic bag and shipped to International Livestock Research Institute 

(ILRI) Laboratory, Addis Ababa, Ethiopia for proximate nutrient analysis (except ether extract 

due to machine unavailability), and ILRI Laboratory, Hyderabad, India for ether extract analysis. 

7.2.14 Nutrient analysis  

Samples were analyzed for contents of dry matter (DM) [Association of Official Analytical 

Chemists (AOAC) 1995; 934.01], CP (AOAC 1990; 988.05), and ether extract (EE) (AOAC 

1990; 920.39); Ash and NDF (Van Soest and Robertson 1985); P (AOAC 2002; 965.17); and Ca 

(atomic absorption spectroscopy using AAnylist 300 according to equipment instructions; The 

Perkin-Elmer Corporation, Waltham, MA). The DM content of each original fresh sample was 

calculated considering cumulative moisture losses during the two consecutive drying procedures.  

7.2.15 Statistical analysis  

The unit of analysis was the individual pig. Number of pigs purchased from each litter, mean 

starting BW (kg) of each litter, range of individual pig BW (kg) within each litter, incidence of 

diarrhea and type of diet consumed by pigs with diarrhea, antibiotic treatment duration and type, 

and mortality of 65 to 140 day old pigs is presented in Table 3. Analysis of variance and Tukeys 

pairwise comparison were performed to determine if mean BW differed between diet treatments 

at the start of the nursery pig trial (65 day old pigs) and the start of the finisher pig trial (146 day 

old pigs). P values <.05 were considered significant. Individual pig ADG were regressed on diet 

type, starting BW, sex, and breed type as fixed effects, and pen as a random variable using mixed 

linear regression (Tables 4 and 5 for nursery and finisher pigs, respectively). Individual-pig ADG 

was regressed on the independent variables diet (commercial, forage-based, silage-based), breed 
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type (cross breed or local), sex (female or male castrates), and BW (kg) at the start of each weigh 

period using univariable mixed effect linear regression. Pen was included in each model as a 

random variable to control for pen-level clustering. Independent variables were retained for 

further analysis if p values were <0.20. Next, ADG was regressed on all of these variables using 

mixed multivariable analyses. A backward elimination selection process, where variables were 

removed one at a time from the model if p-values were >0.05, was used to select the final model. 

Linearity of the relationship between starting bodyweight and ADG was assessed by testing the 

significance of a quadratic transformation of starting bodyweight. Associations, where p<0.05, 

were retained in the final model. A Wald’s Chi Square test was used to evaluate interactions 

between starting BW and diet to explore any potential effect on ADG. Assumptions for the 

models were assessed by evaluating standardised residuals. Model fit with and without potential 

outliers was assessed using Akaike's information criterion and Bayesian information criterion. 

Also residuals were plotted against the predicted ADG to determine whether the assumptions of 

the models were met. Mean starting BW (kg), ADG (kg/day) and SD of nursery and finisher pigs 

was determined (Table 6). 

A two-sample t- test with equal variances was performed to determine if starting BW of local 

breed pigs differed from that of cross breed pigs. The mean BW weight (kg) at 65 days of age 

(start of the nursery pig study), standard deviation (SD), range, and coefficient of variation (CV) 

was determined for each of the 14 litters (Table 7). The mean BW weight (kg), SD, and CV 

within diet treatment were determined for nursery pigs at each weigh date. The BW gain from 65 

to 140 days of age of each pig was determined and pigs that gained < 5 kg were identified (Table 

8). To determine the impact of low BW on growth by diet and within diet treatment (commercial, 

silage-based or forage-based) pigs were ranked from lightest to heaviest BW and the lightest, 
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middle, and heaviest tertile of pigs within diet assignment were identified for nursery and 

finishers pigs (Tables 9 and 10 respectively). Analysis of variance and Tukeys pairwise 

comparison were performed to determine if mean BW differed between tertiles within each diet 

treatment at each weigh date. Similarly, analysis of variance and Tukeys pairwise comparison 

were performed to determine if mean BW differed between diet treatments within each tertile at 

each weigh date for nursery and finisher pigs (Tables 9 and 10 respectively).  P values <.05 were 

considered significant. All statistical analyses were performed using Stata 13.1 (StataCorp 4905 

Lakeway Drive, College Station, Texas, USA). 

7.3 Results 

7.3.1 Diets 

Ingredient composition of forage- and silage-based diets is presented in Table 1. Ingredient 

composition of commercial diet is unknown, protected proprietary information. Diet nutrient 

composition (analyzed) is presented in Table 2. Across phases and diets estimated DE content 

was low, and less than the minimum nutritional constraint. Across phases and diets ash and NDF 

content were high. Neutral detergent fibre content exceeded the maximum nutritional constraint 

in all phases and diets except for silage-based diet in Phase 3, and commercial diet in Phases 3 

and 4. Ash content of commercial diet was high and estimated DE content was low in Phases 2 

and 4. Across phases and diets CP content was similar and exceeded the minimum nutritional 

constraint. Within and across diets Ca and P content varied. In Phases 2 and 3 in forage-based 

and commercial diets Ca:P was lower than the minimum nutritional constraint. 

7.3.2 Mean BW at start of nursery pig and finisher pig trials 
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Mean BW did not differ between diet treatments at the start of the nursery pig trial (65 day old 

pigs) study (6.8 + 2.12, 7.0 + 3.2, and 6.7 + 1.9 kg for commercial, forage-based, and silage-

based diet, respectively) (p>.47) and the start of the finisher pig trial (146 day old pigs) study 

(24.1 + 12.2, 21.4 + 10.8, and 20.7 + 11.4 kg for commercial, forage-based, and silage-based 

diet, respectively) (p>.31).  

7.3.3 Litter size and weight, range of pig weights within litters, morbidity, and mortality 

Litter size, mean starting BW (kg) of each litter, range of individual pig BW (kg) within each 

litter, morbidity, treatment, and mortality of 65 to 140 day old pigs is presented in Table 3. The 

BW range of individual 65 day old pigs within litters was large. The lightest cross breed and 

local breed pig weighed 3.9 and 2.8 kg, respectively and the heaviest cross breed and local breed 

pig weighed 11.4 and 10.2 kg respectively. Thirty four pigs, from 11 of the 14 litters, and in all 

diet treatments groups, developed diarrhea during the entire study (n=11, 10, and 13 fed 

commercial, forage-based, and silage-based diet, respectively) and were treated with antibiotics 

(Table 3). Fifteen pigs responded to a single 3 to 7 day treatment, however 17 pigs were treated 

twice and 2 pigs were treated thrice before diarrhea was no longer observed. Seven cross breed 

pigs from 3 litters (n= 4, 2, and 1 pig(s) from each litter, respectively), did not respond to 

treatment and were euthanized. No pig enrolled in the trial developed diarrhea or needed 

retreatment once Lincomycin hydrochloride was the treatment drug. No diagnostic testing was 

available to the veterinarian who was responsible for treating these pigs. 

7.3.4 Average daily gain by diet 

Of 90 pigs enrolled in the newly-weaned growth study, 8 cross breed pigs were euthanized. The 

final model included 82 pigs (44 local and 38 cross breed; 52 male, 30 female). Of 99 pigs 
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enrolled in the finishing growth study, 4 cross breed pigs were euthanized. The final model 

included 95 pigs (50 local and 45 cross breed; 37 female and 58 male). Factors associated with 

ADG of individual nursery pigs and finisher pigs are presented in Tables 4 and 5, respectively.  

7.3.5 Average daily gain of nursery pigs (65 to 140 days of age) 

From 65 to 86 days of age when controlling for starting BW, pigs fed commercial diet had the 

highest ADG, followed by forage-based diet (p<0.001), then silage-based diet (p<0.001) (Table 

4). From 86 to 127 days of age when controlling for starting BW, pigs fed commercial diet had 

the highest ADG, followed by silage-based diet (p<0.001), then forage-based diet (p<0.001). 

Starting BW was positively associated with ADG; for every 1 kg increase in starting BW, ADG 

increased by 0.012 + 0.003, 0.015 + 0.002, 0.013 + 0.003, and 0.009 + 0.003 kg/day, from 65 to 

86, 86 to 107, 107 to 127 and 127 to 140 days of age respectively (p<.001 for all). Mean starting 

BW (kg), ADG and SD (kg/day) of nursery pigs at each weight date are presented (Table 6). 

7.3.6 Average daily gain of finisher pigs (146 to 230 days of age)  

From 146 to 167 and 209 to 320 days of age when controlling for starting BW, pigs fed 

commercial diet had the highest ADG, followed by silage-based diet, then forage-based diet 

(p<0.05) (Table 5). From 199 to 209 days of age when controlling for starting BW, ADG of pigs 

fed commercial diet was 0.095 kg/day higher than pigs fed forage-based diet (p=.048). Starting 

BW was positively associated with ADG; for every 1 kg increase in starting BW, ADG increased 

by 0.004 + 0.001, 0.008 + 0.001, and 0.002 + 0.0009 kg/day, from 146 to 167, 199 to 209, and 

209 to 230 days of age respectively (p=.001. p>.001, and p=0.02, respectively). Average daily 

gain of local breed 209 to 320 day old pigs was 0.104 kg/day less than that of crossbreed pigs of 

the same age (p<.001). Breed type was not significantly associated with ADG at any other age 
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category. Mean starting BW (kg), ADG and SD (kg/day) of finisher pigs at each weight date are 

presented (Table 6). 

7.3.7 Nursery pig growth study 

7.3.7.1 Starting BW of local versus cross breed pigs 

The starting BW (kg, 65 days of age) of local breed pigs (5.7 + 1.61 kg; range 2.8-10.2 kg) was 

lower than that of cross breed pigs (8.0 + 1.8; range 4.0-11.4 kg) (p<.001).  

7.3.7.2 Variability in mean BW 

Variability in mean BW increased with increased age and increased BW in pigs fed forage- and 

silage-based diet and decreased with increased age and increased BW in pigs fed commercial 

diet (Table 7). The CV of pigs fed commercial diet was highest in 65 and 86 day old pigs and 

lower in heavier, older pigs. The CV of pigs fed forage- and silage-based diet was lowest in 65 

and 86 day old pigs and increased in heavier, older pigs.   

7.3.7.3 Nursery pigs that gained < 5 kg  

Nineteen pigs, from 10 of the 14 litters, gained < 5 kg BW from 65 to 140 days of age (Table 

7.8). All were fed forage-based diet (n=11) or silage-based diet (n=8). Of the pigs fed forage- 

and silage-based diet 96.2% and 93.1% respectively gained less than the pig with the lowest BW 

gain (13.1 kg) that was fed commercial diet in the same time period.  

7.3.7.4 Mean BW (kg) and mean ADG (kg/day)  

Mean BW (kg) and mean ADG (kg/day) of the lightest, middle, and heaviest nursery pigs across 

diets is presented in Table 9. In pigs fed commercial diet the mean BW of the lightest 1/3 of pigs 

was lower than the mean BW of the heaviest 1/3 of pigs (p<.05) on all weigh dates. In pigs fed 

forage- and silage-based diet the mean BW of the lightest 1/3 of pigs was lower than the mean 

BW of the heaviest 1/3 of pigs (p<.05) on all weigh dates. In pigs fed silage-based diet the mean 
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BW of the middle 1/3 of pigs was lower than the mean BW of the heaviest 1/3 of pigs (p<.05) on 

all weigh dates. The mean BW of the lightest, middle, and heaviest pigs fed forage- and silage-

based diet was lower than the mean BW of the lightest, middle, and heaviest pigs, respectively 

fed commercial diet at all weigh dates. 

7.3.8 Finisher pig growth study 

7.3.8.5 Mean BW (kg) and mean ADG (kg/day)  

Mean BW (kg) and mean ADG (kg/day) of the lightest, middle, and heaviest finisher pigs across 

diets is presented in Table 10. In pigs fed commercial diet the mean BW of the lightest 1/3 of 

pigs was lower than the mean BW of the heaviest 1/3 of pigs (p<.05) on all weigh dates, and 

lower than the mean BW of the middle 1/3 of pigs (p<.05) except when pigs were 140 days of 

age when the means did not differ (p>.05). In pigs fed forage- and silage-based diet the mean 

BW of the lightest 1/3 of pigs was lower than the mean BW of the middle  1/3 and heaviest 1/3 

of pigs (p<.05) on all weigh dates. In pigs fed forage- and silage-based diet the mean BW of the 

middle 1/3 of pigs was lower than the mean BW of the heaviest 1/3 of pigs (p<.05) on all weigh 

dates.  

The mean BW of the lightest 1/3 and middle 1/3 of 167 to 230 day old pigs fed forage- and 

silage-based diet was lower than the mean BW of the lightest 1/3 and middle 1/3 of 167 to 230 

day old pigs, respectively fed commercial diet from (p<.05).  

7.4 Discussion 

East African farmers can improve pig growth performance by feeding pigs forage- and silage-

based diets. Pigs at mean BW > 11.9 and 9.2 kg, fed forage- or silage-based diet in this study, 

respectively, had higher ADG than pigs raised by smallholder farmers in Kenya (0.130 kg/day). 
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Nursery and finisher pigs enrolled in this study fed commercial diet also had higher ADG than 

pigs raised by smallholder farmers in Kenya. Across diets ADG was low compared to other local 

breed pigs (0.130 to 0.520 kg/day), cross breed (0.387 to 0.616 kg day), and exotic breed pigs 

(0.570 to 0.831 kg/day) elsewhere in the tropics (Ndindana et al., 2002; Codjo, 2003; Kanengoni 

et al., 2004; Len et al., 2007; Anugwa et al., 2008; Carter et al., 2013). The starting BW of 65 

and 146 day old pigs enrolled in this study (6.8 + 1.94 and 22.1 + 11.44 kg, respectively) was 

lower than slow growing 60 and 140 day old exotic pigs raised in commercial settings (15.0 to 

18.2 and 62.7 to 71.4 kg, respectively) (Dewey and Straw, 2006). However weaning weights of 

local breed pigs reported elsewhere in the tropics (4.87 + 0.28 kg at 56 days of age; 5.6 to 7.4 kg 

at 93 to 117 days) were similar to the starting BW of pigs enrolled in this study (Kumaresan et al 

2007; Phengsavanh et al., 2010).  

Factors that may have contributed to low ADG include introduction of a novel diet that 

potentially caused transient gastrointestinal hypersensitivity, genotype, the composition and 

nutrient content of the diet, and the pigs’ limited feed intake and digestive capacity for fibrous 

feeds due to age and low starting BW.  

As others have described, pigs’ absorptive and digestive capacity may be impaired by the 

introduction of novel diets due to transient gastrointestinal hypersensitivity (Patience et al., 

1995). Introduction of the novel commercial diet upon arrival at the trial location may have 

resulted in damage to intestinal villi caused by anti-nutritional factors, resulting in diarrhea, and 

leading to impaired or inhibited nutrient absorption and lowered ADG as others have described 

(Patience et al., 1995). Although piglets may have consumed small amounts of sows’ feed before 

reaching the trial farm, no sows from the original source farms were fed commercial diet. Creep 

feeding in East African smallholder piggeries has not been reported. No commercial creep feed 
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was available for purchase. Given the incidence of diarrhea in the trial pigs less than 165 days of 

age, and the low ADG in the nursery pig growth study, it is possible that intestinal villi were 

damaged due to introduction of the novel trial diets. Alternatively, diarrhea may have been due 

to a pathogen since no diarrhea was observed in pigs greater than 165 days of age following 

treatment with Lincomycin hydrochloride. No diagnostics were available to determine if diarrhea 

was diet or pathogen induced.   

