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Summary

The use of forage species to feed pig goes baakrmwemorial times. If forage is no longer

used in industrial farms with genetically-improvieieeds, its accounts for an important part
of pig diets in smallholder pig production systemstropical areas including the Western
provinces of the Democratic Republic of the ConB&®C). The aim of this research thesis
was to assess the relevancy of the use of localgéoresources as a strategy to reduce
reliance of pig production systems on concentragel ingredients in tropical environment, by
identifying plant species available to smallholdeith interesting nutritional value that could
partly replace concentrates in the diets. Firstaldmlder pig production systems in two
western provinces of the DRC were characterizedthadnost used forage species in pigs
identified. Their nutritional value was determingging an in vitro model of the pig’s gastro-
intestinal tract. It was concluded tHdanihot esculentalpomoea batatgdMoringa oleifera
and legume species exhibit an interesting probleféeding pigs while grasseSichhornia
crassipes,Acacia mangiumand Cajanus cajanshould be discouraged. Feeding values of
Psophocarpus scandensvigna unguiculata Stylosanthes guianensisand Pueraria.
phaseoloidesvere measured by assessing the voluntary feekeimiaforage hays-based diets
and their digestibility. Finally, the economic ingpaof feeding Psophocarpus scandens,
Vigna unguiculataand Stylosanthes guianensiwas measured through growth performance,
carcass quality, and production costs determinatibms concluded that although forage
species reduce the nutritive value and the grow#mamals, the investigated legumes do not
impact negatively the economical balance of comateifed pigs when forage accounts for
approx. 10 % of the diet. The ability of some faragpecies to improve performances of
animals fed ill-balanced diets as usually practibggmallholder farmers in the DRC should
be investigated as it is suspected that underfiessurable conditions, conclusions on the

usefulness of forage legumes in pigs might be mositive.
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Résume

L'utilisation d'espéces fourragéres dans l'aliméataporcine remonte a la nuit des temps. Si les

espéces fourrageres ne sont plus utilisées dan®ldeages industriels aux races de porc
génétiqguement améliorées, elles constituent uniénmaortante dans l'alimentation des porcs élevés
par les petits exploitants en milieux tropicaunaiamment dans la partie Ouest de la République
démocratique du Congo (RDC). L'objectif de cettesthde recherche était d’évaluer la pertinence de
I'utilisation des especes fourrageres locales corsinaégie visant a réduire la dépendance de la
production porcine aux ingrédients concentrés eleuniropical, en identifiant les espeéeces
fourragéres disponibles auprés de petites expoitatporcines et ayant une valeur nutritive
intéressante pour remplacer partiellement les digmés concentrés dans les régimes. Les systéemes
d’élevage porcin ont tout d’abord été caracténi@ss deux provinces a I'Ouest de la RDC et les
espéces fourragéres utilisées par les éleveurtfiikes Leurs valeurs nutritionnelles ont ensétte
déterminées en utilisant un mod@levitro du tractus gastro-intestinal du porc. Il a étéctoque
certaines especes, les légumineuses en particosiesy égalemenManihot esculenta, Ipomoea
batataset Moringa oleifera présentent un profil nutritionnel intéressant galimentation des porcs
alors que les graminéesichhornia crassipes, Acacia mangilehCajanus cajandevraient étre
déconseillées. Les valeurs alimentaire®s@phocarpus scandenggna unguiculataStylosanthes
guianensiset Pueraria phaseoloidesnt été mesurées en réalisant un essai d’ingegilontaire et

de digestibilité des aliments dans lesquelles sggoes ont été incorporées. Enfin, l'impact
économigue d’une alimentation a basé&dephocarpus scandens, Vigna unguicutatstylosanthes
guianensisa été calculé en prenant en compte la perforn@mceeoissance, la qualité de la carcasse
ainsi que le co(t de production. En conclusiom bjee les espéeces fourrageres réduisent la valeur
nutritive et la croissance des animaux, les légensies étudiées n'ont pas dimpact négatif sur
I'équilibre économique de porcs nourris de conésritirsqu’elles sont incorporées a environ10%
dans la ration. Néanmoins, la capacité de certagmeres fourrageres a améliorer la performance de
croissance des porcs nourris avec des régimes quéibs comme souvent observés dans les
petites exploitations de porc dans notre zone diétloit étre étudiée davantage. En effet, dans des
conditions moins favorables, il est raisonnablementisageable que [incorporation des

légumineuses fourragéres dans ces régimes doargedierésultat plus positif.
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General introduction

1. Introduction

With an approximate production of 24,000 tons peary pork has become the most
important farmed meat in the Democratic Republi¢chef Congo (DRC) (FAOSTAT, 2014).
In 1998, the nation’s pig population topped 1,183,5with that number slightly dropping
shortly afterwards to just below 1 million. Sinc@02, the population has been stabilized to
around 960,000 pigs. The numbers of animals mesadion the different available documents
are estimates derived from projections, with thggmtions being based on data from the 1984
census. These official data are probably underagtidy given the popularity of pig farming
among the rural and peri-urban populations, coupligd the high consumption of pork by the

vast majority of the Congolese.

Pig farming is primarily practiced in to low-scagstems and is done using traditional
methods. In 2009, it was estimated that there wboait 208,068 small family farms, and each
farm had an average of three pigs, accounting %6 6f the national herd. There were also
approximately 9,634 commercial family farms, with average of 30 pigs in each farm,
representing 30% of the livestock. Finally, thereerev approximately 100 industrial

commercial farms, totaling 5% of the national herd.

With 41.8% of the national herd, the provinces as&ongo and Bandundu are the
main centres for pig production. Thanks to themggaphical proximity and the relative high
quality of road infrastructures, these two proveiaee also the main national providers of pork
to Kinshasa (FAO, 2012). The international impartpork intended to supply major urban
centres of the DRC have sharply increased in regeants. Less than 2,000 tons were reported
in 2001, while in 2011, this number reached 17,6@6s, with 41.5% of these imports
consisting of edible offal (FAOSTAT, 2011). Howeyas stated previously, during this time,

the domestic production had stagnated.

Like all sectors of the Congolese economy, pig potidn was strongly affected by
the socio-political unrests and wars that repegtstibok the country since the late 1990s.
However, over the past decade, there has beeradystecrease in the number of pig farms,

usually small ones, that are run by a single farailya community, in and around Kinshasa,



which is the city with the largest pork-related somer market (NEPAD & FAO, 2006). The
increase in pig smallholders in the western pathefDRC, especially around Kinshasa, can
be partly justified by an increasing demand in tinban market, as well as by the lack of
unemployment benefits that leads people to praaticemal activities, including pig farming,
in a search for greater self-sufficiency and betterd security for their households. This
increase is exacerbated by the high migration rawards Kinshasa due to (i) the recurrent
insecurity in the eastern part of the country, ocapsesidents of rural areas to move to the
metropolis of Kinshasa in search of peace andysafe (ii) the increasing school rates among
young people, who are more keen to move to thenuglbeas in search of available skilled jobs
matching their skills.

The important role of pig production in the DRGmmproving the livelihood and food
security of poor farmers in rural and periurbanaares not an exception in the developing
world, as similar trends are found in many develigptountries across Africa, Asia and the
Americas (Keoboualapheth & Mikled, 2003; Kumaresamal., 2009a; Nguyen Thi Loc et al.,
1997). In some countries, such as Laos, smallheldan contribute up to 75% of the national
pig production (Le Van et al., 2004).

With 45-75%, feed represents the main componepigproduction costs. The rate
of feed consumption and the price of pork are mdgerminants of the economic viability of
pig farms and their development worldwide (Treg&rmjaout, 2012). Corn and soybean meal
are the primarily feed ingredients in commercia giets, and the high volatility of corn and
soybean meal prices on the global market asphyxgtellholder pig producers in the tropics,
due to the fact that in developing countries, agical production in general, the production
of cereals in particular, is too low to ensure feedurity. Furthermore, a significant part of the
food production is lost, mainly due to the absewmicappropriate food-chain infrastructures, in
addition to the lack of knowledge about or invesiimie storage technologies on the farm
(Godfray et al., 2010). The problems mentioned abman explain the fact that Sub-Saharan
African countries are the second largest net ingpsrof food, after the Middle East countries
(Hoering, 2013; Valdés & Foster, 2012).

Smallholders in the tropics generally use two sgegs to tackle the above-mentioned
high prices and scarcity of concentrated pig fedlasy either use partial or complete free-
range pig systems or they keep pig in stalls, phiagi minimum care while using feeding
strategies tailored to valorise the locally avdeatesources (Logtene et al., 2009; Petrus et al.,
2011). Free range practices, when conducted in alfilyeenvironments without biosafety
measures, especially in areas with endemic Afreaime fever or cysticercosis, have more

disadvantages than advantages, causing the pig farbe unprofitable in the long run.



However, in semi-intensive systems, a steady supipiged ingredients is still a large
limitation for pig production (Kagira et al., 201@armers near urban centres or close to food
industries, feed pigs using industrial by-produstgsh as brewers' grains, wheat or rice bran,
and oilseed cakes (e.g. palm kernel cake, cottdnsake, copra cake), as well as with
commercial concentrates when available. Those ral areas typically use local agricultural
by-products (e.g. cassava tubers and leaves, petatme bran, corn residues, etc.). Both
groups of farmers also feed pigs with kitchen waste leftovers, supplementing the pigs’ diet
with forage. Bad or non-existent road infrastruetand high transportation and feed costs,
especially in inaccessible areas where farmerswétleout resources, are key factors that

determine the ingredients used in the preparatiqigadiets.

Most of the agricultural by-products used by theners in these conditions are rich in
fibre, while being low in proteins. Protein has heketermined to be the most limiting nutrient
in the smallholder pig feeding systems locatedapital areas (Leterme et al., 2005; Martens
et al., 2012). Several authors demonstrated timaé $orage species are rich in protein and can
be used as alternative ingredients in order to ntbet protein requirement of pigs
(Kaensombath & Lindberg, 2013; Kaensombath ef8ll3; Phengsavanh &Lindberg, 2013).

Although forage is used in the western provincethef DRC, no information on the
extent of this practice among pig smallholders loariound. Moreover, if relevant, the lack of
information on the nutritive value of the forageesies that are locally available is an obstacle
to their use. This probably leads to unbalancets diethe pigs, causing a decrease in animal
performance and profitability, as observed elsewli€umaresan et al., 2009b). The inventory
of forage species used by farmers to feed pigstlamddentification of the ones that present
interesting nutritional characteristics are someth& viable ways to select and use forage
species efficiently to optimise growth performanceler low cost forage-based diets feeding

system. In this thesis, we have undertaken thierige.

2. Objective

The aim of this thesis is to increase knowledganmdigg swine feeding practices in
the western provinces of Bas-Congo and Kinshash{aohallenge the relevancy of the use of
local forage resources in the development of sueidé pig production systems in DRC. To
achieve this goal, we have identified three reseguestions that we will address as part of

our thesis. These questions are:



1.What types of pig production systems do smallhclder the

western part of DRC use?

2.What are the types of forage species used for pidgtion by pig
smallholders in the western RDC, and what is thengbal

composition of those species?

3.What is the feeding value of interesting plantswadl as their

impact on the growth performance of pigs?

3. Strategy

A literature review was conducted in order to giveassessment of the use of forage
species in pig feeding (the first publication ifstdocument). A survey was also conducted in
the western provinces of Bas-Congo and Kinshasader to understand the pig production
systems practiced by smallholders and in ordereibam objective insight into the forage
species used by smallholders. The results obtdinedthe survey are presented in the second

publication in this thesis.

Based on the information collected during this ipnalary work, the 20 forage species
the most commonly used by smallholder farmers enwlestern DRC were collected so that
the nutritive value could be assessed using chémnzdyses and an vitro model of the pig
gastrointestinal tract. The results of this work (Biblication) enabled us to select four forage
species with an interesting profile and use thenthinee successive experiments that were

conducted from 2011 to 2012 in order to assess dletuel feeding value.

The first of these experiments focused on the tgbilf growing pigs to ingest diets
containing hay meals in varying proportions, white second experiment determined the
digestibility of diets containing two levels of hayeal (4' publication). Based on their feeding
value, three out of the four forage species weee tlised to assess the feed intake and growth
performance of pigs fed a soybean-corn diet thas wapplemented with forage "(5

publication). Finally, a general discussion is dnaamd future prospects are outlined.

Chapter 1. State of knowledge on the use of forage in theidsop



Article 1. Forage Plants as an Alternative Feed Source fstaBiable Pig Production

in the Tropics: A Review

Accepted for publication idnimal

This review examines the nutritive value of severalpical forage species, the
influence of breed and physiological status ofdahanal on the ability of pigs to be sustained
on forage-based diets, and the socio-economicaleardonmental implications of feeding

forages to pigs in low-input farming systems.

Chapter 2. Overview of pig production by small farmers in twestern part of the
DRC

Article 2. Smallholder Pig Production Systems in the Westeravinces of the

Democratic Republic of the Congo

Accepted for publication in th@ournal of Agriculture and Rural Development in the
Tropics and Subtropics

The purpose of this study is to document and teetstdnd smallholder pig production
in the western part of the DRC, focusing on feesbueces and feeding management, breeding
systems, and issues with productivity and sanitatio addition, the study aims to identify
whether or not the resources or constraints drivimgse systems differ according to the

location of the farm.

Chapter 3. Screening of forage species used by pig smallnelde the western

provinces of the DRC

Article 3. Nutritive Value of Tropical Forage Plants Fed tgdin the Western
Provinces of the Democratic Republic of the Congo

Published in 2014 iAnimal Feed Science and Technolo§91, 47-56

The aim of this work is to assess the nutritiveugabf the forage species most
commonly used by smallholder farmers in western DBgIng anin vitro model of the pig
gastrointestinal tract. The goal of this studyoigptovide information that could guide farmers

in the choice of forage resources for improvedg@gormances.

Chapter 4. The effect of forage species and level of incasion on the digestibility
of the diet

Article 4. Feeding Value of Four Tropical Forage Legumes imgeaWhite Pigs:



Vigna unguiculata, Psophocarpus scandetfueraria phaseoloides and Stylosanthes

guianensis

Submitted toTropical Animal Health and Productipnnder review after resubmission
This manuscript assesses the voluntary feed intai@ determines thén vivo
digestibility of forage species that displayed ghhnutritive value according to the vitro

model, in order to establish pratical recommendatior pig farmers.

Chapter 5. The effect of the incorporation of forage speargrowth performance of
Large White pigs

Article 5. Impact of Feeding Three Tropical Forage Legumestlom Growth
Performance, Carcass Traits, Organ Weights, andution Costs of Pigs

Prepared for submission Twopical Animal Health and Production

The study aims to assess the feed intake and grperfiormance of pigs that are
restricted fed a restrictive soybean-corn diet ihaupplemented with fresh forage legumes.

The five chapters are preceded by the generaldntteoon above and are followed by
a general discussion. The thesis ends with a csiociudesigned to guide the smallholders in

the choice and the use of forage species on pigstar
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In the Democratic Republic of the Congo (DRC), mgs raised almost exclusively by
smallholders either in periurban areas of majoegisuch as Kinshasa or in rural
villages. It was found that some farmers feed tlpeys with forage plants. Several
reasons can justify this situation but the mostartgnt are the poverty of farmers and
the high cost of conventional ingredients. HoweVtle information regarding the
nutritive value of most forage species is availalbleus, to select the plants which the
study was to investigate and to understand theribotibn of these forage species in
the pigs diet in order to improve growth performaand to reduce the cost of pig feed
by using fodder in DRC, it was necessary to asessurrent state of knowledge on
the nutritional value of plants that are being use@ig feeding and the factors that
affect them. This review of the literature was psiéd in Paper 1. It examines the
nutritive value of several tropical forage specig® influence of breed and the
physiological status of the animal on the abilitypms to sustain on forage-based diets
and the socio-economical and environmental impbeoat of feeding forage to pigs in
low-input farming systems. Briefly, one can stakattforage is widely used by
smallholding farmers in low-input and semi-intemsipig production systems of
tropical Asia, Africa and America. However, the sess of feeding pig with forage
depends on several parameters including thoseedetlatthe animal, the plant species,
and the rearing and experimentation conditions.difgeforage is often used with
indigenous pigs which are the preferred breed ddliimlders in rural areas. This
choice is made on the basis of breed adaptatidinetspecific environment, the harsh
rearing conditions, feeds availability and the fagdsystems. Moreover, plant species
and its maturity, preservation techniques and @siog methods, inclusion rate,
possible presence of secondary metabolites, otingredients in diets and theirs

interactions have different effects on the nutnéb value of the forage plants.

13






Article 1:
Forage plants as alternative feed resource
for sustainable pig production in the
tropics
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Running head : Forage plants as pig feed: a review

1. Abstract

Globally, pressure on concentrate feed resourdestisasing, especially in the tropics
where many countries are net importers of foodagerplants are a possible alternative but
their use as feed ingredients for pigs raises séisgues related to their higher fibre and plant
secondary metabolites contents as well as theierdomutritive value. In this paper, the
nutritive value of several forage species as wellhe parameters that influence this nutritive
value in relationship to the plant family, the pilojsgical stage, the plant part and the
preservation method (fresh, hay and silage) arewed. The influence of the breed and the
physiological status of the animal on animal voduptintake of fibre-rich ingredients,
digestibility as related to gastrointestinal voluarel transit time and growth performances are
also discussed. The final section highlights theetssand drawbacks of forage plants in pig
diets and stresses the need for proper economioatia to conclude on the benefits of the

use of forage plants in pig feed.

Keywords: forage; pigs; tropics; digestibility
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2. Implications

This work reviews the possibility of using foragkeugs for feeding pigs reared in tropical
areas. It highlights the constraints of foragecas digestible feed ingredients because of their
high content in fibre and anti-nutritive compounégwever, their rich protein and mineral
contents can be useful to improve the diets of fadgpoorly balanced diets. The advantage of
forage as pigs feeds however remains controveesialhe economical and environmental

implications at the farm level in mixed farming ®res have seldom been quantified.

3. Introduction

Forage was considered in the past as an essemtigdonent of the feed of pigs in all
production environments. The development of highwgh performance breeds over the past
decades and the widespread adoption in developeslelisas in developing countries of
industrial indoor grain-fed production systems hkageto the abandon of forage in the diets of
industrially raised pigs and a scarcity in up-tbedanowledge on the nutritional value of
forage plants for pigs (Blair, 2007). Forage is etheless still widely used by smallholding
farmers in low-input and semi-intensive pig produttsystems of tropical Asia, Africa and
America. Forage is only one part of the variougédignts that smallholders usually feed to
their pigs which include: agricultural by-produétsm local food processing units, weeds that
grow naturally in the forests and along the barfksvers, aquatic plants and plant of previous
crops on fallow (Kumaresaet al. 2009; Phengsavardt al, 2010). Various reasons explain
why smallholders still include significant amouwfsforage in the diets of their animals: their
low income as compared to the high prices of inggbgrains or oil-seed cakes (Kagétal,
2010; Kaensombatét al, 2013), the remoteness and inaccessibility of tla@ms, increasing
the energy and protein concentrate costs at thme fmte (Kumaresant al, 2007), and the
lack of accessible market (Lemkeal, 2007). This maintains most smallholders in loytit
agricultural systems with little room for mid- arig-term investments, as an improvement in
the genetics and the feeding systems would reduiraddition, when the activity is driven by
socio-cultural motivations and is more oriented dodg auto-consumption than to the market
(Lemke et al, 2006; Kumaresaret al, 2009), little effort is made to improve growth
performances of animals by seeking feed with higlritional value. For example, it is
reported that in Gambia animals are only managthgively when they make a significant
contribution to production and income, but notakisgs is their main function (Bennisen

al., 1997). Moreover, feeding forage is often usedhwitligenous pigs which are the preferred
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breed of smallholders in rural areas (Lengteal, 2007; Lenet al, 2009a) and investigations
in Burkina Faso and Cameroon reveal that underifspeonditions the low-input by-products
and forage-based sector can even be more profithble industrial pigsties (Lekule and
Kyvsgaard, 2003).

The extent to which forage species can economicaiiytribute to supply pigs in
nutrients for growth and reproduction will dependtbe voluntary feed intake as well as the
digestibility of the forage itself and the relatigest and availability of forage as opposed to
concentrate feeds. The present review examinesttigive value of several tropical forage
species as well as how breed and physiologicalistat the animal influence the animal’s
ability to sustain on forage-based diets. Finathe socio-economical and environmental

implications of feeding forage to pigs in low-ingatming systems are discussed.

4. Chemical composition and feeding value of
tropical forage species in pigs

1. Diversity of tropical forage species used in pigs

Forage used in the diets of pigs across the tropiagers a wide range of plant
materials as listed in Table 1. It includes grastsgumes, aquatic plants, and leaves from
shrubs and trees. Forage is fed, either in fregiregerved form as hay or silage (Ogle, 2006).
Some tropical forage species such Manihot esculenta, Ipomoea batatas, Leucaena
leucocephala, Arachis hypogaea, Stylosanthes guo&se Colocasia esculenta, Azolla
filiculoides, Salvinia molesta, Xanthosoma saggjitiim, and Morus albahave been already
assessedn vivo in pigs. However, although there are locally udsgdsmallholders, most
species have not been assessed further than thiendettion of their chemical composition
and, sometimes for thein vitro digestibility for pigs (Feedipedia, 2013). Exampt#ssuch
plants are numerous and they include, among othdmjnga oleifera, Psophocarpus
scandengKambashiet al, in press),Crassocephalum crepidioideand Amaranthus viridis
(Phengsavanét al 2010)

17



Table 1. Range of proximate chemical composition (g/kg DM) and energy (MJ/kg DM) of plant materials used in pig diets

Plant species Family Plant part OoM CP GE NDF ADF ADL Ca P Ref"
Trichanthera gigantean Acanthaceae Leaves 823-864 115-219 15.8 299-468 166-337 40-124 nd nd 1
Colocasia esculenta Araceae Leaves 854 90-225  10.3*° 316-505 nd Nd 0.10-1.00 0.20-3.20 2
Lemna minor Araceae Plant 808-830 296-370 9.1* 370 283 Nd 3.27 1.43 3
Xanthosoma sagittifolium  Araceae Leaves 843-910 169-258 18.0 186-371 115-253 11-75 nd nd 1;4;5
Azolla filiculoides Azollaceae Plant 855-902 232-237 12.8-16.4 469-620 284-387 104-168 0.08-0.11 0.20-0.40 6
Ipomoea aquatica Convolvulaceae Leaves 867-871 256 8.3* 349 283 Nd 1.03 0.59 37
Ipomoea batatas Convolvulaceae Leaves and Stem 855-986 187-298 16.9-17.7 232-449 136-327 93-125 0.07-0.19 0.02-0.07 5;8;9
Manihot esculenta Euphorbiaceae  Leaves or Tops 894-96.5 208-306 19.0-21.4 320-615 202-428 237 0.62-0.75 0.30-0.40 10;11;12
Aeschynomene histrix Fabaceae Leaves and Stem 931 237 8.7 467 260 Nd nd nd 13
Arachis hypogaea Fabaceae Tops 906 175 18.1 419 219 Nd nd nd 10
Erythrina glauca Fabaceae Leaves 900 287 19.6 477 288 108 nd nd 5
Leucaena leucocephala Fabaceae Leaves 901-910 225-283 Nd 318-388 175-215 Nd 0.49-2.40 0.12-025 5;14
Stylosanthes guianensis  Fabaceae Tops 853-917 141-188 7.8* 549-602 424 Nd 2.20 0.48 15;16
Psophocarpus scandens  Fabaceae Leaves and Stem 852-904 231-297 Nd 326-418 228 66 1.45 0.34 15;17
Vigna unguiculata Fabaceae Leaves and Stem 859 243-360 12.3-13.0 365 235 Nd 0.96-3.70 0.34-0.42 15;18
Morus alba Moraceae Leaves 908-837 113-239 17.54 174-301 82-189 13-27 nd nd 1:2
Musa paradisiaca Musaceae Leaves 880 74 17.3 701 400 108 nd nd 19
Brachiaria mulato Poaceae Plant Nd 58 Nd 732 468 200 nd nd 20
Talinum triangulare Portulacaceae Plant 754 211 Nd 347 277 76 nd nd 17
Eichhornia crassipes Pontederiaceae  Plant 853-870 110-267 8.4*° nd nd Nd 1.08 0.14 15; 21
Salvinia molesta Salviniaceae Plant 768-849 92-191  14.7-16.4 518-629 358-414 123-168 1.00-1.20 0.60-0.70 6

' Ref, references: (1) Leterme et al. (2006b) ; (2) Kaensombath and Lindberg (2013) ; (3) Dung et al. (2006); (4) Leterme et al. (2005) ; (5) Régnier et al. (2013);
(6) Leterme et al. (2009) ; (7) Ty and Preston (2005); (8) An et al. (2004) ; (9) An et al. (2003) ; (10) Phuc and Lindberg (2000) ; (11) Nguyen et al. (2012) ; (12) Khieu et
al. (2005) ; (13) Phengsavanh and Lindberg (2013) ; (14) Laswai et al. (1997) ; (15) Kambashi et al. (in press) ; (16) Kaensombath et al. (2013) ; (17) Bindelle et al.
52007) ; (18) Uusiku et al. (2010) ; (19) Ly et al. (1998) ; (20) Sarria et al. (2012); (21) Men et al. (2006) ;

nd, non determined

% metabolizable energy instead of gross energy
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2. Chemical composition and variability

Forage ingredients are by definition rich in fibme opposed to concentrate feed
ingredients (Gillespie and Flanders, 2010). Howgether composition of forage ingredients is
highly variable, including within a given species, the stage of harvesting, climatic stresses
during the plant growth and variety or cultivarexan influence on the chemical composition
of the forage. This high variability coupled witmpredictability due the factors outlined
above limit the possibility of using forage plafits feeding pigs. Forage plants used as pigs
feed have NDF content ranging from 174 g/kg DM Ntorus albato 732 g/kg DM in
Brachiara mulatg with lignin fraction ranging from 13 g/kg DM td2 g/kg DM. Moreover,
they are usually low in crude fat and starch. Asdest later in this review if one excludes the
influence on the intestinal eco-physiology, fibsenot of particular interest for pigs in terms of
supply of nutrients to the animal. The benefitfarhge feed ingredients for pigs lie in their
richness in protein, essential amino acids and maise Most forage species used by
smallholders in the tropics have high crude protmntents (up to 370 g/gM, Table 1)
especiallyfabaceae In semi-intensive or extensive pig rearing systéemtropical countries,
many energy sources are locally available: peelargwillings of bananas, tubers, and grains,
palm oil by-products or sugarcane juices. Foragalesnative ingredient should therefore
supply protein which is the most limiting nutriemt smallholder pig feeding systems in
tropical areas (Letermet al, 2005; Martenset al, 2012). Some forage species such as
Stylosanthes guianensis, Ipomoea batatas, Colostalenta andLeucaena leucocephala
present amino acids (AA) profiles (Table 2) thatehaquite well that of the ideal protein for
pigs while others are deficient in one or more egakAA (Phuc and Lindberg, 2001; Ast
al.,, 2004; Kaensombath and Lindberg 2013; Régrgeral, 2012). CassavaManihot
esculentaand sweet potatdgomoea batatgdeaves, for example, are rich in protein but have
a deficient profile in methionine and lysine, respeely (Nguyenet al. 2012). Some forage
species suffer from a low bioavailability of th@imino acids, and from the presence of plant
secondary metabolites that reduce protein digéistidUsing forage species therefore does not
allow maximizing growth performance of geneticalyproved breeds, but this strategy makes

sense for smallholder pig producers or local bregtlslower requirements.
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Table 2. Amino acid profiles of some forage (% protein)

Arg His lle Leu Lys Met Phe Thr Trp Val Ref®
Requirements for 3.19 2.49 3.76 7.20 7.14 2.04 4.33 4.59 1.21 478 1
growing pigs (20-50 kg)*
Arachis hypogaea 5.20 2.00 3.70 7.00 4.10 0.90 5.40 4.00 nd? 5.10 2
Erythrina glauca 4.10 1.70 3.10 5.30 4.30 1.00 3.90 2.90 1.40 4.00 3
Colocasia esculenta 5.20 1.20 5.00 7.60 2.90 2.20 4.20 4.10 nd 5.00 3;4
Ipomoea batatas 4.50-6.60 1.70-3.30 3.70-5.20 6.40-8.70 3.90-4.80 1.30-1.50 4.10-6.70 3.60-5.50 1.20-1.50 4.70-5.70 3;5;6
Leucaena leucocephala 4.00-5.70 1.80-2.00 4.10-9.50 5.80-7.90 4.30-5.80 1.20-1.60 3.90-5.60 3.30-4.00 nd 4.70-540 2;7
Manihot esculenta 4.40-5.93 1.70-2.19 3.90-5.51 6.80-8.30 4.21-5.60 1.20-1.50 4.18-5.70 3.30-4.46 1.6 4.11-530 2;3;8
Morus alba 5.30 2.10 4.30 8.20 5.70 1.60 5.20 4.60 1.10 5.40 9
Trichanthera gigantea 4.90 2.20 4.10 7.20 4.30 1.50 4.60 4.30 1.00 5.00 9
Xanthosoma sagittifolium 3.10-5.00 1.50-1.90 2.60-3.90 4.90-7.50 4.00-5.60 1.10-1.80 2.90-4.70 2.90-450 0.80-1.70 3.80-4.80 3;9
Stylosanthes guianensis 4.80-5.12 1.90-1.97 3.30-4.13 6.80-7.32 4.30-451 1.10-1.60 4.60 4.00-4.13 1.10-1.78 3.90-4.84 10,11
Vigna unguiculata 4.70-490 1.80-4.10 6.60 13.40 9.50 2.60-5.0 6.10-7.80 6.60 nd 6.10-9.50 12;13

Tcalculated from amino acid estimated requirements in a diet with 2.51 % nitrogen fed ad libitum to growing pigs (90% dry matter)

2nd, not determined

®Ref, references: (1) NRC (2012) ; (2) Phuc and Lindberg (2001) ; (3) Régnier et al. (2012) ; (4) Kaensombath and Lindberg (2013); (5) Nguyen et al. (2012) ; (6) An et al.
(2003) ; (7) Ly et al. (1998); (8) Nguyen et al. (2012) (9) Leterme et al. (2005) ; (10) Kaensombath et al. (2013) ; (11) Phengsavanh and Lindberg, 2013; (12) Nielsen et al.

