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ABSTRACT

ABSTRACT

The studies reported in this thesis were carrietlinuCentral Vietham where
pig production plays an important role and pig fars face a general dietary protein
shortage for their animals. The objectives of tloekapresented were (1) to investigate
the crude protein (CP) supply to local Mong Cai (Mtigs as well as lean type pigs
(including crossbreds); (2) to derive CP requirentserunder high temperature
conditions in the tropics; (3) to determine optiradine content in the diet of lactating
Mong Cai (MC) sows and their piglets; (4) to evdtughe effects of floor types and
dietary CP content on performance of sows and fsgl&n interview based study of
smallholders farmers showed that poor nutritiveueabf the diets for fattening pigs
and sows is observed in three agro—ecological zdoesand, Lowland and Coastal)
in Central Vietnam. Pig on smallholder farms canguce more lean meat if they feed
their pigs a higher dietary CP level. The optimuratary CP level for the different
breeds of pigs investigated (MC;,Earge WhiteMong Cai and k, (LandracedMong
Cai)xLarge White) were found to be 13 % for MC, 15 %FRoand 16 % for k pigs.
High dietary CP levels (>19 % CP) for MC,; and K, negatively affected growth
performance. The optimum dietary CP content fonlege pigs kept under the hot
humid tropical climate of Central Vietham to ase@mt the maximum growth
performance and carcass characters in Large WHit&/Y and Landrace (LD) pigs
must be more than 16 % CP. The other study indicHtat increasing dietary lysine
level from 0.7 to 1.2 % reduced the sows weight theing lactation. No effect was
found on the number of piglets born nor piglet stalvat 7 days. The number of
piglets weaned was improved by lysine levels of @@ %. Using raised wooden
floors resulted in a higher number of piglets artt&f weight at weaning compared to
piglets on ground clay and concrete floor. In carsobn, the current work indicates
that improving protein quantity and quality in tiéidnal diets for Viethamese pigs
kept by smallholder farmers can significantly imyegoroductivity of MC, Fand F
pigs, and as such improve the income of farmers.
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GENERAL INTRODUCTION



GENERAL INTRODUCTION

ROLE OF AGRICULTURE AND LIVESTOCK PRODUCTION IN VIE TNAM
Vietnam is located in the South East Asia. It h&080 km coastal line and its

place on the Indochinese peninsular is from thetidon latitude of &to 23 and at a
longitude of 10311’ East to 10927’East. The total natural land area of the couistr
about 332,000 kfand has a total of 84 million habitants (GSO, 2008)

Vietnam is an agricultural country with 80 % of thepulation living in rural
areas and more than 70 % of the labour force iaged)in agriculture (GSO, 2006).
The agricultural and rural economy contributes ali¢fi % of the gross domestic
product (GDP) of the country. Agricultural expoai® an important source of foreign
currency for Vietnam. Agriculture can ensures fgedurity for the Vietnamese people
and farmers can sell their products to gain annmeoAs such livestock production
has an important position in the Viethamese aducel(Livestock Department 2006).

Animal production produces food as well as provithe®me to farmers, has a
role in providing opportunities for savings, insuca, asset accumulation,
diversification, and maintaining social customsClentral Vietnam, animal production
provides about 40 % of the annual income and frioentbtal animal production, pig
production contributes about 40-60 % (Pham e2@00Db).

ROLE OF PIG PRODUCTION IN CENTRAL VIETNAM

The pig is one of the most important livestock $gpecaised by smallholder
farmers in Central Vietnam. Pigs are raised mdinty(i) sale; (i) home consumption;
(i) cultural purposes; and (iv) providing finaatisecurity (Bantugan et al., 1992).
Pigs have the capacity to produce lean meat etftigievhen fed on concentrated pig
feed with an appropriate lysine (protein)/energyioraThey have a very high
production potential, and are capable of produé&ange litters (8 to 15 piglets) after a
relatively short gestation period (114 days). ldliadn, they have a short generation
interval, grow rapidly and can consume a large eanigfeeds and feed ingredients of
low quality. Smallholder farmers raise pigs in shf@rds using family labour and
locally available feedstuffs for the animals. Paye also of considerable importance
for local traditions in low—income countries (Bagdm et al., 1992). Pigs contribute

around 80 % of total animal meat consumption inthvaen (Livestock Department,
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2006). For these reasons, the pig population itndi® has increased rapidly in recent
years, from 21.8 million in 2001 to 27.4 million 2007 (GSO, 2008).

PIG BREEDS IN VIETNAM

The pig genetic resource in Vietnam is based oeetlgroups of breeds, the
local breeds, the exotic breeds and crossbreds.lolda¢ pig breeds are Mong Cai,
Thuoc Nhieu, Ba Xuyen and Co breeds and they mplkaraund 26 % of national pig
herd. Among them, Mong Cai pigs are raised widahall regions of the country.
Mong Cai pigs have a lower carcass weight, a maaked lean meat percentage and a
much higher backfat thickness compared to exoteeds (Thien et al., 1995). In
recent years, the number of exotic breeds like ¢ &ktpite, Landrace and Pietrain has
increased. It has been estimated that the popnlaifoexotic sows in 2005 was
370,000 and they accounted for approximately 10 fd%he total sow herd in the
country (Livestock Department, 2006). However, éhesported breeds were found to
be less suitable to an extensive farming systencause they require higher
investments and they are considered to be lessagafited to the tropical climate and
to the often poor diets available. Now, thg(lFarge White or Landrace x Mong Cai)
crossbred is the most common type of fattening ipigural areas throughout the
country. The main characteristics of crossbredsbatter growth rates and a high
carcass lean percentage compared to indigenousishr@éhey also have better
adaptation to poor feed and management conditivas purebred exotics. In recent
years, local governments have spent a large pédineaf annual budget to support pig—
breeding programs by supplying imported exotic dse® the smallholders. But now a
problem arises in that hybrid pigs do not perforsnwaell because of the very poor
feeding conditions which exist throughout the counfAn example comes from a
district in one of the provinces in Central Vietnawhere 300 super—lean pigs were
introduced to farmers. They did not perform wellldhere was a high rate of mortality
due to the poor nutritive value of pig feeds anthck of experience in raising and

managing these hybrid pigs by the farmers (Le, 1996
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PIG FEEDING AND CONSTRAINTS OF PIG PRODUCTION IN CE NTRAL
VIETNAM