Breed differences in ADG were only observed in pigs 209 to 302 days of age which may indicate 

pigs started to reach their genetic growth potential. Breeds were classified by farmer recall 

because no production records existed. The distinction between the breeds may not have been 

accurate. 

The composition and nutrient content of diets may have contributed to low ADG. In commercial 

settings, nutrient-dense, highly-digestible diets comprised of oils, plasma, milk and fishmeal 

products, and feed additives are formulated to enable young pigs to maximize nutrient intake and 

expression of potential growth performance (NRC 2012; Patience et al., 1995). However, these 

ingredients are not available to East African smallholder farmers.  The diets studied here 

contained more NDF and less estimated DE than the estimated amount required by pigs to 

achieve maximum growth, which may have contributed to low ADG, particularly in nursery 

pigs. Others report feeding fibrous feeds is cost-effective for pigs at or above 50 kg BW because 

pigs’ ability to digest fibre increases as pigs become older (Machin 1990). However, for young 

growing pigs, dietary fibre provides little or no energy and the digestibility of energy and 

nutrients is reduced as dietary fibre content increases (Noblet and Le Goff 2001). As previous 

research suggests, pigs may have adapted to fibrous feed through ongoing exposure to the trial 

diets, and their ability to digest dietary fibre may have improved with increased age and BW 
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(Wenk 2001). This may have been reflected in the higher ADG of finisher pigs compared to 

nursery pigs. 

Low starting BW of nursery pigs may also have contributed to low ADG. The higher mean BW 

of the middle and heaviest 1/3 of pigs compared to the lightest 1/3 of pigs across diets, and the 

significant association of starting BW with ADG indicates that the growth performance of 

heavier nursery pigs is better than that of lighter pigs of the same age. Similarly, others have 

reported that ADG of nursery and grower-finisher pigs is higher at higher weaning weights 

(Mahan and Lepine 1991; Main et al. 2004). Mahana and Lepine (1991) report heavier nursery 

pigs (7.3 to 8.6 kg) reached 105 kg BW 15 days sooner than lighter nursery pigs (4.1 to 5.0 kg).  

Low starting BW of pigs enrolled in this study may have resulted in low feed intake and 

consequently low ADG, as others have discussed. Whittemore (2008) estimated that feed intake 

is influenced by body weight and diet digestibility as follows: 0.013 * BW, in kg/(1 – 

digestibility). This estimation demonstrates the impact that BW and diet digestibility can have on 

feed intake and consequently on ADG. De Rouchey et al. (2010) report many studies showed 

that higher feed intake in the period after weaning increases ADG of nursery pigs. Compared to 

pigs with low feed intake after weaning, pigs with higher feed intake have higher ADG in the 

finishing pig phase (Dritz et al. 1996). 

The high percentage of nursery pigs fed forage- and silage-based diets that gained less than the 

pig with the lowest BW gain that was fed commercial diet indicates that commercial diet may be 

more palatable and digestible than forage- and silage-based diets for nursery pigs resulting in 

higher ADG. The higher mean BW of the smallest 1/3 of nursery pigs fed commercial diet 

compared to those fed silage- and forage-based diets, and the higher mean ADG of heavier (11.9 

to 17.7, and 12.4 to 20.9 kg) nursery pigs fed forage- and silage based diet, respectively, 
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indicates commercial diet is more suitable for small nursery pigs than forage- and silage-based 

diet.  

Moreover, the high CV of mean BW and increase in CV with increased age and BW, in pigs fed 

forage- and silage-based diet indicates there were heavier pigs fed forage-and silage diets that 

grew well and small pigs that did not grow well, and that pigs at 65 days of age can grow when 

fed forage- and silage-based diets if they are a heavy enough BW. However this phenomenon 

was not observed in pigs fed the commercial diet, where the lower CV of mean BW decreased as 

age and BW increased. This indicates that even the smallest nursery pigs grew well when fed 

commercial diet. Small nursery pigs fed forage- and silage-based diet in this study had low 

ADG. Feeding commercial diet to newly weaned pigs, and then feeding silage-or forage-based 

diets to finishing pigs is recommended. 

As described in Chapter 6 of this thesis commercial diet was more expensive per kg than forage- 

and silage-based diets (1.9 times the cost of both forage- and silage-based diets when all 

ingredients are purchased, and 4.0 and 4.1 times the cost of forage- and silage based diets, 

respectively, when some ingredients are available at zero-cost).  The cost per kg of forage- and 

silage-based diets was similar. And as described in Chapter 6 of this thesis in the nursery pig 

growth study the cost of commercial diet per kg of BW gain was lower than the cost of forage- 

and silage-based diets per kg of BW gain.  However, in the finisher pig growth study, the cost of 

commercial diet per kg of BW gain was higher than the cost of forage- and silage-based diets per 

kg of BW gain. This is similar to findings by Main et al (2005) who report that as weaning 

weight increased the cost per 100 kg of pig sold decreased, and income over cost increased.  

It would cost farmers approximately 47 586 and 22 393  Ugandan shillings ($18 and $8.50 

Canadian at time of publication) to feed nursery pigs commercial diet until they reach 11.9 and 
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9.2 kg BW, respectively (given a mean starting BW of 6.8 kg (Table 7.7) and the cost per kg of 

BW gain to feed commercial diet (Table 6.5). Pigs could then be fed the more affordable forage- 

and silage-based diets, and achieve good growth performance. Resource-poor smallholder farms 

may be able to afford the cost of making forage- and silage-based diets, spent in small 

increments over time when purchasing small amounts of ingredients, but purchasing a 70 kg bag 

of commercial diet may be prohibitively expensive. Therefore forage- and silage-based diet may 

be more accessible than commercial diet for resource-poor smallholder farmers. 

The results of this study indicate that forage- and silage-based diets are not suitable for the 

smallest nursery pigs and they should be fed commercial diet until they reach sufficient BW 

whereby they can consume and digest sufficient quantities of high fibre diets to grow. However 

heavier nursery pigs can grow when fed forage- and silage diets. Moreover finisher pigs can 

achieve ADG that is not different than that of pigs of the same age fed commercial diet. Starting 

BW is positively associated with ADG and pigs of heavier starting BW can achieve higher ADG 

than lighter pigs.  

Smallholder pig farmers are encouraged to raise only the heaviest weaned pigs and to feed 

commercial diet to nursery pigs, and forage- or silage-based diet to finisher pigs. The results of 

this study demonstrate the need for interventions related to improving weaning weights and 

provision of creep feed in order to improve pig growth performance. 

Finisher pigs can have higher ADG than pigs on smallholder farms, when fed these balanced 

silage-based and forage-based diets that are less expensive than commercial diet. However, pigs 

should be fed commercial diet until 11.9 and 9.2 kg BW for forage- and silage-based diet 

respectively, so that they reach a BW at which they can consume and digest sufficient quantities 

of high fibre diets. 
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Implications  

 Research on increasing weaning weights of pigs raised on smallholder farms in SSA 

through options such as improved nutrition and increased access to water for sows, creep 

feeding of piglets and improved genetics is needed to improve post-weaning 

performance. 

 Nutrient dense, digestible, palatable feedstuffs suitable for newly-weaned pigs should be 

identified and their nutrient content characterized, to enable development of low-cost 

balanced diets and improve newly-weaned growth performance. 

 Nursery pigs should be fed commercial diet until they achieve sufficient BW (11.9 and 

9.2 kg BW for forage- and silage-based diet respectively) prior to being forage- or silage-

based diet.  

 Balanced silage- and forage-based diets, that are less expensive than commercial diets, 

can be made by smallholder farmers in East Africa to enhance growth of finisher pigs  
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0   pigs born within 3 days of each other (day 0 is the middle day) 

 

9 pigs individually weighed, ear tagged, 2 mL Ferrum TM 10% + B12 IM 

injection administered 

38 pigs individually weighed, 1 mL/33 kg of bodyweight (BW) of ivermectin 

10 mg subcutaneous injection administered 

55 pigs arrived at trial site, pigs weighed, randomly allocated  to 1 of 3 diets 

by pen- each pen contained 3 pigs of the same sex and breed 

1 mL/33 kg of BW of ivermectin 10 mg subcutaneous injection and 

7.5 mg of Albendazole B.P 300 mg per kg of BW administered orally 

all pigs fed commercial diet 

   faecal flotation #1 

62   pigs fed 67% commercial diet and 33 % trial diet 

63   pigs fed 33% commercial diet and 67% trial diet 

64   pigs fed 100% trial diet 

 

65   Nursery pig trial start, pigs weighed 

80   faecal flotation #2 

86   pigs weighed 

 

107   pigs weighed 

 

127   pigs weighed 

 

140   pigs weighed, Nursery pig trial end,  

diet reallocation (see figure 3) 

   pigs fed 40% new diet and 60% original diet 

143   pigs fed 60% new diet and 40% original diet 

146   pigs fed 100% new diet, Finisher pig trial start, pigs weighed 

 

167   pigs weighed, start of non-compliance in diet formulation 

 

188   pigs weighed 

 

199   pigs weighed, end of non-compliance in diet formulation 

 

209    pigs weighed 

 

230    pigs weighed, Finisher pig trial end 

Figure 7.1 Study timeline (pig age in days) 



 

218 

 

  

  
90 65 day old pigs 

randomly assigned 

30 pigs (10 pens) 

Silage-based diet 
30 pigs (10 pens) 

Forage-based diet 

 30 pigs (10 pens) 

Commercial diet 

15 local 

breed  

9 barrows  

6 gilts  

(5 pens) 

Figure 7.2 Experimental design of a study to compare the average daily gain of nursery pigs with lighter (< TBD kg) or heavier (> TBD 

kg) weaning weight when fed 1 of 3 diets (commercial, silage-based or forage-based diet types (commercial, forage-based, or silage-

based). 

15 cross 

breed  

9 barrows  

6 gilts  

(5 pens) 

15 cross 

breed  

9 barrows  

6 gilts  

(5 pens) 

15 cross 

breed  

9 barrows  

6 gilts  

(5 pens) 

15 local 

breed  

9 barrows  

6 gilts  

(5 pens) 

15 local 

breed  

9 barrows  

6 gilts  

(5 pens) 

Pig age (days) 

when weighed 

107 

127 

140 

86 

65 
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30 pigs (10 pens) 

Forage-based diet 
30 pigs (10 pens) 

Silage-based diet 

30 pigs (10 pens) 

Commercial diet 

Heaviest 2 

pens remain 

commercial 

diet 

Each of 4 middle tertile 

and each of 4 lightest 

tertile pens randomly 

assigned to commercial, 

forage-based, or silage-

based diet 

Heaviest 2 

pens remain 

forage-based 

diet 

Each of 4 middle tertile 

and each of 4 lightest 

tertile pens randomly 

assigned to commercial, 

forage-based, or silage-

based diet 

Heaviest 2 

pens remain 

silage-based 

diet 

Each of 4 middle tertile 

and each of 4 lightest 

tertile pens randomly 

assigned to commercial, 

forage-based, or silage-

based diet 

Figure 7.3. Treatment reallocation for finisher pig 

study  

Pig age (days) when weighed 

146 

188 

199 

209 

230 

167 

30 pigs (10 pens) 

Commercial diet 

30 pigs (10 pens) 

Forage-based diet 
30 pigs (10 pens) 

Silage-based diet 
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 Forage-based diet Silage-based diet 

Ingredient (%) Phase†1 Phase 2 and 3 Phase 4
 

Phase

1
 

Phase 

2
 

Phase 3 and 4
 

Avocado (Persea americana) – ripe, with peel, seed removed  18.02 19.6 25.5 - - - 

Banana leaf (Musa sapientum) – centre vein removed  1.1 1.3 1.7 - - - 

Cassava leaf, blade, and axil (Manihot esculenta) - wilted - - - 2.6 2.0 - 

Cottonseed meal - 1.4 1.8 1.3 1.3 1.7 

Jackfruit (Artocarpus heterophyllus) – ripe, with peel and seeds 39.9 16.8 21.9 20.8 25.8 22.7 

Maize bran - 4.1 9.5 - - 12.4 

Papaya leaf  (Carica papaya) - wilted - - - 6.4 7.1 - 

Sun-dried fish (Rastrineobola argentea)   7.5† 2.2‡ 3.1‡ 4.4† 2.0‡ 2.7‡ 

Sweet potato vine (Ipomoea batatas) – wilted 33.3 54.2 36.1 - - - 

Sweet potato vine and tuber silage (Ipomoea batatas) - - - 64.5 61.6 60.8 

Limestone 0.19 0.10 0.14 - - - 

Table 7.1. Composition of trial diets (as-fed basis) used in the feed trial of local and crossbred pigs in Uganda 
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Common table salt 0.12 0.10 0.14 0.09 0.09 0.13 

Vitamin and mineral premix§ 0.05 0.04 0.07 0.04 0.06 0.06 

* Phase 1 = Pig age 65 to 107 days. Phase 2 = Pig age 107 to 140 days. Phase 3 = Pig age 146 to 167 days. Phase 4 = Pig age 199 to 

230 days of age Non-compliance in diet formulation occurred when pigs were168 to 198 days of age. Data not presented. 

† Pre-ground livestock-grade 

‡ Whole human-consumption-grade ground at research site 

§ The premix provides the following per kg of complete feed (DM): Vitamin A 15,000,000 I.U.; Vitamin D3 2,000,000 I.U.; Vitamin 

E 20,000 I.U.; Vitamin K3 6,000 mg; Vitamin B1 1,000 mg; Vitamin B2 5,000 mg; Nicotinic Acid 20,000 mg; Pantothenic Acid 

16,000 mg; Choline chloride 200,000 mg; Biotin 110 mg; Folic acid 1,500 mg; Mn 40,000 mg; Fe 150,000 mg; Zn 110,000 mg; Cu 

40,000 mg; Cobalt 280 mg; I 1,500 mg; Se 120 mg.  
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 Diet 

 Forage-based  Silage-based  Commercial
 

 Phase

†1 

Phase 

2  

Phase 

3 

Phase 

4
 

Phase 

1
 

Phase 

2
 

Phase 

3 
 

Phase 

4 

Phase 

1
 

Phase 

2
 

Phase 

3 
 

Phase 

4 

DE‡ (kcal/kg of DM) 1531 2333 2385 2688 1426 2277 2351 2309 2413 2681 2811 2499 

Ash 21.2 11.9 11.9 9.4 19.6 12.0 12.6 12.0 10.1 9.3 8.6 11.4 

Crude protein 17.9 18.8 18.4 15.7 18.9 17.9 16.9 14.4 15.9 17.2 17.3 18.4 

Neutral detergent fibre 35.6 41.5 39.9 38.3 39.5 37.7 34.0 35.1 37.4 35.1 33.8 34.9 

Ether extract 5.9 9.8 9.9 11.7 2.8 5.6 6.0 5.8 5.2 7.6 8.1 7.0 

Total calcium 1.84 0.88 0.83 0.69 2.07 0.95 0.87 0.68 1.49 0.96 0.89 1.29 

Total phosphorous  0.58 1.09 1.07 0.66 0.53 0.96 0.97 0.68 0.79 1.58 1.51 1.32 

Total calcium: total phosphorous 

3.17 0.81 0.78 1.05 3.91 0.99 0.90 1.00 1.89 0.61 0.59 0.98 
* 
Previously presented in Carter et al. 2015  

†
 Phase 1 = Pig age 65 to 107 days. Phase 2 = Pig age 107 to 140 days. Phase 3 = Pig age 146 to 167 days. Phase 4 = Pig age 199 to 

230 days of age Non-compliance in diet formulation occurred when pigs were 168 to 198 days of age. Data not presented.  