(1997) ; (13) Heinritz et al. (2012)
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Several studies showed the high content of mineénajdants and plant parts (Coat al,
2000; Kumariet al, 2004; Letermeet al, 2006a). However, the mineral content of plants
varies not only between species, but also dependth® maturity stage of the harvested
material (Wawireet al, 2012), the season, the number of harvests (Balogl, 2013), the
physicochemical properties of the soil and the mmvhental conditions, including plant stress
(Kabata-Pendias, 2004). A rational use of plantenets will allow the farmer to cover a
significant portion of micronutrients, essentiaherials and vitamins requirements for animal
growth (Agteet al, 2000; Ishidaet al, 2000).

Besides fibre content, the second major drawbadkopical forage is related to the
presence in some species of plant secondary mees(PSM) that might at best exert some
anti-nutritive properties through a decrease i pisdatability and digestibility (Acamovic and
Brooker, 2005; Halimanet al, 2005) and at worst be toxic for the animal a<dlesd later in
this review. Such compounds fall under differentlenalar families such as phenolic
compounds, cyanogenic glucosides, oxalic acidingctlkaloids, antitrypsic molecules, non-
physiological amino acidset cetera Some PSM are rather specific to some species or
botanical families such as hydrogen cyanide (HONYxassava, oxalic acid in cocoyam or
mimosine inLeucaena leucocephalavhile others such as tannins are present in [itdiaige
of many forage species at different concentratigkamovic and Brooker, 2005; Makkar,
2007). As for other nutrients such as fibre, prot@i minerals, the content in PSM depends of
course of botanical families, plant species anéetsaor cultivar, but in some cases also of the
plant part, the stage of maturity and the growingditions such as soil fertility and season
(Ravindran and Ravindran, 1988; Acamovic and BrooR@05). Young leaves contain higher
concentrations of PSM than senescing tissues amissfWink, 2004), similarly to proteins.
Conversely, lignin and fibre contents increase vaife and stem-to-leaf ratio in the forage
(Buxton and Redfearn, 1997).

5. Feeding value of tropical forage species in pigs

1. Energy content

The richness in fibre as well as the degree ofification of the fibre fraction of
forage is probably the major constraint to theie as pig feed (Noblet and Le Goff, 2001,
Hogberg and Lindberg, 2006). Due to the lack offgut fermentation and caecotrophic
behaviour, the ability of pigs to recover nutriefrtam fibre, in particular energy, is limited to

the uptake through the intestinal wall of shortiohtatty acids produced during hindgut
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intestinal fermentation (reviewed by Bindek al, 2008). Therefore, with total tract OM
digestibility ranging from 0.30 to 0.63 (Table 3)w&ell as digestible and metabolizable energy
contents ranging from 5.2 to 11.9 MJ/kg DM) and ®&@B.3 MJ/kg DM, respectively (Phuc
and Lindberg, 2000; Letermet al, 2006b; Régnieet al, 2013), the energy value of plant
foliages are quite lower than those of concentiege ingredients such as cereal grains (Table
3). Cereals have OM digestibility value usuallylifey between 0.84 and 0.98, and digestible
and metabolizable energy contents as high as ©218.4 MJ/kg DM and 12.4 t015.0 MJ/kg
DM, respectively (Sauvamt al, 2004). As stated previously, the compositionos&ge is also
more variable than concentrate feed ingredientsn@vo this variability, it is more difficult to
study the actual nutritive of these high fibre miais from an experimental point of view. The
measured nutritive values depend on animal fastoch as age or breed, experimental design
such as rate of incorporation in the diet, presemtaform and factors related to tropical

foliage itself as showed previously.

As a consequence of the low digestibility of tHedi fraction, growth performances of
pigs fed forage-based diets are often below thbsercentrate-fed pigs, depending on forage
inclusion rate (Laswaét al, 1997; Halimaniet al, 2005; Phengsavanh and Lindberg, 2013;
Régnieret al, 2013). Nonetheless, if one goes through thedifsplants that have been
reported as being used for pigs in the literatuide differences in total tract OM and energy
digestibility between forage species are reporfable 3). For example, some accessions of
Xanthosoma sagittifoliunMorus albg Azolla filiculoidesandArachis hypoge&ave total tract
OM and energy digestibility ranging, respectivdlpm 0.49 to 0.71 and from 0.60 to 0.69.
Conversely, the aquatic ferBalvinia molestaused in production systems integrating pig
production to pond aquaculture has an OM dige&tikdls low as 0.29 to 0.33 and an energy
digestibility of 0.31. Such differences are to Beréed not only to the difference in total fibre
content which varies with (1) species, wilbaceaegenerally containing more fibre than
fabaceae (2) plant parts, as stems have higher fibre curttean leaves, and (3) maturity at
harvest (Buxton and Redfearn, 1997). Other diffeeenare to be ascribed to differences in
fermentability between fibre types (Noblet and LeffG2001; Anguitaet al, 2006) and the
insoluble to soluble fibre ratio, with soluble febaffecting more negatively voluntary fibre

intake and ileal digestibility.

2. Interaction between fibre content and digestibility of
nutrients

High fibre content, and especially viscous fibreluees enzyme contact and traps

nutrients and minerals in a voluminous chyme, aivayn absorption sites in the intestine
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(Anguitaet al, 2006; Urriola and Stein, 2012). Letermieal. (2009), for example, observed a
relatively high faecal digestibility fohzolla filiculoidesand low forSalvinia molestgTable 3)

a species rich in fibre with high water-holding aeity, while both species have similar NDF
contents (52%s539 g/kg DM, Table 1).

The increase in chyme volume especially with fadiagr fibre fractions with high
water-holding capacity also increases digesta passate, decreasing the accessibility and
time of action of digestive enzymes, decreasindaglaligestibility (Partanert al, 2007;
Régnieret al, 2013). However, the influence of fibre on inteatitransit time is controversial
as several authors mention increases (Wileral, 2007), decreases (Wenk, 2001) or no
influence (Partaneret al, 2007) of fibre on this parameter. As mentioneadvah such
variability between studies may originate from eiiinces in methodology, i.e. experimental

design, rate and form of forage incorporation, ynzd! methods, etc.

3. Digestibility of protein and bioavailability of amino acids

Crude protein can include non-protein N as theydical procedure for crude protein
yields the N content x 6.25 (method 981.10; AOAG9Q). It is reported that nitrogen-to-
protein conversion factors of some vegetal mate(iate, oat and wheat) are lower than 5.36
(Chang, 2010). For instance, Régraeeral. (2012) found that the sum of AA in tropical plant
leaves (cassava, sweet potato, cocoyam and ewytfoiilages) was 25% lower than the CP
content. This gap between crude protein and indalidAA analysis is one first factor to
consider when determining the actual protein vadflea forage species. In addition, the
individual AA profile as well as their bioavailaity must be considered. Fibre strongly
interferes with protein digestibility. Proteins che bound to the NDF fraction preventing
them from being hydrolysed by the digestive enzywmiethe pigs. This NDF-bound protein

fraction is higher in dicotyledons than grassesi@Blleet al, 2005).

This was observed, for example, by Leteret al (2006b) with Trichanthera
gigantea a tropical tree fed to pigs in Colombia. NDF-bdu in this species reaches 59% of
the total N leading to low ileal and fecal protéligestibility of approximately 0.15 and 0.30
respectively. However, low fecal N-digestibility luas not always mean low protein value.
High fermentable fibre content of some forage sgecdecreases the fecal apparent
digestibility of N trough a shift of N excretiondim urinary-N (urea) to fecal-N (bacterial
protein) without systematically altering the prateialue of the diet (Bindellet al, 2009).
Therefore the only actual protein value should mognileal digestibility or possibly the

standardized ileal digestible (SID) amino acidshaf forage ingredients as these value might
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strongly differ from raw AA composition (Table 2 c&afTable 4). Many authors report a
decrease in N and AA digestibility in growing pighen tropical leaves are included in a basal
diet (e.g. Phuc and Lindberg, 2001; A&hal, 2004; Régnieet al, 2013). The values for
apparent ileal digestibility (AID) are establishetien total ileal outflow of AA is related to
dietary AA intake. Total ileal outflow consists afon-digested dietary AA but also
endogenous AA secretions or losses. The latterbaaseparated into (i) basal losses which are
considered in the SID calculations and are noterfted by feed ingredient composition, and
(if) specific losses, which are induced by feedréalient characteristics such as fibre levels
and types, the presence of PSM, or mineral con{&wsnet al, 2007). As some forage plants
have both high fibre content and PSM which leathtoincrease in specific endogenous AA

losses explain the low AID of AA.

4. Minerals digestibility

The bioavailability of minerals in tropical foragpecies should be investigated, as the little
data available in the literature indicates thadtibngly varies between plant species and the
considered minerals. For example, mineral bioaldita for pigs in tropical forage ranges
from 41 to 58% for P (Poulseat al, 2010), 3 to 27% for Fe (Kumaet al, 2004), 11 to 26%
for Zn and 18 to 48% for Cu (Aget al, 2000). Furthermore, the high dietary mineral eaht

of some forage species is likely to have a negatifleence on energy and protein values.
Noblet and Perez (1993) reported that the digdisyilcoefficients of energy and crude protein
were highly dependent on dietary fiber and mineaaitents. They also suggested that dietary
minerals increase protein endogenous losses throughtinal cell debris with subsequent

increase of endogenous energy and AA losses.
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Table 3. In vivo ileal and total tract digestibility coefficients of nutrients of tropical forage species in pigs

lleal digestibility

Total tract digestibility

OM CP NDF ADF Energy OM CP NDF ADF Energy Ref'
Ipomoea batatas nd> 074 0.23-025° nd nd nd 0.75-0.77°  0.55-0.57°  0.32-36° nd 1
nd nd nd nd nd nd 0.21 nd nd 0.38° 2
0.48’
Manihot esculenta nd nd nd nd nd nd 8222 nd nd 0.31 2
0.42 0.37 0.26 0.16-0.17 0.41 0.54-0.59 0:45-0.46 0.31-0.32 0.20-0.21 0.52-0.57 3
Arachis hypogaea 0.55 043 0.49 0.34 0.52 0.64 0.47 0.58 0.46 0.60 3
Leucaena leucocephala 0.44 039 0.24 0.12 0.40 0.53 0.42 0.27 0.18 0.51 3
Azolla filiculoides nd nd nd nd nd 0.33-0.50*°  0.31-0.66° nd nd 0.30-0.63° 4
Salvinia molesta nd nd nd nd nd 0.29-0.33*°  0.31-0.56° nd nd 0.31 4
Morus alba nd nd nd nd nd 0.56" 0.33 nd nd 0.51 5
nd nd nd nd nd 0.63* 0.49 nd nd 0.65 6
Trichanthera gigantean nd nd nd nd nd 0.47* 0.36 nd nd 0.60 5
nd nd nd nd nd 0.49" 0.30 nd nd 0.54 6
Xanthosoma sagittifolium 0.65 0.47 2
nd nd nd nd nd 0.57* 0.34 nd nd 0.57 5
nd nd nd nd nd 0.71 0.57 nd nd 0.69 6

" Ref, references: (1) An et al. (2004); (2) Régnier et al. (2013); (3) Phuc and Lindberg (2000); (4) Leterme et al. (2009); (5) Leterme et al. (2005); (6) Leterme et al. (2006b)

nd, not determined

®Range according to preservation method (fresh, dried, ensiled)
“DM digestibility instead of OM digestibility
®Range according differences in estimates because of varying proportion of forage in the basal diet for the calculation of digestibility of leaves alone with the difference method

®Leaves
"Leaves and stems
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Table 4. lleal apparent digestibility of amino acid of forage species in pigs

Arg His lle Leu Lys Met Phe Thr Trp  Tyr Val Ref
Arachis hypogaea 0.77 0.73 0.71 0.72 0.73 0.73 0.68 0.69 0.65 0.72 1
Erythrina glauca 0.47" 0.13" 0.04" 0.22" 0.13! 0.43" 0.29" -0.07" 0.00" 0.08 2
Ipomoea batatas 0.51*-0.80 0.25-0.80 0.32'-0.78 0.45-0.80 0.43'-0.83 0.46'-0.75 0.40'-0.78 0.22'-0.75 0.14' 0.31-0.78 2;3
Leucaena leucocephala 0.48 0.67 0.52 0.52 0.61 0.57 0.55 0.52 0.60 0.61 1
Manihot esculenta 0.41%- 056 0.15-0.68 0.20'-0.48 0.30"-0.57 0.29'-0.64 -0.36'-0.56 0.34'-0.55 0.08'-0.54 0.13' 0.64 0.18-0.62 1;2
Xanthosoma sagittifolium 0.63" 0.44" 0.46" 0.61" 0.54" 0.36" 0.60" 0.25" 0.20" 0.80 0.46 2

' SID of AA instead of ileal apparent digestibility
(1) Phuc and Lindberg (2001) ; (2) Régnier et al. (2012) ; (3) An et al. (2004)



5. Plant secondary metabolites

As stated before, plant secondary metabolites c¢splay various effects on the animals
including some specifically related to the feedwajue of the forage ingredient such as a
reduction in digestibility and voluntary intake rewed by Martengt al, 2012). Tannins are
diverse regarding their chemical structure but st@mmon biochemical properties in their
ability to precipitate proteins at neutral pH. A&@sequence, some tannin-containing feeds
decrease the voluntary intake which may be assatiatith astringency caused by the
formation of tannin—salivary protein complexes Ire tmouth or signals of gut distension
resulting from tannin interactions with proteinstioé gut wall (Acamovic and Brooker, 2005).
Tannins decrease protein and dry matter digesyibili pigs via an increase in faecal nitrogen
excretion, an inhibition of digestive enzymes aestinal micro-organisms and an effect on
gut permeability (Waltort al, 2001). Tannins also increase endogenous loss@sanimals,
including mineral losses by chelation. Neverthelbsseffect varies with the binding strength
in protein—tannin complexes which can vary overesalvorders of magnitude between species
(Mueller-Harvey, 2006) and the total tannin contdftir example condensed tannins from
Leucaena leucocephataave the ability to precipitate proteins approxiehaby half than that

of Leucaena pallida or Leucaena trichandoa g of protein/g of tannins basis, while tannins
from Leucaena collinsihardly precipitate any proteins (Osborne and McNeill, 2001
However, the effect of tannins on pigs is contreidras some authors mention improvements
(Myrie et al, 2008; Biagiet al, 2010), decreases (Halimagti al, 2005; Kimet al, 2007) or
neutral effect on digestive processes (Lizagtlal, 2002; Stukelet al, 2010). Moreover, the
inclusion of 4 g/kg tannin in the diet resultedimproved feed efficiency and reduction of
intestinal bacterial proteolytic reactions (Biagial, 2010) and 15 g/kg tannin in the diet did
not affect growth performance (Myriet al. 2008). Furthermore, when reduced growth
performance is reported in monogastric animals tithin-rich feedstuffs, the latter are
generally characterised by the presence of sigmfti@mounts of other PSM that altogether
might result in reduced animal growth (Biagi al, 2010). For example, HCN increases
methionine requirements for detoxication (Mansamd Acamovic, 2007), so iManihot
esculenta protein-binding tannins and HCN act together torsen the deficiency in

methionine in cassava leaves-based diets.

HCN and alkaloids decrease intake because of bitegr taste. Ingestion of non-lethal
dose of HCN (<100 ppm in the diet for pigs) alsoluses growth rates associated with

increased serum and urinary levels of thiocyanaléch is a continuous cause of depletion of
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sulphur containing amino acids and reduces thedolbgroxine levels (Tewe, 1992). At high
concentration (>100 ppm), HCN may be lethal for #m@mal through the inhibition of
cytochrome oxidase in the mitochondria. The letdake for most animal species is
approximately 2 mg HCN /kg BW (body weight) (Katl2910). However, intake rate is also
important. Animals that eat rapidly are more likébybe poisoned as the drop in pH in the
stomach destroys the enzymes responsible for teases of HCN. Finally, variety, maturity
and fertilizer application levels also play a rote the possibility to use some cyanide-
containing plants as forage for piganihot esculentdor example displays HCN contents in
foliage ranging from 80 to 2000 mg/kg DM, dependargthe previously mentioned factors
(Feedipedia, 2013).

Some alkaloids are hepatotoxic and can reduce proate of pigs, mainly by
decreasing feed intake and affecting feed effigie(@dala et al, 1996). For example,
alkaloids inErythrina glaucadid not affect feed intake and health likely doerestrictively
feeding and moderate rate of this plant in dietsgite this, this plant showed a low nutritive
value (-0.328 and 0.266 for CP and energy respag)iyRégnieret al, 2013).

Oxalic acid is found at high levels (34.3 to 48.8/0nDM) in some cocoyam species
(Oscarsson and Savage, 2007). With its astringsié,tit decreases intake levels and affects
the physical properties of the oral mucosa by deirag proteins in the surface epithelium, by
increasing friction of mucosa caused via aggregatiosaliva (De Wijk and Prinz, 2006) and
causes irritations of the gastrointestinal traceét@emeet al, 2005). In addition to these
negative effects, one notices increased kidneyligad weight (Kaensombath and Lindberg,

2013) probably due to deposit of crystals of calftixalate.

Mimosine is known to act as a tyrosine analogudbitihg protein biosynthesis (ter
Meulen et al, 1979) and metal-containing enzymes due to ithtylto chelate metal ions,
reducing plasma amino acid and mineral concentratioeducing the absorption of some
amino acids from the gastrointestinal tract (Snaital, 1995), and causing toxic symptoms
including retardation of growth. In the pig dietinmosine decreases feed intake (ter Mewden
al., 1979). Although very few research report signgaite short term poisoning, long term
exposure to levels of 772 ppm in rat diets induréd alopecia, cataracts, reversible paralysis
of the hind limbs, severe retardation of growth amartality as high as 50 %, while the
addition of 2% of FeSPprotected the animals against these symptoms gtiHet al,
1979).
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Considering these PSM negative impacts, it is ifgmdrto bear in mind that (1) some
treatments such as heat or ensiling are able tofis@ntly reduce the content in some PSM
(see Martengt al, 2012 for a review), and (2) forage is not intahtie be fed alone and that
inclusion with other feed ingredients will possibiyitigate these deleterious effects. For
example, HCN content in fresh cassava leaves caasbdgh as 349 mg/kg DM (Tet al,
2007). However, when cassava is included at a l#v@121 on DM basis in a broken rice and
sugar palm juice-based diet, the HCN content of diet is reduced to 73 mg/kg DM, a
moderately poisonous range and pigs show no syngpainil-health neither effects on DM

intake and nitrogen retention.

6. Effect of preservation method on feeding value

Preservation methods are used to ensure a longgalaility of the forage resource on the
farm than the growing season itself. But, pres@watan also have an interesting influence on
the feeding value: enhancement in palatabilityakatand digestibility, detoxication of PSM,

and concentration of some nutrients (Martenal. in press).

Nonetheless, changes in feeding value vary betweeservation methods and plant species.
DM intake was higher in sun-dried than fresh ansiled Ipomoea batataseaves owing to
their higher water content (Aet al, 2004; Khieuet al, 2005). Drying can reduce the volume
of forage to more than half and increase intak@igs of water-rich aquatic ferns such as
Azolla sp. andSalvinia molesta(Letermeet al, 2010). Milling dried forage reduces the
volume and animal selectivity and increases feédieficy (Kim et al, 2009; Martent al,
2012).

An et al. (2004) noticed changes of AA profiles and fibraction between fresh, dried
and ensiledpomoea batataswith the highest contents of NDF and ADF in fréshves and
lowest in ensiled leaves. The reduction of NDF migieensiling (Hunet al, 1993; Bagheripour
et al, 2008) originates from cell wall degradation byl and bacterial enzymes as for
example cellulase produced by Clostridia, celldiolglostridia, acid hydrolysis (McDonalet
al., 1991) and small amount of hydrolysis of hemidele (Huntet al, 1993). A decrease in
protein content may also be observed, resultingnffroteolysis after harvesting, during
wilting and in the silage itself. This decreasenigre important when wilting occurs in a poor

humid environment than under dry conditions (McOdr&t al, 2010).

As a consequence of these chan@ésnihot esculentdeaves silage had a higher total tract
apparent digestibility (TTAD) (0.84s 0.79, 0.71vs 0.48, 0.54vs 0.42 and 0.7%s 0.70
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respectively for DM, CP, crude fibre (CF) and NDan sun-dried leaves (Khieat al,
2005). A similar trend was noticed with ensilggbmoea batataseaves except for proteins
(Nguyenet al, 2012). In contrast, no difference was observadiden fresh, ensiled and sun-
dried sweet potato diets in TTAD (gt al, 2004).

Besides major nutrients, preservation also affé®M contents in forage (reviewed by
Martenset al, 2012). Preparation steps for conservation camelsessary to eliminate the anti-
nutrient in forage. For example HCN is strongly ueed when plants are sun-wilted and
chopped into small pieces before silage probabdy tduthe action of endogenous linamarase
on cyanogenic glucosides (Santatal, 2002). In addition, a combination of shreddingl an
sun-drying can simultaneously reduce high HCN (6%0% tannin (by 38%) and phytic acid
(by 59%) contents oManihot esculentaleaves (Fasuyi, 2005). Mechanical damage of plant
tissues during chopping, wilting and ensiling proesothe contact between endogenous
enzymes and PSM and thus facilitates their remwain, 1985).

6. Forage utilization by pigs

Forage feeding value not only depends on the fopéay itself. As it contains high levels
of fibre and sometimes PSM, the age of the aniitsahodyweight, its breed and the inclusion
levels in the diet are other factors determining #fficiency of forage utilization as feed

ingredient by pigs.

1. Influence of physiological status

Forage is rich in fibre and has a high bulking citgareducing the energy density of
the diet as showed before. The efficiency with \hpigs are able to cope with this reduction
in energy density by increasing feed intake, stipngries with their physiological status.
Whittemoreet al (2003) showed that the ability of pig to ingesatkbfeeds was correlated to
live weight. While 600 g sugar beet pulp /kg oftdsas constraining for pigs of 12kg, 600
g/kg and 800 g/kg did not limit the live weight gaat 36 kg and 108 kg respectively. High
bulk feed causes a significant size increase ofspaf gut involved in digestion and
fermentation (Whittemoreet al, 2003, Lenet al, 2009a). Furthermore, adult pigs have a
larger hindgut in proportion to their live weightdaa lower feed intake relative to gut size
compared to young pigs which increases retentiah farmentation times in the intestines.

This change in hindgut volume affects the abilitythee pig to digest fibre and consequently

30



explains partially the higher digestibility of eggroriginating from fibre in adult sows (Noblet
and Le Goff, 2001). Besides fibre and energy, jmotigestibility of plant leaves is also
influenced by live weight. Letermet al. (2006b) observed that when tropical foliage was
included at 300 g/kg DM diet, protein digestibiliyas higher (0.49) in sows than (0.12 to
0.36) in 18 to 35 kg pigs for which the digestilyilof the diet decreased sharply when the rate
of incorporation of leaves increased from 0 to 80@ diet (Letermeet al, 2005; Letermest

al., 2009). Therefore, in farming systems in the wepielying partly on forage to feed pigs,

this feed resource should be preferentially fegeastating sows.

2. Differences in pig breeds in the ability to thrive on forage-

based diets

Besides live weight as discussed above, the braedatso strongly influence the
potential of animals to thrive on forage and fibidh diets. Nevertheless, whether indigenous
tropical breeds have a superior ability than geaélyi improved breeds remains controversial
according to which parameter is taken into acco{ntthe ability to consume large amount of
forage, (2) the ability to digest fibre more exigaly, or (3) the feed conversion potential
when eating high levels of dietary fibre. Indedtk hegative impact of forage inclusion on
performances is usually lower in local breeds ather requirements as compared to exotic
breed with high requirements but also high growtteptial. The results of a literature
overview on the comparison of indigenous and impdobreeds regarding TTAD and dry
matter intake when fed on fibre-rich diets are kigpd in Table 5. When Zimbabwean
Mukota (Ndindanaet al, 2002) and Vietnamese Mong Cai (Nggal, 2013) were compared
with Large White pigs, those breeds showed no miffee in intake levels when fed a high
fibre diet. However, in other studies, Mong Cai samed more (79s 60 and 85/s 78 g/kg
metabolic body weight) than improved pigs (Landrac¥orkshire) (Lenet al, 2009a and
2009b). This ability is important as low energy signof forage requires a compensation by

an increase in intake to maintain energy intakmwith the requirement levels.