Many constraints are known to limit the productviof pigs raised by
smallholder farmers. Pigs are often fed househosbtev supplemented with the
addition of a limited amount of other locally awdile feedstuffs including
carbohydrate rich resources (such as cassavaprae sweet potato, fruits), green
leaves and on occasion protein which ingredienishsas fresh fish, ensiled fish,
shellfish) (De Fredrick, 1977). Smallholder pig guation is mainly based on the
utilization of farm—produced feedstuffs and alswi@gdtural by—products which are
characterized by a high fibre and low protein coht&he high fibre content means
that the feedstuff does not supply much energypérof feed weight. In addition, the
high fibre content results in the production of iéiddal heat due to colonic
fermentation for a longer time after the meal. Rduyg the protein content, a low
level limits protein gain which depends on the adtetween available energy and
digestible essential amino acids and results irakdity in protein and fat deposition.
Common feedstuffs for pigs in Vietnam include rim@an, broken rice, cassava meal,
maize, vegetables, agricultural by—products likgbsan cake, fish meal, and salted
fish waste. Also commercial feed and essential aratids become increasingly being
made available for feeding pigs.

A detailed survey about smallholder pig productiorVietham was conducted
including 1200 farm houses. Results indicated tivate is a lack of knowledge on the
protein (amino acid (AA) i.e. lysine) requiremenmntsrelation to the digestible energy
(DE) intake for Vietnamese pigs. Also it is not ikaown how much feed should be
supplied to growing pigs. The survey also showeat the low productivity of pig
production in Central Vietnam is due to a low rite value of feeds given to pigs.
Our survey data (Pham et al., 2002, 2010) showatl ttie total content of crude
protein and amino acids fed by smallholders to pupere the diet contained cereal
grains were far below the nutritional requiremeavel of the NRC (1998). A correct
amount of AAs in relation to DE for the various egaries of pigs should be supplied
to optimize production. Most local feedstuffs inn@al Vietnam are low in protein.

Many studies have shown amino acid imbalancesvindmtein feeds produced from
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these feedstuffs. In order to identify the amouwitessential amino acids available in

feeds and to study additional amounts for esseatr@ho acids required, studies on

local feeds are needed. Also the response of lealds and imported breeds to feeds
containing locally available feed ingredients ahd supply of various protein (AA)

levels to these breeds should be studied.

ENERGY AND PROTEIN REQUIREMENTS

Since animals eat to meet both their energy antkjproequirements, a method
of expressing protein needs is in relation to thergy concentration as g per mega
joule (MJ) of energy in the diet. Predominantly tiigestible energy (DE) or the
metabolizable energy (ME) contents of the diet @ased as parameters. Digestible
energy is a major characteristic for the energyluateon system of feeds or feed
ingredients. Farrell (1978), ARC (1981), and Morgand Whittemore (1982)
suggested that the DE system is preferable toghemergy (NE) system in describing
the energy requirement of swine and the energyeoordf swine feed in the tropics
because (i) DE is easy to determine and it canelbermhined precisely and NE can be
derived from it if the amounts of nutrients anditliggestibility are known in different
ingredients in the feed, and (i) DE value for sepa feedstuffs are assumed to be
more additive and the ratio of ME to DE does nange very much. Only with diets
which have a high level of fermentable carbohydragedifferent ratio is found. It is
well known that incorrect amino acid supplementatgives poor pig performance
(Cole, 1978; Henry, 1988; Chiba et al., 1991). Ancorrect amino acid
supplementation means that the absorbed aminopatidrn is not ideal for optimal
protein deposition. In most vegetable diets, th#epa of absorbed amino acids by
pigs is not ideal and lysine is commonly the flistiting amino acid. In practice, the
amount of amino acids available to the pig is deteed by the feed intake and the
ileal digestibility of each amino acid in the dibt.addition, the supply is expressed as
a ratio to DE in the diet (Bikker et al., 1994b)ig ratio can directly influence
voluntary feed intake in growing pigs fedl libitum (Chiba et al., 1991). Therefore,
the level of amino acids should be related to tliedontent of the diet. The optimal

ratio of e.g. lysine to DE is not the same for egemotype and depends on the
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minimum amount of lipids that must be deposited gram of protein. Pigs can only
deposit protein optimally if sufficient lipid is desited also. For a lean type of pig,
this minimal amount of dietary energy per unit atdry protein is less than for obese
types of pig (Campbell et al., 1984, 1985).

There is little information on the above for lodaEeds in Vietham like Mong
Cai pigs. Amino acid imbalances and shortage imggnimtake result in reduced rates
of protein gain and thus in a poor feed conversi®educing the inclusion level of
protein rich feedstuffs in the diet reduces thepbypf both essential and non essential
amino acids available to the animal. This limitatman be compensated by supplying
the corresponding required amounts of limiting amiacids. Restricting dietary
protein intake after weaning or during the growerigds results in reduced growth
rates and a poor feed to gain ratio (Chiba, 1986jhe end of the restriction period,
the adipose tissue content in the protein resttiat@mals is generally greater than in
their non restricted counterparts (De Greef et H092; Fabian et al., 2004). This
problem occurs in pig production in Central Vietnain nearly all vegetable
feedstuffs, lysine is the first limiting essenti@mino acid for pigs. So the work
presented here focussed on how the CP contengis with reference to the variation
in lysine deficiency limits protein synthesis ahdg weight gain. As a consequence of
imbalances in the proteio energy ratio in the diet, part of the proteiatthannot be
used for maintenance will also not be retaineday Iprotein, so it will contribute to
carcass fatness.