Table 7.2. Analyzed nutrient composition of trial diets (% of DM) used in the feed trial of local and crossbred pigs in Uganda 
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‡ Digestible energy. Estimated from analyzed nutrient composition of the diets according to NRC (2012).  
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N of pigs 

purchased from 

litter 

Breed 

Mean litter 

weight (kg)  

 

SD 

(kg) 
CV 

Range individual 

pig BW (kg)  

 

Morbidity and 

mortality 

Treatment duration 

(days) and type 

Diet of pigs with 

diarrhea 

3 Local 4.30 0.72 0.17 3.5-4.9 
3 diarrhea 

recovered 

3* Forage-based 

6*† Commercial 

6* Commercial 

6 Local 4.80 0.67 0.14 3.6-5.3 
2 diarrhea 

recovered 

3† Silage-based 

9* Forage-based 

6 Local 5.30 0.64 0.12 4.2-6.0 - - - 

9 Local 5.70 1.54 0.27 2.8-8.0 
3 diarrhea 

recovered 

6*† Silage-based 

6† Commercial 

6* Commercial 

4 Local 6.10 1.68 0.27 3.7-7.5 
1 diarrhea 

recovered 
3* Silage-based 

10 Local 6.10 1.94 0.33 3.2-8.8 
3 diarrhea 

recovered 

6* Silage-based 

3* Silage-based 

6* Silage-based 

Table 7.3 Mean litter weight with SD (kg) and CV, bodyweight (BW) range (kg) of pigs at 65 days of age at the start of the feed trial, and 

morbidity, recovery, and mortality of pigs by birth litter  
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11 Local 6.30 1.98 0.32 4.4-10.2 
2 diarrhea 

recovered 

2‡ Forage-based 

3† Commercial 

6*† Commercial 

6 Cross 5.30 1.36 0.26 3.9-7.1 

1 diarrhea 

euthanized 
3§ Silage-based 

4 diarrhea 

recovered 

3† Forage-based 

2‡ Silage-based 

6* Commercial 

6* Commercial 

8 Cross 5.70 1.50 0.26 4.0-8.2 

4 diarrhea 

euthanized 

5§* Silage-based 

5§* Silage-based 

3* Commercial 

3* Commercial 

1 diarrhea 

recovered 
4‡* Forage-based 

11 Cross 8.00 1.19 0.15 5.3-9.3 
3 diarrhea 

recovered 

6* Silage-based 

6*† Forage-based 

3* Silage-based 

4 Cross 8.40 2.26 0.27 5.5-11.4 

2 diarrhea 

euthanized 

2§ Forage-based 

2§ Forage-based 

2 diarrhea 

recovered 

9*† Commercial 

6* Forage-based 

4 Cross 8.50 1.58 0.19 6.9-10.2 
2 diarrhea 

recovered 

6*† Forage-based 

3* Silage-based 

1 Cross 8.70 - - - - - - 

12 Cross 9.10 1.25 0.14 6.7-11.3 - - - 

* Oxytetracycline dihydrate (Alamycin™, Norbrook Laboraties Limited, Newry, Northern Ireland). 
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† Lincomycin hydrochloride (Lincomix 100™, Zoetis, Kalamazoo, USA). 

‡Ceftiofur hydrochloride (Excenel RTU™, Pfizer Canada Inc., Kirkland, Canada). 

§Trimethoprim-Sulfadoxine (Trimidox™, Vetoquinol N-A Inc, Lavaltrie, Canada).  
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 65 to 86 days of age 86 to 107 days of age 107 to 127 days of age 127 to 140 days of age 

Variable Coefficient SE P  Coefficient SE P  Coefficient SE P  Coefficient SE P  

Intercept 0.116 0.0246 <.001 0.239 0.0285 <.001 0.204 0.0568 <.001 -0.006 0.1049 0.957 

Commercial diet 

(referent) 

- - - - - - - - - - - - 

Forage-based diet versus 

commercial diet 

-0.181 0.0165 <.001 -0.306 0.0181 <.001 -0.196 0.0411 <.001 - - NS 

Silage-based diet versus 

commercial diet 

-0.176 0.0172 <.001 -0.269 0.0181 <.001 -0.163 0.0399 <.001 - - NS 

Weight at start of weight period 

(kg) 

0.012 0.0031 <.001 0.015 0.0024 <.001 0.013 0.0027 <.001 0.009 0.0034 0.007 

* Significant terms in the model (P < .05) were determined by mixed methods linear regression (pen included as a random effect). 

  

Table 7.4. Factors associated with average daily gain (kg/day) of local and crossbred nursery pigs in Uganda from 65 to 140 days of age.*  
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 146 to 167 days of age 199 to 209 days of age 209 to 230 days of age 

Variable Coefficient SE P  Coefficient SE P  Coefficient SE P  

Intercept 0.451 0.0390 <.001 0.277 0.0701 <.001 0.542 0.0647 <.001 

Commercial diet 

(referent) 

- - - - - - - - - 

Forage-based diet versus commercial diet -0.425 0.0350 <.001 - - NS -0.232 0.0367 <.001 

Silage-based diet versus commercial diet -0.221 0.0372 <.001 - - NS -0.076 0.0334 0.023 

Body weight at start of weigh period (kg) 0.004 0.0012 0.001 0.009 0.0012 <.001 0.002 0.0009 0.022 

Local breed versus cross breed - - - - - - -0.104 0.0265 <.001 

 

*Diet non-compliance occurred when pig were 168 to 198 days of age. These data are not shown here. 

† Significant terms in the model (P < .05) were determined by mixed methods linear regression (pen included as a random effect). 

 

  

Table 7.5 Factors associated with average daily gain of finisher pigs (kg/day) 146 to 230 days of age* in the feed trial.† 
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  Commercial diet  Forage-based diet  Silage-based diet 

Pig age (days) Mean starting BW Mean ADG SD Mean starting BW Mean ADG SD Mean 

starting 

BW 

Mean 

ADG 

SD 

65-86 6.8 0.201 0.0816 7.0 0.021 0.0372 6.7 0.021 0.0461 

86-107 11.1 0.405 0.0969 7.5 0.045 0.0371 7.1 0.077 0.0688 

107-127 19.6 0.460 0.1392 8.4 0.118 0.0519 8.7 0.153 0.1050 

127-140 29.2 0.264 0.2017 10.9 0.160 0.1364 11.9 0.234 0.1687 

146 to 167 24.1 0.552 0.1710 21.4 0.116 0.0953 20.7 0.318 0.1309 

199 to 209 52.6 0.744 0.1973 23.8 0.494 0.2109 27.4 0.713 0.1623 

209 to 230 60.0 0.604 0.1385 31.2 0.336 0.1411 38.7 0.504 0.1369 

  

Table 7.6 Mean starting bodyweight (BW; kg), mean average daily gain (ADG; kg/day) and standard deviation (SD) of nursery and 

finisher pigs 
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 Commercial diet  Forage-based diet  Silage-based diet  

Pig age (days) Mean BW (kg) (SD) CV Mean BW (kg) (SD) CV Mean BW (kg) (SD) CV 

65 (trial start) 6.8 (2.12) 0.31 7.0  (2.21) 0.31 6.7 (1.91) 0.29 

86 11.1 (3.43) 0.31 7.5 (2.58) 0.34 7.1 (2.48) 0.35 

107 19.6 (4.79) 0.25 8.4 (3.08) 0.37 8.7 (3.69) 0.42 

127 29.2 (6.55) 0.22 10.9 (3.85) 0.35 11.9 (5.41) 0.45 

140 32.6 (7.48) 0.23 13.0 (5.00) 0.38 15.0 (6.51) 0.43 

  

Table 7.7 Coefficient of variation (CV) within diet treatment of bodyweight (BW, kg) of nursery pigs at 65, 86, 107, 127, and 140 days of 

age 
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BW gain (kg) from 65 to 140 days of age BW (kg) at 65 days of age Breed Pen Sex 

Forage-based diet 

2.1 6.9 Local 14 
Male 

 

2.4 4.6 Local 32 Female 

2.5 4.5 Local 21 Male 

2.6 6.4 Local 21 Male 

2.9 7.1 Cross 12 Male 

3 6 Local 32 Female 

3.4 4.6 Local 32 Female 

3.6 6.9 Cross 12 Male 

3.7 7.3 Cross 31 Female 

4.1 5.9 Local 14 Male 

4.5 5 Local 8 Male 

Silage-based diet 

2.6 4.6 Local 25 Female 

2.7 4.3 Local 24 Male 

2.8† 3.7 Local 16 Male 

4 3.2 Local 25 Female 

4.2 4.8 Local 25 Female 

4.5 6 Local 6 Male 

5 5.4 Local 24 Male 

5 5.5 Local 7 Female 

 * Only pigs that lived to at least140 days of age are included 

†Had diarrhea during the nursery trial  

Table 7.8 Nursery pigs that gained < 5 kg from 65 to 140 days of age* 
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Diet treatment 

and pig weight 

category (Range 

BW (kg)) 

Mea

n 

BW  

(kg)  

65 

days 

of 

age 

Mean BW 

(kg) 86 

days of 

age 

Mean ADG 

from 65 to 86 

days of age 

(kg/day) 

Mean 

BW 

(kg) 

107 

days 

of 

age 

Mean ADG 

from 86 to 107 

days of day 

(kg/day)  

Mean 

BW 

(kg) 

127 

days 

of 

age 

Mean ADG 

107 to 127 

days of age  

(kg/day) 

Mean 

BW 

(kg)  

140 

days 

of age 

Mean ADG 

from 127 to 

140 days of age 

(kg/day) 

Commercial diet 

lightest 1/3 of 

pigs  (4 to 5.2) 

4.6
a 

7.9
ax 

0.154 15.0
ax 

0.342 22.8
a

x 
0.371 26.3

ax 
0.268 

Commercial diet 

middle 1/3 pigs 

(5.4 to 8.1) 

6.6
b 

10.8
bx 

0.202 20.0
bx 

0.437 29.7
b

x 
0.461 32.3

ax 
0.203 

Commercial diet 

heaviest 1/3 of 

pigs (8.5 to 11.3) 

9.3
c 

14.5
cx 

0.247 23.7
bx 

0.436 35.1
c

x 
0.547 39.3

bx 
0.319 

Forage-based 

diet lightest 1/3 

of pigs (4.5 to 

5.1) 

5.1
a 

5.5
ay 

0.018 6.2
ay 

0.030 8.5
ay 

0.111 10.0
ay 

0.115 

Forage-based 

diet middle 1/3 

pigs (6.0 to 8.2) 

6.9
b 

7.3
by 

0.015 8.0
ay 

0.036 9.9
ay 

0.090 11.9
ay 

0.151 

Forage-based 

diet heaviest 1/3 

of pigs (8.3 to 

11.4) 

9.3
c 

9.9
cy 

0.032 11.4
by 

0.072 14.8
b

y 
0.159 17.7

by 
0.221 

Table 7.9 Mean bodyweight (BW, kg) and mean average daily gain (ADG, kg/day) of lightest, middle, and heaviest nursery pigs by diet 

(commercial, forage-based, or silage-based) 
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Silage-based diet 

lightest 1/3 of 

pigs (3.2 to 5.9) 

4.7
a 

4.5
ay 

-0.008 5.1
ay 

0.030 7.4
ay 

0.107 9.2
ay 

0.142 

Silage-based diet 

middle 1/3 pigs 

(6.0 to 7.4) 

6.7
b 

7.3
by 

0.030 9.0
by 

0.080 12.4
b

y 
0.161 15.5

by 
0.238 

Silage-based diet 

heaviest 1/3 of 

pigs (7.4 to 10.2) 

8.9
c 

9.8
cy 

0.044 12.4
cy 

0.126 16.6
b

y 
0.196 20.9

cy 
0.332 

a,b,c Within each diet treatment values within a column with differing superscripts are significantly different (P < .05; Tukey’s  SD 

test). 

x,y Within each pig weight category (lightest, middle, heaviest) values within a column with differing superscripts are significantly 

different (P < .05; Tukey’s  SD test).  
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Diet treatment and pig 

weight category 

(Range BW (kg)) 

Mean BW 

(kg) 146 

days of age 

Mean BW 

(kg) 

167days of 

age 

Mean ADG for 

146 to 167 

days of age 

(kg/day) 

Mean BW 

(kg) 199 

days of 

age 

Mean BW 

(kg) 209 

days of 

age 

Mean ADG 

for 199 to 

209 days of 

age 

(kg/day) 

Mean BW 

(kg) 230 

days of 

age 

Mean 

ADG for 

209 to 

230 days 

of age 

(kg/day) 

Commercial diet 

lightest 1/3 of pigs 

(8.5 to 18.0) 

11.95
a 

21.47
ax 

0.453 39.1
ax 

45.5
ax 

0.639 57.8
ax 

0.584 

Commercial diet 

middle 1/3 of pigs 

(18.0 to 26.0) 

21.5
ax 

35.6
bx 

0.650 53.8
bx 

62.3
bx 

0.856 76.8
bx 

0.690 

Commercial diet 

heaviest 1/3 of pigs 

(26.0 to 53.0) 

37.6
b 

48.8
cx 

0.534 63.8
bx 

71.2
bx 

0.738 82.6
bx 

0.545 

Forage-based diet 

lightest 1/3 of pigs 

(7.0 to 13.5) 

11.3
a 

13.3
ay 

0.094 18.6
ay 

21.7
ay 

0.313 26.7
ay 

0.240 

Forage-based diet 

middle 1/3 of pigs 

(14.0 to 24.0) 

17.8
by 

21.0
by

 0.149 29.4
by

 35.1
by

 0.569 43.3
by

 0.389 

Forage-based diet 

heaviest 1/3 of pigs 

(28.0 to 45.5) 

35.0
c 

37.2
cy 

0.104 45.7
cy 

51.7
cy 

0.601 59.6
cy 

0.376 

Silage-based diet 

lightest 1/3 of pigs 

(6.5 to 13.0) 

10.3
a 

14.5
ay 

0.200 23.5
ay 

29.4
az 

0.592 38.8
az 

0.447 

Silage-based diet 17.0
by 

23.8
by 

0.325 35.9
by 

43.7
bz 

0.78 54.3
bz 

0.505 

Table 7.10 Mean bodyweight (BW, kg) and mean average daily gain (ADG, kg/day) of lightest, middle, and heaviest finisher pigs by diet 

(commercial, forage-based, or silage-based) 
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middle 1/3 of pigs 

(13.0 to 20.5) 

Silage-based diet 

heaviest 1/3 of pigs 

(22.0 to 47.1) 

33.6
c 

42.3
c 

0.416 54.9
c 

62.5
c 

0.762 74.1
cx 

0.554 

a,b,c Within each diet treatment values within a column with differing superscripts are significantly different (P < .05; Tukey’s  SD 

test). 

x,y,z Within each pig weight category (lightest, middle, heaviest) values within a column with differing superscripts are significantly 

different (P < .05; Tukey’s  SD test). 
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 CHAPTER EIGHT 

Conclusion and general discussion 

The overarching goal of this thesis was to understand ways to improve the growth performance 

of pigs on smallholder farms in East Africa. Pig performance on East African smallholder farms 

is low resulting in decreased profits for farmers (Mutua et al. 2012; Levy et al. 2014a). 