Regarding digestibility, Mong Cai (Lest al, 2009b) and Mukota pigs (Ndindaet
al., 2002) showed higher (0.6% 0.57 and 0.8%s 0.83 respectively) TTAD than improved
pigs. Other studies showed similar trends (eéml, 2009b, Ngoet al, 2013). Khieuet al.
(2005) with Mong Cai found a higher digestibility tbocal breeds but only for the fibre
fraction of the feed. Genetic selection of indigesipig also seems to allow improving fibre
digestibility. When Maciast al. (2008) compared native Cuban Creole pigs to 1Zsyea

improved Cuban Creole pigs, the latter showed arease of ileal fibre digestibility from 12
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to 16%. Although quite intriguing, the authors pgdmd no insight on the reasons why this
influence of selection was specifically observethviibre. These first observations therefore
deserve further research. The differences in dlgkgtbetween indigenous and improved
breeds are however more frequent regarding TTADn tileal digestibilty (Table 5).
Researches on the effects of genotype on digdstibtive been mostly carried out during a
single stage of growth, either on growing or fimighpigs. This can partially explain the lack
of consistency between some studies reported ineTabBareaet al. (2011) found two
different trends in digestibility during growth arattening periods when comparing Iberian
and Landrace x Large White pigs. While digestipibf OM and energy seems not to differ
between breeds during the growing period, they wégber for Iberian pigs than Landrace
during the finishing period. This difference in pesse to breed effect with weight possibly
originates from differences in digestive tract depenent between Iberian and Landrace x
Large White pigs. In Bareat al. (2011) study, Iberian pigs had a lighter and shosmall
intestine per kg BW whatever their age. Howeveg, dlze to the stomach was significantly
increased between 30 and 80 kg and turned to Beehig Iberian pigs when the animals
weighed 80 kg. Therefore, one can assume thatigiehdigestive tract development in 80
kg-lberian pigs as opposed to 80 kg-Landrace x e &xite pigs induces differences that are
not observed with younger animals. These obsemnatim Iberian pigs could apply to tropical
pig breeds, especially those from Latin Americae Tilgh fibre digestibility of native breeds is
also explained by a better adaptation to the higtefcontent ascribable to high digestive
enzyme activity and better adaptation of hindgutrobiota to degrade cell wall constituents
of the diet (Freireet al, 1998 and 2003), greater size of gastrointestirsait and longer
retention time (Ngoet al, 2013). The ability of indigenous pigs to digabtdus fractions is
more pronounced in high fibre diets (Lehal, 2009b) which take place in hindgut because

ileal digestibility of high fibre diet are usuakymilar between breeds in the same trial.

Finally, tropical breeds have a lower ADG and arpodeed conversion potential
(1.86vs1.50[Lenet al, 20094, 2.27vs2.05[Ngocet al, 2013 and 4.6vs 2.9[Kaensombath
and Lindberg, 2013 than improved ones even on high fibre diets. @&dawed by Ly (2008)
for Cuban and other creole breeds, indigenous lpige lower N retention per N intake (e.g
0.28vs 0.44[Khieu et al, 2008, 0.55vs0.58[Ly, 2009), because of their lower growth rate
inducing low protein-to-energy requirements in theiets as opposed to improved breeds
(Bareaet al, 2007). The ADG difference is even greater whenpitotein content of the diet is
higher than the protein requirements of the indigsnbreeds (Barezt al, 2011). This can be
explained by the low selection of indigenous pigs figh growth rate and lean tissues

deposition, or either their natural high fat tissleposition which is more energy demanding
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that lean tissue (Renaudeaual, 2006; Bareat al, 2011). Generally when indigenous pigs
are compared to improved breeds, the dietary cpuotein of trial diets is fixed to meet the

requirements of improved breeds.

Nevertheless, trials comparing valorisation by izapand improved breeds of forage actually
used by farmers under field conditions are scdropdz-Bote, 1998) and it is likely that raised
under small-holder conditions, improved breeds wibbably not show such a better

performance than indigenous pigs.

3. Growth performances on forage-based diets

Despite the fact that inclusion of forage reducigestibility and some inconsistency
on the ability of indigenous pigs to digest fibrdeed ingredients, recent studies have shown
that a significant proportion of conventional pmteoncentrates can be replaced by protein-
rich forage without affecting neither growth perfamces nor carcass quality. Fed during
about 100 days with a diet in which soybean meal substituted on protein basis up to 0.50
with either ensiledStylosanthes guianensis Colocasia esculentagrowth performance and
carcass traits of local and improved pigs were amaigle to the control diet (Kaensombath
and Lindberg, 2013, Kaensombath al, 2013). Similar results were found when fattening
pigs were fed a diet containing 0.30\dfna unguiculata(Sarriaet al, 2010). Furthermore,
Kaensombatlet al. (2013) reported that wheStylosanthes guianensgage was used, growth
performance was two to three times higher thanstme local breeds fed diets based on
locally available agricultural by-products and greglant materials. For this reason, it is
essential to select suitable preservation methdd@age species with high nutritive value to
adequately balance the diet for the breed thasésl.uTherefore, grasses showing low intake
(Sarriaet al, 2012) and lower digestibility compared to othlmp groups should be avoided
even for local breeds (Durej al, 2006).

4. Inclusion levels

Inclusion rate is of utter importance when supplieting pigs with forage ingredients
because of (1) the presence of PSM, (2) their BpesA profile, (3) and their impact on
nutrients digestibility of the basal diet which cha linear or quadratic. For example, the
inclusion of Stylosanthesat 0.21 improved the ADG (312 gits 205 g/d) for the non-
supplemented diet while an inclusion level of 0.8&creased the ADG to 190 g/d

(Phengsavanh and Lindberg, 2013). When pig diete wepplemented withcacia karroo,
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Colophospermum moparaadAcacia niloticaat 100, 200 and 300 g/kg, the increased intake
was striking for pigs fedAcacia karroo diet, especially at 100 and 200 g/kg (1.6 and
1.7 kg/dayvs 1.2 kg and 1.4 kg for the two other species) amichals performed better for
both inclusion rates with an ADG of 855 g and 8216 g and 668 g faColophospermum
mopane and 604 g and 586 g foAcacia nilotica due to phenolic constituents. As a
consequence, Halimaet al. (2005) recommend limiting inclusion level of thdegumes to
100 g/kg DM. Letermeet al. (2009) advise no more than 150 g/kg DM of aquédits in

fattening pigs owing to their bulking capacity.

The composition in AA will also influence the opaiminclusion ratio of plants in
diets. Hang (1998) fixed the acceptable incorporalimit of ensiled cassava leaves to 0.20 in
a diet containing fish meal, which is rich in meihine, resulting in a well-balanced AA
profile. In comparison, Phuet al.(1996) established an optimal incorporation lefetassava
leaves at 0.15 in a diet containing soybean mexdéms, which are low in methionine but rich
in lysine like cassava leaves. This means that owmdbwith a methionine-rich source,
inclusion rate of cassava could be revised upwadndieed, supplementinganihot esculenta
leaves with 0.2 % methionine, a sulphur-contairangino acid essential among others in the
detoxication pathway of HCN, as mentioned previpusicreased ADG of indigenous pigs
from 540 to 712 g (Ly et al., 2012; Hang et al.020 Daily weight gains were increased from
482 g to 536 g when lysine was added to a dietafming Ipomoea batatas leaves (An et al.,
2005).

Moreover, as stated before, PSM in forage can immdgcter limits to the inclusion
levels than would the contents in fibre and othdriants, owing to their antinutritive effects
or toxicity. Finally, from a more practical persfiee, the optimal inclusion rate varies also
according to the time of distribution and if itngxed or not with the basal diet. Dumeg al.
(2006) observed that forage is more consumed wihisroffered before a basal diet than after
(150 to 330 g per days 30 to 150 g/day).
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Table 5. Comparison of digestibility and forage-based diets DM intake (DMI, g/kg™ ") between
tropical and improved breeds

Breeds DM oM Energy  Protein  NDF ADF DMI Ref
Mukota 0.63* nd* 0.67° 0.72% 0.36* 0.28° nd 1
Large White 0.57* nd 051° 055° 031" 0.21° nd

Mong Cai nd 0.82* 0.81° 0.83*  064*° nd 116° 2
Landrace x Yorkshire nd 0.81° 0.78° 079" 0.61°° nd 82°

Mong Cai nd 0.83* 0.80° 0.80° 0.52% nd 70° 3
Landrace x Yorkshire nd 0.80° 0.77° 0.78" 0.46° nd 60"

Mong Cai nd 0.87% nd 0.83° 0.55% 0.43% 85°% 4
Landrace x Yorkshire nd 0.83° nd 0.80°  051° 041" 78

Mong Cai 081 082 nd 0.58 0.76 0.55* 34* 5
Landrace x Yorkshire 0.81 0.82 nd 0.60 0.71 043" 33*

Rustic Cuban Creole 0.79 0.78 nd 0.75 0.12°% nd nd 6
Improved Cuban Creole 0.77 0.76 nd 0.75 0.16*® nd nd

' Ref, references: (1) Ndindana et al. (2002); (2) Ngoc et al. (2013) ; (3) Len et al. (2009a) ; (4) Len et al.
SZOOQb); (5) Khieu et al. (2005); (6) Macias et al. (2008)
Value with different superscripts for same referenced manuscript within column are significantly
different between pair of breeds on the parameter in the considered study (P<0.05).
% dry matter intake is expressed in g/kg body weight instead of g/kg® "
% hd, not determined
°Fibre is expressed as total non-starch polysaccharides instead of NDF
®Author value was expressed in daily feed intake (g/day) without considering weight of pigs which was
different
"Fibre is expressed as total dietary fibre instead of NDF
®Fibre is expressed as total crude fibre instead of NDF

5. Implications on the farming system of using
forage in the diets of pigs

As shown previously in this review, including foeagn well-balanced grain-based diets
reduces growth performances of pigs, but, unddicp#ar conditions, this detrimental impact
is lower for indigenous breeds than high perfornealBaropean or American breeds. However,
for regions where the access to balanced dietsffisutt for economical or accessibility
reasons, forage can improve the quality of the, diepecially by supplying proteins. For
example, forage such &itylosanthes guianens@ Aeschynomene histriwere shown to

improve growth performances (ADG of 394 and 39fegpectively) of animals fed traditional
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poorly balanced diets (ADG of 205 g), especiallgameling protein total content and amino
acid profiles (Phengsavanh and Lindberg, 2013).ellmiess, it is not possible to definitely
conclude on the actual positive outcomes of thietize without a proper socio-economic and
environmental assessment of the consequences f @igiage on the whole production
system. Few studies report the actual feeding cobtforage-based diets as opposed to
commercial concentrate diets, probably becauskeoflifficulty to calculate opportunity costs
of cultivating, collecting and handling forage agaiconcentrate feeds. Heat treatment such as
cooking mixed forage with agriculture byproductmacticed by many pig smallholders in
South-East Asia (Chittavongt al, 2012) efficiently reduces the content of heatiab
antinutritive factors and increases feed converdiut little is known on how effective this
practice is from an environmental and economicpgestve. In another example, the inclusion
of Azolla pinnataas a protein replacer in the concentrate feed Hd @nd 20%, respectively in
grower and finisher diets reduced significantly tiet cost per kg weight gain by 8% for the
10% forage inclusion level (Cherrgt al, 2013). The same trend was found wiMarus alba
wasincluded at 25, 30 and 35% in commercial pig diétse feeding cost was reduced by
28% for the 30% inclusion rate (Ordofiez, 2010).cémtrast, Keansombath and Lindberg
(2013) report similar prices per kg weight gain doncentrate and ensiled forage-based diets,
but, as in most studies, the opportunity cost ofde cultivation and silage making on the
farm is poorly documented. Preservation seems thdegy important to solve the problems of
seasonality of feed availability, but they reqireewledge, investment and time especially in
low input smallholder conditions. Silage seemséaddeal during the rainy season when sun-

drying becomes difficult to perform.

Moreover, the cost of concentrates strongly vairiea same country or district according to
the very location of the farms, especially whertatise to feed mills increases. As such, the
use of forage might be less interesting in perinrbeeas than on remote countryside farms.
Cultivating forage or using forage by-products diies crops to feed pigs on mixed farms
associating pig production to crops have severaligations on the use of land, labour and
nutrients cycles at the farm level that impact shetainability of the farm as a whole. Some
green plant materials used in pig diets are croprbygucts that would be merely left on the
fields if they had not be used in the animals’ glidtor example, the yield d¥lanihot
esculentdeaves as by-products of cassava root can reédiodnes of DM/ha with an average
content in protein of 21 % DM (Ravindran and Ravard 1988). As a defoliation 6 months
after planting does not decrease tuber yield (Fasak 2009), feeding cassava leaves to pigs
would increase the total amount of product haree$tem a field. Legumes used as dual

purpose crops such as cowp@#dgfha unguiculata or cover crops such aStylosanthes
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guianensigo fight erosion decrease the need for N-fertilizédussonet al, 2008) and increase
the OM content of the soils while they can at tames time produce high amounts of protein-
rich forage valuable to a certain extent as feapedients for pigs without affecting their
beneficial effects on soil fertility. When pigs desl forage, harvesting shares the highest cost
under hand-labour. Mechanization still requires eliewments because of the diversity of
physiognomy between forage species: trees, shnuses. One alternative could be keeping
grazing pigs outdoors to let them harvest the ferfag themselves on the fields as studied in
tropical conditions in Guadeloupe (Burel et al.12)) However, this method is challenging in
areas where cisticercosis is still a major issue @where African swine fever is endemic.
Moreover, some forage species are not accessildeatong pigs: trees, shrubs or climbing
vines and other plants such @g/losanthes guianensis Psophocarpus scandemsuld be

destroyed by grazing pigs, impeding several hasvest year.

In order to properly address these questionsesgential to conduct life cycle multi-criteria
assessments at farm level to compare social, edonamad environmental performances of
pigs fed partially with forage as opposed to cobhede-fed animals. Such studies exist for
production systems in developed countries (&ligal, 2012) but unfortunately they are still

too scarce in developing countries.

7. Conclusion

Forage is an interesting source of proteins, eafjgdor smallholder pig feeding systems in
tropical areas since protein concentrates are reiseéddom available or expensive and
inaccessible to most farmers. However, using fofagepigs is not obvious as forage plants
have numerous disadvantages mainly related to fittgla and low energy contents and the
presence of PSM. Their inappropriate use resultaitritionally unbalanced diets and leads to
poor pig performance, both for indigenous and inaptbbreeds. However, this review showed
that including some forage species in the righppprtion in the diet allows to improve the
poor nutritional quality of traditional pig dietsybncreasing the crude protein and mineral
intake and possibly maintaining the feeding cost law level. However, proper assessment of
the social, economical and environmental conseaqseatfeeding pigs with forage is required
at the farm level to support claims for improvedstainability thanks to this practice as

opposed to concentrate-fed pigs.
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As seen before, forage is widely used in the topicfeed pigs with varying efficiency. Since
little nformation is available regarding pig protioa in the Western part of the DRC in order
to build on this information to improve the feediagstems, we started our field works by
characterizing the pig production systems usedsiliolders in periurban and rural areas of
Kinshasa and the Bas-Congo province, respectivBhe results of this investigation is
presented in Chapter 2. More specifically, this kvfiocuses on feed resources and feeding
management, breeding system, productivity andagrigsues and analyses if the resources or
constraints driving those systems differ accordmgeriurban-rural gradienit. appears from
this chapter that there are no general differethet&een the four rural and the four
periurban sites. Moreover pig production systemedéep on the local environment as
strong differences were observed between rurals,siparticularly in terms of
workforces, herd structure and characteristicsdypetion parameters, pig building
materials, selling price and especially in feedouveses. Farmers used several
alternative feed ingredients to fed pigs such as-aglustrial by-products as long as
the industry was not located too far away and ts of transportation could be coped
with thanks to high pig selling prices. However,atdver the types of diet fed to the
pigs, farmers supplement with some forage. Thusm@novement in pig diets quality
requires further research on the nutritional vatidifferent feed resources, especially
forage species which seem to be the available pakesource of protein that pig
smallholders can afford. About forty-three planecps were mentioned during the
survey among which 33 could be formally identifi@the choice of forage species is a
key issue to ensure their rational use to feed. pige use of forage plants without
knowing their nutritive value can lead to unbalahadiets, low pigs growth and
reproduction performances, and low incomes forfdh@ers. Therefore, it is necessery
be useful to assess their nutritive value.
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1. Abstract

In the Democratic Republic of the Congo (DRC), page raised almost exclusively by
smallholders either in periurban areas of majaesisuch as Kinshasa or in rural villages.
Unfortunately, little information is available reging pig production in the Western part of
the DRC, wherefore a survey was carried out toatdtarize and compare 319 pig production
systems in their management and feeding strategleag a periurban - rural gradient in
Western provinces of the DRC. Pig breeding wasnbha source of income (43 %) and half
of respondent were active in mixed pig and cropdpction, mainly vegetable garden.
Depending on the location, smallholders owned oerage 18 pigs, including four sows.
Piglet mortality rate varied from 9.5 to 21.8% vehdverage weaned age ranged between 2.2
and 2.8 months. The major causes of mortality tedoby the farmers were African swine
fever 98%, Swine erysipelas (60%), erysipelas tnggamiasis (31 %), Swine worm infection
(17 %), and diarrhoea (12 %). The majority of thgspwere reared in pens without free
roaming and fed essentially with locally availableproducts and forage plants whose nature
varied according to the location of the farm. Tigepgroduction systems depended on the local

environment; particularly in terms of workforcegrti structure and characteristics, production
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parameters, pig building materials, selling prind &n feed resources. It can be concluded that
an improvement of Congolese pig production systeimsuld consider (1) a reduction of
inbreeding, (2) an improvement in biosafety to the incidence of African swine fever

and the spread of other diseases, and (3) an iraprent in feeding practices.

Keywords: Pig rearing; Smallholder farming; Feeding stregsgHealth

2. Introduction

Raising pigs plays an important role in many trapicountries. Smallholder farming
systems improve livelihood and food security foe thoorest people (Dixon et al., 2001;
Keoboualapheth and Mikled, 2003; Kumaresaral, 2007). In addition to providing protein
for human consumption, pigs are often one of thenreaurces of cash income in rural areas

and provide manure for cropping (Le Veral, 2004).

In the Democratic Republic of the Congo (DRC), paye raised almost exclusively by
smallholders either in periurban areas of majaesisuch as Kinshasa or in rural villages.
Industrial pig production is barely developed (CA/T2003). According to different reports
it appears that there are an increasing numbemafl and medium size semi-intensive pig-
keeping enterprises at the expense of intensivefgims in and around towns and cities
(CAVTK, 2003; NEPAD & FAO, 2006). This situation @robably related to the political
situation. The lack of employment caused by thesvedir1996-1998, the steady insecurity in
the eastern part of the country, the injusticehia distribution of national wealth, etc. have
encouraged the practice of informal activities unithg pig breeding. This informal economy
in general, and pig production in particular proesogreater self-sufficiency, provides a
greater food security to urban households (MougeétfiDO) and increases incomes.
Nonetheless, pig farms are under the influence asfables laying constraints or offering
opportunities that vary according to the locatidrihe farm. This is likely to yield variability

in the production systems that will possibly reflec differing needs regarding development
programs. For instance, periurban sites in Kinshasa an easier access to profitable markets,
commercial concentrates and agro-industrial by4pectslwhile rural producers do not have all
of these three aforementioned advantages. Howepigr.farmer in rural sites have the
opportunity to obtain agricultural products suchcassava and maize at an affordable price.
The absence of profitable market is due to peoplaerty, suitable means of transformation
and the high costs of product transportation tosk@isa and its approximately eight millions

of potential customers. Taking actions in ordemike the pig rearing activity more efficient
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and sustainable requires the availability of dataite management in order to address the
major constraints laid on pig smallholders. Unfoetely, little information is available
regarding pig production in the Western part of DBC, wherefore this study aims at
characterizing and comparing smallholder pig prtidncsystems along a periurban - rural
gradient of the Kinshasa and the Bas-Congo provikoge specifically, this work focuses on
feed resources, feeding management, breeding sypteductivity and sanitary issues of pig

production systems by considering differences soueces and constraints on local scale.

3. Materials and methods

A survey was conducted in four periurban munictpedi of Kinshasa and in four rural
areas in the Bas-Congo Province. The four periunamicipalities were N'djili (N'djili),
Kimbanseke (Kimba), Mont-Ngafula (Mont), and N'séMsele) (4° 1919” S 15° 1916" E).
N'djili and Kimbanseke are located to the southedidgtinshasa, N'sele to the east and Mont-
Ngafula to southwest. These four municipalitiesezcan area of 11.4, 273.8, 358.9 and 273.8
kmz2, with 29123, 2495, 630 and 176 inhabitant pe? kespectively for N'djili, Kimbanseke,
Mont-Ngafula and N’'sele. Except for N'djili, thehet three sites are considered as periurban
municipalities characterized by intense agricultaed husbandry and related activities
including firewood exploitation and harvest of cpthars, nuts, exotic fruits, mushrooms,
raffia and palm wine, ferns and others (Biloso Mw/,e2008). N'djili is located more in the
middle of the city. However, the presence of aricagiural perimeter with lower population
density along the N'djili river favoured the instdion of numerous small pig farms. The four
rural areas that were surveyed in the Bas-Conguiftre are Kasangulu (Kasang : 4° 43 '24"
S, 15 °17' 23" E), Kisantu (Kisan: 5° 7' 25"1S; 5' 46" E), Mbanza-Ngungu (Mbanza: 5° 20'
23" S, 14° 50' 14" E) and Boma (Boma: 5 ° 46403 ° 6' 32"E). All eight sites were
selected because they are known for having a reglity of pig farms. They have almost the
same climate, characterised by a rainy seasongbt enonths from mid-September to mid-
May with a drop in rainfall between December antirtiary and a dry season of four months
extending from mid-May to mid-September. The averagnual temperature is 25 °C and the
relative humidity is 79% (Department of Land AffgirEnvironment, Nature Conservation,

Fisheries and Forestry, 1999).
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1. Survey organisation

The present study involved surveys and direct ¢@ sbservations from July 13 to
September 13 2010. Only smallholders showing oveyéars of experience in pig production
were considered. A total of 319 farmers were irieared, 40 smallholders in each site except
Kasangulu where only 39 farmers were interviewedal$holders were randomly selected on
the basis of a list obtained either from farmersoamtions or local authorities. Lists from
different sources were merged per surveyed sitefamders were continuously numbered.

Numbers were randomly drawn until the sample sias kgached.

Four agricultural engineers were trained for thevey before going on field. They were

trained to use spring scales. The questionnairepnadously been tested by surveyors in
farms located in the valley of the Funa (KinshaSdje results of this pre-survey are not
included in this paper. The questionnaire was amteired in a single pass. The technique of
data collection consisted of questions followedabdiscussion when needed for clarity in
relation to breed, names of plants and their ust the common causes of death. The
guestionnaire had six main sections including tieracterisation of the farm organisation and
household, breeding management and productivitarpeters, feed resources and feeding
strategies, housing conditions, health issues aatketing. Where farmers had their own
records of pigs’ weight, those data were used is $tudy. If not, when animals of both

categories considered for weight data (around wgaand around first mating) were present
on the farm at least three animals for each cayegere weighed by the farmer with spring

scales provided by the surveyors to serve as refer® estimate the weight of the others pigs.
The weight of an animal was accepted only whenesums and farmer’s estimations agreed.
If not, that animal was also weighed. Questionsamdigg feeding systems were open

guestions in order to allow the farmer to give egtodetails about his system.

2. Survey statistical analysis

Chi-squared analyses were used to test the indepeadf variable between survey sites
using SPSS. The MIXED procedure of SAS was perfdrinecompare means of quantitative
data between sites. Correspondence analysis of \##sSused to study the reconciliation

between the sites location and the ingredientsdelde pigs.
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4. Results

1. Family structure and organization people

The nucleus family was composed of 5.9 to 7.5 peapl average (Table 6). Pig
breeding was either a male (47%) or a family-rusitess (42 %). Few pig farms were under
the supervision of women (11 %). No effect of tbeation was found in terms of family
composition (P>0.05). However, workforces, mainarees of income and children's
participation in the activity were dependent on fbeation (P<0.001). In Kisantu and
Kasangulu the caretaking of pigs was performed sirarclusively by men who were the head
of the households, while in Mbanza-Ngunu the wifalaily was involved in this activity.
Family members were the major contributors to #venfworkforce, while hired workers were

on average present in 35 % of the farms.

Table 6. Family structure and farm organization of smallholder pig production systems in the
Western provinces of the Democratic Republic of the Congo (% of households) (n=40 per
site).

Kinshasa Bas-Congo Mean
N'sele Ndjili Kimba Mont Boma Mbanza Kasang Kisan percentage
Family size (x2,P=0.069)"
Lowest through 5 26 24 50 29 23 16 41 35 31
6 to10 64 71 47 66 73 76 42 60 62
More than 10 10 5 3 5 5 8 17 5 7
ﬁ;’ﬁ;z%ilfj'sze of 73 68 59 65 6.8 75 6.7 6.1
Workforces (x2, P=0.001)
Family 58 62 49 58 100 61 43 85 65
Hired workers 42 38 51 42 0 39 57 15 35
Rearing and feeding (x2,P<0.001)
Men 40 26 51 68 17 3 80 90 a7
Women 12 6 5 11 30 8 7 5 11
All Familly 46 68 44 21 53 89 13 5 42

'P: Chi-square tests, probability between sites

2. Level of specialisation

The level of specialisation of smallholders var({@k0.001) according to location and
province. Among them, some combined cropping armyd gebduction, others were merely
breeders while the majority had formal or inforraativities in addition to agriculture (Table

7). Nevertheless, pig breeding was the main soafréecome of most farmers, followed by
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cropping and other off-farm activities such as rarfal job (Table 2). The types of agricultural
crop were mostly vegetable crops and cassava (&%gpt in Boma (P<0.001) Farmers
(21 %) also owned other animal species, mainlygiaddus chicken (32 %), ducks (28 %),

goats (14 %) and sheep (8 %). Farms were oftenddasear water points (stream and pond).

Table 7. Farmer speciality and main source of income of smallholder pig production systems in
the Democratic Republic of Congo (% of households) (n=40 per site).

Kinshasa Bas-Congo

N'sele  N'djili Kimba Mont Boma Mbanza Kasang Kisan
Specialty (y2,P<0.001)"
Pig production 175 2.6 10.3 205 2.6 7.3 13.8 5.1
Pig production and cropping 20.0 53.8 51.3 9.1 10.3 14.6 10.3 23.1
Pig production, cropping and other
activities 62.5 43.6 38.4 70.4 871 781 75.9 71.8
Main source of income (x2,P=0.042)
Pig production 39.6 452 441 477 48.1 477 38.8 31.2
Cropping 20.9 36.9 355 26.1 8.6 12.8 16.5 28.6
Salary, petty trade and donation 39.5 17.9 20.4 26.2 433 39.5 447 40.2
Agricultural crops (x2,P<0.001)
Vegetables 88.0 96.7 100 95,5 33.3 100 82.4 59.5
Food crops 12.0 3.3 0 4.5 66.7 0 17.6 40.5

'P: Chi-square tests, probability between sites

3. Herd structure and characteristics

The average number of pigs per farm was 17.9+0.¢h#319 farms and varied from 12.4
in Boma to 25.4 in Kasangulu (Table 8). The avemagmber of sows, litter size and weaned
piglets was different between sites and varied fiaé to 4.6, 7.4 to 9.7 and 6.7 to 8.5,
respectively. Pre-weaning mortality rates variemr9.5 to 21.8 % between sites. The age of
the piglets at weaning ranged between 2.2 and 2sthm according to the site. Globally,
piglets were weaned on an average age of 2.5 mbatHzetween 1.5 and 2 months in 70 % of
the cases. At that stage, piglet's weight rangestaBb.9 and 11.7 kg. However, when post-
weaning feed was lacking, the breeder may keepetgigluckling for up to 4 months. First
mating occurred when the gilt was about 7.3 ton8ddiths old but male first mating depended
more on its weight rather than its age., Althoulgis parameter was not constant across the
different locations that were surveyed, reform ofvs was practiced early. Indeed, on
average,, 76% of the farmers reformed sows not then after the third parturition. Boars
were not kept for a long time either as they weld before they reached the age of 3 years of
use in 71.0 % of the farms (Table 9).

58



Table 8. Reproductive performance, birth and weaning litter size of 319 smallholder pig production systems in the Western provinces of the Democratic
Republic of the Congo (% of households) (n=40 per site).