The amino acid composition of protein in meat ithea independent of live
weight, genotype and sex (Bikker et al. 1994a). itleal protein is a dietary digestible
amino acid profile in which all essential amino daciare balanced against lysine.
Bikker (1994), Campbell et al. (1984, 1985), and Rad McCracken (1992) have
derived the level of lysine and protein intake rexbtb maximize protein deposition
for lean type pigs. Figure 1 shows the responsgrafving pigs given diets in which
the amount of protein, with a constant amino acrdfile, was varied while
maintaining a constant energy supply by replactagch with protein. In addition, the
diets were given at three levels of feeding whiatréased both the protein and energy

supply in a fixed ratio. Increasing protein fronwl@and limiting levels at constant
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energy increased protein deposition in the carcasis energy limited the response.
Providing more feed increased the energy supplyearables the response to dietary
protein to continue until the new energy level agaecame limiting. This will
continue until the genetic potential of the animaald/or other factors limit further

protein accretion.
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=
&

and protein deposition in the carcass of pigs betwa 20 and 45 kg live weight (Source: Campbell
et al., 1985).

In previous research in animals with the sameweght, Yen et al. (1986) and
Campbell et al. (1988) suggested requirements8ff &nd 0.71 g of lysine/MJ DE for
female pigs, respectively and 0.72 g/MJ DE for flem@and barrows (Chiba et al.,
1991). Bikker et al. (1994b) reported that the mpin lysine to energy ratio for
average daily gain (ADG) and for minimal gain/feeere about 0.57 of ileal
digestible lysine/MJ DE. For maximum protein deposi this ratio was about 0.62.
As can be seen the optimal ratio is not the samalfperformance traits. Figure 2 is a

theoretical model of the response to energy, inpilesence of adequate protein, for
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pigs of different weights (NRC, 1998). The respomsdinear up to the maximum
potential protein deposition and then reaches d@eg@la The maximum potential
protein deposition increases to a maximum at alposierty and then decreases as

maturity is approached.
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Figure 2. Theoretical relationship of whole body potein gain and digestible energy
intake in pigs from 5 to 150 kg body weight when fk diets with adequate protein
(Source:NRC, 1998)

In Vietham, many pigs are produced in accordancen whe principles of
organic production. This means that mostly vegetéddstuffs are used. Sundrum et
al. (2000) recorded that pigs fed organic dietsheat amino acid supplementation
grew more slowly and had decreased feed intakengluhe grower period compared
to pigs fed control diets. Percentage of lean raedtlongissimus area were higher in
pigs with extra AA supplementation. Accounting &lramino acids by supplementing
those which are deficient is required to formulaigh performing low protein diets.

However, some experiments still reported a tenddéoicyower nitrogen retention and
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performance with high additions of free amino acjirticularly in very low protein
diets (Kies et al., 1992).

IDEAL PROTEIN CONCEPT

The concept of the “ideal” protein for pigs wasauuced several decades ago
by Cole (1978) and ARC (1981). This concept mednat the apparent digestible
protein content consists of the exactly those dgdeamino acids (and non-essential
amino acid N) required for protein deposition. Thelogical value of such an ideal
protein is 1.0. Proteins which have a very highdgal value are body proteins. In
addition, there should be an appropriate amoumtoofprotein energy, minerals and
vitamins in the diet (Fuller and Chamberlain, 1988bre recently it was shown that
the ideal protein composition for maintenance feedent from that needed for growth
(Moughan et al., 1987). The amounts of dietarygmtequired depend on weight, sex
and breed. These animal properties can alter tleeafprotein to fat in the body. Also
environment i.e. climatic conditions can influemegquirements since feed intake tends
to be lower in the tropical environments and thusintenance becomes a larger
portion of the feed intake (Le Dividich and Rinald®88).

Optimal crude protein and/or lysine content of swveiets will reduce carcass
fatness (Cromwell et al., 1993; Kerr et al., 199Gisneros et al., 1996) and
intramuscular lipid content (Essén—Gustavsson et 88; Goerl et al., 1995;
Cisneros et al., 1996). According to Stahly et(2290), Johnston et al. (1993) and
Monegue et al. (1993), optimal dietary lysine lereults in high weights of weaned
piglets. In growing pig, protein deposition is @bsassociated with the deposition of
water, and bone development. Each kg of deposr@eip results in a weight increase
of about 4.4 kg (Boisen and Verstegen, 2000). Oféenailable lysine is used
(Batterham, 1979) as the reference amino acidtadbksh an order of merit for protein
sources. It is generally agreed that the supplg/d should be evaluated on an ileal
digestible basis. Batterham (1992) and Mosenthial.ef2000) demonstrated that not
all the lysine absorbed up to the distal ileumaspletely utilized, probably due to
structural change in the absorbed amino acid mtdecaused by heating. So heat

treatment of protein sources should not be toorseve
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Studies carried out by Stahly and Cromwell (198@Al d.e Dividich and
Rinaldo (1988) have shown that if the protein: ggeratio in diets is optimal in a
moderately warm climate, similar performance trangght be obtained as in a
temperate climate. This may be important also fetnamese conditions. An optimal
utilization of dietary protein is only possible tifie diet contains sufficient DE, the
absorbed amino acid pattern is ideal and if diegangrgy is not limiting so that dietary

protein will be used as a source of energy instédmking converted into body protein.

THE RELATIONSHIP BETWEEN PROTEIN AND ENERGY

The utilization of dietary proteins must be plagcedhe context of the available
energy supply. Energy is the main driving forcenwdtabolism. If energy is limiting
dietary protein will be used inefficiently as anettsource of energy instead of being
converted into body protein.

Increasing protein from low to high must be sucit there is sufficient energy
to support the increase in protein gain to the maxn possible at that energy intake.
At a higher energy intake level more protein gailt @ccur. The response to dietary
protein and dietary energy will continue until thenetic potential of the animal for
protein deposition or minimal fat to protein depiosi level has been reached. Bikker
et al. (1995) recorded that digestible lysine/Dioraeeds to be higher in animals with
a high potential for protein accretion. Increasihg protein level also reduced the fat
deposition in the carcass at constant energy infakaviding extra energy at the low
and medium levels of protein had hardly any effactprotein retention. At the high
level of protein, additional energy gave a markedrease in protein deposition in
animals with a high genetic potential but not iimaads with a low potential.

Figure 3 provides a theoretical model of the respoaf animals to dietary
energy, in the presence of adequate protein, fyg pf different sex. Prediction of the
maximum rate of protein retention in male, femald aastrated pigs of an improved
breed type at different stages of growth can beedmnsupplying a very high energy
dense diet with high protein and find the poinwaich protein gain is maximal. This

technique can be employed to determine optimuniddee Viethamese pigs.