Improving pig performance is expected to alleviate extreme poverty in East Africa (Kristjanson 

et al. 2004; Ouma et al. 2014; Randolph et al. 2007). Locally available feedstuffs have been 

identified by others as potential sources of pig feed (Mutua et al. 2012; Kagira et al. 2010). 

Seasonal feed shortages and expensive poor quality commercial feeds are key production 

constraints (Mutua et al. 2012; Katongole et al. 2012; Kagira et al. 2010; MAAIF 2005). Low-

cost balanced diets using seasonally available local feedstuffs for pigs are needed to improve pig 

performance and enhance the economic viability of smallholder farms (Mutua et al. 2012; Ouma 

et al. 2014).  

Through this research we determined the average daily gain (ADG) of pigs on smallholder farms 

in Kenya, characterized the nutrient content and seasonal availability of feedstuffs in East Africa, 

and developed balanced diets for pigs based on 3 main seasons of availability using local 

feedstuffs in consideration of factors such as cost, farmer access to ingredients, and competition 

for food between humans and pigs. Pig performance and the impact of starting body weight 

(BW) when pigs were fed 1 of 3 diets (commercial, forage-based, or silage-based) was 

determined via a randomized control study conducted in Uganda with local and crossbreed pigs. 

The cost of making diets when farmers purchase all ingredients versus when they produced some 

ingredients themselves, and also in comparison to the cost of purchasing commercial diets was 



 

237 

 

described. Recommendations for feeding of newly-weaned and finishing pigs were elicited from 

the research findings. 

8.1 Key findings 

8.1.1 Average daily gain of pigs on smallholder Kenyan farms 

Empirical evidence of the growth rate of pigs on Kenyan smallholder farms was needed as a 

basis for ration formulation (to estimate pig nutrient requirements) and as baseline data so that 

the efficacy of future interventions could be measured against the current average daily gain 

(ADG). 

In the cross-sectional observational study in which 664 pigs raised on western Kenyan 

smallholder farms were weighed once, twice, or thrice, pig birth weight was assumed to be 1 kg 

for all pigs in order to estimate ADG for pigs having only one weight measure. Average birth 

weight of cross breed and indigenous pigs ranges from 0.89 to 1.33 kg so 1 kg was used (Ncube 

et al. 2003). Average daily gain (kilograms per day) was calculated for pigs weighed once, twice, 

and thrice as follows: (weight−1 kg)/(estimated age of the pig in days); (weight 2 − weight 1 

(kg))/(number of days between weight 2 and weight 1); (weight 3 − weight 2 (kg))/(number of 

days between weight 3 and weight 2), respectively. For pigs weighed twice, a paired t test was 

used to determine whether ADG from birth to second weight differed from ADG from first to 

second weight. For pigs weighed three times, a paired t test was used to determine whether ADG 

from birth to third weight differed from ADG from second to third weight. Average daily gain of 

pigs weighed once did not differ from pigs weighed twice (p=0.6), so a single ADG from birth 

was calculated for each pig. 
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In order to calculate ADG, as long as the age of every pig and the estimated birth weight of pigs 

in the area are known, Weighing pigs once provides sufficient information to calculate ADG, as 

long as the age of the pigs is known and using the estimated 1 kg for birth weight. Given the 

challenges and costs associated with weighing pigs on smallholder farms, often located in remote 

tropical areas with little to no vehicular access, minimizing the number of times pigs are weighed 

is preferable. More farms and pigs can be included in research studies increasing their power for 

the same amount of money if pigs only need to be weighed once. Also, because pigs are sold 

based on family need, it is not possible to predict that a pig will still be available to be weighed 

at a particular age as would occur in North American commercial settings.  

The ADG of pigs on smallholder farms in western Kenya (130 +2 grams/day) (Carter et al. 2013) 

is lower than that of European breeds of pigs raised on commercial farms in developed countries 

(227 to 705 grams/day, but similar to ADG of other indigenous and local breed pigs, and cross 

breed pigs (local or indigenous x exotic breed) raised on smallholder and research farms in 

Africa and Asia. The ADG of pigs in this study did not change with age as it does in pigs on 

commercial farms in developed countries.  

The lower ADG of newly weaned 3-month-old pigs (110 grams/day) may be due to a lack of 

highly digestible specialised feedstuffs required for pigs of this age. Moreover, pigs in our study 

were not provided food or water ad libitum. The low ADG of pigs aged 10–12 months (110 

grams/day) may be the result of inadequate feeding of animals nearing maturity. Average daily 

gain of pigs in the peri-urban district was higher than that of pigs in the rural district. 

Agricultural produce markets are more prevalent in the peri-urban area and closer to smallholder 

farms than in the rural district, providing scavenging pigs with access to readily available waste 
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products. Peri-urban farmers also have ready access to products such as rumen contents and 

blood, and food waste from restaurants and schools, all of which can be fed to pigs. Other factors 

that may contribute to low ADG include high amounts of maintenance energy expended by free-

range pigs, exposure to elements due to lack of housing, parasite loads, disease, and low genetic 

potential. Although overall ADG was low in the study, the fastest growing (75
th

 percentile) pigs 

gained 180 grams per day, suggesting that pigs on smallholder farms in western Kenya have the 

potential to grow faster.  

One objective to reach the overarching goal of this thesis was to determine if pigs fed balanced 

diets using seasonally available local feedstuffs would have higher ADG than pigs raised under 

smallholder farm management conditions. Typically 2/3 of pigs are tethered under trees and left 

to graze on grass and fed low-to-no protein carbohydrate rich diet and 1/3 of pigs are allowed to 

free-range and scavenge during the dry season (Mutua et al 2012; Kagira et al. 2010). Most 

(80%) pigs are infected with gastro-intestinal parasites (Thomas et al. 2013).  As a basis for diet 

formulation it was necessary to estimate the potential growth performance (ADG, feed 

conversion ratio [kg of gain per kg of feed intake; FCR], body protein deposition (Pd), body lipid 

deposition (Ld), and Ld:Pd)  and the nutrient requirements of local and crossbreed pigs. It was 

also necessary to estimate the effect that free-range management and infection with gastro-

intestinal parasites would have on ADG, and FCR. The nutrient content and seasonal availability 

of feedstuffs for pigs needed to be determined in order to develop diets for each season. Diets 

were developed in consideration of factors restricting smallholder farmers’ access to feedstuffs 

including cost, distance to markets, and lack of transportation. Competition between humans and 

pigs for food was also considered. Inadequate storage, supply shortages, and processing 

limitations were also considered. For example, blood and restaurant waste must be cooked for 30 
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minutes to destroy potential diseases pathogens. Many farmers cook with firewood or charcoal 

which must be collected or purchased. Therefore cooking these feeds for 30 minutes may be 

prohibitively resource-intensive (labour, time, cost) for some farmers. Additionally it was 

important that diets be low-cost and include some zero-cost feedstuffs (i.e. those farmers can 

produce themselves rather than purchase). Zero-cost feedstuffs are needed because many 

smallholder farmers are resource-poor subsistence farmers without a steady income with which 

to purchase feedstuffs. Following diet development, pig performance when fed 1 of 3 diets 

(commercial, forage-based or silage-based) was determined in a randomized control trial at a 

single research site in East Africa using locally sourced pigs and ingredients.  

8.1.2 Nutrient content of feedstuffs for pigs in East Africa 

This study is the first to characterize the nutritional value of locally available feedstuffs for pigs 

in western Kenya and Central Region, Uganda. There was considerable variation in the analyzed 

nutritional values between individual samples of the same type of feedstuff. Avocado fruit and 

fresh cattle blood had the highest estimated digestible energy (DE) content. Overripe improved 

avocado had the highest ether extract (EE) content and fresh cattle blood and sugar cane 

molasses had the lowest.  

Ash content was high across feedstuffs, and higher than values in the literature, particularly in 

milled feedstuffs such as sun-dried fish, maize bran, and cottonseed meal. This is an important 

finding and suggests that contamination, for instance with sand, may be occurring.  

Neutral detergent fibre (NDF) and acid detergent fibre (ADF) content was also high in many 

feedstuffs. In particular agricultural co-products including cattle rumen content, rice bran, and 

banana leaf had high NDF content and forages including hairy beggarticks and dayflower had 

high ADF content. Fresh cattle blood had the greatest crude protein (CP) content. Blood and sun-
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dried fish had the greatest estimated total lysine content and high estimated standardized ileal 

digestible (SID) lysine content. Many of the forages including amaranth (improved, indigenous, 

and spiny), dayflower, hairy beggarticks, and cassava leaf had relatively high CP content and the 

estimated SID lysine content in cassava leaf, indigenous, spiny, and improved amaranth, hairy 

beggarticks, and dayflower was also high, demonstrating that forages are available as sources of 

CP and lysine for pigs.  

Spiny amaranth, sun-dried fish, and cassava leaf had high calcium (Ca) content. Sun-dried fish 

had the greatest total phosphorous (P) content and the greatest estimated standardized total tract 

digestible (STTD) P content. Many feedstuffs had low estimated STTD P content including 

cassava root (without and with peel), mango (ripe and overripe), grist mill waste, millet brewer’s 

waste, and dayflower.  

8.1.3 Seasonal availability 

There are three main periods of availability of feedstuffs for pigs in East Africa; March through 

May plus September and October; June through August; and November through February. Fresh 

forages are available shortly after the rains begin (March and September) and while rain 

continues to fall (April, May, and October). Fruit is available from June through August. 

Agricultural by-products such as banana peel and leaf, chicken viscera, cattle blood and rumen 

content, sun-dried fish, maize brewer’s waste, millet brewer’s waste, grist mill waste, rice bran, 

and sugar cane are available all year. Grains, maize flour, and sun-dried fish are also available all 

year. Neither forages nor fruit are available from November through February making this the 

time of year when availability of feedstuffs for pigs is most limited. Soybean meal is not widely 

available in western Kenya.  

8.1.4 Estimated pig performance and nutrient requirements 
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The growth performance of East African pigs was estimated as a basis for ration formulation. 

Average daily gain and FCR were predicted to be poorer, and Ld:Pd was estimated to be higher 

(i.e. fattier pigs with less protein deposition) than that of pigs in developed countries. However, 

ADG, FCR and Ld:Pd were predicted to fall within the range reported for indigenous and local 

pigs elsewhere in the tropics.  The estimated SID lysine requirement of Kenyan pigs was higher 

than the estimated SID lysine requirement of indigenous and local breed pigs elsewhere in the 

tropics. Similarly, the estimated SID lysine requirement of Kenyan pigs was higher than that of 

pigs of similar BW and feed intake in developed countries. 

The prevalence of pigs with intestinal parasites in the study area is high. Poorer pig performance 

(ADG, feed conversion, ratio of body lipid:body protein deposition) was estimated for pigs with 

intestinal parasites compared to pigs without intestinal parasites. Voluntary feed intake was 

estimated to be lower in intestinal parasite-infected pigs than non-infected pigs. Therefore 

offering infected pigs more feed or higher energy feed would not offset performance losses due 

to parasites. It would however lead to increased feed cost and waste because pigs would not eat 

enough to offset the effect of infection. Therefore diets meeting the energy and nutritional 

requirements of pigs infected with intestinal parasites are not presented in this thesis. Inclusion 

of an effective deworming protocol for pigs raised on smallholder farms would better enable pigs 

to realize potential performance.  

While infection with gastrointestinal parasites negatively affects pig performance, free-range 

activity has an even larger negative effect. On average, free-ranging pigs were non-stationary 

73.3% of the time (i.e. moving 17.6 hours per 24 hour period). Poor pig performance (ADG, feed 

conversion, ratio of body lipid:body protein deposition) was estimated for free-ranging pigs. 

Poor performance was due to the large estimated increase in ME requirements needed to offset 
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the energy expended while walking. Diets meeting the energy and nutritional requirements of 

free-ranging pigs are not presented in this thesis. Being housed or tethered would better enable 

pigs to realize potential performance provided pigs are fed balanced diets and given water. 

8.1.5 Diet formulation 

The cost per unit energy at a nutrient density of 100% of that in corn and soybean meal based 

reference diets (NRC, 2012) was 38% greater than the cost per unit energy when nutrient density 

was reduced by 20%. At 80% of this reference nutrient density the cost per unit of energy and 

other nutrients was optimal and diets were more affordable to farmers. Therefore diets were 

formulated at 80% of the reference nutrient density since the aim was to develop diets that would 

improve pig performance but also be accessible to smallholder farmers. 

Diets were developed based on seasonal availability of feedstuffs during the three main periods 

described above and in consideration of smallholder farmers’ restricted access to feedstuffs, 

human/pig food/feed competition, inadequate storage, supply shortages, and processing 

limitations described above.   

8.1.6 Feed trial  

Nursery pig growth study: Phase 1 (65- to 107-day-old pigs) and Phase 2 (107- to 140-day -

old pigs) 

Local (n=45) and crossbreed (n=45) 56 day old pigs (n=90) were blocked by breed type, sex, and 

litter and randomly assigned to 1 of 3 diets (commercial, forage-based, or silage-based) in 1 of 2 

rooms. Pens were blocked by room and 1 of 3 diets was randomly assigned to pen. This resulted 

in 5 pens per breed type per diet. Each pen contained 3 pigs of the same sex and breed. More 

barrows (54) were used than gilts (36) because there were 5 pens per breed type so sexes could 
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not be equally divided among pens. When pigs were 65 days of age the study began when the 

pigs were fed only their study diet for 11 weeks. Pigs were weighed every 3 weeks from 65 to 

230 days of age. The nursery pig growth study ended when pigs were 140 days of age.  

Finisher pig growth study: Phase 3 (146- to 167-day-old pigs) and Phase 4 (199- to 230-day-

old pigs).  

The 140 day old pigs remained in the same pens with the same pen mates, the same diet 

formulation was used, and all feeding and sampling methods remained the same. Only diet 

assignment was changed. Total BW (kg) per pen and pen-level BW tertiles were determined. The 

two heaviest pens from each tertile within diet were assigned the same diet as during the nursery 

pig growth study. This provided an opportunity to determine how the best growing pigs would 

perform from 8 to 32 weeks of age. All other individual pens within each tertile were randomly 

assigned to 1 of the 3 diets. Nine pigs that had been purchased as replacements in case of illness 

or death were enrolled in the study. These pigs were fed commercial diet from 99 days of age 

until they were enrolled in Phase 3 of the study.  When pigs were 146 days of age the study 

began when the pigs were fed only their study diet for 12 weeks. Due to failure to procure 

required ingredients due to budgetary and personnel reasons (silage, maize bran, cottonseed 

meal, and commercial diet) non-compliance in diet preparation occurred when pigs were 168 to 

198 days of age. Diet and performance data are not presented for that time period. The finisher 

pig growth study ended when pigs were 230 days of age. 

Feedstuffs included in the feed trial diets were selected based on cost, farmer ease of access, 

seasonal availability, known safe levels of inclusion due to anti-nutritional factors in pigs, and 

likelihood of securing sufficient volume throughout the trial period. A second trial diet was 

based on silage made from sweet potato vine and tuber. It was important to include silage as one 



 

245 

 

of the feed trial diets in response to the challenge of seasonal feedstuffs shortages. Silage can be 

made when vines and tubers are plentiful, and fed when other feedstuffs are scarce. Ensiling 

vines and tubers during the wet season converts surplus, highly perishable materials with low 

marketability, into a much-needed pig feedstuff available all year that can improve pig growth. 