Kinshasa Bas-Congo P values

N'sele  Ndiili Kimba Mont Boma Mbanza Kasang Kisan of sites

Mean Min Max S.E.M effect
Number of pigs per farm 145 14,7° 22,2 185®  12,4° 23,2 25,4° 12,7* 2,0 1020 0,86 <.001
Number of sows per farm 3,1% 3,9% 45° 4,0® 4,0® 4,6° 5,3° 2,6% 1 25 0,18 <.05
Number of boars per farm 0,5 0,7 0,9%° 0,7 1,1° 0,7 1,2° 0,6 0o 4 0,04 <.001
Gilt weight at first mating (kg) 50,3" 52,9  50,7° 52,1  43,6° 43,1° 56.2° 45,8 35 90 0,54 <.001
Gilt age at first mating (month) 7,3° 8,2% 8,1° 8,7° 7,8° 8,5° 7,3 8,9° 5 12 0.09 <.001
Boar weight at first mating (kg) 55,4 57,2 55,0 53,8 53,9 57,0 57,6 53,5 40 90 0.72  0.083
Boar age at first mating (month) 8,4%° 8,8° 9,1° 8,9° 8,8° 11,1° 7,5% 9,7 6 18 0,14 <.001
Piglets born alive per litter 8,0% 8,7° 8,6° 8,7° 7,42 9,6° 9,7° 7,6 4 12 0,11  <.001
Piglets weaned per litter 7,0° 7.4° 7.7% 6,8° 6,7 8,0° 8,5° 6,7 3 12 0,11  <.001
Age at weaning (month) 2,3% 2,2% 2,2% 2,2% 2,8° 2,3% 2,2% 2,4% 2 4 0,03 <.001
Weight at weaning (kg) 8,6° 7,9 8,6° 9,2° 8,0 9,9° 11,7° 8,1%" 4 15 0,15 <.001

"In a row, means followed by a different letter differ at a significance level of 0.05
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4. Breeds

It was difficult to identify the actual proportions the different breeds of pigs found in the
study area. According to the statements of thedemse it would be Large White, Piétrain,
local pork (large black), Landrace and hybrids t@sy from local breeds crossed with exotic
breeds. However, some animals considered as LatgeeWr Piétrain did not show all the
phenotypical characteristics of these breeds wdiiiers had offsprings with highly diversified
phenotypical characteristics (dress color, shapiefears and the profile of the back of the

animal). The most prevalent dress colors were whfietted black and black.

Table 9. Phenotypical characteristics of pigs of 319 smallholder pig production systems in the
Democratic Republic of Congo (% of response).

Kinshasa Bas-Congo

N’sele N'djili Kimba Mont Boma Mbanza Kasang Kisan
Dress color (x2,P<0.0001)"
White 629 57.6 587 57.8 84.4 65.6 50.9 61.6
Black 6.5 17.0 175 9.4 0.0 32.8 12.3 14.0
Spotted black 306 254 238 32.8 156 1.6 36.8 24.5

'P: Chi-square tests, probability between sites

5. Reproductive management

Breeding systems were very similar among smallhsld&hey can be assimilated to a
“breeder-fattener” structure. Farmers bred sows #&ir piglets until the fattening pigs

reached the expected slaughter weight. Howevery gwmetimes sold weaned piglets.
Sometimes sows and boars were never really refobuedold before they reached the end of
their reproductive career (Table 10). The numbdaohers who own at least one boar varied
from one location to the other (P<0.001). Nselpldiged to lowest rate of boar presence with
37% while Boma the highest (88%). In the other fioces, boars were present, in 62, 65, 57,
56, 74 and 59 % of the farms, for N'djili, Kimbakee Mont-Ngafula, Mbanza-Ngungu,

Kasangulu and Kisantu, respectively The other fasni®rrow boars to avoid maintenance
costs. Mating is then either paid in cash or byngj\a female piglet at weaning. Some farmers

do not charge friends or relatives for mating witair boar.
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Table 10. Reform of sows (number of parturition) and boars (number of years use) (% of
households) (n=40 per site).

Kinshasa Bas-Congo

N’sele N'djili Kimba Mont Boma Mbanza Kasang Kisan
Sows (parturition)(x2, P<0.001)"
1to2 8,6 24,3 12,9 18,2 30 50 7,4 23,1
3 68,6 59,5 54,8 51,5 57,5 47,5 44.4 56,4
4 14,3 10,8 9,7 18,2 10 0 22,2 15,4
5 8,6 54 22,6 12,1 25 2,5 25,9 51
Boars (years)(x?, P<0.001)
1 22.7 70.8 46.2 3,6 77,5 0 12,5 25,8
2 50.0 12.5 30.8 60,7 125 615 50,0 25,8
3 18.2 12.5 7.7 25,0 2,5 38,5 25,0 29,0
24 9.1 4.2 154 10,7 7,5 0,0 12,5 194

'P: Chi-square tests, probability between sites

6. Health issues

The main disease constraints mentioned by the faymweere African swine fever (ASF)
(95 %), swine erysipelas, diarrhoea, trypanosomiasdrm infections (Table 6) and to a lower
extent various diseases such as mange, ententiticercosis, colibacillosis, respiratory

disease, coccidiosis, paralysis, pneumonia andpoxal

Table 11. Main diseases reported by pig smallholders in the Democratic Republic of Congo (%
of farmer) (n=40 per site and per disease).

Kinshasa Bas-Congo

N'sele  N'djili Kimba Mont Boma Mbanza Kasang Kisan x?2, p!
ASF 71 100 100 95 92 100 100 100 <0.001
Swine erysipelas 55 65 73 18 78 95 91 8 <0.001
Trypanosomiasis 45 23 42 18 41 31 52 0 <0.001
Diarrhoea 58 23 37 39 54 49 12 3 <0.001
Worm infection 18 10 15 13 35 33 9 0 <0.001

'P: Chi-square tests, probability between sites

Globally, ASF was the most feared by almost 100%thef pig smallholders. The noted
diseases were identified by the farmer or by ariretgan according to the symptoms, seldom
by sample analysis in a laboratory. The majoritfasfers (74%) never called a veterinarian
and there was no site difference (P=0.099). Extmpthe Mont-Ngafula site, most of those
who did not call a veterinarian, practice self-nogtk while the remaining did not take any

action because of a lack of financial resourcese Tise of vaccine depended on the
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investigated site (Table 7). Some farmers declevdthve vaccinated their herd against swine
erysipelas (43%). Moreover, some farmers declanatl they had vaccinated their animals
against ASF (53%) and trypanosomiasis (45%) whileodir knowledge no vaccine exists

against any of these two diseases.

Table 12. Type of vaccine administered to pigs in the Democratic Republic of Congo (% of
response).

Kinshasa Bas-Congo
N'sele  N'djili Kimba Mont Boma Mbanza Kasang Kisan
(x2, P<0.001)"
Trypanosomiasis 64 17 60 16 7 21 23 14
Swine erysipelas 8 34 31 24 7 29 38 43
ASF 20 48 6 16 86 46 39 14
Other 8 0 2 44 0 4 0 29

'P: Chi-square tests, probability between sites

7. Housing system

Permanent housing was practiced among all site8.823 with very little free-roaming pigs

that were found in Kasangulu and Kisantu (TableR&ur types of materials used to build
walls were identified: (i) concrete, (i) burnt-bki (iif) mud-brick and (iv) wood and showed
significant differences between sites (P<0.001).rable materials (cement bricks and
corrugated galvanized iron) were used in almostrdén sites (Kinshasa) while Mud bricks or
wood and straw were used in rural sites (Bas-Cofigable 8). All the farmers used almost

the same housing management and had separatetinfgtad maternity pens.

Table 13. Pigsties building material and feeding equipment in the Democratic Republic of
Congo (n=40 per site).

Kinshasa Bas-Congo

N’'sele N'djili Kimba Mont Boma Mbanza Kasang Kisan

Housing (x2,P=0.31)"

Permanent 100 100 100 100 100 100 97 95
Periodic 0 0 0 0 0 0 3 5
Building material (x2,P<0.001)

Durable 8 90 80 85 38 67 7 15
Semi-durable 3 5 2 10 56 5 93 85
Wood and straw 90 5 17 5 5 29 0 0
Feeding equipment (x2,P <0.001)

Feeders 69 33 41 61 77 44 17 34
Drinkers 90 95 95 90 80 68 100 94

'P: Chi-square tests, probability between sites
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There were site differences in presence of feedads drinkers in pigsties. Feeders were
present in only 47 % of the farms and drinkers 998 Materials used as feeders/drinkers
were plastic basin, open plastic containers platesh open wooden box or in large aluminum
pot. Pigs‘drinking water depends on location ancheaither from tap water, wells, rivers or
from springs (Table 9).

Table 14. Origin of drinking water in 319 Congolese pig production systems.

Kinshasa Bas-Congo

N’sele N’djili Kimba Mont Boma Mbanza Kasang Kisan
Origin of water (x2,P <0.001)"
Tap water 10 24 0 12 82 12 9 89
Rivers 51 5 16 26 0 73 31
Wells 18 63 76 26 18 2 3
Springs 21 8 8 37 0 12 57

'P: Chi-square tests, probability between sites

8. Feeding system

Correspondence analysis revealed that the varimredients used in pig feed depended on
location (Figure 1). Dimension 1 contrasted agahstrial by-products with cassava.

Dimension 2 did not provide enough information hesathe feed ingredients they tend to
contrast are poorly used. The approximation of Boonarban sites was due the use of palm
kernel cakes and brewers grains. Kimbanseke wéataesbfrom the other urban sites due to

the high frequency of use of rice and corn bran.

Dimension 2 (21.3%)

] Legend

+Agncu|tural byproducts A: N'sele

. B: N'djili

Pcf"iemrﬁl%k +Prote:ngyproducts C: Kimbanseke
alm keme! cakeg H D: Mont-Ngafula
o Forages .
0 -Brewer grain ¢ p:» bt E: Kasangulu
+po Corn Wheat bran F: Kisantu

+Rice corn bran

CO

Cassava
+

4Bakery waste

0 1 2
Dimension 1 (50.17%)

G: Mbanza-Ngungu
H: Boma

Figure 1 Reconciliation between sites in terms oééd ingredients

in Congolese pig production systems
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Ingredients used in pig diets varied with the lamai{Table 10) and only 4% of farmers used
commercial concentrate. Forage plants were fekdagigs by almost all the farmers among all
sites, with exception of Mont-Ngafula and Kasanguhere only up to 2/3 of the farmers used

forages to fed the animals (P = 0.035).

Table 15. Percentage of response for the use of feed ingredients by pig producing farmers in
Congo.

Kinshasa Bas-Congo

N’'sele N'djili Kimba Mont Boma Mbanza Kasang Kisan x?2, P
Wheat bran 100 87 85 93 9 88 82 92 <0.001
Palm kernel cake 95 87 75 64 94 10 91 79 <0.001
Brewers grain 63 82 78 66 57 5 42 5 <0.001
Corn 54 85 40 27 3 29 36 26 <0.001
Rice and corn bran 29 18 65 39 0 0 21 5 <0.001
Cassava 2 0 0 2 3 88 3 13 <0.001
Bakery waste 2 15 65 16 0 0 0 0 <0.001
Protein by-products? 12 26 0 7 3 2 12 16 <0.001
Agricultural by-products? 2 5 0 9 0 5 0 37 <0.001
Commercial feed 7 0 0 7 0 0 21 0 <0.001
Forage plants 95 95 95 67,5 100 100 62,5 97,5 0.035

'P: Chi-square tests, probability between sites

2Protein by-products include fish meal and fresh gills, caterpillar meal, and okara.

3Agricultural by-product include corn bran, cassava and sweet potato peelings and flour by-products,
palm kernels, and wheat bran

Forty-three plant species were mentioned duringtimeey among which 33 could be formally
identified. The most cited were vegetable crop kpdpcts as well adlanihot esculenta
leaves, Ipomoea batatadeaves, Eichornia crassipes Psophocarpus scanden®ueraria

phaseoloidesBoerhavia diffusaMusaspp. leaves an@arica papaydeaves (Table 16). The

used plant species varied among the study sites.
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Table 16. Plant species and plant parts that were used by 319 Congolese farmers to fed pigs (% of response).

Kinshasa Bas-Congo X2, P?
Plant part N’sele N’djili Kimba Mont Boma Mbanza Kasang Kisan
Manihot esculenta Leaves 13 5 8 10 75 90 41 26 <0.001
Ipomoea batatas Aerial parts 13 30 18 23 15 85 27 16 <0.001
Vegetables1 Leaves and roots 5 57 47 20 13 10 41 95 <0.001
Eichornia crassipes Whole plant 56 38 53 13 10 0 5 <0.001
Psophocarpus scandens Aerial parts 36 32 18 20 55 0 <0.001
Pueraria phaseoloides Aerial parts 0 0 3 20 3 78 5 21 <0.001
Boerhavia diffusa Aerial parts 8 3 11 7 68 0 9 3 <0.001
Musa spp Leaves 3 11 5 10 35 9 13 <0.001
Carica papaya Leaves and fruits 15 8 8 13 20 5 13 <0.001

Lunfit for human consumption or unsold;
’p; Chi-square tests, probability between sites for the same plant species
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9. Marketing

There was no difference in origin of starting arlirmtbcks between sites. In general,
animals were purchased in the neighbourhood frdraramallholders (97%) without breeding
selection, seldom in industrial pig farms (2.5%)religious congregations (0.5%). The two
latter generally raise improved European pig breddrished pigs were sold alive or
slaughtered directly for the end consumers. Thaagee selling price depended on site
(P<0.0001) and ranged from 24102 USD in Boma to 4.3#24.0 USD in Kasangulu per kg
live weight and from 3.00.1 USD/kg in Boma to 4.9®.8 USD/kg in Mont-Ngafula for
pork (Table 17).

Table 17. Average selling price of live animal and pork on eight study sites in the Democratic
Republic of Congo ($ USD/kg).

Kinshasa Bas-Congo

N'sele’ N’djili Kimba Mont Boma Mbanza Kasang Kisan
Live 3.24°
animal #1.1 3.28° 0.9 3.00°#0.7 3.91#1.1 2.00%°20.2 2.17°#0.9 4.12+#1.0 218 #.1
Pork  3.75% 435 4.50°

0.8 428" 08 #1.1 4.96° 0.8 3.00% 0.1 3.39% 406 #1.1 3.39% 0.9

values within row with differing superscript letters are significantly different

Pigs were slaughtered, sold and consumed mainlygfeat feasts such as New Year,
Christmas or Wedding parties (45%) or when an ueetgal need of money occured (20 %).
Some breeders (20%) consumed only the fifth qudltewels, liver, kidney, lung, stomach

sometimes the head) of the slaughtered animalsewthi@ best pieces were sold for cash

income.

5. Discussion

The purpose of this study was to understand whethdrhow smallholder pig production
systems varied in management and feeding strategigeriurban and rural areas in the
Western provinces of the Democratic Republic of giorAlthough the four periurban sites

were quite similar across all investigated variapleo specific variable could be found that
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discriminated the four periurban sites from therfarban sites due to strong differences within

the four rural locations.

Regardless of the location, all family members ethya role in the pig raising activity.
Nonetheless, women were usually kept away fromdgidy activities which differed from
results of surveys conducted in Kenya (Kagiral, 2010), where women were shown to play
a bigger part in pig raising activities. The lowrgapation of women however agreed with
data collected in Botswana (Nsosbal, 2006). The implication of the family workforcetan
pig breeding can contribute positively to a redutin production cost and improve livelihood

and hence shows the importance of this activitg asurce of family income

The average herd size was higher (18 individudlah twhat has been reported in Northeast
India (Kumaresan et al., 2009a) and in most dewedpmountries, e.g. herd size of six
indivuals in Vietnam (Lemke et al., 2007), thrediwduals in Nigeria (Ajaleet al, 2007) or
approximately 4 individuals per herd in western YeeriKagiraet al, 2010). This herd size
can be considered as indication of market oriemtatsites in the outskirts of the metropolis of
Kinshasa had a herd of swine of greater size thasetin rural areas. Kasangulu is in Bas-
Congo closest to Kinshasa. This position justifieel large size of livestock and high price of
livestock products. The large average herd siZzdhianza-Ngungu is probably related to the
fact that it is located far from fishing sites @sposed to Boma) and the low cost imports of
Kinshasa which forces the population to raise tlwsin pigs to be supplied with animal
protein sources. Pig production received less tidterin Boma because of supply of Congo
River fish. The productive outputs in Kasangulu higher than in most of the other sites,
especially regarding weaning weight and the nundidoorn and weaned piglets per litter
(Table 8). Kansangulu is located quite close tosKasa (approx. 50 km) which with its 8
million inhabitants represents a huge market. Fami&nsangulu still benefit from low costs
of transportation for both pig products and feed agro-industrial by-products for feeding
pigs. Farmers are more prone to increase prodtycthy, among others, feeding more
concentrate and agro-industrial by products (Tddg and hire skilled workers (Table 6).
Moreover, farmers in Kansangulu do not suffer frenvironmental constraints as the farms
located in more densely populated periurban muaiities. Herd size is also likely to be
related to availability of land (Katongok al, 2012). This explains why bigger herds were
observed in the rural location close to Kinshasas@gulu) than in the periurban areas of
Kinshasa. In the studied system, the majority & tarmers were breeding sows for the
production of piglets. They fatten their offspriagd sometimes additional piglets are bought

from other pig smallholders. A weakness of thistesysis that a large number of farmers do
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not have their own boars which may lead to inbmgdKagiraet al, 2010; Lemkeet al,
2007). Mating fees practices, charging or by sutimgita female piglet at weaning, is similar
to what has been observed in other smallholdeesystLafiadat al, 2005; Mutuaet al,
2011).

Weaning occured late compared to what was obsevithchative pigs in Kenya (Mutuat al,,
2011) and Creole piglets in Guadeloupe (Gourdeteal, 2006) but coincided with
observations from free-range systems in westerry&éidagiraet al, 2010). The weaning age
was more determined by the health of the piglet$ te sow as well as the quality and
availability of feed rather than by managerial dem based on age or weight of the litter. Late
weaning age was probably related to insufficientl ambalanced diet and resulted in a
reduction in the numbers of litters per years. @rgribution of unbalanced diets to pigs is
known for causing a decrease in animal performai€emaresan et al., 2009b). Because of
these probably unbalanced diets weaning weightlevasalthough piglets were weaned quite
late and some of the surveyed pigs were hybridsipfoved breeds which performances were

expected to be better than those of local pigs.

The average number of pigs born alive was congistéth what was observed in other
developing countries for native breeds (Muaiaal, 2011; Ocampet al, 2005 ) but lower
than that for improved breeds raised on well badndiets in open-air stables in the tropics
(Suriyasomboort al, 2006; Tantasuparukt al, 2000). The small litter size can be attributed
to poor diets and inbreeding because inbreedingtivedy affects litter size (Toro et al.,
1988), birth weight (Brandt et al., 2002) daily maind final weight (Fernandez et al., 2002).
Inbreeding also stems from the fact that pig fagrstarted generally this activity with poor
breeders purchased from neighbors without breesitection. In addition, farmers reformed
sows early (after three parities) which reducedpibssibility of having large litter sizes since
it is known that litter size is usually smallerthre first parity and rises to a maximum between
the third and fifth litter (Koketsu & Dial, 1998 ummaruket al, 2001).

All the diseases mentioned by the farmers in thiveyy were also reported in African free-
range pig systems (Ajakt al, 2007; Kagireet al, 2010). The greatest health risks associated
with pig farming in this region are ASF and cystasis (Praegt al, 2010), although in our
study, cysticercosis was neither mentioned by tbagGlese pig farmers nor by the area’s
veterinaries, probably because it has no overtadesspecific manifestations (Praett al,
2010) and its prevalence is higher in free-roamang scavenging pig systems. ASF causes
major economic losses, threatens food security lamits pig production in affected areas

(Costardet al, 2009; Fasinat al, 2011). It spreads quickly among smallholderssieveral
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reasons: transfer of animals from one farm to asrothithout quarantine, moving boars for
mating, buying feed to retailers who own livestdls&mselves, and closeness between farms.
The current study also put in evidence that farnaeesoften misinformed or misadvised over

the effectiveness of some veterinary treatmentsvandines.

Pig trypanosomiasis as zoonosis deserves a spteiation to avoid circulation of this disease
between humans, pigs and tsetse flieggpanosoma brucei gambieng@s identified in tsetse
fly with a blood meal from a pig in Kinshasa. Indétn, pigsties occurred to be the most
favorable biotope for tsetse flies (Sired al, 2006a and 2006b). Poor hygienic conditions
make pigs less productive and more susceptiblaswades (Renaudeau, 2009). Absence of
feeders and subsequent distribution of feeds orfltloe lead likely to contaminations and

increase the incidence of worm infection.

The results of the current study showed that theals were mainly given agro-industrials
and agricultural by-products and plants even whberdeed ingredients more energetic such
as corn, cassava and potato tubers were availalge, ingredients used in pig diets varied
with location (Table 15) depending on local avdllaes and what potential customers were
willing to pay. Unlike other sites, pig breederstioé rural Kasangulu area seemed to use the
same pig feeds as the farmer in urban sites. Bigwesins were used near breweries which
were located in Kinshasa and Boma and were usedahunore pig farmers in Kinshasa than
by those farmers in Kasangulu and Boma and rargljabmers in Kisantu and Mbanza-
Ngungu. For the same reasons, also forage plames legs used in Kasangulu than in other
sites. Palm cakes were less used in Mbanza-Ngurahalply due to the high transport cost
because this site is located at 150 km from Kinsleasl 370 km from Boma were oil cakes
were pressed. Cassava is the main source of enseglyin Mbanza Ngungu probably because
of its affordability due to its availability. Mostf these feed ingredients are low in protein. The
use of corn to feed pigs was considered as a vedsteoney by rural pig farmers as they
considered that they earn more money by sellinggthe directly than using it to feed their
pigs. Instead of using corn, cassava or potatorsulbleey used fiber-rich ingredients such as
wheat bran, palm kernel cake, brewers’ grains antglto feed the animals. They used those
ingredients regardless of the nutrients that theyige. The majority of farmers producing pig
and crops were even not able to cover househadlgsidiciency with their crop production.
Their exceeding crop products were rather a soofé¢acome than used as feed ingredients.
They preferred to use plants as feed ingrediergge@a. This choice not to divert food
resources such as corn that could be eaten bathi¢gyfor sold on the market to feed pigs was

a consequence of a least developed country pradu@nvironment where humans and
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animals are in direct competition for grains. Cabkassava leaves were more frequently used
in rural sites than Kinshasa because in the capitalof DRC, there is a high demand for
cassava leaves to prepare the traditional diskeaptbndy and hence only few leaves were
available for pigs. Sweet potato leaves were mgealin Mbanza Ngungu where there is a
large production of potato tubetSichornia crassipess fed to pigs in Kinshasa close to the
places where it can be found floating on rivers padds.Psophocarpus scandeasprotein-
rich legume (Bindelle et al., 2009) is offered tgsin Kinshasa and in Boma only. The
system of raising pigs on locally available researbas been already reported in Northeast
India (Kumaresaret al, 2009a) and in North Vietnam (Lemlet al, 2006). However, the
choice of plant as feed for pigs was not motivdigdheir palatability or nutritional value, but
rather by their availability. The lack of informati on the chemical composition and the role
of each nutrient on pig growth is an obstacle tonidate balanced diet for weaned piglets, and
gestating and lactating sows which have highestiamit requirements. Determining the
chemical composition and nutritive value would walldarmers to select plants that are
nutrient-dense, palatable, digestible and capdtte@ring the requirements of the animals to

obtain a good growth from their pigs.

A large proportion of the Congolese smallholder prgduction were market directed, as
already mentioned for other African areas (Ajataal, 2007; Kagiraet al, 2010), aiming,
first, to provide cash to the family. Supporting tfamily’s consumption of animal products
came only in the second position. This lies in casttwith Asian areas where pigs are less
market oriented but fulfil functions related to sms and household consumption (Kumaresan
et al, 2009a; Lemket al, 2006).

Although no general differences were observed batvibe four rural and the four periurban
sites, it can be concluded that pig husbandry dégpem the local environment as strong
differences were observed between rural sitesicpaatly in terms of workforces, herd
structure and characteristics, production pararsefeg building materials, selling price and
especially in feed resources. Farmers used seaeeahative feed ingredients to fed pigs such
as agro-industrial by-products as long as the itmgugas not located too far away and the cost
of transportation could be coped with thanks tdipgg selling prices. Any further actions to
improve pig production in Congolese pig productgystems should consider differences in
system’‘s resources and constraints. Such actionsldstbe articulated around three major
pillars that were identified in this survey as thest critical: (1) a reduction in inbreeding, (2)
an improvement in biosafety to reduce the incidesfcafrican swine fever and the spread of

other diseases, and (3) an improvement in feediactipes. The first two aims can be reached
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by training pig producing farmers, while an improant in pig diets quality requires further
research on the nutritional value of different fems$ources and plant materials locally

available, especially those rich in protein.
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Measuring the nutritive value on all forage spedsntified during the survey
(Chapter 2) usingn vivomodels would have been tedious, expensive anddonsuming and
useless for the less interesting species. Thusjegeled to use a funnel approach by starting
with the screening of the nutritive value of theafige species the most commonly used by
smallholders farmers in Western DRC. The most psorgi species then were properly
assessed in an vivo model. The result of chemical screening anditro digestibility have
shown that among thiorage plantsA. hybridus, |. batatas, M. esculenta, M. oleifeRy,
scandensandV. unguiculatacombine several interesting nutritive traits inchgdmoderate to
high IVDMD, IVED, DCP, R,, SCFA, Ca and low NDF contents. They represergryially
useful sourcesf proteins and minerals that might be used atdost to improve pig feeding,
mineral intake and intestinal health. Grasses disasé. mangiumE. crassipegindC. cajan

should be discouraged in pig diet becausd# their low nutritive value.
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1. Abstract

The nutritive value of 20 forage plants commonlgdigor feeding pigs in the Democratic
Republic of the Congo was studied to determine atentomposition, protein amino acid
profiles, mineral content, anid vitro digestibility using a two-steps method combining a
enzymatic pepsin and pancreatin hydrolysis folloiyda 72h gas-test fermentation. The
highest protein contents (270-320 g/kg DM) were aotegd for Vignaunguiculata,
Psophocarpus scandens, Leucaena leucocephala, Btagdbulentaand Moringa oleifera
GrassesAcacia mangiumand Eichhornia crassipesshowed the lowest crude protein (CP)
and highest NDF content€ajanus cajanand Trypsacum andersonhad the most balanced
amino acid profile, being deficient in Lysine antigistly deficient in Histidine, while
Megathyrsus maximudisplayed the highest number of essential amindsadeficiencies.
High mineral contents were obtained from, in ascendrder, withMoringa oleifera, Vigna
unguiculata, Eichhornia crassipes, Ipomea batasasl Amaranthus hybridusn vitro dry
matter digestibility ranged from 0.25 to 0.52, itre@ CP digestibility from 0.23 to 0.80, in
vitro energy digestibility from 0.23 to 0.524. esculentaM. oleifera, |. batatas, Mucuna
pruriens, V. unguiculata, P. scandens and A. hylwishowed high digestibilities for all
nutrients. Gas production during fermentation oé tpepsin and pancreatin-indigestible
fraction of the plants varied from 42 ml/g DM fAr mangiunto 202 ml/g DM forl. batatas
(P<0.001). Short-chain fatty acid production duriagnentation varied from 157 to 405 mg/g
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of the pepsin and pancreatin indigestible fractlbis concluded that some of these species are
interesting sources of proteins and minerals wigoad digestibility that might be used more
economically than concentrate, especially in snoédier production systems, to improve pig

feeding, mineral intake and intestinal health igspieared in the tropics.