10
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O’Connell et al. (2006) indicated that a maximum@ivas found at 11.8 and
9.9 g lysine per kg and a minimum in feed conversiatio (FCR) was predicted at
11.9 and 10.0 g lysine per kg diet for lean boa @ilts, respectively. ADG and FCR
improved curvilinear with an increase in dietargihe concentration. The relationship
between protein intake and protein deposition atstant energy intake has been
described in a linear (Zhang et al., 1984), twosphlinear (Batterham et al., 1990),
curvilinear (ARC, 1981), and linear plateau way rf(@dell et al., 1984, 1985). In all
models at low levels of protein intake, additiorakrgy allowance has no beneficial
effect on the rate of protein gain. With extra @yeintake only lipid deposition
increased at this low protein (lysine) level (Bikk&994b). The protein requirements
of animals are given in terms of the amount of ggroaind its constituent amino acids
per day. The daily requirement for protein is thensof both the requirements for

maintenance and for production (growth or milk proiibn) (Pettigrew, 1993).
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Figure 3. The change in maximum potential protein depositiorfor different sexes of improved

European pig breeds (Source: Whittemore et al., 200.

The maximum protein deposition (Pdmax) is influehbg genotype (breed and
strain),gender and age, and mean values reported in énatliterange from as low as

90 g/d to values exceeding 200 g/d (Campbell, 1985)animals are growaver

11
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progressively wider live weight ranges, it has meemecessaitp model the effect of
age on Pdmax (Moughan, 1999; Whittemeteal., 2001). Pigs may not achieve the
Pdmax value for their strain/breed determined under breeding station or research
centre conditionspresumably because of effects due to factors sschubclinical
disease, thermal environment, and social condit{@ader andlohnson, 1999; Black

et al., 1999; Burrin et al. 2001). Ftvis reason, the term “operational Pdmax” has
been coined (Moughaet al.,, 1995), and operational Pdmax values hawen be
determinecbn—farm (Morel et al., 1993; Moughan et al., 199%)der conditions on

farms in Central Vietnam an operational Pdmax nagédrived also.

LACTATING SOWS

Many studies have shown that sows, especially pamoius sows, sometimes
loose excessive amounts of live weight or body @¢ard(both protein and fat) during
lactation. Clearly, lysine/protein requirements sstated to the weight and litter of
sows so they should be determined on the basispected litter gain. Because the
appetite of first litter sows is usually low it h&dgen suggested to formulate two
lactation diets, one containing a high amount sfrlg/protein (1.2 %) for parity one
sows and one with a lower amount (0.90 %) of ly$arenultiparous sows. The amino
acid requirement during lactation is closely radate the production of milk by the
sow. During lactation, the milk composition changesntinuously, especially
immediately after delivery. The obtained values foilk composition can be
influenced by the way of milk sampling (Verstegé¢mle 1998).

Milk proteins are used by piglets very effectivelyd the composition of their
amino acids is very similar to the composition aflgts’ tissues (ARC, 1981). The
composition of amino acids in the sow’s milk caartéfore be a clue for optimal piglet
development (ARC, 1981; Close and Cole, 2000). ghltysine concentration in milk
will increase piglet development. Stahly et al.9Qp Johnston et al. (1993), Monegue
et al. (1993), and Richert et al. (1994) found thadtigh dietary crude protein content
in sow diets reduced weight loss of the sow dutangation. Kusina et al. (1999)
recorded that increasing lysine intake from 8 toglé for pregnant sows increased

their weight gain.

12
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RELATIONSHIP BETWEEN GENOTYPE AND FEED IN PIGS

One of the strategies to improve genetic potentialpigs in developing
countries is cross-breeding of local pig breed#$ wiotic modern breeds. According
to the literature, pigs of local breeds have a pogrowth performance, they are fatter
and have a less favourable body conformation thaset of modern breeds (Legault et
al., 1996; Warriss et al1996; Santos et al., 2000). In recent decadgspruducers
have included genetic selection in their producpoograms in order to improve meat
quality by obtaining meat with a low fat contentigscher et al., 2000; Tarrant, 1998)
as a response to an increased consumer appreaétmneat and meat products with a
low fat content. Pham et al. (2000a) found thatssboed pigs (3/4 Landrace +
1/4Mong Cai) fed diets of 16 % CP had higher meacgntages and a lower fat

content compared to indigenous breeds.

HOUSING CONDIONS FOR PIGS

The positive influence of housirgystems with bedding on the welfare of pigs
iIs now clearlyestablished (De Oliveira et al., 1999; Beatteal., 2000). Several
studies (Geverink et al., 1999¢ Jong et al., 2000; Klont et al., 2001; Lambeobial.,
2004)evaluated the effect of the enrichment of the imdeavironmeniextra space
and straw vs. conventional) on pig behaviour phgsiology during pre—slaughter
handling and subsequent mgatlity. Garcia—Rey et al. (2005) studied the ifice
of genetics and effect of seasonality (time of year when pigs were slaughtered) on
physical-chemical parameters of meat. Cameron €1290) reported effects of breed
(genotype) on the chemical composition and eatingity of pork. So, it is important
to derive also which genotypes used in Viethamtreest favourably to the warm and

cool season in relation to dietary protein content.

SCOPE OF THE THESIS

Growth performance of fattening and productivitysofvs may be assessed by
improving genetics but also by nutrition in additido improving the housing
conditions. The aim of the study in this thesis w@snvestigate the importance of
different feeding regimens suitable for pigs fattigron a farm. Studies on different

protein levels resulting in different lysine corierwere conducted. In pigs grown

13
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under hot Vietnamese conditions, the relationsiepvben protein/lysine intake to
energy intake with difference genotypes is uncksad the subject of study of this
thesis. This thesis consists of 7 chapters andsxclirst on analysis of the situation of
nutrition and housing in the hot—-humid condition smallholder farms of Central
Vietnam.

Chapter 1 The introduction provides a general view of tiberature within the
research field.

Chapter 2 A survey to analyze the characteristics of snaddler pig farms in
Central Vietnam. A survey of feed management, tiatriand housing conditions was
conducted.