Therefore a silage-based diet was one of the treatment diets in the feed trial. Others reported that 

smallholder farmers were feeding pigs sweet potato vines, livestock-grade pre-ground sun-dried 

fish, and avocado. Forage-based diet contained all three and silage-based diet contained sun-

dried fish. As part of the forage-based diet, pigs were fed unwilted sweet potato vines, unripe 

avocado, and livestock-grade pre-ground sun-dried fish. However after pigs were weighed at 15 

weeks of age (day 42 of the trial) and low ADG was observed, diet formulation was modified. 

First, local research assistants indicated that local practice was to wilt sweet potato vines before 

feeding them to pigs because fresh vines cause diarrhea (which had been observed in some pigs). 

Wilting of vines commenced immediately and was done throughout the rest of the trial.  Second, 

local research assistants suggested that the sun-dried fish might be contaminated with sand, 

because local practice is to lay fresh fish on the sandy beach and allow it to sun-dry and mills 

also have piles of sand that is mixed into the fish as it is ground.  In response to the low ADG,  

research assistants suggestions, and the high ash content of sun-dried fish observed in the pre-

trial nutrient analysis (the cause of which was not ascertained), only whole human-consumption-

grade sun-dried fish was purchased. Human consumption-grade fish is sun-dried on racks. Fish 

was ground at the trial site and fed to pigs for the duration of the trial. Third, initially during 

Phase 1 (pigs aged 9 to 15 weeks) unripe and ripe avocado were included in the forage-based 

diet depending on ripeness of fruit on hand. Unripe avocado was observed in refused-feed but 

overripe avocado was not. Avocado was included in forage-based diet as an important energy 



 

246 

 

sources due to its high DE content. For the rest of the trial avocado was bought in bulk several 

days in advance to ensure that only ripe and overripe avocado were fed to pigs. No avocado was 

observed in refused feed thereafter. 

8.1.7 Analyzed diet composition 

Throughout the feed trial the estimated DE content was low across diets due to high ash and 

NDF content. None of the diets provided the estimated DE requirement. In Phase 2 through 4 

when pre-ground sun-dried fish and unripe avocado were replaced with higher quality fish and 

ripe and overripe avocado respectively, lower ash content and higher EE resulted in higher DE 

content than in Phase 1.Throughout the study analyzed nutrient content varied from estimated 

pig requirements and estimated values for diets. Commercial diet had the lowest mean (all 

Phases) ash content followed by forage-based and silage-based. Across diets NDF content was 

high and exceeded the maximum inclusion level constraint. Across diets CP content was similar 

and exceeded the minimum inclusion level constraint. Variability between estimated and actual 

nutrient composition in this study may be due to DM content differences between forages 

sampled for pre-trial analysis and those used in this study, and within forages used in this study, 

due to seasonal, cultivar, and maturity differences. Variability could have been minimized had 

proximate analysis been done on individual ingredients during the trial, in addition to the 

complete diets, to better understand the effect of each ingredient on diet nutrient composition. 

8.1.8 Average daily gain of feed trial pigs 

Across diets ADG was low compared to other local breed pigs (0.182 to 0.520 kg/day) , 

crossbreed pigs (0.387 to 0.616 kg day), and exotic breed pigs (0.570 to 0.831 kg/day) in the 

tropics (Ndindana et al. 2002; Codjo et al. 2003; Kanengoni et al. 2004; Len et al. 2007; Anugwa 
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and Okwori 2008). In Phases 1 and 2, when controlling for starting BW and breed type, pigs fed 

commercial diet had the highest ADG, followed by silage-based diet, then forage-based diet. 

Starting body weight (BW) was positively associated with ADG. Low ADG observed here may 

be due to low nutrient density of diets and insufficient DE intake and low mean starting BW. The 

BW of slow growing 9- and 15-week-old exotic pigs raised in commercial settings ranges from 

15.0 to 18.2 and 37.3 to 43.2 kg respectively, which is significantly heavier than pigs enrolled in 

this study (Dewey and Straw 2006). The high diet NDF content and low DE content of the diets, 

may also have contributed to low ADG. It is unlikely that pigs in this study had sufficient feed 

intake and fibre digestion capacity to reach their performance potential, as evidenced by low 

ADG across diets.  

In Phase 3, the ADG of pigs fed commercial diet was the highest, followed silage-based diet and 

then forage-based diets. Across diets ADG was higher in Phase 3. In Phase 4, ADG of pigs fed 

silage-based diet did not differ from pigs fed commercial diet. This indicates pigs can attain good 

growth performance when fed silage-based diet at these ages and higher body weights. Pigs fed 

forage-based diet had lower ADG than pigs fed silage-based or commercial diet. Starting BW 

was positively associated with ADG. 

8.1.9 Feed conversion efficiency: Gain to feed ratio of feed trial pigs 

In all phases pigs fed commercial diet had higher feed efficiency (kg BW gain/kg of feed intake) 

than pigs fed forage- and silage-based diets (p<0.05). The feed efficiency of pigs fed commercial 

diet was poorer in Phase 4 than 3. Feed efficiency is influenced by many factors including pig 

genotype and sex, diet, competition and other environmental factors (Patience et al. 1995). In this 

study feed efficiency was low for pigs at this BW range relative to studies of exotic 

commercially raised pigs (0.493, 0.314, 0.479 kg gain/kg feed in 7 to 11, 11 to 25, and 25 to 50 
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kg BW growing pigs, respectively) (Dewey and Straw 2006). However FCR in this study is 

similar to FCR reported for local breed pigs (0.222 to 0.371) and crossbreed pigs (0.300 to 

0.415) elsewhere in the tropics (Ndindana et al. 2002; Kanengoni et al. 2004; Len et al. 2007; 

Anugwa and Okwori 2008;). In this study ADG is low as well, which implies that a relatively 

large proportion of daily energy and nutrient intake is required for body maintenance functions.  

The latter contributes directly to reductions in feed efficiency. The better feed efficiency in pigs 

fed commercial diet may reflect the higher nutrient density in the commercial diet. The better 

feed efficiency in female pigs than castrated male pigs is consistent with sex effects on lean 

growth (Pd) potentials. Sex effects on lean growth potentials increase with age, which explains 

why sex effects were significant only in Phase 4 

8.1.10 Comparative cost of feed trial diets 

Commercial diet costs the most per kg (1.9 times the cost of both forage- and silage-based diets 

when all ingredients are purchased, and 4.0 and 4.1 times the cost of forage- and silage based 

diets, respectively, when some ingredients are grown on the farm and therefore available at zero-

cost). The cost per kg of forage- and silage-based diets is similar.  

Across diets and phases forage-based diet had the highest cost per kg of BW gain and 

commercial diet had the lowest cost per kg of BW gain. The cost of the forage-based and silage-

based diets per kg of BW gain was highest in Phase 1 and decreased incrementally thereafter. 

The cost of commercial diet per kg of BW gain was lowest in Phase 1 and increased 

incrementally thereafter. In phases 1 and 2 (nursery pig growth study) the cost of commercial 

diet per kg of BW gain was lower than the cost of forage- and silage-based diets per kg of BW 

gain. In phases 3 and 4 (finisher pig growth study) the cost of commercial diet per kg of BW gain 

was higher than the cost of forage- and silage-based diets per kg of BW gain. 
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The cost of making forage-based diets, spent in small increments over time when purchasing 

small amounts of ingredients, may be within the means of farmers, but purchasing a 70 kg bag of 

commercial diet may not. We recognize that these forage- and silage-based diets can be 

improved upon but they are a better alternative than current smallholder management practices 

wherein pigs are tethered under a tree to graze on grass supplemented with low-protein high-

fibre feedstuffs, or pigs roam free and scavenge during the day and are confined at night with 

resulting low ADG (0.130 kg/day). Where the resources needed for silage-making are accessible 

to farmers, silage-based diet should be used for growing pigs and when not accessible, forage-

based diet should be used.  

8.1.11 Impact of starting body weight on average daily gain 

The BW range of 65 day old pigs within litters was large. As age and BW increased the 

variability in mean BW increased in pigs fed forage- or silage-based diet and decreased in pigs 

fed commercial diet. At mean BW > 11.9 and 9.2 kg, pigs fed forage- or silage-based diet had 

higher ADG than pigs raised by Kenyan smallholder farmers (0.130 + 0.002 kg/day; Carter et al. 

2013). Starting BW was positively associated with ADG. Mean BW of the smallest 1/3 of pigs 

fed forage- or silage-based diet was lower than the mean BW of the largest 1/3 of pigs fed the 

same diets across weigh dates (p<.05). The high percentage of nursery pigs fed forage- and 

silage-based diets that gained less than the pig with the lowest BW gain that was fed commercial 

diet indicates that commercial diet may be more palatable and digestible than forage- and silage-

based diets for nursery pigs resulting in higher ADG. The higher mean BW of the smallest 1/3 of 

nursery pigs fed commercial diet compared to those fed silage- and forage-based diets, and the 

higher mean ADG of heavier (11.9 to 17.7, and 12.4 to 20.9 kg) nursery pigs fed forage- and 



 

250 

 

silage based diet, respectively, indicates commercial diet is more suitable for small nursery pigs 

than forage- and silage-based diet.  

There were heavier pigs fed forage-and silage diets that grew well and small pigs that did not 

grow well. However even the smallest nursery pigs grew well when fed commercial diet. Small 

nursery pigs fed forage- and silage-based diet in this study had low ADG. Feeding commercial 

diet to newly weaned pigs, and then feeding silage-or forage-based diets to finishing pigs is 

recommended. 

It would cost farmers approximately 47 586 and 22 393  Ugandan shillings ($18 and $8.50 

Canadian at time of publication) to feed nursery pigs commercial diet until they reach 11.9 and 

9.4 kg BW, respectively (given a mean starting BW of 6.8 kg (Table 7.7) and the cost per kg of 

BW gain to feed commercial diet (Table 6.5). Farmers can then feed the more affordable forage- 

and silage-based diets, and achieve good growth performance. Smallholder pig farmers are 

encouraged to raise only the heaviest weaned pigs. They are also encouraged to feed commercial 

diet to nursery pigs, and forage- or silage-based diet to finisher pigs.  

8.2 Key impacts 

This research provides valuable baseline information about the current low ADG of pigs on 

smallholder farms in western Kenya. It is the first study characterizing the nutritional value and 

seasonal availability of local feedstuffs for pigs in Western Province, Kenya and Central Region, 

Uganda. Forages are available sources of crude protein and lysine for pigs but have high fibre 

concentration so their inclusion level in diet formulation must be limited. Milled feed ingredients 

have high ash content indicating contamination with non-organic material is occurring. 

Development of diets using seasonally available local feedstuffs for pigs in East Africa was 

needed because pig growth performance is poor. Intestinal parasite burden has a negative effect 
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on growth performance and results in increased maintenance energy needs. Free-range 

management has an even greater negative effect on growth performance and nutrient 

requirements. The results of the feed trial indicate forage- and silage-based diets should not be 

fed to small newly-weaned pigs. However  heavier nursery pigs 14.8 kg and 12.4 kg respectively  

when fed forage- and silage-based diets,  achieve better growth performance than current 

performance of pigs on smallholder farms. This study documents the need to wilt forages, 

provide ripe avocado to pigs, and to use only human-consumption-grade sun-dried fish in pig 

diets. Feeding East African pigs low-cost balanced diets will improve their growth performance.  

8.3 Strengths and limitations 

A major strength of this study is the amount of time I spent in East Africa living and working 

with veterinary and livestock extensions officers and smallholder pig farmers (16 months in 

Kenya and 14 months in Uganda). During that time I gained a deep understanding of the 

opportunities and challenges related to pig-feeding. Vigilant reflection on the realities of 

smallholder pig-farming in East Africa guided the development of this thesis research and its 

implementation. 

Conducting the feed trial in East Africa is another strength of this study. Making silage using 

local supplies, ingredient, and hired labour, accessing local feedstuffs from smallholder pig 

farmers during two dry seasons and one wet season on a daily basis, and enrolling local and 

crossbreed pigs from smallholder farms gave great authenticity to the validation of the trial diets. 

Conducting a randomized control trial at a single research site is another strength of this study 

since the pigs’environment, diet formulation compliance, water intake, feed intake and refusal 

could be definitively managed and known.   
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A limitation of the trial is that the trial had already begun when I learned about the possible 

contamination of livestock-grade sun-dried fish, the need to wilt vines, and that pigs would not 

eat unripe avocado. If that knowledge had been incorporated from the start of the trial, ADG and 

FCR of newly-weaned pigs may have been better because in the first phase of the trial it is 

unlikely that pigs consumed balanced diets meeting their nutritional needs and to attain their 

genetic potential. If newly-weaned pigs had better ADG at the start of the trial higher gains may 

have been observed throughout the trial. Lysine and DE content, and lysine and phosphorous 

availability of feedstuffs were estimated and not analyzed. Nutrient requirements of pigs were 

also estimated rather than determined. Diet non-compliance during the trial, which occurred due 

to budget-related shortages in the supply of some diet ingredients and personnel-related issues, 

are also a limitation of this study. Therefore the growth performance of pigs during that phase of 

the pig’s life is unknown. 

8.4 External validity 

When making inferences to populations beyond the source population using the findings of this 

research some key factors should be considered. The source population in Chapter Two (Average 

daily gain of pigs on smallholder Kenyan farms) was pig in 4 sub-locations in two Districts of 

Western Kenya. In populations of local and non-local breed pigs on smallholder farms where pig 

management practices (e.g. constrained versus free-range, amounts and ingredients fed, 

deworming frequency and method) are similar to those of the source population, inferences can 

be made from the results of this study. Regarding Chapter Six (Growth performance of local and 

crossbreed Ugandan pigs fed commercial diet versus forage- or silage-based diets) and Chapter 

Seven (Average daily gain and the impact of starting body weight of individual nursery and 

finisher Uganda pigs fed forage- or silage-based or commercial diets) the source population was 
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local and crossbreed female and castrated male newly-weaned pigs from 16 smallholder farms in 

one district of Uganda. In populations of local and crossbreed Ugandan pigs that are confined in 

housing at all times, provided ad libitum water and ad libitum commercial or forage-based or 

silage-based diet, and that are dewormly effectively to ensure they are not infected with 

gastrointestinal parasites, inferences can be made from the results of these studies. 

Regarding Chapter 3 (Nutrient composition and seasonal availability of local feedstuffs for pigs 

in western Kenya) and Chapter 5 (Nutritional value and seasonal availability of feed ingredients 

for pigs in Uganda) feedstuffs were sampled in specific districts during a single season and a 

limited number of each feedstuff was collected. Therefore the nutritional content presented may 

not be representative of all cultivars/varieties, variations due to plant maturity, variations due to 

season, processing practices etc. However literature values are also presented of feedstuffs 

sampled in nearby geographical and tropical regions during different seasons. The comparison 

presented in those papers demonstrates the variability within and between samples of the same 

type of feedstuff.   Further sampling and additional development of this nutritional content 

database is needed for a deeper understanding of the range of nutrient content values of 

feedstuffs for pigs in East Africa.   