Keywords: Fermentation, Forage, Nutritive value, Pigs, $hbain fatty acids

2. Introduction

In the tropics, pig production is only tolerategbi§s do not compete with humans for food
(Leterme et al., 2006), especially in developingirddes where monogastrics are in direct
competition with humans for the resources requicegroduce concentrate feed. Because of
the high and volatile prices of the latter (BraR@07; FAO, 2012), smallholders often replace
the cereals and oilseed by-products in pig feedth vérge amounts of cheap and
unconventional fibre-rich ingredients such as cregidues, agro-industrial by-products, and
grass and legume forage collected in the foregt €allow fields near pigsties (Kumaresan et
al., 2009; Phengsavanh et al., 2010). A recentesurgalised in the Kinshasa and the Bas-
Congo Provinces of the Democratic Republic of thengd (DRC) (Kambashi et al.,
submitted) confirmed that less than 2% of the fasmese commercial feeds and the most
abundant cereal resource, namely corn, is used mgjgedient in pig feed on less than 10% of
the farms. Although the growth performances of deréed pigs is often lower than that of
concentrate-fed and is negatively correlated witte tinclusion rate of the forages
(Phengsavanh and Lindberg, 2013; Régnier et al32@armers in Western DRC do not feed
crop grains to their pigs because they consider waste of crops even in mixed farming

systems producing both pigs and crops.

The use of forage resources as pig feeds does dewaral drawbacks including low
digestibility of forage owing to their high contemt fibre, the presence of anti-nutritive
compounds and the lack of suitable conservatiomoast However, compared to cereals, they
have distinct advantages justifying their use hynfrs: low cost, non-competitiveness with
human food, high levels of protein, minerals artdmins (reviewed by Martens et al., 2012).
As feed is the most critical expense in pig reaaotvity, it can be profitable to substitute a
significant part of a concentrate-based diet witins forage ingredients (Kaensombath et al.,

2013b). Unfortunately, the lack of information dmetnutritive value of most of the forage
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resources used in tropical areas in general an@éastern DRC specifically can lead to
unbalanced diets, low pigs growth and reproducti@nformances, low incomes for the
farmers and less locally produced animal proteailalle on the market. The aim of this work
is to assess using amvitro model of the pigs gastro-intestinal tract, theritive value of the

forage species the most commonly used by smallhdédmers in Western DRC in order to
provide information that could guide them in theicle of forage resources for improved pig

performances.

3. Materials and methods

1. Plant material

Samples of 20 forage species used as pig feedrimefa in the Kinshasa and Bas-
Congo Provinces of the DRC and identified as thatngommonly used during a survey of
319 pig smallholders (Kambashi et al. submitted)engathered from the smallholders’ farms
(Table 6). For each species, 4 independent samydes collected on different farms. All
forage samples were harvested during the vegetgtiovasth phase before flowering and,
depending on the species, whole plants or onlyeleawere sampled according to the farmers’

common practices.

2. In vitro digestion and fermentation

Forage samples were oven-dried at 60°C and grounmags through a 1 mm mesh
screen in a Cyclotec 1093 Sample Mill (FOSS Elec&S, Hilleroed, Denmark). The
digestibility of their nutrients was assessed usiregn vitro model developed by Bindelle et
al. (2007a). Briefly, this method simulates theeditipn in the pig gastro-intestinal tract in two
steps. The stomach and small intestinal digestienn@micked by an enzymatic hydrolysis
with porcine pepsin (2h, 39°C, pH 2) and porcinagpeatin (4h, 39°C, pH 6.8), respectively.
The indigestible residue recovered by filtrationotigh a nylon cloth (42 um), after washing
with ethanol and acetone, is subsequently fermemigd faecal bacteria of sows in a
carbonate-based buffer (72h, 39°C, pH 6.8) to siteuthe fermentation processes occurring in
the large intestine. The volume of gas produceihduiermentation was modelled according
to Groot et al. (1996). Four parameters descriltivegfermentation kinetics were calculated:
final gas volume (A, ml g/DM)), mid-fermentationnte (B, h), maximum rate of gas

production (R, ml g/DM) and time at which the maximum rate of gasduction is reached
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(tRw, h). Fermentation broth collected after 72 h wagrdeged at 13 000 g for 15 min and the
supernatants were sampled and frozen at -18°C fumtiter short-chain fatty acid (SCFA)

analysis.

For each of the 4 samples of each forage speagidsyligsis was performed between 4
to 6 times on 2-g samples to yield sufficient antsunf indigestible residues for the
subsequent analyses and fermentation. In vitrodatation was performed in quadruplicate

on the pooled residues of each initial forage sempl

3. Chemical analysis

Forage ingredients and hydrolysis residues poojefdtage sample (N=4 per species)
were analysed for their content in dry matter (D) drying at 105°C for 24 h (method
967.03; AOAC, 1990), ash by burning at 550°C fan 8method 923.03; AOAC, 1990), N
according to the Kjeldahl method and calculating tihude protein (CP) content (N x 6.25;
method 981.10; AOAC, 1990), and gross energy bynsiex an adiabatic oxygen bomb
calorimeter (1241 Adiabatic Calorimeter, PARR lgstent Co., lllinois, USA). Forage
ingredients were also analysed for their conterdtiver extract (EE) with the Soxhlet method
by using diethyl ether (method 920.29; AOAC, 1990)neutral detergent fibre (NDF) using
thermostable amylase (Termamyl®, Novo Nordisk, Bagsl, Denmark) and corrected for
ash, in acid detergent fibre (ADF) corrected fdr,as acid detergent lignin (ADL) according
to Van Soest et al. (1991) using an ANKOM-Fiber kmar (ANKOM-Technology, Fairport,
NY), and in total amino acids (excluding methioniogsteine and tryptophan) by HPLC after
hydrolysis with a mixture of 6 mol HCl/l containin g phenol/l at 110°C for 24 h and
derivatization with AccQ-Fluor reagent Kit. DL-2-&mbutyric acid was used as internal
standard. Ca, P, Mg, K, CI, S, Se, Ni, Na, Fe, Mn,and Zn contents of one sample per plant
(N=1 per species) were analysed by atomic absorgfiectrophotometry using a PerkinElmer
AAS-800 (Wellesley, MA, USA).

The supernatants of the fermentation broth wertysed for SCFA contents after 72 h
of fermentation with a Waters 2690 HPLC system @&gtMilford, MA, USA) fitted with an
HPX 87H column (Bio-Rad, Hercules, CA, USA) comlansith an UV detector (210 nm,
Waters, Milford, MA, USA).
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4. Calculation and statistical analyses

The in vitro dry matter digestibility (IVDMD), crude protein ghstibility (IVCPD)
and gross energy digestibility (IVED) during theppm and pancreatin hydrolysis were
calculated as follows: IVDMD = (X-Y)/X; where X ithe weight of the sample before

hydrolysis and Y the weight of the residue ; geh =1 Y <@~ IVDMD) \where X is the
X

nutrient content (CP, energy) in the sample befiydrolysis and Y the nutrient content in the
residue after hydrolysis.

Potential contribution of fermentation in the laiggestine to metabolic energy supply
through SCFA was calculated according to Gaedekeah €1989) by multiplying the energy
value of each SCFA (acetate 14.56 kJ/g, propio2atél kJ/g, and butyrate 24.78 kJ/g)
(Livesey and Elia, 1995) by the SCFA productioniniyithe fermentation of the hydrolysed

forage ingredients.

Statistical analyses were performed by means ofamalysis of variance and a
classification of means by the Least Significanfféence method using the MIXED
procedure of the SAS 8.02 software (SAS inc., Chi@, USA). Correlation was calculated
according to the PROC CORR procedure of the SAS@&tivare (SAS inc., Cary, NC, USA).
For all the analyses, the individual forage samyds considered as the experimental unit and

the species was the effect that was tested (N = 4).

4. Results

1. Chemical composition

Crude protein contents of the forage species rafrged 88 to 324 g/kM and NDF
content ranged from 279 to 688 glklyl (Table 18). The lowest CP values (88 to 147 g kg
DM) and the highest NDF contents (554 to 688 @/kf) were found in grasse#( maximus,
P. purpureum, S. officinarum, U. ruziziensis, Tdensoni) and Eichhornia crassipesin
contrast, the dicotyledons such As hybridus, I. batatas, M. pruriens/. unguiculata,

P. scandens, L. Leucocephala, M. esculemdM. oleiferashowed CP contents ranged from
225 to 326 g/kdpM and NDF content ranged from 208 to 395 g/kg DM.
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Table 18. Chemical composition (g/kg DM) and gross energy (MJ/kg DM) content of the forages (N = 4)

Species Family Name Plant parts om' cP® GFE° aNDFom® ADFom® ADL(sa)® EE’
Acacia mangium Fabaceae Lack wattle leaves 970" 177%9 21.7° 505" 344%™ 1767 46.2>
Amaranthus hybridus spp Amaranthaceae Smooth pigweed whole plant 839" 2259 151" 373° 208" 22° 21.3"
Cajanus cajan Fabaceae Pigeon pea whole plant 951%  217% 225° 545" 362%  176° 60.6%
Calopogonium muconoides ~ Fabaceae wild ground nut whole plant 914°"%  179°9¢ 196" 489 357 70 42.0°°
Centrosema pubescens Fabaceae Centro whole plant 936" 216% 19.8% 543" 381° 95" 31.3%"
Eichhornia crassipes Pontederiaceae,  Water hyacinth whole plant 917%°? 138" 16.1" 574° 316 31" 20.5'
Ipomoea batatas Convolvulaceae  Sweet potato whole plant 899" 2259 17.6" 389° 334% 99" 37.4°°°9"
Leucaena leucocephala Fabaceae Leucena leaves 9279 279% 205" 394° 213° 96"  49.7™
Manihot esculenta Euphorbiaceae Cassava leaves 926°°Y  280% 21.3% 313" 225 86" 68.0°
Megathyrsus maximus Poaceae Guinea grass whole plant 955%° 147" 18.8% 688° 397° 47 21.9%"
Moringa oleifera Moringaceae Moringa leaves 888° 3247 19.4°° 279° 183° 31" 70.0%
Mucuna pruriens Fabaceae Velvet bean whole plant 933°%"  228% 19.1% 499" 395° 109" 40.0°
Pennisetum purpureum Poaceae Elephant grass whole plant 908 110" 17.4° 674° 363" 43°°  21.8"
Psophocarpus scandens Fabaceae African winged-bean whole plant 9417 277° 191 540" 345% 97" 28
Pueraria phaseoloides Fabaceae Tropical kudzu whole plant 941%"°%  180°9 194 519 385° 85"  31.9%"
Saccharum officinarum Poaceae Sugarcane leaves 977° gg' 18.8" 685" 389° 48°° 232"
Stylosanthes guianensis Fabaceae Common stylo whole plant 920%°"%  194%" 18.2°9 559" 396° 77°%°  30.4%9"
Trypsacum andersonii Poaceae Guatemala grass whole plant 935”" 104" 18.9% 678° 372% 46°° 224"
Urochloa ruziziensis Poaceae Ruzi grass whole plant 937%" 101" 18.4% 672° 358 31" 20.8"
Vigna unguiculata Fabaceae Cowpea whole plant 908 272" 18.6%" 422 302" 60"  38.2°
SEM® 4.46 8.34 0.21 15.26 9.27 5.55 211

P values <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

'OM, organic matter

2cP, crude protein (N x 6.25)°GE, gross energy

“aNDFom, neutral detergent fibre using thermostable amylase and corrected for ash content
5ADFom, acid detergent fibre corrected for ash content

6ADL(sa), acid detergent lignin

'EE, ether extract

®For one column, means followed by different letters differ (P<0.05)
QSEM, standard error of the means
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The AA profile differed between forages kalt species were highly deficient in Lysine, with
values ranging between 3.08 and 4.76 g/16g N agaét®@mmendations of 7.14 g/16g N
(NRC, 2012), with grasses being the most deficifiifie legumeC. cajan and more
surprisingly the gras$. andersoniihad the most balanced protein profile being defitcin
Lysine (4,76 and 3.04 g/16g N, respectively) amghdlly deficient in Histidine (2.23 and 1.83
0/16g N, respectively). ConverseM, maximusappeared to have the most unbalanced protein
profile. In terms of total amount of total AA per gram ofof@in, the lowest value were
obtained withC. pubescens M. pruriens, M. maximuand P. scandeng59 to 63 gl6g N
while the highest values were found@n cajan, M. esculenta and, V. unguicul§?& to 80

09/16g N.

2. In vitro digestibility and fermentation

IVDMD ranged from 0.25 to 0.53, depending on thecsgs (P<0.001), while IVCPD
ranged from 0.23 to 0.81(P<0.001) and that of en¢fgED) ranged from 0.23 to 0.52
(P<0.001) (Table 19M. esculentaM. oleifera, |. batatas, C. muconoides, V. ungutal P.
scandenandA. hybridushad the highest IVDMD, IVED and IVCPD values. Altigh it had
a low IVDMD of 0.40,P. phaseoloidescored among the highest for IVCPD with 0.75. Gas
production kinetics of the fibre-rich residues nem@d after the pepsin and pancreatin
hydrolysis showed that different forage speciesehdifferent fermentabilities. Final gas
production (A) varied from 42 ml/g DM foA. mangiumto 202 ml/PM for |. batatas
(P<0.001).
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Table 19. In vitro dry matter (IVDMD), energy (IVED) and crude protein (IVCPD) digestibility during pepsin-pancreatin hydrolysis and kinetic parameters
of the gas production curves modelled according to Groot et al. (1996) for the hydrolysed forages incubated with pigs faeces (N = 4).

Scientific name IVDMD  IVED  IVCPD DP Hydrolysed DE'  Total DE? A Ry’ Ry

(=) (=) (=) g /kg DM MJ /kg DM MJ /kg DM (ml/g DM) (ml/h per g DM) (h)
Acacia mangium 0.31" 026"  0.23 40" 5.7% 7.6%" 42" 1.5' 11.6¢
Amaranthus hybridus 0.53° 0.47%  0.78° 176 7.1% 10.2°% 196 14.7° 10.2%
Cajanus cajan 0.33°¢ 0.32°9  0.33 719" 7.2° 9.2°1 68’ 3.0' 11.4¢
Calopogonium muconoides 0.44" 0.45%°  0.74%° 130° 8.9% 11.7%° 134" 9.1° 9.9%
Centrosema pubescens 0.37% 0.37°® 0.9 147 7.4 10.1°% 116" 5.4 10.7¢
Eichhornia crassipes 0.33°% 0.259"  0.51" 709" 3.9 6.8" 116" 459 13.8°
Ipomoea batatas 0.47% 0.43"%  0.61° 137% 7.6 10.9° 202° 16.7° 10.2%
Leucaena leucocephala 0.39°% 0.39°° 047 130° 7.9 10.3%% 108’ 5.9 11.2¢
Manihot esculenta 0.45" 0.47%  0.64%%" 177 10.1° 13.0° 164°% 13.3" 10.5%
Megathyrsus maximus 0.29%" 0.28"  0.62%" 92 5.3 9.2°1 170% 6.3' 16.5°
Moringa oleifera 0.53° 0.52° 0.80° 261° 10.1° 12.8° 170% 135" 8.4°
Mucuna pruriens 0.37% 0.35%"  0.61°9 138% 6.8°% 9.7% 145°9 8.2° 10.0%
Pennisetum purpureum 0.25" 0.23" 0.53%" 589" 3.9 8.2 " 164 5.8 17.6%
Psophocarpus scandens 043" 0.42°"  0.69°%" 192" 7.9 11.1°¢ 152% 8.2° 11.4¢
Pueraria phaseoloides 0.40%® 041" 0.75% 134° 7.9% 11.0° 1319" 8.8° 11.0°
Saccharum offinarum 0.30%" 0.25%"  0.58"" 48" 5.0 8.2 " 116" 4.4" 16.0°
0.33°" 0.35%"  0.67" 129° 6.4% 10.6"°% 170 10.9¢ 10.8¢

Stylosanthes guianensis
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Scientific name IVDMD  IVED  IVCPD DP Hydrolysed DE*  Total DE? A® Ry’ Ry
(=) (=) (=) g /kg DM MJ /kg DM MJ /kg DM (ml/g DM) (ml/h per g DM) (h)
Trypsacum andersonii 0.27%" 0.27%"  o0.50" 52" 5.2° 9.4% 153¢% 5.4 " 18.72
Urochloa ruziziensis 0.30"" 0.28  0.73% 739" 5.2° 9.5%" 198 8.0° 15.6™
Vigna unguiculata 0.47% 0.48®  0.81° 219° 8.9% 12.3% 179" 12.4° 11.6°
SEM’ 0.013 0.014 0.022 7.49 0.24 0.22 3.03 0.29 0.25
P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

" Digestible energy from enzymatically hydrolyzed fraction
2 value is the sum of the digested energy from the enzyme hydrolyzed fraction plus the contribution of SCFA from fermentation.
jA, final gas volume

RM, maximum rate of gas production
5
tRM, time at which the rate of gas production reaches RM

®For one parameter, means followed by different letters in the columns differ at a significance level of 0.05.
"SEM, standard error of the means
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These two species also gave the extreme valuehdomaximum rate of fermentation (R
which ranged from 1.5 to 16.7 ml/h per g DM (P<@POWMIid-fermentation times (B) and time
at which R, is reached £&) ranged from 11.8 to 24.5 h and 8.4 to 18.7 h (6D,

respectively.

As a consequence of their lower CP content as altheir lower IVCPD and
fermentability, all grassesv. maximus, P. purpureum, S. officinarum, U. reisis,andT.
andersoni) as well aA. mangiumC. cajan and E. crassipesanked amongst the species with
the lowestin vitro digestible protein (DP) values (40 to 92 g/kg DMJith DP ranging from
129 to 147 g/kg DM,S. guianensis, C. muconoides, L. leucocephala, hRasgmloides, |I.

batatas, M. pruriensgandC. pubescenshowed low

DP values ranging from 129 to 147 g/kg DM in costréo A. hybridus, M. esculenta,
P. scanden¥. unguiculataandM. oleifera,whose DP contents ranged from 176 to 261 g/kg
DM. All grasses as well a&. mangiumand E. crassipetad the poorest digestible energy
(DE) contents with values as low as 5.7 MJ/kg. Epecies with the highest total energy,
including the DE released from enzymatic hydrolyaigl the contribution of SCFA from
fermentation, wereC. mucunoideg11.7 MJ/kg),V. unguiculata(12.3 MJ/kg), M. Oleifera
(12.8 MJ/kg andM. esculentgd13.0 MJ/kg)

3. Short chain fatty acids

Total SCFA production during thie vitro fermentation (Table 20) differed between
forage species (P<0.001). These differences wensistent with those observed during
fermentation kinetics as total SCFA production wasrelated to maximum rate of gas
production (r = 0.72, P<0.001) and final gas volyme 0.85, P<0.001). The fibre-rich residue
of V. unguiculata,l batatas, S. guianensis, A. hybridus, U. ruzidzermd M. oleifera,
produced more SCFA (375 to 405 mg/g DM of enzynadiyichydrolysed forage) than the
other species (157 to 359 mg/g DM).
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Table 20. Short chain fatty acids (SCFA) production (mg/g DM) of the hydrolyzed forage ingredients during in vitro fermentation and potential contribution

of SCFA to the metabolic energy supply from the initial ingredient to the pig (N=4).

C

Plants SCFA Acetate Propionate Butyrate BCFA Contribution of fermentation
(mg/g DM) (mol//mal) (mol//mol) (mol//mol) (mol//mol) to energy supply (MJ/kg DM)
Acacia mangium 157" 0.594 9" 0.257"" 0.074%® 0.021°2 1.68'
Amaranthus hybridus 389 0.624" 0.263°"" 0.063°% 0.014 % 2.97%
Cajanus cajan 195" 0.620"% 0.234' 0.075% 0.020% 2.03"
Calopogonium muconoides 321°% 0.605°" 0.273% 0.064°% 0.016°% 2.84°
Centrosema pubescens 267" 0.599" 0.283" 0.061°% 0.017" 2.66"
Eichhornia crassipes 272" 0.631% 0.255%" 0.060% 0.016°% 2.86°
Ipomoea batatas 4012 0.629% 0.251" 0.067" 0.014%" 3.38°
Leucaena leucocephala 2629 0.608%" 0.252" 0.068 0.019% 2.459
Manihot esculenta 342 0.642° 0.230' 0.0672C 0.015°%% 2.92°%
Megathyrsus maximus 342 0.583" 0.298% 0.066°* 0.014 % 3.89"°
Moringa oleifera 375%° 0.631% 0.231' 0.069° 0.016" 2.71%
Mucuna pruriens 299° 0.609 ' 0.273%" 0.060% 0.016°% 2.96%
Pennisetum purpureum 351 0.589" 0.293" 0.067 0.013° 4.24°
Psophocarpus scandens 347 0.594 9" 0.285" 0.061°% 0.016°% 3.14%%
Pueraria phaseoloides 320% 0.607° 0.276°% 0.061°% 0.015°%% 3.07%%
Saccharum officinarum 292°1 0.581' 0.297% 0.066" 0.015°% 3.27%
Stylosanthes guianensis 3972 0.621°% 0.260°"" 0.060°% 0.015°%" 4.18%°
Trypsacum andersonii 359 0.582" 0.312% 0.062°% 0.013°f 4.30°
Urochloa ruziziensis 389 0.5899" 0.297% 0.070% 0.012" 4.43°
Vigna unguiculata 4052 0.622" 0.269 % 0.058° 0.014 % 3.39°
SEM? 5.14 0.002 0.002 0.001 <0.001 0.05
P-value P<0.001 P<0.001 P<0.001 P<0.01 P<0.001 P<0.001

“In each column; means followed by a different letter differ at a significance level of 0.05,

ZSEM, standard error of means
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M. esculentakE. crassipesl. batatasshowed the highest acetate molar ratio (0.629 to
0.642) while grassedA; maximusP. purpureumT. andersoniiU. ruziziensiy had the lowest
acetate (0.581 to 0.589) and the highest propiomatiar ratio (0.293 to 0.312). Although
significant differences between forage speciestityrate and BCFA molar ratios were quite

little in absolute value.

The NDF content affected IVDMD (r = -0.82, P<0.004nd IVED (r = -0.80,
P<0.001). There was also a negative correlation {0.71, P<0.001) between DP and NDF

content for all forages.

4. Mineral content of forages

The contents of macro- and micro-minerals in thempad forage species varied
widely. Sulphur content ranged from 1.5 Fn purpureumto 20.9 g/kg DM inM. oleifera.
Calcium content ranged from 3.6 h purpureumto 37.0 g/kg DM inV. unguiculatawhile
phosphorus content ranged from 0.17 Sn officinarumto 6.0 g/kg DM inA. hybridus
Magnesium content ranged from 1.1 to 11.6 g/kg Didiwm and potassium content ranged
from 0.2 to 3.8 g/kg DM and 7.0 to 62.9 g/kg DMspectively. The highest macro mineral
contents were obtained from, in ascending orllerpleifera, V. unguiculata, E. crassipes, I.

batatasandA. hybridus.

Levels of copper and nickel levels were low inth# forage plants compared to those
of other minerals. Cobalt and selenium levels wergy low, and in some species below
detection levels. The iron levels were relativelghhwhile phosphorus content was low in
almost all forage species compared to nutritioreduirements (Table 21). Calcium-to-
phosphorus ratio was high in all plants. Amonggdhalied plantsA. hybridushad the highest

macro- and micro-nutrient levels.

5. Discussion

Feeding is the most important component in theciefficy of pig production systems,
yet a recent survey (Kambashi et al., submittedwsld that in the Kinshasa and Bas-Congo
provinces of the DRC, smallholders feed their pigth by-products and locally available
forage plants. The efficiency of such a system ddpeon the nutrients that are provided by

forage and the capacity with which these nutriemts assimilated and converted into meat.
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Table 21. Mineral content of forage ingredients (N=1)

Macro-minerals (%)

Micro-minerals (ppm)

S Cl Ca P Mg K Na Mn Zn Fe Cu Se Co Ni
Requirements for growing N/At 0.08 060 050 004 023 010 2 60 60 4 0.15 N/A N/A
pigs (%) (20-50 kg) (NRC, 2012)
Acacia mangium 0.35 092 068 010 0.11 149 013 57 16 252 5.9 0.38 <01 2
Amaranthus hybridus 0.88 045 229 060 116 6.29 012 33 47 1345 104 1.53 0.4 74
Urochloa ruziziensis 0.26 057 062 016 021 208 003 75 54 244 7.3 0.05 <0.1 13
Cajanus cajan 0.18 0.04 074 013 0.18 081 003 93 23 755 8.2 0.05 <01 22
Calopogonium muconoides 0.38 034 174 014 033 0.77 0.03 44 33 665 5.8 0.08 0.2 14
Centrosema pubescens 0.47 046 158 0.16 031 119 0.04 65 38 625 9.8 0.09 0.3 18
Eichhornia crassipes 0.49 252 108 011 051 398 032 39% 50 220 4.9 <0.01 <0.1 6
Ipomoea batatas 0.75 156 157 028 033 513 014 54 32 520 8 0.02 0.3 16
Leucaena leucocephala 0.51 059 242 010 0.22 148 0.02 40 23 294 6.2 0.87 0.7 3
Manihot esculenta 0.43 0.09 207 031 033 140 003 30 90 136 8.4 0.15 0.8 2
Moringa oleifera 2.09 0.07 283 026 027 159 002 21 20 182 6.8 0.19 0.5 3
Mucuna pruriens 0.24 0.08 263 016 025 139 003 136 53 183 3.7 <0.01 0.2 3
Megathyrsus maximus 0.36 085 074 021 034 238 0.05 61 49 385 11.3 <0.01 <0.1 23
Pennisetum purpureum 0.15 0.74 036 012 0.16 336 0.03 80 23 230 8.9 0.86 0.3 5
Psophocarpus scandens 0.67 039 145 027 021 244 0.02 43 42 206 11.8 0.01 0.4 2
Pueraria phaseoloides 0.27 0.13 105 021 025 143 003 95 32 145 8.8 0.05 0.2 5
Saccharum officinarum 0.61 029 046 007 0.12 070 005 23 24 218 3 0.02 0.2 9
Stylosanthes guianensis 0.52 049 219 038 041 114 0.03 64 73 308 12.8 0.17 <0.1 13
Trypsacum andersonii 0.32 025 040 015 022 154 003 51 20 437 8.8 0.07 0.9 20
Vigna unguiculata 0.49 033 370 027 048 211 0.03 27 71 375 115 0.02 0.1 1

IN/A, not available
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Thein vitro approach used in this research allowed to evalhatgpotential nutritive
value of a large number of forage species providinginsight, not only on their chemical
composition, but also on their enzymatic digestipiland the fermentability of their
indigestible fraction in the large intestine. Howevthis methodology is not perfect as the
capacity of a feed ingredient to supply nutrientan animal depends on both the quantity that
an animal will voluntary ingest and how much nuttge present will be digested and
metabolised by the animal. Intake was not asselseesl and not all the features regarding
digestion are assessed usingitheitro method. For example, the impact of toxic compounds
in the plant and their consequences on the intaketlze digestive processes (Acamovic and
Brooker, 2005, Martens et al. 2012) are not modeahethein vitro method. Another example
is the interaction between feed ingredients ant digjestive processes. Some forage species
are rich in fibre with high water-holding capacifthe swelling of such fibre in the upper tract
of the pig will impact the digestibility of the wieodiet by reducing transit time and contact
between the feed particles and the digestive enzyartanen et al., 2007; Régnier et al.,

2013). This effect cannot be evaluated in the amosgitro model either.