Chapter 3 Describes trials designed to derive the requitietary crude protein
level for three genotypes with regard to perforneant fattening pigs. The study
provides an optimal dietary protein level in 3 ggpes of pigs commonly used in
Central Vietnam with regard to performance in toe-humid condition.

Chapter 4 Describes a study on dietary lysine level andgoarance of Mong
Cai sows. Supplying additional lysine was tested i&s effect on the performance of
sows and lactating sows with their piglets.

Chapter 5 Describes trials designed to determine effectslietary protein
level and season with regard to performance ofiexigs. The hypothesis was tested
that there is an interaction between dietary crudéein level, genotypes and season
on performance of Large White and Landrace pige $tudy provides an optimal
dietary protein level for lean type pigs with redjdo performance in the hot—humid
condition.

Chapter 6 Describes a study to determine if housing coodiffe.g. types of
floor) influences the optimal protein level withgeed to performance of Mong Cai
sows and piglets.

Chapter 7 General discussion and implications.
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NUTRITIONAL CONSTRAINTS AND POSSIBILITY FOR PIG PRO DUCTION

ABSTRACT

This study aimed to evaluate the nutritional siiatof pigs kept in three
ecological zones of Central Vietham: Upland, Lowdaand Coastal areas. An
interview-based questionnaire was developed andiegsr were conducted in 27
villages collecting data from 1,200 participatinguseholds. It was found that the
amounts of feed and the crude protein content endilets for fattening pigs and sows
were insufficient for all three regions. Amountdedd DM (kg/d) fed to growing pigs
of 20-50 kg BW was 0.54 to low (29 %) in Lowlan&30(28.6 %) to low in Coastal
and 0.42 (22.6 %) in Upland areas. The shortag€min the diets of growing pigs in
this period (20-50 kg) was 205 g/d (62.1 %) in Lawd, 219 g/d (66.4 %) in Coastal
and 230 g/d (69.7 %) in Upland areas. Amounts efl fBM fed to growing pig of 50-
90 kg BW was 1.27 (49.3 %), 1.25 (48.5 %) and kdld (44.3 %) to low in Lowland,
Coastal and Upland areas, respectively. The shadag crude protein in the growing
diet for the Lowland, Coastal and Upland regionsev272 (68.2 %), 287 (71.9 %)
and 298 g/d (74.7 %), respectively. The shortageMfintake (kg/d) of pregnant sows
in the Lowland area was of 0.04 (2 %), 0.19 (9.7i8dhe Coastal area and 0.43 (22.0
%) in Upland areas. Dietary crude protein contehpeegnant sow raised in Lowlands
was 80 g/d or 31.6 % short while in the Coastaloaghe shortage was 108 g/d (42.7
%) and in Upland this was 155 g/d (61.3 %). The am®f feed provided to lactation
sows (kg DM) was lowest in the Lowland (shortag8bB %) and highest in the
Upland (shortage of 57.1 %) areas. The daily la¢kDd/ intake of lactating sows
raised in Lowland areas was 1.47 kg (31.1 %), ira§lal areas 1.69 kg (39.2 %) and
in Upland areas the highest 2.46 kg, (57.1 %). Gituele protein intake of sows raised
in Lowlands was 419g/d to low or (59.6 %) shortthe Coastal region the shortage
was 457 g/d (65.0 %) and in Upland regions was §&b(78.9 %). The low input of
feed in these areas is especially due to a lowityuahd to the insufficient intake of
nutrients by the pig. As a result the productiafypigs and their contribution to the

income for farmers is low.
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CHAPTER 2

INTRODUCTION

Vietnam is situated along the Southeast margitm@findochina peninsula. It has a
total land area of 330,541 Kmand a length of 1,600 km ranging from°28 6°
Northern Latitude and from 103l1 to 109 27 Eastern Longitude. About three
quarters of the land area consists of hills, manstaand high land areas. The
agricultural land occupies 23.8 % (7,907,207 ha)h® land with natural pasture
occupying 1 % (330,000 ha) and forests occupying%30(9,650,000 ha). The
remainder of the land area is uncultivated or dpads (GSO, 2006).

Central Vietham consists of 14 provinces locatamimnfrthe 20 to the 12
North latitude. Its surface area is about 97,000asg kilometers and it has about 17
million inhabitants. A common feature of these pnoes is the presence of Truong
Son Mountain and a narrow coastal zone. Compartdather regions of the country,
Central Vietnam is poor and agriculturally not wedlveloped. This is mainly due to
climatic conditions which can be harsh as wellnesfact that the Upland areas are not
very fertile. The annual average temperature is18B6.9C. During winter time, the
lowest temperature sometimes falls belowQith a humidity of 95 % while during
summer, temperature can go up to’G®vith lower than 60 % humidity. These
conditions combined with western hot winds causeveay high rate of water
evaporation. As a result, water shortage can beri@aus problem during summer.
These climatic conditions are not always idealtf@rmal comfort of animals (NAP,
1981; Hatfield,2008).

Vietnam is an agricultural country with over 80 %tlwe population living in rural
areas and their livelihood is mainly based on agftice. In Central Vietham, mixed
farming systems (the mix of animals and crops)naost prominent where pigs are one
of the most-important livestock species raised ml$holder farmers. Pigs are raised
for sale, home consumption, festivals and finargéalurity. These animals can convert
concentrated food to meat efficiently. They prodadarge number of offspring after a
relatively short gestation period, have a shortegation interval and can grow rapidly.
Hence, these animals are a great interest forestuoin smallholder farms and for

possible development of these smallholder farmscbgtive observational studies of
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pigs held by smallholders have been conducted imaNBy Gatenby and Chemjong
(1992) and in the Solomon Islands by De Fredri€&{).

Smallholder farmers keep pigs in small numbers,fasely labour and locally
available feedstuffs. Pigs are also of considerablportance in customs and in
traditions in many developing countries (Bantugaalg 1992). Many constraints are
known to limit improvement of the productivity ofigs on smallholder farmers.
Animals are frequently fed household waste compteete with a small amount of
other feedstuffs. According to De Fredrick (197Mese feedstuffs include: i)
carbohydrates resources such as cassava, rice dwaef potato and fruits ii) leaf
green materials and occasionally iii) protein re@ses such as fresh fish, ensiled fish
and shellfish. Central Vietnam has the potential forther animal production
development, if the constraints of low nutritiorgplality and quantity of feedstuffs,
which are the main limitations to husbandry and ag@ment, can be overcome.
Obviously, the economic contribution of pig prodantas yet is not very high.