The diets developed in Chapter 4 (Nutrient requirements and low-cost balanced diets, based on 

seasonally available local feedstuffs, for local pigs on smallholder farms in western Kenya) were 

developed using mean values of the feedstuffs sampled during this study and the results of a 

comprehensive literature search. For reasons given above (e.g. difference in cultivars/varieties, 

variations due to plant maturity, variations due to season, processing practices etc.) when 

inferences are made from the results of this study consideration should be made of these 

limitations. Regarding the nutrient requirements of pigs and the diets presented in Chpater 4, in 
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populations of local and non-local breed pigs on smallholder farms where pig management 

practices (e.g. constrained versus free-range, amounts and ingredients fed, deworming frequency 

and method) are similar to those of the source population, inferences can be made from the 

results of this study. 

8.5 Sharing findings with smallholder farmers in East Africa 

Three workshops were held outlining the findings presented in this thesis, wherein 100 

smallholder pig farmers in Masaka District, Central Region, Uganda received hands-on and 

lecture-style training about available feedstuffs for pigs and the diets and performance results 

presented here. Immediately following the workshops qualitative gender-disaggregated data was 

collected via 12 focus group discussions (3 with women in male-headed households, 3 with 

women in female- headed households, 3 with men only, and 3 mixed gender) with the 

smallholder pig farmers who attended the workshops.  

Data collection included but was not limited to: 

• Willingness to adopt new diets and related benefits (e.g. low-cost, seasonal, less labour) 

and challenges and risks (e.g. access to ingredients, more labour, human-health risks) 

• Distribution of labour, gender norms, societal view of counter gender-norm behavior 

• Access to and ownership of land and resources involved in pig production and resulting 

from pig production 

• Within household negotiations and decision-making related to pig-related labour, 

purchases, sales, and income 

• Aspirations and visions of change to discern 1) if gender norms are fully accepted; 2) a 

feeling of ability to change the status quo exists; and 3) factors enabling gender norm changes. 
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Data analysis and publication preparation are currently underway, lead by Natalie Carter in 

collaboration with Drs. Cate Dewey, Sally Humphries, Delia Grace, and Emily Ouma. 

8.6 Future research 

Further sampling and analysis of local feedstuffs including additional feedstuffs, such as ensiled 

or dried forages and tubers, and dried and fermented blood and rumen contents that have 

potential to serve as major feedstuffs for pigs is recommended. Analyses may be expanded to 

include some key anti-nutritional factors and toxins that may limit the use of these feedstuffs in 

animal diets. Determination of the lysine and DE content, and lysine and phosphorous 

availability of key feedstuffs is also needed. This would enable prediction equations for those 

parameters to be adjusted to local conditions. Moreover the highest quality forages could be 

selected for young pigs which may improve young pigs’ growth performance. Also the nutrient 

requirements of east African local and cross breed pigs needs to be determined.  

Further research is required to investigate feed and food safety aspects of using and treating 

animal products such as cattle blood and chicken viscera, and also kitchen waste.  

Consideration of the variation in seasonal availability of feedstuffs is critical when developing a 

strategy to overcome seasonal feed shortages for pigs. Conservation of seasonally available 

feedstuffs should also be explored to overcome seasonal feed shortages and to minimize 

competition between people and animals for food and feed. 

Research on increasing weaning weights to improve post-weaning performance through options 

such as improved nutrition and increased access to water for sows, creep feeding, and improved 

genetics is needed. Nutrient dense, digestible, palatable feedstuffs suitable for newly-weaned 

pigs should be identified and their nutrient content characterized, to enable development of low-

cost balanced diets and improve newly-weaned growth performance. 
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 Dissemination of the results of this study is needed. Farmer and extension worker education 

through lecture-style and hands-on training, as well as through Farm Radio is needed. Pictorial-

based books (recipe books) for smallholder pig farmers in East Africa are needed. The books 

should contain minimal verbage due to varying reading ability of users. The books should 

include information about available feedstuffs for pigs, diet formulation, silage-making, and 

improving pig growth performance.   

On-farm trials are needed to assess diet feasibility, ease of use, and pig performance. A full cost-

benefit analysis of using alternative local feedstuffs for pigs is needed. The analysis should 

include an assessment of the amount of labour required to gather, process, and cut the feedstuffs 

and to mix the diets. The impact of these diets on smallholder farmers needs to be assessed 

through a gender and culture lens including distribution of labour and associated time 

requirements, access to and amount of land needed for feedstuffs production, as well as similar 

research about providing pigs with adequate volumes of water.  Similar analysis needs to be 

conducted for making silage including the need to grow sufficient quantities of sweet potato as 

well as building the silos.  

8.7 Sustainability of pig production in East Africa 

Improving pig performance through the use of the novel improved diets presented in this thesis 

will contribute to the sustainability of the smallholder pork production industry in Kenya and 

Uganda. The demand for pork is high and increasing, and the pig population is growing (UBOS 

2011; FAO 2012). Despite the rising demand for pork the sustainability of the smallholder pork 

production industry in Kenya and Uganda is constrained by a number of factors. Biosecurity and 

public health risks, constraints hindering adequate provision of housing and water for pigs, 
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inadequate and ineffective deworming protocols, limited veterinary care, marketing challenges, 

and poor quality milled feeds all impede the sustainability of this important industry. 

The risk of disease outbreaks and transmission of disease from pig-to-pig and farm-to farm due 

to lack of biosecurity, may increase with the increasing pig population. A large-scale outbreak of 

African Swine Fever is of particular concern. African Swine Fever spreads quickly and mortality 

can be as high as 100% (Center for Food Security a Public Health 2010). A large-scale outbreak 

could decimate the supply of market pigs and breeding stock putting the sustainability of the 

pork industry at risk.   

Consumer confidence may be threatened by public health risks including food safety due to 

constraints hindering adequate meat inspection (Levy et al. 2014b). Similarly zoonotic disease 

transmission (e.g. neurocysticercosis which is caused by the pork tapeworm Taenia solium) can 

affect consumer confidence, decreasing the demand for pork, thereby inhibiting the sustainability 

of the pork industry (Githigia et al. 2005; Eshitera et al.2012; Coyle et al. 2012; Levy et al. 

2014b). Constraints hindering adequate provision of housing increase the risk of zoonotic disease 

transmission and contribute to slow pig growth (due to high maintenance energy requirements of 

free-ranging pigs as outlined in Chapter 4) (Kagira et al. 2010; Mutua et al. 2012). Constraints 

hindering adequate provision of water, lack of and ineffective deworming protocols, and limited 

access to veterinary care also impede the sustainability of the pork industry because they also 

contribute to slow pig growth (Mutua et al 2010; Kagira et al. 2010; Thomas et al. 2013; Ouma 

et al. 2014). Moreover, lack of effective deworming protocols, and free-range management, 

increase the risk of intestinal parasite infection, and reinfection post-deworming further 

exacerbating this constraint (Kagira et al. 2010; Thomas et al. 2013). 
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Marketing constraints also affect the sustainability of smallholder pork production. Butchers are 

constrained by limited access to  credit and capital, seasonality of pork supply and demand, the 

high cost of buying pigs and the high costs associated with searching for pigs to buy (Levy et al 

2014b).  Farmers report receiving low prices for their pigs (Kagira et al. 2010). Levy et al. 

(2014b) report only 29% of farmers knew how to estimate the weight of pigs whereas butchers to 

know how to estimate the weight of pigs. If farmers under-estimate the weight of pigs, then 

farmers may under-value the pig and receive a poor price for it from butchers (Levy et al. 

2014b). Weight charts to enable estimation of pigs weights using a tape measure have been 

developed for pigs in the study area (Mutua et al. 2011). Butcher’s advantage of being better able 

to estimate pigs weights may be reduced if farmers could use tape measures to better estimate pig 

weights (Levy et al., 2014b). Thus inequalities between farmers and pig butchers could be 

reduced (Levy et al., 2014b). 

Lastly poor feed quality and a feed industry that is unregulated (Katongole et al. 2015, Ouma et 

al. 2014) is another constraint hindering sustainability of pig production. High quality feeds are 

needed for pigs to achieve economically viable growth rates and feed conversion efficiency 

(Katongole et al. 2015). 

Research about and interventions decreasing these constraints are needed in order to realize the 

potential benefits of pork production. This thesis research is part of a systematic smallholder pig 

value chain improvement project lead by the Internation Livestock Research Insitutute (ILRI) in 

Uganda. A co-ordinated holistic approach to investigate constraints hindering the sustainability 

of the smallholder pork production industry, including but not limited to those discussed here, 

and development of appropriate best-bet interventions addressing those constraints is underway. 
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Nation-wide scaling-up of the value chain project, and implementation of a similar project in 

Kenya will help to ensure  the sustainability of the smallholder pork production industry. 

8.8 Conclusion 

The average daily gain of pigs on smallholder farms in East Africa is low. Feedstuffs with 

nutrient content suitable for pigs are available.  However, the nutritional quality of some milled 

feedstuffs is poor. Low-cost balanced diets made from seasonally available local feedstuffs will 

improve the growth performance of pigs in East Africa. Forage- and silage-based diets can be 

improved upon. However they are a better alternative to current smallholder management 

practices. Those practices include pigs being tethered under a tree to graze on grass and 

supplemented with high-fibre low-protein feedstuffs. Alternatively pigs roam free and scavenge 

during the day and are confined at night with resulting low ADG.  Forage- and silage-based diets 

are not suitable for the smallest nursery pigs and commercial diet is suitable. However heavier 

nursery pigs (12.4 and 14.8 kg BW, when fed forage- and silage-based diet, respectively) can 

achieve higher ADG than pigs raised under smallholder management practices. Moreover 

finisher pigs can achieve ADG that is not different than that of pigs of the same age fed 

commercial diet. Starting BW is positively associated with ADG and pigs of heavier starting BW 

can achieve higher ADG than lighter pigs. Smallholder pig farmers are encouraged to raise only 

the heaviest weaned pigs and to feed commercial diet to nursery pigs, and forage- or silage-based 

diet to finisher pigs. Feeding East African pigs low-cost balanced diets using seasonally available 

local feedstuffs will improve pig performance resulting in increased farmer income from sales of 

faster-growing heavier pigs. The resulting increased supply of pork, an important animal-source 

food, will improve food security. 
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 APPENDIX I 

 

Inputs 

Reference 

Anugwa et al. 2008 

 

Ndindana et al. 

2002 

Kanengoni et al. 2004 

 

Codjo 

2003 

Len et al. 2007 

 

Breed 

LW
2
X 

NI
3
 

(control)
 

NI
3 

LW
2
 

(control

) Muk
4 

LW
2
 

(control) 

LW
2
 

x 

Muk
4 

Muk
4 

BI
5 

LR
6
 x 

York
6
7(

control) 

MC
8
 

x 

York
6 

MC
8 

Treatment 16% CP 

12% 

CP Level 0 0 maize cob LE
8
  Medium Fibre 

Number of animals 12 12 16 16 16 16 16 18 6 6 6 

Number of pigs per pen 2 2 2 2 2 2 2 6 1 1 1 

Worms n/a n/a  n/a n/a  

dewormed for endo- and 

ecto-parasites n/a n/a n/a n/a 

Days on trial 49 49 98 98 98 98 98 84 36 36 36 

Observed performance 

Initial body weight, kg 10.2 7.3 22.8 10.0 25.0 18.0 14.4 7.2 n/a n/a n/a 

Final  body weight, kg 29.2 23.1 78.7 61.0 89.7 75.8 49.7 22.1 n/a n/a n/a 

Mean body weight, kg 19.7 15.2 50.7 35.5 57.3 46.9 32.0 14.7 50.6 43.6 34.2 

Actual feed intake, grams/day 960 877 2200 2120 2292 1972 1616 709 1588 1485 1275 

Backfat, mm n/a n/a  n/a  n/a 

10.5 

(K5) and 

10.8 

(K7) 

18.5 

(K5) 

and 

22.3 

(K7) 

27.5 

(K5) 

and 

28.5 

(K7) 9 n/a n/a n/a 

Table 9.1 Performance (actual and estimated), determinants of nutrient requirements, and estimated nutrient requirements of tropical 

pigs
1 
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Observed average daily gain 

(ADG), grams/day 387 323 570 520 660 590 360 182 831 616 407 

Interpretation of observed performance and determinants of nutrient requirements 

Diet dry matter content, % 96.6 96.6 88.0 88.0 91.6 91.6 91.6 88.9 100.0 

100.

0 100.0 

Diet digestible energy content, 

kcal/kg 3229 3229 2391 2391 2239 2239 2239 3090 3284 3284 3284 

Estimated mean body protein 

deposition (Pd), grams/day 60 49 70 59 94 88 47 24 127 85 49 

Estimated Pd at mean body 

weight, grams/day 55.6 43.4 75.8 60.9 102.6 94.6 47.6 21.1 137.5 90.5 50.2 

Estimated highest Pd (for 

estimating efficiency of amino 

acid utilization, grams/day 65.6 53.6 76.6 64.6 102.8 96.3 51.4 26.3 138.9 92.9 53.6 

Estimated body lipid 

deposition (Ld), grams/day 96.8 99.9 173.5 203.5 128.3 100.3 

111.

3 71.4 117.9 

146.

0 147.8 

Ld/Pd; maintained larger than 

1.5 1.74 2.30 2.29 3.34 1.25 1.06 2.34 3.38 0.86 1.61 2.94 

% of reference energy intake 

according to NRC (2012) 96.3 109.5 81.0 99.2 73.4 71.4 76.3 87.6 80.4 82.7 84.2 

Estimated ADG, grams/day 385 325 568 520 661 591 359 181 832 616 409 

Estimated gain/feed  0.402 0.371 0.258 0.245 0.288 0.300 

0.22

2 0.256 0.524 

0.41

5 0.321 

Change in gain/feed vs control N/A -7.5 N/A -4.8 N/A 4.0 -25.9 N/A N/A -20.8 -22.7 

Estimated nutrient requirements  

Estimated standardized ileal digestible (SID) amino acid requirements, % of diet 

Lysine 0.85 0.77 0.54 0.47 0.64 0.68 0.50 0.54 1.05 0.86 0.65 

Arginine, % 0.39 0.35 0.25 0.22 0.30 0.31 0.24 0.25 0.48 0.39 0.30 

Histidine, % 0.29 0.26 0.19 0.16 0.22 0.23 0.17 0.19 0.36 0.29 0.22 

Isoleucine, % 0.46 0.42 0.30 0.26 0.35 0.37 0.28 0.30 0.55 0.46 0.36 

Leucine, % 0.87 0.78 0.56 0.49 0.65 0.69 0.52 0.56 1.06 0.87 0.67 

Methionine, % 0.25 0.22 0.16 0.14 0.18 0.20 0.15 0.16 0.30 0.25 0.19 
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Methionine + Cysteine, % 0.50 0.45 0.33 0.29 0.37 0.40 0.31 0.33 0.59 0.50 0.39 

Phenylalanine, % 0.52 0.47 0.34 0.30 0.39 0.42 0.32 0.34 0.63 0.52 0.41 

Phenylalanine +Tyrosine, % 0.82 0.74 0.53 0.47 0.62 0.66 0.50 0.54 0.99 0.82 0.64 