Considering chemical composition, except formangiumandC. cajan,all Fabaceae
have CP contents that meet the requirements faviggopigs (200 g/képM; NRC, 2012) and
yield high DP content. More specifically, the higtotein content oM. oleifera,M. esculenta,
and theFabacead.. leucocephala, P. scandeasdV. unguiculata with 324, 280, 279, 277
and 272 g/kdPM, respectively, justifies their use in pig feeglisince protein is the most
limiting factor in smallholder pig feeding systenmstropical areas (Leterme et al., 2005).
These protein-rich plants also have an interesiimino acid profile (Table 22). However,
none of them covers the essential amino acids nament of growing pigs, especially in
Lysine which was 45 to 68 % of the Lysine requiratmeer g/16g N for growing pigs (NRC,
2012). Therefore using the above-mentioned forggeiss to supplement Lysine-deficient
basal diets, such as brewers grains and wheat(K@nbashi et al., submitted), requires to
feed the animals above requirement levels for pratentent or to supplement forage-based
diets with synthetic lysine. Moreovehet total AA contents presented here do not consider
digestibility of AA which can greatly vary betwespecies and could modify the ranking of

the forages based on protein profile.
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Table 22. Indispensable and total amino acids (AA) of forage ingredients (g/16 g total N) (N=4)

Indispensable Amino Acids

Arg His lle Leu Lys Phe Thr val 5 AAs'
Acacia mangium 4,928bcde2 2.22% 4.01°c® 6.83%° 453%® 451" 4.24° 5.37% 70.6%
Amaranthus hybridus spp 4,738bcde 1.71% 3.96 6.21 % 4.03" 3.97" 3.90° 4,81 67.4°%
Urochloa ruziziensis 5.69% 2.66° 3.770cde 6.57 20! 2.20" 4.24%1 5.842 5.17% 73.0%
Cajanus cajan 5.592 2.23% 4.76° 7.76° 4.76° 5.26" 4.64% 6.01° 79.5°
Calopogonium 4,538bcde 2.00™ 4.28% 6.89% 3.83" 4.77°% 4.17°% 5.31° 71.4%
muconoides
Centrosema pubescens 3.53 1.55% 3.16%" 5.01¢ 3.31°%% 3.59" 3.13° 4.24° 59.1°
Eichhornia crassipes 4,738bcde 1.87° 4.15° 6.95%° 4.09° 4.61°% 4,335 5.20" 74.0%°
Ipomoea batatas 4,538bcde 1.63% 3.90Pcde™ 6.66df 3.19°% 4.30% 4.35"% 5.13" 69,72
Leucaena leucocephala 4.9783bcde 1.93" 3.67 %" 6.24Cdef0 3.97™ 4.28%" 4.2 4,76 66.4°%
Manihot esculenta 5.39% 2.08%° 4.32%° 7.13%¢ 4.33% 475" 4.36"% 5.41% 78.1%
Moringa oleifera 5.682 1.89" 3.77Pcde 6.20°%¢ 3.78"°% 6.60°% 4.18° 4,82 74.5%°
Mucuna pruriens 3.75%f 1.69% 3.57%fon 5.58™ 3.22% 3.80" 3.63% 4,52 63.2%
Megathyrsus maximus 2.95' 1.35¢ 3.05" 5.15¢ 3.08¢ 3.569 3.45° 4.36° 63.3%
Pennisetum purpureum 441300 1.83% 3.80°cde 6.79%% 3.65"40 483" 4.65% 4.99"% 73.1%°
Psophocarpus scandens 3.9 1.92" 3.45°0" 5.77%% 3.33%¢ 4.36% 4,335 4.27" 63.8%
Pueraria phaseoloides 4,150 1.91% 3.77Pcdeo 6.13°%¢1 3.41°%%9 4.46°% 4.44°% 4,81 69.4°
Saccharum officinarum 4.3783bcde 1.83% 3.73bcdefs 6.49"%f 3.11¢ 478" 4.69% 5.08" 73.0%°
Stylosanthes guianensis 5.24% 2.07%° 3.98Pcdef 6.6320cdf 3.60"¢ 5.14" 478 477" 72.6%
Trypsacum andersonii 5.34%° 1.83" 4.02°c® 7.36% 3.049 5.21" 4.91% 5.22° 74.2%°
Vigna unguiculata 5.123 1.93" 3.80°cde 6.35 % 3.33%¢ 4.93" 4.90% 487" 77.0%
SEM® 0.136 0.084 0.067 0.121 0.082 0.117 0.110 0.074 1.010
P value 0.022 0.049 0.001 0.004 <0.001 <0.001 0.049 0.001 <0.001

'Sum of total AA including essential and non-essential amino acids (except sulfur AA and tryptophan)
%In each column; means followed by a different letter differ at a significance level of 0.05
$SEM, standard error of the means
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As an example, the best protein profile was foun€.i cajan However, the amino
acid availability in this species is expected tolibdted by the low digestibility of the crude
protein (0.33).

The high NDF and ADF contents of the grassesEncrassipegxplain their lowin
vitro digestibility, as illustrated by the correlatidnking NDF to IVDMD and IVED (r = -
0.71 and -0.84 respectively, P<0.001) in this stadg the more general observations by
Noblet and van Milgen (2004). The digestibility afetmentability ofA. mangiumand C.
cajanwere low, probably because of the presence ot glezondary metabolites together with
their high lignin contents (176g/kg DM of ADL, resgively). Clavero and Razz (2011) and
Uwangbaoje (2012) found these plants to contairdeonsed tannins (4.8 and 38.7 mg/g DM)
and phenols (29.1 and 2.2 mg/g). ,

In contrast to CP, the total digestible energy (D&)tents of the forages not meet the
requirements for growing pigs (15.8 MJ/kM; NRC, 2012).V. unguiculataand C.
muconoidepresent DE contents of 11.7 and 12.3 MIkg respectively wheredd. oleifera
andM. esculentacored even better with 12.8 and 13.0 MIDKg respectively. In addition, to
hydrolysed DE, the SCFA released through fermeorain the large intestine of the
indigestible fibrous residue can supply up to 4KgJDM of additional metabolic energy that
significantly increases the energy value of someade species. Interestingly, grasses
displayed high hemicellulose contents (calculatedhe difference NDF-ADF) as opposed to
many legumes which show lower NDF values but ADkies similar to grasses. This leads to
distinct fermentation profile in grasses, yieldmgre propionate and less acetate than legumes
and other dicots, and induces a significant coutidin of hindgut fermentation to ME supply
in the animal as a combination of (1) high indigdetfeed particles reaching the intestine, (2)
high fermentability of the fibrous matrix, and @)e higher energy content of propionate as
opposed to acetate (20.51 kJ/g vs. 14.56 kJ/gectsply). Nevertheless, SCFA production
are measured in the in vitro model after 72 h fertaigon. It represents a long transit time in
the large intestine that would be more consistdttt sows than finishing pigs and growing
pigs (Le Goff et al., 2002)

The high fermentability related to greater SCFAulissin a decrease in pH, which in
turn influences the composition of colonic micreipdecreases the solubility of bile acids and
increases absorption of some minerals (Hijova ahthé&arova, 2007). Low pH values are
also believed to prevent the overgrowth of pH-demsipathogenic bacteria. For example,

propionate or formate have been shown tokilcoli or Salmonellaunder conditions of high
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acidity (pH 5) (Cherrington et al., 1991). Soinevivo studies support these findings, with
greater SCFA production being related to lower nersbof potential pathogens (such as
Salmonella in swine (Pieper et al., 2012). Some species aundphigh DP and DE contents
with high SCFA production can potentially contribusignificantly to efficient nutrition
together with the development of health-promotiragtbria in pig intestines by providing
metabolizable energy (Bindelle et al., 2007b; Hijomnd Chmelarova, 2007) and other
metabolic end products for pig use, as well asients for the colonic epithelium, modulators
of colonic and intracellular pH, cell volume andchet associated functions (Hijova and
Chmelarova, 2007).

Nonetheless, attention must be paid to the maxinawels of forage incorporation in
pig diets as some forage species may contain Varamounts of anti-nutritional or toxic
factors such as tannins, as discussed earlier: HECNM. esculenta mimosine in L.
leucocephala,and lectins inl. batatas and P. scandensThese compounds might reduce
voluntary intake andn vivo digestibility (Régnier et al., 2012). However, withoderate
inclusion rate of these forages, anti-nutritionffe@ is not significant. For example, the
incorporation of 350 g/kg DM df batatasleaves or 150 g/kg DM d¥l. esculentdeaves ot..
leucocephaldn pig diets have shown ileal digestibility up®4% (Phuc and Lindberg, 2000;
An et al., 2004). However, th@a vitro approach adopted in this research does not allow
considering these issues and the presented rebuitdsd be taken as a first orientation on the
feeding value of one species. Obviously, one spesiering poorly onin vitro digestibility
trials as performed here will be of little valuepag feed ingredient. Nevertheless, the opposite
conclusion is not straightforward. A species saprimith high nutritive characteristics as
evaluatedn vitro might not necessarily be well consumed or digeistetivo possibly because
of poor palatability, of the presence of plant selay metabolites displaying anti-nutritive or

toxic attributes that are not always noticeablagisinin vitro approach.

The use of forage to supplement local feed resswar provide a better balanced diet
that improves growth performances keeping feediogfscunder control (Lemke and Valle
Zarate, 2008) and in a sustainable way. For exantgtas been reported that the inclusion of
ensiledS. guianensidn the diet of local pigs improved growth perfoma up to three times
compared to pigs fed ill-balanced diets based oallp available by-products (Kaensombath
et al., 2013b). However, the replacement of coneaat sources of protein, such as soybean
meal, by protein-rich forage must be partial beeathengsavanh and Lindberg (2013)
reported that it reduces feed intake and growtliopaance. In another study, Kaensombath

and Lindberg (2013a) showed that when 50% of saylpeatein was replaced with proteins
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from ensiled Colocasia esculentagrowth performance and carcass traits of local an
improved pigs were not affected. Surprisingly, Méral. (2006) report high cost effectiveness
of E. crassipedased diets in Vietnam while this species scogedly bad in terms of nutritive

value in the present investigation. This allowsextimg even higher efficiencies of feeding

systems based on low cost forage with higher mvgritalue than water hyacinth.

Despite the expected high variability within spsdieat was not assessed in this study
as only one sample per species was analysed, |sgeseen to be a richer and better balanced
source of minerals than grasses. Yet variabilitpagnspecies, specifically with regard to the
bioavailability of minerals, must be consideredtaanges from 0.41 to 58% for P (Poulsen et
al., 2010), 3 to 27% for Fe (Kumari et al., 200 ,to 26% for Zn and 18 to 48% for Cu (Agte
et al., 2000). Due to the high calcium-to-phospBoratio, which decreases absorption of
phosphorus (Liu et al., 2000), as well as the Idwgphorus content in most forages, these
species seem to perfectly supplement basal ingresdiesually used by farmers, namely
brewers grains and wheat bran, which are deficre@a (2.1 and 1.4 g/kg, respectively) and
rich in P (5.8 and 9.9 g/kg, respectively). Thestanding mineral content @&. hybridus
deserves further attention, as according to NRQZRGts Se level is quite high compared to
the requirements (0.3 ppm) but is still below togidity level (5 ppm). Co, Cu and Ni were
below toxicity levels in all forages, but with redato this it must be noted that forage are

rarely fed to pigs alone; but rather, mixed withastingredients.

It can be concluded that among tineestigated plants in this studg, hybridus, I.
batatas, M. esculenta, M. oleifera, P. scandangdV. unguiculatacombine several interesting
nutritive traits including moderate to high IVDMD/ED, DCP, R,, SCFA, Ca and low NDF
contents. They represent potentially useful sounEgsoteins and minerals that might be used
at low cost to improve pig feeding, mineral intak&l intestinal health. Grasses as welhas
mangium E. crassipesandC. cajanshould be discouraged in pig diet becaokéheir low
nutritive value.Further studies are required to determine volyritetake andn vivo nutritive
value for the potentially useful species and tigaal inclusion level in pig diets for optimum

performance in production environments with lowlgydoasal diets.
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The capacity of a feed ingredient to supply nutséga an animal depends on both the quantity
that an animal will voluntary ingest and how muechrient will be digested and metabolised
by the animal. In addition, the interactions betwdeed ingredients and with digestive
processes affect also the amount of retained misri@hus, four forage species among the
most frequently cited by the farmers during theveur(Chapter 2) and presenting interesting
in vitro nutritive value were investigated in Chap. The aim of this paper was to determine
voluntary intake andh vivo nutritive value with diets containing increasimyels of hays of
the four forage plants. Briefly, the results of theeriments surprisingly showed that pigs did
not increase their DM intake to cope with the dasesin energy content of the diet that
followed the inclusion of any of the 4 forage spsciFurthermore, increasing the forage level
in diets resulted in a linear decrease in digdatibfor all nutrients and a decrease in N
retention. Nonetheless differences in digestibliiggween species were observed. Digestibility

was lower forP. phasoeloideas opposed to the 3 other species.
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1. Abstract

Forage is used by smallholders in many tropicahties as a substitute for concentrate feed
ingredients in pig diets, often disregarding theuakconsequences on the pig’s nutrition. The
effects of the inclusion 4 tropical forage legunay$1on voluntary intake and their nutritive
value {igna unguiculata, Psophocarpus scandens, Puemahaseoloidesand Stylosanthes
guianensi} were studied in Large White x Duroc growing pig8ng a corn-soybean meal-
based diet containing various proportions of onthefforage legume hays (0, 10, 20, 40% or
0, 12.5, 25% for the voluntary intake assessmeit e nutritive value determination,
respectively). No difference in voluntary feed kdavas observed between species((20)
but a linear response to forage inclusion level)(Ps) was observed decreasing from 126 for
the control to approx. 84 g/kg of body weight féret40% forage diets, except fof
unguiculata,where a quadratic response was obsere.01). All 4 forage species linearly
decreased the total tract apparent digestibilityAD) from 0.76 to 0.61, 0.80 to 0.68, 0.54 to
0.40 and 0.58 to 0.31 except f8r guianensig0.44) for DM, N, NDF and N retention,
respectively. Differences in digestibility (P<0.0bgtween species were observed only for
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25% forage-based diets. TTAD (DM, N and NDF) wasdo for P. phaseoloideas opposed
to the 3 other species. Due to their negative émfbe on the overall digestibility of the diets,
the contribution of TFL to the diet should not exdel2.5%, except fd. guinensisin which
N-retention remained quite high (0.44) at the h#ghiaclusion level (25%)P. phaseoloides
hay should be avoided in pigs as it combines tlhee$d voluntary intake with the lowest

nutrient digestibility.

2. Introduction

In developing countries, pigs are still fed locadlyailable resources, including vegetation,
crop residues, kitchen wastes, and agro-induddyigdroducts, especially by poor farmers and
those living in inaccessible areas (Ocampo eR805; Kumaresan et al., 2007; Phengsavanh
et al., 2010; Kambashi et al., submitted to JARTB)e high cost and low availability of
conventional livestock feedstuffs have driven rynigl smallholders to use fibre-rich feedstuffs
and forage species, even if their efficiency ofiggation is lower than for concentrate feed
ingredients. However, earlier studies have shoveh some forage plants or parts of plants
have a high nutritive value and are potential resesifor use as pig feed (Leterme et al., 2005;
Leterme et al., 2009; Negesse et al., 2009). Thasge species have both advantages of
adaptation to local environmental conditions arghtbiomass yield with high protein content.
However, the biomass yield varies throughout thar yend depends mainly on seasonality,
agricultural practices in the area, and the tradél experience of the farmer. Some plants
used as feedstuffs such lpgmoea batatagAn et al., 2004)Manihot esculentgdPhuc et al.,
2000; Phuc and Lindberg, 2001) doelicaena leucocephal(@huc and Lindberg, 2000) have
both high protein content and high digestibilitydehave been used successfully in the diets of
growing pigs in Laos and Vietnam, while the proteiontent of other plants and their
digestibility vary from relatively highAzolla filiculoides232 g of crude protein (CP)/kg DM
and 0.33-0.50 [Leterme et al., 200%}ichanthera gigante203-216 g CP/kg DM and 0.47-
0.49, Morus albal170-194 g CP/kg DM and 0.56-0.64, aKdnthosoma sagittifoliun231-
240 g CP/kg DM and 0.57-0.7Leterme et al., 2005]) to lows@lvinia molest&232 g CP/kg
DM and 0.29-0.33 [Leterme et al., 2009]). The uktomage in the diet of pigs is constrained
by its high fibre content, which may have a negatimpact on feed intake and growth
performance (Phengsavanh and Lindberg, 2013). Wisércompensated by an increase in
intake by the animal, the reduction of energy conie forage-based diets may be dealt with
by the addition of high-energy ingredients suclvegetable oil. Regardless of this, replacing

soybean with ensile@olocasia esculentandStylosanthes guianensip to 50% in the diet on
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protein basis did not affect intake, growth perfanme, or carcass traits of pigs (Kaensombath
and Lindberg, 2013; Kaensombath et al., 2013). Tésns that forage can partially replace
conventional protein sources in pig diets. In aievastudy on 21 of the most frequently used
species by pig smallholders in the Western parthef Democratic Republic of the Congo
(DRC), some species showed a highvitro digestibility, among themPsophocarpus
scandens, Pueraria phaseoloides, StylosangugsnensisandVigna unguiculatagKambashi

et al., 2014). Besides its chemical compositioa,aktent to which a given forage species can
efficiently supply pigs in nutrients for growth angproduction will depend on its relative cost
against concentrate feed ingredients and on it$irigevalue. The feeding value combines the
voluntary feed intake as well as the nutritive ealneasured through the digestibility of the
nutrients of both the forage and the diet in whiak incorporated. Both parameters, i.e. intake
and digestibility, can vary according to the br@@dnaudeau et al., 2006; Len et al., 2009) and
the physiological status of the animal, especiallyen considering fibre-rich ingredients
(Noblet and Le Goff, 2001). If sows are better igedting fibrous ingredients owing to their
higher digestive tract volume:intake ratio, in aedaling-fattening operation, the highest
feeding cost is held by the growing and fatteniigs gIFIP, 2012). Hence, feeding practices
aiming at reducing the cost of growing and finighjrigs’ diets by adding forage ingredients
are sensible, as long as their negative impactbraited. The present manuscript assesses the
feeding value in growing pigs of 4 forage ingredéetiat are usually fed to pigs in the western
provinces of DRC. For this purpose, 2 experimentrewrealised: a voluntary intake

experiment and a digestibility trial.

3. Material and Methods

Two experiments were conducted: in Exp. 1, volyniatake of a corn-soybean meal-
based diet with four inclusion levels (0, 10, 2@ &9%) of 4 forage specie¥.(unguiculata,
P. scandens, P. phaseoloidemd S. guianens)swas determined; in Exp. 2, total tract
apparent digestibility (TTAD) and nitrogen retemtivere measured to determine the nutritive
value of these 4 forage species. Although no réigmlas actually in force regarding animal
welfare during experiments at the University of #liasa in DRC, the protocols were
conducted according to the best practices accdyptélde Ethical Committee of the University

of Liége (Liége, Belgium) when conducting similaperiments.

1. Production of forage legumes hays

107



Four forage species, namelyigna unguiculata Psophocarpus scandensPueraria
phaseoloidesnd Stylosanthes guianensigere chosen according to a previous survey on the
feeding practices by smallholders in the workingaaand a preliminary in vitro assessment of
their feeding value (Kambashi et al., 2014). Forags cultivated on a field of the Society of
Large Farms of Ndama in Central Africa (SOGENAC)the DRC, located in Kolo-Fuma
between 5°15' and 5°52' latitude south, about 1®0skuthwest of Kinshasa (Bas-Congo,
DRC). Rainfall during forage production was 1399 Bhd 530 mm for February, March and
April 2011, respectively. The average monthly terapge ranged from 21.5 to 25.4°C
(SOGENAC, personal communication). The fields havéerralitic soil with a sand-clay
texture (Renard et al., 1995). Except for S. guiareewhich was harvested twice, at 3 months
of growth and again 1 month after the first harvtést 3 others species were harvested once at
2 months of growth. The plant material consistealb&bove ground biomass, namely leaves
and stem. Immediately after harvest, forage wappbd to 10-cm stalks, sun-dried for 2 to 3
days and stored in a dry place. The dried matesal then ground with a hammer-mill to pass

through a 5-mm mesh screen.

2. Experiment 1. Voluntary feed intake

Animals Twenty-four castrated male growing pigs (Largeid@Rk Duroc) were used. The pigs
were divided in 12 groups of 2 pigs. The pigs hacheerage body weight of 35.5+2.7 kg at
the beginning and 74.1+5.8 kg at the end of theem@nt.

Diets A corn-soybean meal commercial diet purchasedftbe local production factory
(MIDEMA, Matadi, Bas-Congo, DRC) (basal diet) wasstituted with 0, 10, 20, or 40% of
one of the legume hays to form 13 experimentalsdi€able 24), offered in a dried, ground

form. The diets were mixed with water (1.5 I/kgtlisefore distribution to the pigs.

Methodology Each group of 2 pigs was offered one of the 1&sdiad libitum, over 4
consecutive experimental periods. The experimestiedh 68 days in total. Each of the 4
periods lasted 17 days with 12 days of adaptatiothé diet and 5 days of data collection.
Diets’ allocation to each group was randomly chanigem one period to the next in order for
each group to receive 4 different diets over tipedods, including the basal diet at least once.
Therefore, during each period, 3 groups were fedlthsal diet. Except for the basal diet,
which was tested in 12 groups, each diet was teste8l different groups. They were fed ad
libitum 3 times a day (at 7 a.m., 12 a.m., andrb.p.The refusals were collected before each

meal, weighed, and dried to determine dry matteken (DMI).
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3. Experiment 2. Digestibility of forage legumes hays

Animals: Thirty-six castrated male growing pigs @& White x Duroc) with an average body

weight of 40.7+4.5 kg at the beginning of the ekpent were used and kept in metabolic

cages designed to collect total urine and faecearately. The pigs had permanent access to

fresh water.

Diets: A commercial concentrate (corn-soybean mee$ used as basal diet (MIDEMA,
Matadi, Bas-Congo, DRC). Then, 12.5 or 25% of thsabdiet was substituted with one of the

4 legume hays to form 9 experimental diets in tffable 25), offered in a dried, ground form.

Pigs received daily 90 g/kg0.75 BW divided in 2 tse&orage legume hays were prepared as

described above. The diets were mixed with watgrhefore feeding (1.5 I/kg diet).

Table 23. Chemical characteristics of tropical legumes

Psophocarpus  pyeraria Stylosanthes Vigna
Item scandens phaseoloides guianensis unguiculata
Chemical composition (g/kg DM)
Dry matter 906 901 890 917
Organic matter 899 910 870 866
Crude protein (N x 6.25) 207 145 155 166
Neutral detergent fibre 578 691 583 476
Acid detergent fibre 433 570 505 406
Acid detergeant lignin 94 133 91 84
Gross energy (kcal’kg DM) 4448 4310 4142 3954
Total phenol (mg/g DM tannic acid
equivalent) 6.3 5.8 5.1 3.4
Tannin (mg/g DM tannic acid
equivalent) 3.5 3.3 3.1 1.9
Water Holding Capacity (g water/g
DM) 7.1 8.3 7.5 5.9
N-NDF (g/100 g N DM) 39 46 27 27
Essential amino acids (g/16 g N)
Arginine 3.15 3.23 3.20 3.21
Histidine 1.52 1.55 1.54 1.34
Isoleucine 3.24 3.30 3.08 3.42
Leucine 5.23 5.29 4.85 5.40
Lysine 3.80 3.76 3.14 3.19
Methionine 1.38 1.33 1.23 1.33
Phenylalanine 3.41 3.41 3.24 3.51
Threonine 3.55 3.60 3.19 3.64
Tyrosine 1.74 1.69 1.53 1.69
Valine 4.12 4.23 3.88 4.34
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Methodology: The diets were randomly assigned ®plys (4 per diet). After 14 days of
adaptation to the diet with the last 3 days spenhé metabolic cages, faeces and urine were
totally collected every morning, for 5 days and logenised. An aliquot of 10% of the faeces
was kept at -20°C and cumulated over the 5-d ditigcperiod. Samples of faeces were

freeze-dried before the laboratory analyses wer@imeed.

The refusals were taken at 1 h after each meagheedi and divided in 2 parts. These 2 parts
were immediately dried, one at 60°C for 48 h faittiar chemical analysis and the other at
105°C for 12 h in order to determine DMI. Every miog, 100 ml of 10% H2SO4 was placed
in the tub of urine collection to avoid ammoniases during collection and storage. Daily
urine was weighed, and an aliquot of 10% of thdydaioduction was stored at -18°C and
cumulated over the 5-d collection period. The terapge varied from 17 to 32°C, for night
and day respectively, and was quite constant duttiegexperiment. After each collection
period, all pigs were fed the standard commerciat. dSubsequently, the animals were
randomly allocated to another experimental diet #mel procedure described above was

repeated for a second period.

4. Chemical composition

Dried forage legume hays, basal diet, and faeces g®und to pass a 1-mm mesh
screen in a Cyclotec 1093 Sample Mill (FOSS EleaS, Hilleroed, Denmark) and analysed
for their contents in DM (105°C for 24 h, method79i3; AOAC, 1990), ash (550°C for 8 h,
method 923.03; AOAC, 1990), N (Kjeldahl method wittude protein (CP) = N x 6.25;
method 981.10; AOAC, 1990), gross energy by meahsarp adiabatic oxygen bomb
calorimeter (1241 Adiabatic Calorimeter, PARR lastent Co., lllinois, USA), and neutral
detergent fibre (NDF) content using thermostableylase (Termamyl, Novo Nordisk,
Bagsveerd, Denmark) and correcting for ash conténie samples were analysed for their N
content. Hays and basal diet were analysed for tmitents in N bound to the NDF by
running a Kjeldahl analysis on the NDF residue, fmdheir contents in acid detergent fibre
(ADF) and in acid detergent lignin (ADL), both cected for ash, according to Van Soest et al.
(1991), using an ANKOM-Fiber Analyzer (ANKOM-Techogy, Fairport, NY, USA). Hays
and basal diet were also analysed for their ammad @AA) contents by high-performance
liquid chromatographyHPLC) after hydrolysis with 6 mol/l HCI containing g/l phenol at
110°C for 24 h and derivatisation with the AccQdtlveagent Kit (Waters, USA). Methionine
and cysteine underwent a performic oxidation befoyerolysis. Water holding capacity

(WHC) was measured according to Leterme et al.§L88d Régnier et al. (2013). Briefly, 1 g
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of leaf meal was placed in a centrifuge tube widm# of distilled water. After 16 h of soaking
at ambient temperature, the tubes were centrif@@d0 x g, 50 min at 20°C) and kept for 8
min before the supernatant (water) was discardddtensediment (the remaining water mixed
with feed) was weighed. Total phenols and tannimrewdetermined according to the
colorimetric method of Hagerman et al. (2000) aftemoving the fat content using petrol

ether in a Soxhlet apparatus.