This study aimed to survey the situation of pigduction on smallholder farms
in Central Vietham with special emphasis on namnitilt is expected that based on the
results of this survey specific nutritional invgstiions may be needed to study

possibilities for improvements in pig nutrition.

MATERIAL AND METHODS
STUDY DESIGN
Interviews were held with 1,200 smallholders ragsipigs and conducted in

three ecological zones of Central Vietnam. Theirtiibn between the farmers in the
zones was related to their main crops:

» Upland area with cassava and upland rice

* Lowland area with paddy rice cultivation and viadpe

 Coastal area with sandy land rice and aquaculture

QUESTIONNAIRE SURVEY
This study was carried out by means of an interdi@sed questionnaire.

Households surveyed were selected based on tlosving criteria:
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* Location (from different villages in the commundnd from different regions in
provinces)

» The pig raising situation (at least one fatterpngyand /or one sow present)

» The wealth of the farmer (rich, average and gumrseholds). These households
have the main characteristics of their respectiaeig in the household socio-
economic classification group which is annuallytified by The Ministry of
Labor War Invalid and Social Affairs (MOLISA 2003).

In general, the aspects covered in the farm questioes included farm-
management practices, type of feeds and feedingtipea, housing, preventive
medicine and production constraints encounterguigrproduction.

General information was collected on farm and hbakkcharacteristics such
as family size, age, education, sex, occupationn fgize, number of parcels,
household assets, etc. The production system iedluopping and the livestock
systems included information on by-product use.tl&rmore information on
household revenue and income was obtained anddiagathe main constraints as
they were perceived by farmers.

All selected farmers had at least one sow or otterfmmg pig. If the selected
farmers were not present on the pre-arranged dayeoihterview, arrangements were
made for another day or mutually convenient meetihthe selected farmers proved
ineligible or was not present on the pre-arrangay af the interview, an additional
farmer was randomly chosen immediately from thesofiarmers. At the three agro-
ecological zones, information about each selecigdggmer was collected before the
start of the interviews. Interviews were only coocida with farmers who met the
definition of a smallholder pig farmer (at leaseqguig present at the farm visit).

The interview questionnaire used for this studytamed four sections: i) the
pig farmers, ii) the number of pigs, iii) the kioflfeed resource used and iv) years of
relevant experience. For our study only the pignir and the feed resources are
relevant. The pig feedstuffs section also covenéatmation about the caretaker.

Questions were related to the major feedstuffsnfor-pregnant pigs, pregnant
sows, lactating sow and fattening pigs. Questioasewelated to the use of available

feed resources, commercial concentrated high proeedstuffs, uncooked green
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feeds, kitchen waste, pre-mixed vitamin-mineral ilm®s and methods of feed
processing. Also amounts of feed fed to non-laogasiows, the lactating sows, and the
fattening pigs were determined. The interviewer ghed the animals, feeds and

feedstuffs (uncooked) on the day of the interview.

DATA SOURCES

Primary data were collected by interviewing thenfars. The secondary data
were collected from yearly statistical books puidid by the General Statistical Office
(GSO, 2006).

PROVINCIAL AND DISTRICT LEVEL

A review of the current agricultural production afafming systems in the
Lowland, Coastal and Upland was conducted. Theipcesg involved in these surveys
are Nghe An, Quang Binh, Quang Tri, Thua Thien Hpeang Nam, and Binh Dinh.
The data were collected from provincial animal tarslry departments and divisions
in districts from reports, statistical books, depghent strategies and open - ended

interviews.

COMMUNE LEVEL
To determine the major animal production systent ammal feeding in the
commune data from community was collected as fatow

* PRA (Participatory Rural Appraisal) work in comnas and villages which
included commune leaders, organization mass alatjeileaders.

» The direct interviews and observations were edrout by 10 staff members of
the Department of Animal Science and DepartmemAgriculture and Rural
Development of Hue University, by 20 final yeardstat in Animal Science and
by the chiefs of 27 villages.

» The smallholder pig raisers were selected folusion in the study by the use of
a multistage stratified random sampling process.

Necessary information related to social, economicl agricultural topics were

recorded.
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FOOD SAMPLE ANALYSIS

Feed ingredients were analyzed in triplicate for ,BBE and CP at the Animal
Nutrition Laboratory of Department of Animal Nutah of Hue University, Vietnam.
For the determination ddM, feed was freeze-dried and DM determined accogy do
Vietnam Standard (TCVN) 6952: NIAH. 2001 (ISO 1998jude protein content was
determined by Kjeldahl (k6.25) according to Vietham Standard (TCVN) 4328:
NIAH. 2001 (ISO 1997). Other values (Ca and P) wealkeulated from NRC (1998)
and NIAH (2001).

FARM INCOME
The income of households was estimated from animealme, crop income and

off-farm income. This was grouped in relation tdfetient types of households and
types of animals. An animal income level was esitidrom the ratio of measured
weight and reported age of each fattening pig aedsame for each sow. Data on pigs
in each smallholder unit were used to calculate gmgulation and performance in

each specific zone.

OFF-FARM INCOME
Typically refers to money or wage received wherotais provided to other
farms. This includes payment in cash or in-kindcfsas paddy and food) and other

non-wage type income.

NON-FARM INCOME

Non-farm incomeis defined as non-agricultural income sources. The
common non-farm income sources identified are rmomfwage or salary, non-farm
rural self-employment (business income), rentabime obtained from leasing land or
property, remittance from both internally (ruraban immigration labor) and

international labor.

DATA ANALYSIS
In order to meet the research objectives, houdsheére divided into different

categories, firstly, based on ecological region wWlamd, Coastal and Upland).
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Theoretically, ecological ranking is intended talgue the different farming systems
among smallholders and among pig production categofhis gives especially the
assets and situation of the nutrition of pigs. ebyg it was classified based on type of
pig production: fattening or breeding pigs.

Data analysis was done by a model with region a&sofaby using SPSS
software version 11.5. Descriptive information ab@ig production at the three

ecological zones was compared to test for categjaaind continuous data.