Threonine,% 0.70 0.66 0.48 0.45 0.52 0.54 0.46 0.54 0.79 0.70 0.60 

Tryptophan, % 0.15 0.14 0.10 0.09 0.12 0.12 0.10 0.11 0.18 0.15 0.12 

Valine, % 0.57 0.52 0.38 0.33 0.43 0.46 0.36 0.38 0.68 0.57 0.45 

Nitrogen x 6.25 (Crude 

Protein), % 12.0 10.9 7.9 7.1 9.1 9.6 7.6 8.2 14.2 12.0 9.6 

Estimated standardized total 

tract digestible phosphorous 

requirement, % of diet 0.21 0.18 0.14 0.12 0.17 0.18 0.12 0.12 0.30 0.22 0.16 

Estimated total calcium 

requirement, % of diet 0.45 0.39 0.30 0.25 0.37 0.39 0.26 0.26 0.65 0.48 0.34 

1 All equations taken from NRC (2012) growing-finishing pig nutrient requirement model 

2 LW = Large white 

3 NI = Nigerian indigenous 

4 Muk=Mukota  

5 BI = Benin Indigenous 

6 LR = Landrace 

7 York = Yorkshire 

8 MC = Mong Cai 

LE = Low energy diet
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Inputs     

Reference  Hale and 

Marti 1984 

Hale and Marti 

1984 

Hale and 

Stewart 

1979 

Hale and 

Stewart 1979 

Treatment 0 worms 

(control) 

10 000 worms 0 worms 

(control) 

1100 eggs 

Number of animals 16 16 12 12 

Number of pigs per pen 4 4 12 12 

Infection type and dose 0 

Strongyloides  

ransomi per 

kg body 

weight 

10 000 S. 

ransomi per kg 

body weight 

0 Trichuris 

suis 

eggs/kg 

body 

weight 

1 100 T. suis 

eggs /kg 

body weight 

Days on trial 91 91 77 77 

Observed performance 

Initial body weight, kg 21.8 22 25.7 25.7 

Final  body weight, kg 91.9 85 94.3 82.7 

Mean body weight, kg 56.85 53.5 60 54.2 

Actual feed intake, grams/day 1987.9 1918.7 2576.1 2303.8 

Observed average daily gain 

(ADG), grams/day 

770 690 890 740 

Interpretation of observed performance and determinants of nutrient requirements 

Diet dry matter content, % 100 100 100 100 

Diet digestible energy content, 

kcal/kg 

3774 3774 3869 3869 

Increase in maintenance energy 

requirements due to infection, % 

0 0 0 0 

Time spent wandering for food 

and water, hours/day 

0 0 0 0 

Estimated mean body protein 

deposition (Pd), grams/day 

78.2 64.3 64.3 47.8 

Estimated  change in mean body 

protein deposition (Pd), 

grams/day versus control 

- -17.8 - -25.7 

Estimated Pd at mean body 

weight, grams/day 

85.3 69.9 70.3 52.0 

Estimated highest Pd (for 

estimating efficiency of amino 

85.6 70.3 70.3 52.3 

Table 9.2 Performance (actual and estimated), determinants of nutrient requirements, and 

estimated nutrient requirements of exotic pigs with and without gastrointestinal parasites
1 
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acid utilization, grams/day 

Estimated body lipid deposition 

(Ld), grams/day 

325.9 325.3 522.0 467.5 

 Ld/Pd; maintained larger than 

1.5 

3.8 4.7 7.4 8.9 

% of reference energy intake 

according to NRC (2012) 

107.8 107.9 138.9 131.8 

Estimated ADG, grams/day 770 689 889 740 

Estimated gain/feed  0.387 0.360 0.345 0.321 

Change in gain/feed vs control - -7.2 - -7.0 

Estimated nutrient requirements  

Estimated standardized ileal digestible (SID) amino acid requirements, % of diet  

Lysine 0.66 0.59 0.47 0.43 

Arginine, % 0.30 0.28 0.22 0.20 

Histidine, % 0.23 0.20 0.16 0.15 

Isoleucine, % 0.36 0.33 0.27 0.25 

Leucine, % 0.67 0.61 0.49 0.45 

Methionine, % 0.19 0.17 0.13 0.12 

Methionine + Cysteine, % 0.39 0.36 0.29 0.27 

Phenylalanine, % 0.40 0.37 0.30 0.27 

Phenylalanine + Tyrosine, % 0.64 0.59 0.47 0.44 

Threonine,% 0.63 0.60 0.54 0.52 

Tryptophan, % 0.12 0.11 0.09 0.09 

Valine, % 0.45 0.41 0.34 0.31 

Nitrogen x 6.25 (Crude Protein), 

% 

9.48 8.79 7.22 6.77 

Estimated standardized total tract 

digestible phosphorous 

requirement, % of diet 

0.17 0.15 0.12 0.10 

Estimated total calcium 

requirement, % of diet 

0.36 0.32 0.25 0.22 

1 All equations taken from NRC (2012) growing-finishing pig nutrient requirement model
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Inputs   

Breed Local Kenyan 

Bodyweight 

range (kg) 

8 to 20 20 to 35 8 to 20 20 to 35 

Nutrient 

density (% of 

reference 

corn-soybean 

diets [NRC 

2012]) 

100 80 

Treatment Control Worms
2 

Free-

range
3
 

Control Worms
2 

Free-

range
3
 

Control Worms
2 

Free-

range
3
 

Control Worms
2 

Free-

range
3
 

Worms No Yes No No Yes No No Yes No No Yes No 

Initial body 

weight, kg 

8 8 8 20 20 20 8 8 8 20 20 20 

Final  body 

weight, kg 

20 20 20 35 35 35 20 20 20 35 35 35 

Mean body 

weight, kg 

14 14 14 27.5 27.5 27.5 14 14 14 27.5 27.5 27.5 

Actual feed 

intake, 

grams/day 

594.9 580.0 594.9 907.4 884.0 907.4 594.9 580.0 594.9 907.4 884.0 907.4 

Observed 

ADG, 

grams/day
4 

200 200 200  311  311 311  200  200 200  311  311 311  

Table 9.3 Estimated performance, determinants of nutrient requirements, and estimated nutrient requirements of Kenyan local breed 

pigs (8 to 35 kg bodyweight)
1 
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Diet dry 

matter 

content, % 

100 100 100 100 100 100 100 100 100 100 100 100 

Diet 

digestible 

energy 

content, 

kcal/kg 

3700 3700 3700 3700 3700 3700 2960 2960 2960 2960 2960 2960 

Determinants of nutrient requirements  

Time spent 

wandering 

for food and 

water, 

hours/day 

0 0 18 0 0 18 0 0 18 0 0 18 

Estimated 

mean body 

protein 

deposition 

(Pd), 

grams/day 

28.5 22.23 11.53 39.1 30.5 14.72 28.5 22.23 11.53 39.1 30.5 14.72 

Estimated  

change in 

mean body 

protein 

deposition 

(Pd), 

grams/day 

versus 

control 

  -22.0  -59.5   -22.0  -62.4   -22.0  -59.5   -22.0  -62.4 

Estimated Pd 

at mean body 

weight, 

grams/day 

24.90 19.42 10.07 38.54 30.06 14.51 24.90 19.42 10.07 38.54 30.06 14.51 
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Estimated 

highest Pd 

(for 

estimating 

efficiency of 

amino acid 

utilization, 

grams/day 

31.18 24.32 12.61 42.78 33.37 16.10 31.18 24.32 12.61 42.78 33.37 16.10 

Estimated 

body lipid 

deposition 

(Ld), 

grams/day 

71.16 71.57 38.89 110.04 110.58 56.03 37.35 38.61 5.08 58.47 60.34 4.46 

 Ld/Pd; 

maintained 

larger than 

1.5 

2.86 3.69 3.86 2.86 3.68 3.86 1.50 1.99 0.50 1.52 2.01 0.31 

% of 

reference 

energy intake 

according to 

NRC (2012) 

91.61 89.31 91.61 79.53 77.48 79.53 73.29 71.45 73.29 63.63 61.99 63.63 

Estimated 

ADG, 

grams/day 

201 173 91 311 267 132 167 140 57 259 217 80 

Estimated 

gain/feed  

0.337 0.298 0.154 0.342 0.302 0.145 0.280 0.241 0.096 0.285 0.245 0.088 

Change in 

gain/feed vs 

control 

24.4 -13.0 -49.2 1.5 1.5 -5.6 3.3 -15.6 -60.7 1.7 1.8 -8.9 

 Estimated nutrient requirements  

Estimated standardized ileal digestible (SID) amino acid requirements, % of diet   

Lysine 0.72 0.62 0.41 0.72 0.62 0.39 0.72 0.62 0.41 0.72 0.62 0.39 
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Arginine, % 0.33 0.29 0.19 0.33 0.29 0.18 0.33 0.29 0.19 0.33 0.29 0.18 

Histidine, % 0.25 0.21 0.14 0.25 0.21 0.13 0.25 0.21 0.14 0.25 0.21 0.13 

Isoleucine, % 0.40 0.35 0.25 0.39 0.34 0.23 0.40 0.35 0.25 0.39 0.34 0.23 

Leucine, % 0.74 0.64 0.43 0.74 0.64 0.41 0.74 0.64 0.43 0.74 0.64 0.41 

Methionine, % 0.21 0.18 0.12 0.21 0.18 0.11 0.21 0.18 0.12 0.21 0.18 0.11 

Methionine + 

Cysteine, % 

0.44 0.38 0.27 0.43 0.38 0.26 0.44 0.38 0.27 0.43 0.38 0.26 

Phenylalanine, 

% 

0.45 0.39 0.27 0.45 0.39 0.26 0.45 0.39 0.27 0.45 0.39 0.26 

Phenylalanine 

+ Tyrosine, % 

0.71 0.61 0.43 0.70 0.61 0.41 0.71 0.61 0.43 0.70 0.61 0.41 

Threonine,% 0.67 0.62 0.52 0.67 0.62 0.51 0.63 0.57 0.48 0.62 0.57 0.46 

Tryptophan, % 0.14 0.12 0.09 0.13 0.12 0.08 0.14 0.12 0.09 0.13 0.12 0.08 

Valine, % 0.50 0.44 0.31 0.50 0.43 0.30 0.50 0.44 0.31 0.50 0.43 0.30 

Nitrogen x 6.25 

(Crude 

Protein), % 

10.61 9.31 6.79 10.49 9.28 6.51 10.61 9.31 6.79 10.49 9.28 6.51 

Estimated 

standardized 

total tract 

digestible 

phosphorous 

requirement, % 

of diet 

0.16 0.14 0.09 0.17 0.14 0.09 0.16 0.14 0.09 0.17 0.14 0.09 

Estimated total 

calcium 

requirement, % 

of diet 

0.35 0.30 0.19 0.36 0.31 0.19 0.35 0.30 0.19 0.36 0.31 0.19 

1 All equations taken from NRC (2012) growing-finishing pig nutrient requirement model 
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2 Estimated from performance results from the middle level of infection of S. ransomi and T. suis (10,000 and 1,100 eggs per kg BW 

respectively) reported in Appendix III as described in Chapter 4. 

3 Estimated as described in Chapter 4. 

4 Estimated from the observed ratio of average daily gain versus bodyweight for starting-growing pigs reported in Appendix II, and 

the observed 90th percentile overall ADG of local pigs in western Kenya  as described Chapter 2. 
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Inputs  

Breed Ugandan crossbreed (local x exotic ) 

Bodyweight range (kg) 8 to 

20 

20 to 

35 

35 to 

65 

8 to 

20 

20 to 

35 

35 to 

65 

Nutrient density (% of reference corn-soybean 

diets [NRC 2012]) 

100 78 

Number of animals 90 90 90 90 90 90 

Number of pigs per pen 3 3 3 3 3 3 

Worms 0  0 0  0 0 0 

Days on trial 180 180 180 180 180 180 

Initial body weight, kg 8 20 35 8 20 35 

Final body weight, kg 20 35 65 20 35 65 

Mean body weight, kg 14 27.5 50 14 27.5 50 

Actual feed intake, grams/day 582.3 976.6 1375 582.3 976.6 1375 

Observed average daily gain (ADG), 

grams/day
2
 

250 389 496 250 389 496 

Diet dry matter content, % 100 100 100 100 100 100 

Diet digestible energy content, kcal/kg 3700 3700 3700 2886 2886 2886 

Determinants of nutrient requirements  

Increase in maintenance energy requirements 

due to infection, % 

0 0 0 0 0 0 

Time spent wandering for food and water, 

hours/day 

0 0 0 0 0 0 

Estimated mean body protein deposition (Pd), 

grams/day 

40 55 65 40 55 65 

Estimated Pd at mean body weight, grams/day 34.94 54.21 70.30 34.94 54.21 70.30 

Table 9.4 Estimated performance, determinants of nutrient requirements, and estimated nutrient requirements of Ugandan crossbreed 

(local x exotic) growing pigs (8 to 65 kg bodyweight)
1 
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Estimated highest Pd (for estimating efficiency 

of amino acid utilization, grams/day 

43.8 60.2 71.1 43.8 60.2 71.1 

Estimated body lipid deposition (Ld), 

grams/day 

59.06 116.42 166.31 22.66 55.37 80.35 

 Ld/Pd; maintained larger than 1.5 1.69 2.15 2.37 0.65 1.02 1.14 

% of reference energy intake according to NRC 

(2012) 

89.67 85.60 79.01 69.94 66.77 61.63 

Estimated ADG, grams/day 241 398 532 204 337 445 

Estimated gain/feed  0.413 0.408 0.387 0.350 0.345 0.324 

Change in gain/feed vs control 20.73 -1.31 13.02 2.35 -1.55 -5.36 

Estimated nutrient requirements  

Estimated standardized ileal digestible (SID) amino acid requirements, % of diet   

Lysine 0.95 0.85 0.81 0.95 0.85 0.81 

Arginine, % 0.44 0.39 0.37 0.44 0.39 0.37 

Histidine, % 0.33 0.29 0.28 0.33 0.29 0.28 

Isoleucine, % 0.51 0.46 0.44 0.51 0.46 0.44 

Leucine, % 0.96 0.87 0.82 0.96 0.87 0.82 

Methionine, % 0.27 0.25 0.23 0.27 0.25 0.23 

Methionine + Cysteine, % 0.55 0.50 0.48 0.55 0.50 0.48 

Phenylalanine, % 0.58 0.52 0.49 0.58 0.52 0.49 

Phenylalanine + Tyrosine, % 0.91 0.82 0.78 0.91 0.82 0.78 

Threonine,% 0.78 0.73 0.70 0.73 0.68 0.66 

Tryptophan, % 0.17 0.15 0.15 0.17 0.15 0.15 

Valine, % 0.64 0.58 0.54 0.64 0.58 0.54 

Nitrogen x 6.25 (Crude Protein), % 13.33 12.07 11.43 13.33 12.07 11.43 

Estimated standardized total tract digestible 

phosphorous requirement, % of diet 

0.22 0.21 0.20 0.22 0.21 0.20 

Estimated total calcium requirement, % of diet 0.47 0.45 0.43 0.47 0.45 0.43 

1 All equations taken from NRC (2012) growing-finishing pig nutrient requirement model 
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2 Estimated from estimated ADG of Kenyan local breed pigs (Appendix V) and ratio of ADG of local breed:crossbreed tropical pigs 

in Appendix III.  
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 APPENDIX II 

Ingredient Price (UGX/kg as fed)
a
 Ingredient Price (UGX/kg as fed)

a
 

Forages and fruit and tubers Agricultural co-products 

Avocado (Persea americana) – ripe local 417 Banana peel and leaf (Musa sp)  0 

Dayflower (Commelina africana) 0 Cassava leaf (Manihot esculenta) 0 

Hairy beggarticks (Bidens pilosa) 0 Cottonseed meal 1000 

Jackfruit 256 Maize bran 558 

Napier/Elephant grass 0 Papaya leaf 0 

Papaya fruit 306 Sunflower meal 950 

Pumpkin leaf 0 Minerals and vitamins 

Russian comfrey 0 Iodized table salt 600 

Sweet potato vine (Ipomoea batatas) 0 Limestone 200 

Fish Premix 15000 

Pre-ground livestock-grade sun-dried fish 

(Rastrineobola argentea)  