5. Calculations and statistical analyses

Voluntary feed intake was determined as the diffeeebetween the amount offered
and the amount refused. The Total Tract Apparemestibility (TTAD) of DM, organic
matter (OM), CP (N content x 6.25), and energy veaideulated by the difference between the

nutrient intake in feed and the nutrient excretetheces.
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Table 24. Chemical composition of experimental diets used to assess voluntary intake of forage legume hays (Exp.1)

Basal diet  Psophocarpus scandens Pueraria phaseoloides Stylosanthes guianensis Vigna unguiculata
Ps10 Ps20 Ps40 Pul0  Pu20 Pu40  stlo St20 St40 Vil0  Vi20  Vi40

Composition (g/kg DM)
Basal diet 1000 900 800 600 900 800 600 900 800 600 900 800 600
Forage 0 100 200 400 100 200 400 100 200 400 100 200 400
Chemical composition (g/kg DM)
Dry matter 890 892 895 897 896 899 903 888 894 895 890 895 901
Organic matter 921 928 922 921 921 924 921 921 920 912 901 918 913
Crude protein (N x 6.25) 188 186 187 189 182 180 175 188 185 177 185 183 171
Neutral detergent fibre 233 273 302 343 263 314 386 251 280 365 263 291 325
Acid detergent fibre 73 112 123 183 123 185 274 121 172 237 103 150 270
Acid detergent lignin 14 24 25 40 26 32 50 23 34 50 21 33 61
Gross energy (kcal’kg DM) 4418 4432 4357 4334 4371 4370 4360 4369 4305 4187 4379 4305 4220
Water Holding Capacity (g water/g DM) 2.2 2.69 3.18 4.16 2.81 3.42 4.64 2.73 3.26 4.32 257 294 3.68
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Table 25. Chemical composition of the nutritive value experimental diets (Exp.2)

Psophocarpu

Pueraria

Stylosanthe

(?ii?al S phaseoloide . . :J/rlgl]filculata
Scandens s guianensis
12.5% 25% 01/3'5 25% 01/3'5 25% (}/02'5 25%

Chemical composition (g/kg DM)
Dry matter (g/kg) 893 891 893 894 902 889 893 889 897
Organic matter 928 924 923 923 926 920 918 907 899
Crude protein (N x 6,25) 187 196 197 187 181 189 188 190 188
Neutral detergent fibre 243 284 321 309 361 275 308 271 290
Acid detergent fibre 71 118 162 143 193 124 168 110 153
Acid detergent lignin 14 24 36 33 44 26 33 22 28
Gross energy (kcal/kg DM) 4423 4385 4347 4338 333 4321 ‘3128 4270 321
\I’Dvl\"’/‘l;er holding capacity (g water/lg 28 34 30 37 29 35 27 31
Essential amino acids (g/100g CP)1
Arginine 6.09 572 536 5.73 538 573 537 573 537
Histidine 2.55 242 230 243 230 243 230 240 225
Isoleucine 3.73 366 360 3.67 3.62 3.64 356 3.69 3.65
Leucine 6.95 6.74 652 6.74 6.54 669 6.43 6.76 6.56
Lysine 3.93 391 390 391 3.89 383 373 384 3.75
Methionine 1.74 169 165 169 164 168 161 169 1.64
Phenylalanine 4.23 413 4.02 4.13 4.02 410 398 4.14 4.05
Threonine 3.80 3.77 374 378 3.75 3.73 3.65 3.78 3.76
Tyrosine 2.37 229 221 228 220 226 216 228 220
Valine 4.77 469 461 471 464 466 455 472 4.67

'Except for the basal diet, amino acids were caledlaased on forage:basal diet ratio

Nitrogen retention was calculated as the differdret®veen apparently digested N and
N discharged in urine. The metabolizable energyerdn(ME) of the diets was calculated as
the difference between digestible energy (DE) ametgy loss in the urine estimated from N

loss (g/d) according to the equation of Noblet badsoff (2001): energy loss in urine (kJ/d) =

345 + 31.1 x N loss in urine (g/d).

In the voluntary intake experiment (Exp. 1), theugy of pigs was the experimental unit in the
statistical analyses. Feed intakes were comparésleba species and inclusion levels by

means of an analysis of variance using the mixedquture in SAS 9.02, using the following

model:
Y=p+S|+Lj+5x|_+Ak+g
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whereY is the resulty is the mean§ is the class effect of forage species (i = 4),.L, the
continuous effect of forage levdl & 10, 20, 40)A. is the random effect of the group of pigs
(k=1,...,12), and is the error term. The analysis was followed lgomparison of the diets
using the LSMEANS statement. For this analysisabaget was left out. In addition, the
influence on feed intake was analysed for linear gquadratic effects of the concentrations in
each forage species separately by means of the Blipiecedure (SAS Inst. Inc., Cary, NC),

using the following linear and quadratic regressimdels:
Y=p+axL+A+e¢
andY =p+axL+pxL2+A+e

whereY is the resulty is the mean, is the continuous effect of forage concentratio&xp. 1
(L =0, 10, 20, 40)¢ is the linear regression coefficient fior A is the random effect of the
group,f is the quadratic regression coefficient lidy ande is the error term. For this analysis,

the basal diet was included.

In the digestibility experiment (Exp. 2), the animaas the experimental unit. The nutrients
digestibility as well as N-retention values werenpared between species and inclusion level
by means of an analysis of variance using the mipamtedure in SAS 9.02, using the
following model:
Y=u+S+L,-+S|x L+A+¢

whereY is the resulty is the mean$ is the class effect of forage species (i = 4),.L, is the
continuous effect of forage levdl € 12.5, 25)A is the random effect of the pigs, ani the
error term. The analysis was followed by a comparisf the diets using the LSMEANS
statement. For this analysis, the basal diet waktemm In addition, the influence on feed
intake was analysed for linear effects of the catre¢ions in each forage species separately by
means of the MIXED procedure (SAS Inst. Inc., CaNg), using the following linear

regression model:
Y=p+axL+A+e¢

whereY is the resulty is the mearl, is the continuous effect of forage concentratio&xp. 1
(L =0, 12.5, 25)q is the linear regression coefficient 1orA is the random effect of the pigs,

ande is the error term. For this analysis, the basal was included.
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4. Results

CP contents of the 4 forage species ranged from d/4&f§ DM for Pueraria
phaseoloideso 207 g/kg DM forPsophocarpuscandensand the NDF content ranged from
476 g/kg DM forVigna unguiculatao 691 g/kddM for P. phaseoloidegTable 23). The AA
profile differed but all species were highly deéiat in lysine, with values ranging between
3.31 and 4.76 g/g16N against recommendations d&f /16 g N (NRC, 2012). Except fof.
unguiculatawhich had a low tannin content (1.9 mg/g DM), tb&l tannin content of the 3
others species ranged from 3.1 to 3.5 mg/g DM. WHC ranged from 5.9 fov. unguiculata

to 8.3 forP. phaseoloides

As displayed in Table 26, voluntary intake was diferent between species (P=0.53).
However, an effect of the inclusion rate (P<0.0849 an interaction between the species and
the inclusion rate (P<0.001) were highlight®&d. scandensadded at 10% an8tylosanthes
guianensisandV. unguiculataadded up to 20% in the basal diet did not affeetféed intake.

P. phaseoloideseven incorporated at 10%, tended to have a negaffect on the voluntary
intake compared to the 3 other species (P=0.06¢efixfor V. unguiculata for which a
guadratic response (P=0.017) was observed, a lmesponse to forage level (P<0.05) was
observed, decreasing from 132 d/kgliveweight for S. guianensisncorporated at 10% to

approx. 84 g/ky”® liveweight for 40% of this forage in the diet.

The TTAD and the energy (DE and ME) contents oada-based diets (Table 27) decreased
linearly with the inclusion level (P<0.01). Moreay¢he incorporation level and interaction
(species x level) effects on the analysed paraseteere significant for all nutrients
(P<0.001). DM digestibility was not different betve species for a same inclusion level,

except forP. phaseoloideat 25%.

Crude protein digestibility was high f&. unguiculataandP. scandenecorporated
at 12.5%, and low fof. guianensisP. scandensandP. phaseoloidescorporated at 25%.
NDF digestibility was lower forP. phaseoloidesncorporated at 12.5%, which has a
comparable value t&. guianensisP. scandensand V. unguiculataincorporated at 25%.
Nitrogen retention was low foP. phaseoloidesncorporated at 12.5% and lower th&n
guianensisncorporated at 25%. The digestible and metabaiergy of diets made witP.
phaseoloideincorporated at 12.5% was also low and similahtowvalues for incorporation at

25% of the 3 other species.
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5. Discussion

Psophocarpus scandens, Pueraria phaseoloides, satyfbesguianensisand Vigha
unguiculataare4 of the forage species that are most commonlydqags by smallholders in
Western DRC. Those species were reported to havepnotein contents, ranging from 180 to
277 g/lkg DM and higlm vitro digestibility (Kambashi et al., 2014).

However, in this study, protein content of the gwangredients was lower (145-207 g/kg
DM) than in the above-mentioned study possibly beeaof the hay making process inducing
protein degradation and losses of leaves leadirg liggher stems:leaves ratio than in fresh

forage.

Except forP. phaseoloidgsthe general shape of response of VDMI with insiez
concentration of forage in the diets showed a sligimegligible increase in intake followed by
a linear reduction (P < 0.05) when including 20%ntld0% of forage in the diets. Surprisingly,
pigs did not increase their DM intake to cope with decrease in energy content of the diet
that followed the inclusion of any of the 4 foraggecies, as demonstrated in Exp. 2 (Table
27). A similar observation was recently reportedPtwengsavanh and Lindberg (2013) on Moo
Lath pigs in Laos when soybean meal was replaceselbghynomene histrandS. guianensis
leaf meal on a protein basis. Explanation to thisepvation probably lies in the water-holding
capacity (WHC) of the investigated forages andrthentents in plant secondary metabolites
(PSM). WHC of the forage-substituted diets is deubl that of the basal diet with the highest
inclusion rates (Table 24). Moreovét, phaseoloidesyhich induces the sharpest decrease in
intake even when included at 10% in the diet, l@shighest WHC of the 4 tested species
(Table 23). High WHC results in high bulkiness desthe digestive tract of the pig, due to the
swelling of the fibre component (Bach Knudsen, 900This bulkiness reduces the feed intake
through reduced emptying rate of the stomach (bhegezt al., 2006). Furthermore, the lack of
increase in intake when including forage in theabaket also probably originates from its
composition. The basal diet sold in DRC by MIDEMaAlow in DE and ME (3303 and 2921
kcal’kg DM, respectively) as opposed to nutriemuieements for growing pigs: 3402 kcal
DE/kg and 3300 kcal DE/kg (NRC 2012). Actuallyisisuspected that the corn-soybean meal-
based basal diet has a high wheat bran contemteasfaghe major activities of this company is
the milling of wheat for flour. The high NDF conteof the basal diet points out to a possible
proportion of wheat bran in the diet as high as 30%s high NDF and low energy contents
led the animals to have already high intake levelgn when no forage was included in the
diet (126 g/d k§"° BW).
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Table 26. Voluntary intake of tropical forage legumes-based diets in growing pig (N=3, except for basal diet where N = 12)

Psophocarpus Pueraria Stylosanthes Vigna P-values
Basal diet scandens phaseoloides guinanensis unguiculata
SEM* Species Level Species x

Forage incorporation level (%) 0 10 20 40 10 20 40 10 20 40 10 20 40 Level
Voluntary Intake (gDM/kg BW®"®) 126 12972 103 94% 107° 99" 81° 1327 114%° 85 128%" 123%° 84" 348 0.525 <0.001 <0.001
P-values for the regression coefficients for forage incorporation levels in the diets

Linear 0.0069 0.0005 0.0062 0.0027

Quadratic 0.9959 0.8698 0.2492 0.0172

'SEM, standard error of the mean
*Means followed by a different letter differ at a significance level of P < 0.05.
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Table 27. Total tract apparent digestibility (%), N retention and energy digestibility of tropical forage legumes-based diets in growing pig (N=8)

Psophocarpus  Pueraria Stylosanthes Vigna

Basal diet scandens phaseoloides guinanensis unguiculata SEM* P-value

Incorporation Level 12.5% 25% 12.5% 25% 12.5% 25% 12.5% 25% Species Level Species x level
Digestibility (%)

Dry matter 76.0 71.0" 64.9° 69.8° 61.0° 70.0*° 64.8° 725* 65.6° 0.66 0.015 <0.001 <0.001
Organic matter 78.6 73.2% 674° 723° 636° 723" 67.2° 750° 68.6° 0.64 0.028 <0.001 <0.001
Crude protein 80.4 76.3% 695 752* 680 756% 70.9% 77.4® 722 065 0.083 <0.001 <0.001
Neutral detergent fibre 53.5 423 40099 473 403° 51.4% 443 s547% 4379 097 0011  <0.001 <0.001
Energy 75.4 69.9% 63.7° 69.3* 60.7° 69.3* 637 71.6% 652° 070 0.060 <0.001 <0.001
Nitrogen retention 58.4 486% 33.0° 408" 31.1° 504% 438* 50.0* 358° 1.44  0.083 <0.001 <0.001
Digestible energy (kcal/kg DM) 3303 32502 2810° 2941 2727° 3254® 2830° 3278% 2827° 524  0.265 <0.001 0.005
Metabolisable energy (kcal/kg DM) 2921 2741 2272° 2421® 2204 2769 2354° 2772* 2251° 553  0.303 <0.001 0.003

1SEM, standard error of the mean
*Means followed by a different letter differ at a significance level of P < 0.05.
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Despite these general observations, Yorunguiculata a decrease in DM intake
became sharp only at the 40% inclusion level, legath a quadratic evolution of DMI against
forage level (P = 0.0107). With this species, ggemed to be much more able to cope with
the decrease in energy content by maintaining lrintake to a high level, even for 20% of

forage in the diet.

In addition to the fibre content and the WHC, theestigated plants are likely to
contain several PSM with bitter or astringent taatel decreasing intake by negatively
affecting the physico-chemical properties of salasad/or oral mucosa or inducing post-
ingestion syndromes (Acamovic and Brooker, 2005V and Prinz, 2006). In this study,
only tannins were analysed. Consistently with oypdthesis,V. unguiculata,having the
lowest tannin content, allowed the best respond&Mnintake of the 4 investigated species as

the decrease in intake was rather limited to 20%hisfforage in the diet.

Even when included at 109%. phaseoloidesvas less consumed than the other
species, due to the combined effect of its high Wddh@ tannin content. Processing forage
may increase intake or delay the reduction in taks found in recent studies wigh
guianensiswhich was more frequently consumed as silage #sdeaf meal (Kaensombath et
al., 2013; Phengsavanh and Lindberg, 2013). Mart¢rad. (2013) stressed that ensiling is a
suitable fermentation method for both grains anale/ttrop forage, reducing anti-nutritive
compounds in forage and, consequently, increasiggstibility and intake in pigs. Those

techniques therefore deserve further investigdtiopig feeding uses.

As expected, increasing the forage level in diessilted in a linear decrease of TTAD of DM,
OM, CP, NDF, and gross energy (GE), a decrease iatéhtion, and a decrease in energy
contents (P<0.001). The decrease in TTAD was likielg to the increase in NDF content, as
reported in the literature (Len et al., 2007; Lyrethal., 2007). Fibre fractions increase the
chyme and digesta passage rate, reducing the duligssind time of action of digestive
enzymes and reducing global digestibility (Partaeteal., 2007). NDF significantly influences
digestibility, especially energy digestibility (Nieh and Le Goff, 2001). The results of faecal
protein digestibility are in agreement with theadabtained for other tropical forage species in
sows (0.30 to 0.57; Leterme et al., 2006) but asekedly higher than those (0.07 to 0.21)
obtained by Régnier et al. (2013) in Creole pighwther forage species.

The inclusion of forage legumes reduced crude pratigestibility from 0.80 to 0.68

and N retention from 0.58 to 0.33, for the basat dndP. phaseoloidegcorporated at 25%,
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respectively. The reduction in digestibility coubdrtially be due to the bounds between
protein and the NDF fraction, preventing them frdmming hydrolysed by the digestive
enzymes of the pigs (Bindelle et al., 2005). Traults of this study show that up to 36% to
46% of the N, forP. phaseoloidegind P. scandensrespectively, was bound to the NDF
fraction, negatively affecting protein digestibilitas reported by Leterme et al. (2006).
However, low faecal N digestibility values do nbways mean low protein values. The high
fermentable fibre content of some forage specidgaes the apparent faecal digestibility of N
through a shift of N excretion from urinary N a®arto faecal N as bacterial protein without
systematic alteration of the protein value of thet (Bindelle et al., 2009). This explains why
S. guianensishows similar faecal N apparent digestibilityRoscandensndV. unguiculata

but its N retention value at the 25% forage indodevel remains higher. This is probably a
combined effect of urea uptake by bacteria in Hrgd intestine when fermenting the fibre
fraction of the forage, as shown by the high NDgedtion value 06. guianensibased diets.

Nevertheless, further determination on the proteilne of the forage species will require ileal
digestibility values for protein and amino acidshieh could not be measured in the

framework of this experiment.

Finally, in both experiments, the decreases innalty intake and digestibility can be partly
ascribed to the fact that young pigs have a lovaciyp to ingest high-fibre diets and digest

them as compared to larger animals such as sowdgtNend van Milgen, 2004).

In conclusion, the intake of up to 200 g®fguianensiandV. unguiculataper kg DM intake
does not affect the voluntary intake of growingspiQue to their negative effect on the overall
digestibility of the diets, their contribution tbe diet should not exceed 12.5%, exceptSor
guianensis in which N-retention remained quite high (0.44)tla¢ highest inclusion level
(25%). Due to its low intake and low digestibilitthe use ofP. phaseoloidesn pig feed

should be discouraged.
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The results from the previous chapter, namely tleerehses in voluntary intake and
digestibility with increasing levels of forage imet diets can be partly ascribed to the fact that
young pigs have a low capacity to ingest high-fidrets and digest them as compared to
larger animals such as sows. In addition, both mxeats were performed during a short
period. To properly assess the effects of theseaedses in feeding performances on
smallholders it was necessary to conduct a growplergment for a longer period time during
which the pigs were fed a forage-based diets andsume growth performances and
production costs. This work was carried out in Gaap that aimed at assessing feed intake
and growth performance of pigs restrictely fed ghean-corn diet supplemented with fresh

forage legumes.
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1. Abstract

The effects of tropical forage legumes on feedkimtagrowth performance and carcass traits
were investigated in 16 groups of 2 Large Whitespifhe diets consisted of a commercial
corn-soybean-meal diet as the basal diet and gdebased diets. Four groups of control pigs
received daily 4% of body weight of the basal dietl 12 groups of experimental pigs were
fed the basal diet at 3.2% of body weight complet@ti fresh leaves of one of the 3 forage
legumegPsophocarpus scander8tylosanthes guianensasdVigna unguiculataad libitum.
Feeding forage legumes lowered the dry matter en{@ivl1) by 4.5 to 9.6 % (P < 0.001), final
body weight (P=0.013), slaughter weight, averagly dain (ADG) and hot carcass weight (P
< 0.05) without affecting the feed conversion rgftCR), dressing percentage and back fat
thickness. Except for stomach weight, there wasorage effect on internal organ weight. In
conclusion, using forage to feed pig could be gdeng in pig smallholder production with
limited access to concentrate as long as the fquegguction costs are marginal.

Keywords: Forage, Nutritive value, Pigs, Body Weight, AvggeDaily Gain, Feed Costs.
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2. Introduction

In the Western part of the Democratic Republichef Congo (DRC), as in most developing
countries in tropical America, Africa and Asia, pigrming is practiced mainly by
smallholders with low input and limited resourcEgagira et al., 2010; Kumaresan et al., 2007,
Lapar et al., 2003). Rearing pigs plays a vitakrat a source of high quality proteins, as a
source of income and as part of the household amsgr system (Kumaresan et al., 2009;
Phengsavanh et al., 2011). Pig farming is ofteegr#ted with other agricultural activities by
providing manure for crops while crop residuesiareurn used as feed (An et al., 2004). In
this production scheme, feeding varies accordingnaoket opportunities and the availability
of the feed ingredients. Commercial concentratesiaed by a small number of producers, i.e.
< 5% in Western DRC (Kambashi et al., in press)stigoaround and near highly populated
cities and in market-oriented production systemghe€ feed unbalanced diets made of
various agro-industrial by-products such as bresvgrains and bran, while in the remote
countryside, pigs are fed all sorts of agricultdnglproducts from local food processing units,
cassava roots, rice bran, or corn. Often, pigssapplemented with green forage plants that
grow naturally in forests, along rivers banks, wrfallowed and cropped fields (An et al.,
2005; Kumaresan et al., 2007). The use of thesiress, especially plant materials, seems to
be the most profitable alternative to commercigtgilLemke et al., 2007) and is often the
only option in times of shortages. Some tropicalafe species known and used by pig
smallholders seem to be a good alternative to addpeotein and mineral deficiencies in
unbalanced diets. Earlier studies have shown indlegtdsome species not only have a high
protein content (Bindelle et al., 2007; Kambashalet 2014; Phuc and Lindberg, 2000) and
high digestibility (An et al., 2004; Leterme et,&009), but can also, to some extent, partially
replace conventional sources of protein in pigdieithout affecting the growth performance
as well as the quality of the carcass (KaensomaathLindberg, 2013; Kaensombath et al.,
2013).

Among the tropical forage resources used in pidifegsystems in the Bas-Congo and
Kinshasa provinces of DRCPsophocarpus(Psophocarpus scandens)Stylosanthes
(Stylosanthes guianengiand Vigna Yigna unguiculataseem quite promising owing to their
high protein value and reasonable energy digeisyibds forage in non ceacotrophic
monogastrics (Kambashi et al., 2014). Psophocaigpascommon wild plant that grows in
lowlands up to an altitude of 1,000 m, in areath it average annual rainfall of 1,220-1,800

mm and a mean annual temperature of 25°C. Psoghmaas introduced as leafy vegetable
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in several African countries, but it has receivéahited acceptance (Schippers, 2004).
Stylosanthegrows from an altitude of 0 to 1,600 m, between 6890 to over 3,000 mm of
annual rainfall and in a temperature range fromd235°C. It performs exceptionally well in
humid tropical climates and those of medium alttuelven with a marked dry season (Husson
et al., 2008; Tropical forages, 2014). Vigaarought tolerant and has a short growing period.
Dual-purpose varieties, suiting the different criogpsystems existing in Africa, have been
selected to provide both grain and forage (Gomép42 Singh et al., 2003), which allow
farmers to diversify their sources of income, imy@aheir livelihood and promote sustainable

agriculture.

As most data available on these species is liniitethe nutritive value in pigs, the
present study aimed at assessing how feeding fdesmgenes to pigs actually affects feed
intake and growth performance of pigs fed a rasticamount of corn-soybean meal-based

diet but supplemented with fresh forage from Psophuus, Stylosanthes, and Vigna.

3. Material and methods

Forage legumes were produced on a farm field oS®@SENAC (Société des grands élevage
de Ndama en Afrique centrale) in the DRC, locateb@5’ latitude South and 14°49’
longitude East, about 180 km southwest of Kinsh@ka. annual rainfall during the growing
season was 1,418 mm in 2012 (SOGENAC, personal coneation). The average monthly
temperature ranged from 21.5 to 25.4 °C. The field a ferralitic soil with sand-clay texture
(Renard et al., 1995). The first harvest was cdroeit after 2 months for Vigna and
Psophocarpuand 2.5 months for Stylosanthes. Vigna was groviimas in different fields,
each time with an interval of 1 month to yield leavhat were harvested until the initial pod
set. Psophocarpad Stylosanthesere grown once, and only the leaves and softsiatice
harvested on regular basis. Since the experimergigsilasted for 90 days, forage samples
were taken daily and pooled over 10-days periodsgke up a total of 9 independent samples
for each forage species. The chemical composittowell as the amino acid profiles of the
forage used in the experiment are displayed inél'aBl Amino acids were determined only on

6 randomly chosen samples out of the 9 that weadadole as explained previously.

131



1. Animals, feeding and management

Thirty-two castrated male growing pigs (Large Whit®uroc) with an average body
weight of 25.5 + 4.2 kg at the beginning of the exxment and 74.3 + 8.0 kg at the end were
used. On arrival, the pigs were kept and obsergedrie week. During this period, they were
treated against intestinal parasites and fed a @uniatl corn and soybean-based diet free of
antibiotics. The pigs were then divided in 16 greop 2 pigs (average weight: 50.0 + 1.2 kg).
Each group was assigned to one diet for 90 dags) flune 12, 2012 to September 10, 2012.
The diets consisted either of a commercial corn soybean-based diet (MIDEMA, Matadi,
Bas-Congo, DRC) (basal diet) as control fed at 4%oaly weight on DM basis or the basal
diet fed at 3.2 % of body weight on DM basis (8@#%4he allowance of the control groups)
completed with fresh leaves of one of the 3 forlegeimes fed ad libitum. The pigs were fed
twice a day (8 a.m. and 4 p.m.). Forage was hagtlestery morning and chopped (2—-3 cm) to
avoid selection. A sample of the distributed cantlet and forage was collected daily. A
subsample was dried at 105°C for DM determinatimh @nother subsample was dried at 60°C
and pooled over 10-days periods for further cheim&cwmlyses as explained above. The
refusals underwent the same treatment. Since theriexent lasted for 90 d, there were a total
of 9 samples for the basal diet and for each offtih@ge species. The pigs had permanent

access to water.

The experiment was conducted in a renovated pigstiKolo-Fuma (Bas-Congo,
DRC). The pens had concrete floors and had beeénfalited and repainted with lime two
weeks before the experiment. They were cleaneg détih water, before feeding, during the
experiment. Each box had two areas, one area aft @bm2 under shelter and 6 m2 without
shelter as exercise area. Animals were weighekbeastart of the experiment and every 10 d
until the end of the experiment. After 90 d, aljpivere slaughtered after an overnight fasting
and the empty carcasses and major organs were aeeiffack fat was measured at the P2

position, 65mm away from the midline, at the lesfthe last rib.
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Table 28. Proximal composition of tropical forage legumes and essential amino acid contents of the basal diet and the forage legumes fed to the pigs
(g/kg DM) (N=9 except for amino acids where N=6)

Control diet Psophocarpus scandens Stylosanthes guianensis Vigna unguiculata

Mean#SD" Min-Max Mean#SD Min-Max Mean#SD Min-Max
Dry matter of fresh forage 20123 216425 156+#16
Ash 6943 95#9 92+11 131431
Crude protein (N x 6,25) 192+7 230#18 194-252 194424 150-226 212429 172-263
Neutral detergent fibre 228419 473428 431-524 507464 419-596 359461 259-446
Acid detergent fibre 6022 31627 271-354 347459 234-460 252458 155-311
Acid detergent lignin 174 70410 55-82 6413 48-80 51#14 23-65
Gross energy (kcal/kg DM) 4455+18 4457491 4263-4557 4335454 4224-4408 4233495 4206-4472
Essential amino acids (g/Kg DM)
Arginine 12.3#0.9 10.320.7 9.620.8 12.640.7
Histidine 5.040.3 4.320.1 3.840.4 4.440.4
Isoleucine 7.320.6 8.840.4 7.840.9 10.020.9
Leucine 14.1#0.9 14.240.6 13.040.9 16.5#0.9
Lysine 7.740.6 9.4#0.6 8.1+0.7 9.740.9
Methionine 3.440.3 3.5#0.4 3.240.2 4.2+
Phenylalanine 8.740.5 9.440.5 8.840.8 10.920.9
Threonine 7.840.5 10.1#0.4 8.520.9 10.5#0.9
Tyrosine 4.940.3 5.020.3 4.640.5 5.5#0.7

'Standard deviation

133



The production costs of diet for pigs whose dietwapplemented with forage was
calculated by adding the cost of the commerciat thethe production costs (agricultural
inputs, labour and mechanization, Table 31) offtihhage actually consumed by pigs. The feed
cost per kilogram of gain weight was then calculaby the ratio of the feed cost of the
average feed consumed during the whole periodet#periment on the average daily gain.
The economic value of carcasses was calculatedgoef body weight irrespective of their
conformation.

2. Chemical analyses

Dry forage legumes (60°C for 48h) and basal dietdas were ground to pass a 1 mm
mesh screen in a Cyclotec 1093 Sample Mill (FOS&tEt A/S, Hilleroed, Denmark) and
analysed for their content in dry matter by dryaidglO5 °C for 24 h (method 967.03; AOAC,
1990), in ash by burning at 550 °C for 8 h (metBa8.03; AOAC, 1990), in N according to
the Kjeldahl method and calculating the crude pnot€P) content (N x 6.25; method 981.10;
AOAC, 1990), in gross energy by means of an adiak@atygen bomb calorimeter (1241
Adiabatic Calorimeter, PARR Instrument Co., lllisplUSA), and in neutral detergent fibre
(NDF) using thermostable amylase (Termamyl®, Nowrdisk, Bagsveerd, Denmark) and
corrected for ash. Feed samples were also anafgsdtieir content in acid detergent fibre
(ADF) corrected for ash, in acid detergent lignkD() according to Van Soest et al. (1991)
using an ANKOM-Fiber Analyzer (ANKOM-Technology, ifaort, NY), and in amino acids
by HPLC (Alliance 2690, Waters) after hydrolysigiwa mixture of 6 mol HCI/I containing 1
g phenol/l at 110 °C for 24 h and derivatizatiorthamthe AccQ-Fluor reagent Kit (Waters,

USA). Methionine and cystine underwent performiation before hydrolysis.