RESULTS
CHARACTERISTICS OF HOUSEHOLDS IN CENTRAL VIETNAM

Smallholders are a heterogeneous group whose esyuivelihood patterns
and income sources are very diverse. The farm-leatelgorical variables of the 1200
smallholder pig farmers enrolled for the cross4iseet study are as shown in Table 1.
The mean family size in Lowland, Coastal and Uplaneas was 5.6, 6.1 and 6.7
persons, respectively. The mean farm size wasrlangdne Upland and Coastal areas
compared to the Lowland area. On average, thevatdtil area was about 0.62 ha/farm
in the Lowlands, 0.88 ha/farm in the Coastal arehlal17 ha/farm in the Uplands.

Traditional farming is an integrated system of riceot crops, fruit tree,
vegetables and livestock. The specific charactematti-purpose farms in Central
Vietnam is the diversity of animal species usedtlo& farm. Livestock raised by
smallholders in Central Vietham consists of piggtle, poultry (especially ducks) and
fish. The number of ruminants per household wabkdrign Upland areas whereas the
number of pigs per household was higher in Lowlarehs.

The majority of the income of the farmers in theiainy as well as in Central
Vietham comes from both crops and animal productibhe total income of
households in Lowland and Upland areas was highan tin the Coastal area.
Household income from animal production was higtenpared to income from crop
production and other income. The working time/ yeas higher in Lowland and
lower in Upland area. Average income/day was highddpland compared to that in
Lowland and Costal areas (Table 1).
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Table 1 Number of households and mean size standard deviati within region in Central

Vietnam.
Characteristics Region

Lowland Coastal Upland SEM
Number of interviewed households (n) 400 400 400 -
Size of family (n) 5.6 6.1%"° 6.7 0.37
Farm size (f) 6,163 8,618 11,772 597
Number of ruminants (n) 1.4 1.6 2.F 0.03
Number of pigs/hh(n) 3.3 3.7 2.3 0.04
Number of poultry/hh (n) 14.3 21.7 19.7 1.20
Total income/year (1,000 VNB) 16,410 12,446 17 560 595
Crop income/year (1,000 VND) 6,060 5,960 4,760 575
Animal income/year (1,000 VND) 6,400 4,530 8,620 451
Other income/year (1,000 VND) 3,950 1,950 4,180 237
Average working time/year (day) 216 20P 209® 5.34
Average income/day (1,000VND) 76.0° 61.9 84.0¢ 0.53
Experience for pig husbandry (year) 7.5 6.2 4.5 0.03
Interviewed farmer was trained on pig
husbandry (%) 10.0 7.1 2.5 -

T hh: households.
2VND: Vietnamese dong per household.
ab.cMeans with different superscripts within rows dif{p<0.05, 0.01, 0.001).

PERFORMANCE OF THE ANIMALS

The number of fattening pigs/farm for Lowland, Gehsnd Upland areas were
4.15, 2.97 and 1.95 and the number of sows raigesiitallholders in these areas was
1.35, 1.27 and 0.90 sows/farm, respectively (Taple

Smallholders in the Lowlands have the highest nurabe/s per farm and those
in Upland areas have the lowest number. The soiwsddy smallholders in different
ecological zones perform differently. Sows (insea@a by semen of LW or LD male
pig) raised in the Lowlands and in the Coastal afeave the largest litter size. Sows
raised in Lowland and Coastal areas also haveitie$t number of weaned piglets

and the highest weaned piglet weights after 60 dag&tion period. Table 2 also
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shows that fattening pig raised by smallholderdmand areas grew slower than pigs

in the Lowland and Coastal areas.

Table 2 The performance of sows and fattening raised by smiholders in Central Vietnam.

Variable Region
Lowland Coastal Upland SEM
No. interviewed farm 150 150 150 -

The performance of the sows

Number observed sows 220 190 135 -
Average number sows/farm 1.35 1.27 0.90 0.01
Number of piglets born alive 10.58 9.1° 8.4 0.02
Number of weaned piglets 9.5 8.6’ 7.3 0.02
Piglet weight at birth (kg) 0.53 0.67 0.60 0.02
Weaned piglet weight (kg) g8 9.1° 8.% 0.04

The performance of the fattening pigs

Number of fattener/farm 4.15 2.97 1.95 0.01
Average starter weight (kg) 10.66 9.58 7.15 0.02
Average fattening time (mo) 6.05 6.78 8.25 0.03
Average selling weight (kg) 855 77.2 68.0 0.02
Average daily gain (g/d) 486 344 235 0.08

abMeans with different superscripts within rows diffe<0.05, 0.01, 0.001).
! Pig breed Sow =Mong Cai ancPiglet =F;(Large WhitexMong Cai

SITUATION OF PIG HUSBANDRY IN CENTRAL VIETNAM
SWINE BREED
The pig genetic resource in Vietham is based oeetlgroups of breeds, the

local breed, exotic breeds and crossbreds. The pegebreeds consist of Mong Cai,
Thuoc Nhieu, Ba Xuyen and Co breed and they canstédround 26 % of national pig
herd. Among them, Mong Cai pigs are raised widelyall regions of the country.

Compared to exotic breeds, Mong Cai pigs have loveecass weight and a much
lower lean meat percentage and a much higher lmdkitkness compared to exotic

breeds (Thien et al., 199&@exual mature age of Mong Cai pigs is from 4 todnthn
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and mature weight is about 120 to 150 kg. In reogzdrs, the number of pigs
belonging to the exotic breeds like Large White,ndi@ce and Pietrain has
increased. The lean type pig (LD and LW) sexualumegatge is about 7 to 8 months
and mature weight of the male animal range from tt9Q60 kg. Mature weights of
female pigs range from 180 to 240 kg while the l|gmrcentage of Landrace,
Yorkshire and Pietrain pigs ranges from 47 to 59Tien et al., 1995, 1996, Leroy
and Verleyen, 1999)

The R crossbred (Large Whikdlong Cai or LandracéMong Cai) is the most
common type of fattening pig in rural areas (inahgdthree zones Lowland, Coastal
and Upland) throughout the countihe main characteristics of crossbreds are: better
growth rates and higher amount of carcass lean ifdigenous breeds and better
adaptation to poor feed and management condittwars purebred exotic breeds. Lean
percentage of two way crosses (Landrace, Yorkshuoa:g Cai) is about 43 to 45 %
and three way crosses ((Yorkshirdlong Cai)xLandrace)) is about 45 to 48 % (Thien
et al., 1995, 1996).