2500 

Whole human-consumption-grade sun-

dried fish 

6800 

a
1 Ugandan shilling = 0.00030 US dollars at time of submission  

Table 10.1 Ingredients considered in feed trial diet formulation with price in Ugandan Shilling (UGX) per kg as-fed basis  
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 APPENDIX III 

 

Table 11.1 Least square means of average daily gain (ADG;grams/day) and feed conversion efficiency (G:F; kg of body weight gain : kg of 

feed intake newly-weaned and finisher growth study (pen level) 

Item 

Diet Breed P 

Commercial 

Forage

-based 

Silage-

based 

SEM Cross Local  SEM Diet Breed 

Breed 

x diet 

Start 

weight 

Newly-weaned growth study 

No. of observations (pens) 10 10 10 - 15 15 - - - - - 

Initial bodyweight, kg 6.8 7.0 6.4 - 7.9 5.6 - - - - - 

Average daily gain, grams per day 

 9 to 15 weeks old 294
a 

36
b 

52
b 

10 125 129 10 <.001 .842 .369 .053 
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15 to 19 weeks old 329
a 

163
b 

212
ab 

41.5 253 216 16.5 .017 .175 .148 .099 

Gain:Feed (kg body weight gain:kg feed intake) 

 9 to 15 weeks old .348
a 

.032
b 

.034
b 

.008 .154 .122 .008 <.001 .025 .078 .007 

15 to 19 weeks old .597
a 

.225
b 

.223
c 

.025 .353 .344 .010 <.001 .577 .265 .059 

Finishing growth study 

No. of observations (pens) 11 12 9 - 16 16 - - - - - 

Initial bodyweight, kg 24.2 21.4 21.4 - 25.6 19.1 - - - - - 

Average daily gain, g 

20 to 24 weeks old  574
a 

112
b 

362
c 

26 402 297 20 .002 .002 .206 .672 

28 to 32 weeks old  636
a 

316
b 

514
c 

31 558 419 21 

<.000

1 

.002 .607 .646 
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a,b,c Values within a row with differing superscripts are significantly different (P < .05; Tukey’s  SD test). 

  

Gain:Feed (kg body weight gain:kg feed intake) 

20 to 24 weeks old  .346
a 

.039
b 

.098
c 

.011 .169 .153 .009 <.001 .207 .905 .003 

28 to 32 weeks old  .145
a 

.039
b 

.057
c 

.005 .072 .088 .003 <.001 .003 .081 .007 
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 APPENDIX IV 

 

 Commercial diet  Forage-based diet  Silage-based diet 

 N Mean SD Range Median  N Mean SD Range Median  N Mean SD Range Median 

Type                  

Cross 

breed 

12 0.324 0.010 0.079 

to 

0.445 

0.362  12 0.042 0.029 -

0.005 

to 

0.095 

0.037  14 0.073 0.059 0.019 

to 

0.262 

0.062 

Local 

breed 

15 0.287 0.052 0.198 

to 

0.369 

0.286  14 0.026 0.030 -0.19 

to 

0.83 

0.019  15 0.027 0.037 -0.019 

to 

0.100 

0.014 

Overall 27 0.303 0.078 0.079 

to 

0.445 

0.300  26 0.033 0.030 -

0.019 

to 

0.095 

0.033  29 0.049 0.054 -0.019 

to0.262 

0.043 

  

Table 12.1 Average daily gain (kg/day) of individual 9 to 15 week old Ugandan pigs by breed and diet 
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 Commercial diet  Forage-based diet  Silage-based diet 

 N Mean SD Range Median  N Mean SD Range Median  N Mean SD Range Median 

Type                  

Cross 

breed 

12 0.372 0.084 0.257 

to 

0.537 

0.351  12 0.131 0.050 0.071 

to 

0.221 

0.123  14 0.174 0.085 0.071 

to 

0.424 

0.167 

Local 

breed 

15 0.263 0.094 0.107 

to 

0.440 

0.238  14 0.089 0.041 0.026 

to 

0.15 

0.082  15 0.126 0.058 0.06 

to 

0.226 

0.107 

Overall 27 0.311 0.104 0.107 

to 

0.537 

0.298  26 0.109 0.049 0.026 

to 

0.221 

0.106  29 0.149 0.075 0.060 

to 

0.424 

0.131 

  

Table 12.2 Average daily gain (kg/day) of individual 15 to 19 week old Ugandan pigs by breed, sex, and diet 
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 Commercial diet  Forage-based diet  Silage-based diet 

 N Mea

n 

SD Range Media

n 

 N Mean SD Range Media

n 

 N Mea

n 

SD Rang

e 

Median 

Type                  

Cross 

breed 

1

3 

0.60

3 

0.20

2 

0.190 

to 

0.905 

0.619  19 0.128 0.11

1 

-0.71 

to 

0.348 

0.119  1

3 

0.35

5 

0.15

2 

0.114 

to 

0.548 

0.414 

Local 

breed 

1

8 

0.51

5 

0.14

0 

0.238 

to 

0.762 

0.493  17 0.102 0.07

3 

0.024 

to 

0.257 

0.095  1

5 

0.28

5 

0.10

4 

0.133 

to 

0.452 

0.243 

Overall 3

1 

0.55

2 

0.17

1 

0.190 

to 

0.905 

0.529  36 0.116 0.09

5 

-0.071 

to 

0.348 

0.108  2

8 

0.31

7 

0.13

1 

0.114 

to 

0.548 

0.319 

 

  

Table 12.3 Average daily gain (kg/day) of individual 20 to 24 week old Ugandan pigs by breed and diet 
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 Commercial diet  Forage-based diet  Silage-based diet 

 N Mean SD Range Median  N Mean SD Range Median  N Mean SD Range Median 

Type                  

Cross 

breed 

13 0.710 0.108 0.539 

to 

0.913 

0.697  19 0.459 0.111 0.203 

to 

0.603 

0.484  13 0.599 0.139 0.281 

to 

0.800 

0.609 

Local 

breed 

18 0.571 0.105 0.338 

to 

0.728 

0.572  17 0.281 0.096 0.150 

to 

0.441 

0.281  15 0.514 0.104 0.369 

to 

0.625 

0.525 

Overall 31 0.629 0.125 0.338 

to 

0.913 

0.628  36 0.374 0.137 0.150 

to 

0.603 

0.371  28 0.553 0.115 0.281 

to 

0.800 

0.566 

  

Table 12.4 Average daily gain (kg/day) of individual 28 to 32 week old Ugandan pigs by breed and diet 
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Figure 12.1 Average daily gain (kg/day) of individual 65 to 140 day old pigs fed commercial diet 



 

286 

 

 

 

 

 

 

 

 
 

  

-0.200

-0.100

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0 20 40 60 80 100 120 140A
ve

ra
ge

 d
ai

ly
 g

ai
n

 (
kg

/d
ay

) 

Days of age 

Average daily gain (kg/day) of individual pigs 65 to 
140 days of age fed forage-based diet 

Figure 12.2 Average daily gain (kg/day) of individual 65 to 140 day old pigs fed forage-based diet 
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Figure 12.3 Average daily gain (kg/day) of individual 65 to 140 day old pigs fed silage-based diet 
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Figure 12.4 Average daily gain (kg/day) of individual 146 to 230 day old pigs fed commercial diet 
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Figure 12.5 Average daily gain (kg/day) of individual 65 to 140 day old pigs fed silage-based diet 
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Figure 12.6 Average daily gain (kg/day) of individual 146 to 230 day old pigs fed silage-based diet 
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Table 12.5 Mean initial and final bodyweight (BW; kg) of pigs fed commercial, forage-based, or silage-based diet in the feed trial 

 Newly-weaned growth study Finishing pig growth study 

 Phase 1 Phase 2 Phase 3 Phase 4 

Diet Mean initial 

BW 

(kg)(Range) 

Mean final 

BW 

(kg)(Range) 

Mean initial 

BW 

(kg)(Range) 

Mean final 

BW 

(kg)(Range) 

Mean initial 

BW 

(kg)(Range) 

Mean final 

BW 

(kg)(Range) 

Mean initial 

BW 

(kg)(Range) 

Mean final 

BW 

(kg)(Range) 

Commercial 6.8 (5.1 to 

10.0) 

19.2 (15.8 

to 25.4) 

19.2 (15.8 

to 25.4) 

32.2 (26.0 

to 43.0) 

24.2 (9.7 to 

47.3) 

36.1 (20.0 

to 61.2) 

60.8 (42.1 

to 89.8) 

73.8 (55.4 

to 105.1) 

Forage-

based 

7.0 (5.1 to 

8.9) 

8.6 (5.1 to 

11.2) 

8.6 (5.1 to 

11.2) 

12.9 (8.0 to 

17.8) 

21.4 (9.0 to 

37.0) 

23.8 (11.2 

to 37.2) 

36.2 (19.8 

to 52.3) 

43.2 (26.1 

to 61.1) 

Silage-

based 

6.4 (4.2 to 

9.0) 

8.5 (3.9 to 

11.5) 

8.5 (3.9 to 

11.5) 

14.4 (7.8 to 

19.0) 

20.6 (9.7 to 

43.0) 

27.6 (12.8 

to 52.8) 

45.7 (28.1 

to 76.0) 

54.8 (34.1 

to 88.0) 
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 APPENDIX V 

 Newly weaned growth study Finisher growth study 

 Phase*1 Phase 2 Phase 3 Phase 4 

Variable Regression 

Coefficient 

Standard  

Error 

P value Regression 

Coefficient 

Standard  

Error 

P value Regression 

Coefficient 

Standard  

Error 

P value Regression 

Coefficient 

Standard  

Error 

P value 

Intercept† -0.078 - - 0.025 - - 0.027 - - 0.308 - - 

Silage-based diet versus 

forage-based diet 

- - NS - - NS 0.204 0.036 <.001 0.159 0.025 <.001 

Commercial diet versus 

forage-based diet 

0.273 0.013 <.001 0.092 0.031 <.003 0.425 0.035 <.001 0.188 0.029 <.001 

Start weight (kg) 0.016 0.003 <.001 0.010 0.002 <.001 0.004 0.001 <.001 0.004 0.0008 <.001 

Local breed versus 

cross breed 

- - - - - - - - - -0.102 0.021 <.001 

*
 Phase 1 = Pig age 9-15 weeks (mean initial and final body weight [BW] 6.8 + 2.0 kg and 12.2 + 6.4 kg respectively); Phase 2 = 16-

19 weeks, (mean initial and final BW 12.2 + 6.4 and 20.2 + 10.8 kg respectively); Phase 3= 21-24 weeks, mean initial and final BW 

22.1 + 11.4 and 28.8 + 13.5 kg respectively); and Phase 4 = 28-32 weeks (mean initial and final BW 40.4 + 16.4 and 56.7 + 20.4 kg 

respectively). Non-compliance in diet formulation occurred from 24 - 27 weeks. Data are not presented. 

 

Table 13.1 Pig-level factors associated with average daily gain of pigs (kg/day) 9 to 32 weeks of age in the feed trial with forage-based diet 

as referent. Significant terms in the model (P < .05) were determined by mixed methods linear regression (pen included as a random 

effect). 
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†Forage-based diet and crossbreed pig. 
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 Newly weaned growth study Finisher growth study 

 Phase*1 Phase 2 Phase 3 Phase 4 

Variable Regression 

Coefficient 

Standard  

Error 

P value Regression 

Coefficient 

Standard  

Error 

P value Regression 

Coefficient 

Standard  

Error 

P value Regression 

Coefficient 

Standard  

Error 

P value 

Intercept† -0.034 - - 0.017 - - 0.149 - - 0.099 - - 

Silage-based diet versus 

forage-based diet 

- - NS - - NS 0.222 0.039 <.001 - - NS 

Commercial diet versus 

forage-based diet 

0.258 0.0135 <.001 0.125 0.0535 0.03 0.462 

 

0.039 <.001 0.106 0.042 0.02 

Weight at start of weigh 

period (kg) 

0.010 0.0036 0.008 - - - - - - 0.004 0.001 0.005 

Local breed versus 

cross breed 

- - - - - - -0.079 0.032 0.02 - - - 

*
 Phase 1 = Pig age 9-15 weeks (mean initial and final body weight [BW] 6.8 + 2.0 kg and 12.2 + 6.4 kg respectively); Phase 2 = 16-

19 weeks, (mean initial and final BW 12.2 + 6.4 and 20.2 + 10.8 kg respectively); Phase 3= 21-24 weeks, mean initial and final BW 

22.1 + 11.4 and 28.8 + 13.5 kg respectively); and Phase 4 = 28-32 weeks (mean initial and final BW 40.4 + 16.4 and 56.7 + 20.4 kg 

respectively). Non-compliance in diet formulation occurred from 24 - 27 weeks. Data are not presented. 

†Forage-based diet and crossbreed pig. 

 

Table 13.2 Pen-level factors associated with average daily gain of pigs (kg/day) 9 to 32 weeks of age in the feed trial with forage-based diet 

as referent 
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 APPENDIX VI 

 

 

 

 Phase 2 (15 to 19 weeks of age) 

Diet N Mean Standard Deviation Minimum Maximum 

Commercial 8 0.22 0.060 0.12 0.32 

Forage-based 7 0.15 0.044 0.10 0.20 

Silage-based 4 0.10 0.018 0.08 0.12 

 Phase 3 (20 to 24 weeks of age) 

Diet N Mean Standard Deviation Minimum Maximum 

Commercial 9 0.14 0.054 0.07 0.22 

Forage-based 8 0.09 0.045 0.03 0.19 

Silage-based 6 0.12 0.08 0.06 0.24 

 Phase 4 (28 to 32 weeks of age) 

Diet N Mean Standard Deviation Minimum Maximum 

Commercial 9 0.10 0.035 0.05 0.15 

Forage-based 8 0.09 0.072 0.03 0.26 

Silage-based 7 0.06 0.031 0.04 0.13 

 

*Volume of water passing through water meter - ie. water consumed by pigs plus any wasted by pigs through playing etc  

Table 14.1. Volume of water provided to feed trial pigs (liters of water provided per kg of body weight)* 
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 Phase 2 (15 to 19 weeks of age) 

Diet N (pens) Mean Standard Deviation Minimum Maximum 

Commercial 8 5.2 1.05 3.9 7.2 

Forage-based 7 1.8 0.55 1.2 2.9 

Silage-based 4 1.2 0.02 1.2 1.2 

 

 Phase 3 (20 to 24 weeks of age) 

Diet N (pens) Mean Standard Deviation Minimum Maximum 

Commercial 9 3.2 1.59 1.8 6.6 

Forage-based 8 2.3 1.70 0.6 6.0 

Silage-based 6 3.0 2.49 1.2 7.3 

 Phase 4 (28 to 32 weeks of age) 

Diet N (pens) Mean Standard Deviation Minimum Maximum 

Commercial 9 7.6 4.30 2.8 18.2 

Forage-based 8 3.6 2.99 1.2 10.6 

Silage-based 7 3.1 1.70 1.2 6.1 

*Volume of water passing through water meter - ie. water consumed by pigs plus any wasted by pigs through playing etc 

Table 14.2 Volume of water provided to feed trial pigs (liters of water provided per pig per day) 