3. Statistical analysis

Data were subjected to an analysis of the variasoey the MIXED procedure of the
SAS 9.2 software (SAS Inc., Cary, NC) with the uidual pig as experimental unit for
carcass composition and organ weights and the godup pigs for growth performance
parameters and costs calculation. In the casesigfréficant difference (P < 0.05), least square
means were used as multiple range tests. Cornelb&tween variables was assessed using the
CORR procedure in SAS 9.2 software.
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4. Results

1. Feed intake

Forage legume intake was less than the 20% exp&camdthe reduction in basal diet
allowance and it resulted in a reduction in dryteraintake (DMI) (P < 0.001). However, the
Stylosanthes-based diet had a higher DMI than tlgna/ and Psophocarpus-based diets
(Table 30). Moreover, the difference between Sgitises and the control was not significant
when expressed per kg of metabolic weight, 108 kg DM/kd" " respectively, and the
intake in those diets were higher than for the Beptforage-based diets (Vigna and
Psophocarpus). Finally, when considering foragekmtalone, it was highest with Stylosanthes
(321 kg/d) as opposed to Vigna (232 kg/d) and Pscgipus (214 kg/d). The DMI was related
to the DM of the forage (R? = 0.74, P <0.05).

Table 29. Effects of reducing feed allowance in corn-soybean meal diet and supplementing
with tropical forage legumes on growth performance, daily feed intake and feed conversion
ratio (FCR) in pigs

Psophocarpus Stylosanthes Vigna P
Control' scandens guianensis unguiculata values SEM?
Initial BW (kg) 24.4° 2517 25.5% 25.0% 0.026 0.14
Final BW (kg) 7877 71.3° 73.8%° 73.3" 0.013 0.88
Average daily gain (g/day) 597°  515° 543% 537" 0.013 11.0
Total DMI (g/day) 2077*  1876° 1983° 1894° <0.001 19.5
Ingested forage (g/day) - 214° 321° 232° 0.001 12.4
Total DMI (g/kg®"°BW) 110°  105° 108? 105° 0.005 0.84
FCR (kg feed/kg gain) 3.52 3.66 3.67 3.55 0.619 0.04
Feed cost ($US/kg gain)  1.462 1.390 1.408 1.381 0.157 0.01

"Values within row with differing superscript letters are significantly different (P<0.05)
ZSEM, standard error of the means

2. Growth performance

The average daily gain (ADG) ranged from 515 to §@iay and feed conversion ratio
(FCR) from 3.52 to 3.67. The reduction (20%) of thasal diet withad libitum
supplementation of forage reduced the average dgmiip (ADG), while FCR remained
unaffected. However, the way it reduced the wegghn differed between forage species. The
ADG was higher (P < 0.05) in control pigs than #hos the Psophocarpusnd Vigna-based
diets (Table 29), while no difference was foundwessn control pigs and those fed the
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Stylosanthes-based diet. Nevertheless, differencédG between forage species were not

significant.

3. Carcass composition and organ weights

The pigs supplemented with fresh forage legumes Ibagr hot carcass weights
(P<0.05), while the dressing percentage ranged fran7 to 75.1% (Table 30) and was

unaffected (P = 0.19). However, no differences vieoad between forage species.

Table 30. Effects of reducing feed allowance in corn-soybean meal diet and supplementing
with tropical forage legumes on carcass composition and organ weight in pigs

Psophocarpus Stylosanthes Vigna P
Basal diet' scandens guianensis unguiculata values SEM?

Slaughter weight (kg) 79.52 72.2° 74.6% 74.2° 0.038 0.14
Hot carcass weight (kg) 59.7% 52.7° 54.2° 54.7° 0.017 0.76
Back fat at P2. (mm) 18 15 15 17 0.197 0.59
Stomach (g) 640° 691% 756° 679% 0.045 145
Dressing carcass (%) 75.1 73.0 72.7 73.5 0.190 0.43
Liver 1395 1306 1382 1401 0.650 29.1
Lung 706 752 725 801 0.361 23.6
Kidney 299° 238° 251" 276% 0.001 7.0

Kidney (g/kg carcass weight) 5.0 4.3 4.5 4.9 0.125 0.12

'For one column, means followed by different letters differ (P<0.05)
ZSEM, standard error of the means

Among organ weights, the stomach varied from 64056 g and differed (P<0.05)
between treatments (Table 30). Control pigs hactastomach weights than those on forage.
The Stylosanthes-based diet tended to result ieaziér stomach than the Vigna-based diet.

Other organs were unaffected by the treatments.

Table 31. Cost of production of forage species

Psophocarpus Stylosanthes Vigna
Iltems scandens guianensis unguiculata
Seeds ($ USD/ha) 80 80 28
Plowing and harrowing (tractor) ($ USD/ha) 160 160 160
Seedlings (10 man-days) ($ USD/ha) 100 100 100
Weeding (20 man-days) ($ USD/ha) 200 200 200
Havest (10 man-days) ($ USD/ha) 100 100 100
Cost of production ($ USD/ha) 640 640 588
Yield (kg DM/ha) 7471" 6267" 6043
Yield in edible parts (kg DM/ha) 3716 3734 3071
Cost of production of edible parts (USD/kg DM) 0.186 0.185 0.208

YYield of two crops (first crop and yield of regrowth after the first haverst)
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The cost of production is almost the same for allafle species. The item of
expenditure which differed is the price of the seelthe cost of production per kg of edible

dry matter for feeding pigs seems slightly higher\fignadespite its lower seed cost

5. Discussion

Pigs were not able to fully compensate the 20% cialu in basal diet feeding
allowance using forage legumes. It resulted in loW&l and, as a consequence, lower
nutrient intake, which, in turn, resulted in longnowth performance and lower slaughter hot
carcass weight. The low DMI in this study is rethte the high water and high fibre content of
the forage-based diet compared to the control @iable 29). Moreover, the high water-
holding capacity of some dietary fiber fractiondafage plants leads to bulkiness and reduced
intake as showed by Ndou et al. (2013). Bulky digte a sensation of a full stomach before
the nutritional requirements are met and, therpbgyent animals from continuing to eat. The
amount of bulky feed that an animal can eat dependts own capacity to cope with bulk and
the bulkiness of the feed itself. The absolute ciypdor bulk is related to live weight by a
guadratic function (Whittemore et al.,, 2003). A dstuwith pigs fed Stylosanthes and
Aeschynomene histrbased diets showed a similar decrease in DMI vibeage (13, 21 and
37%) was included in the pig diet (Phengsavanh &imddberg, 2013). However,
Keoboualapheth and Mikled (2003) reported an irszea individual feed intake from 942 to
1309 g DM/d when pigs fed a protein deficient cand rice bran-based diets were
supplemented with fresh Stylosanthes. The intak&tytosanthesepresented less than 12% of
the total intake, showing that supplemented pigsew@one to eat more of the protein
deficient basal diet and not only the extra foragewever, in the present experiment, the
average daily forage DMI intakes were 214 g, 3Zind 232 g DM (Table 29) respectively,
reaching 11.5, 16.2 and 12.3% of the average d@&ily for Psophocarpus, Stylosanthasd
Vigna, respectively. The results of this study shiat pigs could not ingest the forage
legumes as extensively as the control diet leadmga lower total intake in forage
supplemented pigs. Stylosanthveas more consumed than the other forage speciage\do,
this higher consumption compared to Vigna shoulddmesidered as relative because the latter
had a DM content of 19% lower than Stylosantfiexble 28) which may have influenced its
DMI. The DMI of forage resources can be improvedppgcessing methods reducing water
content and bulk effect, with a subsequent rednatib anti-nutritional compounds such as
tannins and trypsin inhibitory activity as well @galic acid, which improves digestibility, and

potential absorbability of protein and minerals pags (Martens et al., 2012; Martens et al.,
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2013). In a study by Sarria et al. (2010), Vigref lmeal was incorporated up to 32.9% of DM,
in replacement of wheat bran, allowing a reductidrsoybean meal thanks to the protein
provided by Vigna. No difference in weight gainjlgdeed intake and final weight between
treatments was observed. It is clear from thatystbdt processing of fresh Vigna to leaf meal

encourages DMI with a positive effect on growthfpenance.

Thus, to produce high quantity of high quality fgeathe agronomic conditions and
the potential yield of biomass of the species sthdnd considered, but also other parameters
that may affect feed intake such as fibre contghich depends on the forage maturity and the

proportion of leaves to stalks (Buxton and Redfea97).

While the final weight and ADG were not differenéttveen control pigs and pigs
supplemented with Stylosanthes, the carcass wasendar pigs eating the control diet. This
means that the live weight of pigs fed Stylosantwas strongly counterbalanced by their
digestive tract contents, which were heavier thaose on the basal diet, probably due to the
high WHC of its fibre content (7.5 g,B/g DM) as opposed to Vign®.9 g HO /g DM)
(Kambashi et al., submitted). As the FCR was nff¢dint between the diets, the reduction in
growth performance observed in this study was lybmainly caused by the lower DMI.
Although no difference in DMI expressed per kg adtabolic weight was found between the
control and Stylosanthediet, the latter showed a lower hot carcass weifhese results are
consistent with those of Phengsavanh and Lind®#043) who found a decreased growth rate
and DMI with increased legume leaf meal; but theg Bconsistent with the results of
Kaensombath and Lindberg (2013) and Kaensomba#i. ¢2013) who found no effect on
growth performance and DMI in pigs fed ensifedlocasia esculentand Stylosanthes-based
diets containing up to 3259 NDF/kg DM. This dis@epy can possibly be explained by the
already high NDF content of the commercial diet3(82\DF/kg DM) in this study.

In contrast with growth performance, carcass qualitd dressing percentage was not
influenced by the inclusion of forage. However, gifpd forage basediet had heavier
stomachs than those on control diets. The pressuitris consistent with those of earlier
studies (Len et al., 2009; Ngoc et al., 2013) wistoenach weight was affected by increasing
fibre level. Pigs fed Stylosanthes tended to havegh stomach weight (P=0.054) probably

due to its high fibre content.

Moreover, the low growth performance of pigs fethfye originates from the fact that
those diets were compared with a commercial bathritet in pigs with a high growth

potential but also high nutritional requirementrliea studies have shown that the use of
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forage legumes significantly improved growth whégspare fed an unbalanced and fibre-rich
diet, generally made of crop residues and by-prtzdacailable on the farm (Keoboualapheth
and Mikled, 2003; Phengsavanh and Lindberg, 2013).

The inclusion of forage had no effect on feed gqmst kilogram gain between diets.
Feed costs were reduced to 4.0, 4.9 and 5.2% (00682 and 0.076 $US/kg weight gain)
when pigs were fed forage legumes based diet (T28)leThe lower effect of forage on feed
cost is partially due to its low consumption corsealy to what had been expected.
Nevertheless, on smallholders’farms, the cost cdde production would be lower than that
obtained in this study for several reasons: (ipfer legumes are grown either in association
with other crops or cover crops, which would redeosts for the preparation of soil, (ii)

family labour is used and would be unemployed Was not to work on the family farm.

Feeding forage legumes to pigs in replacement teeduction of 20% of feed
allowance of a well-balanced basal diet decreasdmbpfeed intake by 4.5 to 9.6 % as well as
growth performance depending on the forage spedtb®ut affecting feed conversion ratio.
However, due to lower production costs, the uséordge legumes to pigs makes sense for
smallholder pig producers with limited access tonowrcial concentrate feeds or working

with local breeds with lower nutritive requirements
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General discussion

This thesis addressed the relevancy of the useoadl Iforage resources by pig
smallholders in the provinces of Bas-Congo and Kass, in the western part of the
Democratic Republic of the Congo. The survey wasdooted to characterise the actual
system used to rear pigs. This survey highlighkedreasons why smallholders use forage in

the diets of their animals.

In the investigated areas, pigs are held primdoylyfarmers that possess a small herd
(18 pigs and 3 sows per farm, on average). Thesasfare largely oriented towards the
market, primarily to provide cash for the farmemdahen to support the family’s needs for
animal products. This is very similar to other attans in Africa (Ajala et al., 2007; Kagira et
al., 2010), and it should represent an asset, sits&et-oriented producers are more likely to

be receptive to system changes that prove usefntieasing profitability.

Nonetheless, biosafety and sanitary conditionsh& itvestigated pigs’ farms were
also identified as major constraints to sustainpbbeluction and profitability. The studied area
is an endemic area for many diseases, includingttiean swine fever (ASF). These deseases
increase the risk taken by farmers when investingig production (Costard et al., 2009;
Fasina et al., 2012). Tighter health regulationd health surveillance systems are absolute
necessities, in addition to a better training fbe farmers regarding farm hygiene and
biosafety measures, in order to allow a wider dgwelent of pig production in those
provinces. Improved hygiene would also benefit thgs’ individual performances, since
Renaudeau et al. (2009) reported that poor hygiemnclitions make pigs less productive and

more susceptible to diseases.

Besides sanitary conditions, the other major cangtrdentified during the survey is related to
the slow growth and high mortality rates (Tablec8used by unbalanced diets and the poor
genetic background of the animals. Therefore, #nse justified to investigate feeding
practices that could improve the nutritional stadtithe animals, even if improvement genetics
should also come along. However, such action tosvagenetics requires increasing as
suggested before the confidence in biosafety ferhrd of the farmers who will have to

invest in improved boars and sows and want to sesfforts ruined by an ASF epidemic.
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The suspected poor feeding status of the animasrebd in the surveyed farms is
consistent with the low number of farmers (4%) wtan afford to feed their animals
commercial diets (Table 16). As is often the casddveloping countries, most of the farmers
use feedstuffs that are available on and aroundaim, including a wide range of forage
plants, because commercial diets and agro-indubfrigroducts are either inaccessible or too
expensive, and are often both. When available, doyreroducts provide energy and are low
in protein, except for brewer’s grains, which afgpoor nutritive value for pigs, making an
unbalanced diet that results in poor growth peréoroe and high piglet mortality rates
(Phengsavanh, 2013).

The choice of forage species is a key issue toreribair rational use to feed pigs. The
20 most commonly used forage species, as determiydide survey, were investigated using
an in vitro model of the pig gastrointestinal tract. This wakowed that some species
(Amaranthus hybridydpomoea batatgdManihot esculentaMoringa oleiferg Psophocarpus
scandenandVigna unguiculataseem quite interesting and farmers were rigl the use of

the species.

Other species badly scored (grasses, as wéltasia mangiumEichhornia crassipes
and Cajanus cajah It should be interesting to uncover the reagbas drive farmers to use

those species in the pigs’ diets, despite the &opapr nutritive values.

In vitro models are used in order to provide a useful ratére toin vivo models, by
rapidly screening large numbers of ingredients (kefual., 2011). However, as explained in
Chapter 3, many factors interfering with the intadked the digestive processes are not
considered with the chosém vitro model. Therefore, if a species scored baullyitro, it is
likely to be as bad when fed to pigs. However, thmposite is not true, and definite
conclusions cannot be drawn regarding the forageiep that have apparent good nutritive

attributes when usingn vitro the model.

Among the interfering factors is the impact of bo#lss and viscosity on digestive
enzymes and transit time (Ferrua & Singh, 2010j.example, in humans, altering the lumen
viscosity can significantly reduce the glucose frstarch hydrolysis that becomes available
for absorption (Tharakan et al., 2010). Anothertdads the impact of some secondary
metabolites, such as tannins, onitngivoincrease of endogenous losses in animals, indudin
mineral losses by chelation, resulting in a lonarel of minerals available for absorption
(Acamovic & Brooker, 2005; Gaffney et al., 2004ui&tlj et al., 2010).
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Because of the above-mentioned drawbacks ofirthé@tro approach, thre@ vivo
experiments were conducted in an attempt to clatisd effectiveness of the most promising
forage species to partly substitute for part of thacentrated feed ingredients, as well to

reduce production costs.

The nutritive value of forage species measuredivo was not as high as predicted
when using then vitro method. The calculation of the nutritive value tbé forage as
determined by the extrapolation of the value olgdiwhen the forage was incorporated into a
basal well-balanced diet at a rate of 12.5 and 2®éred according to the inclusion rate
(Table 32). This is due to a suspected quadratiction of digestibility parameters with the
forage inclusion, but the quadratic relationshipldanot be formally proven, since only three

levels of incorporation of the forage were test@dl@.5, 25%).

Nevertheless, the ranking of the forage speciessivagar to taht obtained using the
in vitro method. With the exception 8f phaseoloidedpr which the coefficient of thm vitro
N digestibility was higher than witR. scandensindS. guianensigTable 32), the rank order
of digestibility remained the same, with unguiculatabeing the most digestible speciéxs.
phaseoloidesvas the least consumed species, while also beiregvath both high fibre

content and high water holding capacity.

Table 32. Trend digestibility of forage species measured in vitro and extrapolated in vivo
models

Psophocarpus Pueraria Stylosanthes Vigna unguiculata
scandens Phaseoloides guianensis
I .2 In . . . In .
In vitro™ In vivo . In vivo In vitro In vivo . In vivo
vitro vitro
Inclusion rate (%) 125 25 125 25 125 25 125 25
Digestibility (%)
Nitrogen 0.69 0.50 040 0.75 0.37 0.34 0.67 0.55 0.37 0.81 0.60 0.48
Energy 0.58 041 0.29 054 0.24 0.22 0.58 0.37 0.23 0.66 0.47 0.35

The in vitro nitrogen coefficient is calculated from the enzymatic hydrolysis, while the energy coefficient
includes the enzymatic hydrolysis and energy from short-chain fatty acids.
%Fecal apparent digestibility calculated by the substitution method

To use forage in the diets of pigs, it is necessargelect species with high protein content.
However, emphasis should also be placed on the ¢itratent. The high fiber content affects
the intake and digestibility, both factors deteriminthe nutritional value, by its physicals
properties. Fiber with high WHC leads to high bao#gs inside the digestive tract of the pig,
due to the swelling of the fibre component (Bachudsen, 2001)This bulkiness reduces the
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feed intake through reduced emptying rate of tlmmath (Leterme et al., 2006kibre
fractions increase the chyme and digesta pass#gereducing the accessibility and time of
action of digestive enzymes and reducing globalegtigility (Partanen et al., 2007).
Therefore, the fiber content of the other ingretiesf the diet should be taken into account in
determining the incorporation rate of forage in thet. For example, a higher incorporation
rate may be used in a diet based on cassava raoh ws both low in protein and fibre.
Cassava root was showed in the survey (Chaptes B twidely available in most areas of
Western DRC.

In Chapter 4, we have assumed that the decrealigdstibility was due to high fiber
content of basal diet. As consequence, this didt éndow digestible energy content. Fibre
strongly interferes with protein digestibility. Resns can be bound to the NDF fraction
preventing them from being hydrolysed by the digestnzymes of the pigs. This NDF-bound
protein fraction is higher in dicotyledons thangg@s (Bindelleet al, 2005). However, high
fermentable fibre content of some forage speciesedses the fecal apparent digestibility of N
through a shift of N excretion from urinary-N (uyea fecal-N (bacterial protein) without
systematically altering the protein value of thetd{Bindelle et al, 2009). The results
displayed in Table 23 show that up to 36% to 46%hef N, for P. phaseoloidesand P.
scandens respectively, was bound to the NDF fraction, tiegly affecting protein

digestibility. This explains the low protein digiddity of these species.

The hay-making treatment applied to the foragehmfirst twoin vivo experiments
(Chapter 4), including the voluntary intake and digestibility measurement, also influenced
the composition of the forage, lowering its digeiity. In the growth experiment, (Chapter 5)
changes appeared in the protein and fibre contkheo same species over time. Protein
content varied from 207-277 g/kg DM, 150-226 g/Kg Bnd 172-272 g/kg DM, while the
NDF content varied from 43-578 g/kg DM, 419-596ggikM and 259-446 g/kg DM fap.
scandens, S. guanensiadV. unguiculata respectively, despite the fact that the seed® wer
from the same batch and sowed in similar fieldss Bhift in composition originates not from
the harvesting methods and post-harvest treatnusets, but rather from the maturity of the

plant itself at the time of harvest.

Samples used in tha vitro screening experiment were collected in small gtiast
and treated with the maximum level of care. Forapecies for the experiments testing
voluntary intake and digestibility were harvestednnass quantity and dried in open air.
Drying can induce a change in the leaf: the stefio rand the chemical composition, as

compared to the initial product, due among otherthe loss of leaves. For the experiment
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testing growth performance, fresh forage was u$ed. specimens were harvested regularly
over an extended period of time (from 1-3 monthejucing different maturity levels of the
collected plants, resulting in an increase in ftitbeef content and a decrease in the protein
content over time (Table 28), as reported elsewfidadvin & Marya, 2001; Sudekum et al.,
2006).

Moreover, when large amounts of forage are hardestdas difficult to maintain a
high leaf/stems ratio. It is also difficult to hast only tender leaves, stems or shoots. The use
of fresh forage is not ideal either due to a highater content, in addition to anti-nutritional
factor contents that affect the feeding value (trete et al., 2005; Régnier, 2011). It is
therefore important develop the practical feedingthuds that could be recommended to
farmers in order to optimise the balance between fatake, nutritive value and operation

costs.

Forage should be harvested at the right time ieroi@ yield a high biomass with low
fibre and high protein contents. The forage shaisdd be processed in a manner that leads to a
decrease in water and anti-nutritional compoundsdtet al., 2007; Phengsavanh & Frankow-
Lindberg, 2013). In addition, processing forage @arease its quality, providing a stable
nutritional value over an extended period of tirhelping farmers to cope with periods of
shortage. Preserving forage usually increasesdditfig value and voluntary intake when anti-

nutritive compounds are present (Martens et all328lguyen et al., 2012).

In Chapter 4, we used hay, but silage is probalilgtter alternative, as it requires less
energy to make and is not dependent on weatherit@mdin the tropical humid climate of
the DRC, where rains are abundant during ideabderior forage crops. However, as already
mentioned when discussing improvements in sanitamyditions, making silage requires

farmers to be trained to yield a final product thas a good nutritive value for pigs.

In addition to these considerations regarding piaaterial quality, the most striking
conclusion from then vivo experiment is that despite a reduction in dry eratttake and
digestibility that impaired growth performance, tfeed conversion ratio was not affected.
However, the production cost per kilogram of liveight was not significantly reduced either,
due to the fact that the costs of forage cultivatamd harvesting were supported by forage
alone. Nevertheless, if forage legumes are fultggrated into the agricultural system based
on optimised fallows, a multi-year forage produetincluding the rotation and association

with food crops, could be associated with reduaedsccould occur.
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In the western provinces of the DRC, where smatkad commonly plant corn and
cassava, forage legumes can be added into therctation or as part of an inter-cropping
system. The integration of forage legumes into iy cycles will have the potential to
increase yields of subsequent crops through thease in plant available nitrogen (N) in the
soil (Odunze et al., 2004). For forage, soil cceittier be partially prepared or not prepared at
all, and the nitrogen fixed by legumes will suppaoth animal production and food crops. In
addition, if forage consists of the by-productdazid crops, such as cassava and sweet potato,
the production costs would be even lower becausgwould consist solely of harvesting and

storage costs.

Moreover, the growth experiment (Chapter 5) wadgoered by partly substituting a
well-balanced diet with forage, and since farmeld@m use such commercial feeds (Chapter
2), the impact of adding the most appropriate feragecies to cassava peels or brewer’s
grains diets could produce results that furtheofmed the use of those forage species, even

above what was concluded from the growth experirme@hapter 5.

Furthermore, the most interesting forage plantstéegigs, especially legumes, are
rich in protein. Offerecd libitum this could lead to an excessive intake of prot€mmpared
to animal protein, plant proteins have a lower slhipdity, partially due to some parts of
proteins that are trapped within the fibre matfikese trapped proteins escape digestion in the
small intestine, and are fermented in the caecuntfaa colon instead. Anaerobic degradation
of undigested protein in the large intestine by tesident microbiota produces toxic
metabolites, such as ammonia, amines, phenols wpbides, which are detrimental for the
host animal’'s health (Davis & Milner, 2009; Manni&g Gibson, 2004) and support the

growth of potential pathogens.

This mechanism is one of the causes for the oaoceref weaning diarrhoea in piglets
(Molist et al., 2014) and accounts for a reducealthestatus. However, in contrast with more
conventional protein-rich ingredients, forage pdarthat are rich in protein come with
fermentable fibre too. This fermentable fibre reziithe intestinal fermentation of protein as a
source of energy for bacteria, since the aminosaard used to anabolise the bacterial protein

during bacteria’s growth, using fibre as an enexgyrce (Bindelle et al., 2009).

Furthermore, short-chain fatty acids, resultingrfritbre fermentation, are a source of
energy for the animal, but also act as anti-mi@bl@ompounds. Butyrate is the most
important energy source for colonocytes and playsagor role in both proliferation and

differentiation. Bartram et al. (1993) hypothesidkdt the toxic effects of ammonium were
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counteracted by the differentiating effects of lpatg. In addition, it was reported that butyrate
inhibits colonic carcinogenesis and inflammatiogduces oxidative stress and reinforces the
colonic defence barrier (Hamer et al., 2008; Verhet al., 2008; Windey et al., 2012).

Forage plants, such ashatatas, M. esculenta, P. scandens, M. oleifS8tagguianensis,
V. unguiculata, which, in addition to their high protein contenhda high dry matter
digestibility, showed a rapid fermentation (10.971&l/h) with high productivity of SCFA
(342-405 mg/g), seemed to display a valuable grdfir both growth performance and
intestinal health. However, considering the profifehe protein balance of the forages species
(Table 22), and their deficiency in some esseatiaino acids for pigs, a synthetic amino acid
supplementation, when accessible to farmers, wbeldan important alternative when an

increase in the growth performance of pigs fedavade is desired.

Finally, forage seems to be an interesting ingreadier gestating and lactating sows. Indeed,
when sows are fed a high fiber diet, the frequeoicposture changes is decreased during
pregnancy and lying time is more important (Ramaietl., 1999). In the rearing conditions,
especially in tropical pig smallholder, where pégtiare not equipped with a protective device
for young piglets, such a decrease in the frequefiahanges of position of sows may help
reduce the number of piglets crushed in early textavhich was shown to be a problem in
the survey (Chapter 2). Loisel et al. (2013) fohigher consumptions of colostrum and lower
mortalities in litters from sows fed a rich fibeetdlcompared piglets from sows in a diet with
low fiber. These authors hypothetized that the$ectf could be related to greater vitality of
piglets and sow behavior at parturition. Other tlssshowed an increase in the weight gain of
piglets during the first week of life when fiber svancorporated in sow diets. It is also possible
that the effect of the fiber depends on lengthiroétsows are fed such a diet, its source and its

physico-chemical properties (Guillemet et al. 20Dliviero et al. 2009)

In conclusion, although forage species reducedthetive value of well balanced diets and
the growth of animals, the investigated legumes rebtl impact negatively the economical
balance of concentrate-fed pigs when forage aceduiar about 10 % of the diet. However,
considering pig feeding system and feed ingrediasésl by pig smallholders in the provinces
of Bas-Congo and Kinshasa in the Western part @fDemocratic Republic of the Congo,
some forage species are hypothetized to improvionpesnces of animals fed ill-balanced

diets as usually practiced.
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