Pig populations and cattle/ poultry population®tighout Central Vietham are
expanding rapidly. Production is increasing stgadil all agro-ecological zones,
Lowland, Upland and Coastal areas. Production igethout at three levels; state,
private companies and smallholders. Among them leaiders pig production take
the highest proportion (GSO, 2006).

FEED SOURCES FOR PIG PRODUCTION IN CENTRAL VIETNAM

Feed sources, which are available for pigs varattyeamong agro-ecological
zones in Central Vietnam. Feed composition for paggylactating sows and fattening
pigs raised on smallholder farms are presentedcabieT3. Sows are mainly fed rice
bran, cassava meal, fresh sweet potato vine anthd amount of salted fish. During
the survey we found that only very few smallholder the Lowland area use
supplements (Premix) in their pig diet. Almostfalimers use sweet potato vine in the
diet of the sows. Farmers, especially the oldespnention that they provide sweet
potato to prevent constipation in the sow and tdifate the sow’s farrowing. Table 3

presents the amounts of feed components giveritenfag pigs in the different zones.
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The main protein feed sources in Central Vietnam fsshmeal and seafood by-
products like fish heads and shrimp heads. Otharces include coconut, sesame, and
soybean, but the use of these ingredients are rainifishmeal is produced mostly
from salt-water fish. Other animal products areviddch originate from those parts of

the animal not suitable for human consumption.

NUTRITION AND FEEDING

Table 3 presents estimates for digestible enerds) @nd crude protein (CP) in
the diets for fattening pigs and for sows raisedmllholder farms in different zones
of Central Vietham. The average crude protein aunite the pig diet is about 10 %.
Restricted feeding is practiced in all the herdd aommercial feeds that are not
specifically formulated for pigs. Table 3 also slsothat feeds for fattening pigs and
sows are not very complicated and contain ins@fitemounts of energy and protein.
Ensiled fish is used as a supplement but it islalvi@ only in small quantities. Amino
acids and fatty acids are not added to pig feed.cFade protein, lysine and DE intake
were calculated from locally available feedstuftaddable 3 shows the differences in

the latter nutrients among the three regions.

NUTRITIVE VALUE OF FEEDSTUFFS
The contents of energy, protein and minerals gpenday were compared with

the NRC (1998) requirement estimates of fattenind eeproductive sows and are
presented in Tables 4 and 5 as amounts of shopergday.From the analyses of the
feed given to pigs and estimation of the DM (kgddpplied to growing pigs of 20-50
kg BW shortages were calculated. The shortage of ibiske of growing diet was

29.1 % in Lowland areas, 28.6 % in Coastal areas3#5 % in Upland areas. The
shortage of DM (kg/d) fed to growing pigs of 50489 body weight in the three zones
Lowland, Coastal and Upland were 49.3, 48.5 an® 44, respectively. The crude
protein content of diets fed to growing and fattgnpig was deficient for all regions.
The shortage of crude protein in the growing dvesis 62.1 % in Lowland areas, 66.4
in Coastal and 69.7 % in Upland areas. The shortagaide protein in fattening diets
in Lowland, Coastal and Upland regions was 68.2 @&hd 74.7 %.
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Table 3. Amount feed given for pregnant, lactatinggows and fattening pigs in different ecological pas of Central Vietnam.

Pregnant sows

Lactating sows

Fattening pigs

vanable Lowland Coastal Upland SEM  Lowland Coastal Upland SEM  LowlandCoastal Upland SEM
Number interviewed households 150 150 150 - 150 150 150 - 150 150 150 -
Rice (kg} 0.66" 0.59 0.25  0.005 130  1.10 0.5¢ 0.003 066  0.34 0.20 0.002
Rice bran (kg) 0.68 0.59 0.5¢ 0.006 066  0.7¢ 0.9¢ 0.002 0.48  0.44 0.50° 0.003
Cassava meal (kby) 0.47 0.4% 0.60 0.003 028 050 0.60 0.003 026  0.30 0.40 0.002
Sweet potato vine (k) 0.5¢" 0.7¢° 0.1¢ 0.004 086 050 0.20 0.005 012  0.10 0.10 0.003
Banana stem (k{) 0.1¢ 0.20° 0.40 0.002 026  0.30 0.60 0.002 016  0.23 0.40 0.002
Salted fish (kg) 0.1CG° 0.18 0.05 0.001  0.1C 0.05 0 0.001 0.01  0.02 0 0.001
Pre-mixed feed (kg) 0.10 0 0 . 0.15 0 0 - 0.05 0 0 .
Amount feed (kg DM /pig /d) 1.92 177 1.5% 0.035 292 252 1.98 0.033 1.31 1.33 1.17 0.023
Crude protein (g/d ) 173 145 98 - 284 246 148 - 127 112 101 -
Lysine (g/d) 8.00 7.70 5.00 - 10.14 9.10 6.38 404.  3.70 3.46 -
DE intake/animal/d (kJ/d) 24,673 22,757 21,514 488 34272 25,705 - 17,395 17,804 15,947 -

T As amount of kg of product intake/d.

NRC 1998: DE content of diet (kJ/kg): 14,230 kJtridunt requirement for gestation sow 125 kg BW:dredake: 1.96 kg DM/d, Energy: 27,890 kJ DE/d;tBimm 253 g/d. Nutrient
requirements for lactation sows of 125 kg BW: Ferake: 4.31 kg DM/d, Energy: 61,331kJ DE/d, Pnot&i03 g/d. Nutrient requirement for fattening pig$0-80 kg BW: Energy:
36,654 kJ DE; Feed intake: 2.575 kg DM/d, ProtaB® g/d.

ab.\Means with different superscripts within rows diffend within type of pig (p<0.05, 0.01, 0.001).
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Table 4. Deficiency of energy and nutrients intakéor fattening pigs as % of

requirements.

Region
Lowland Coastal Upland

Iltem

o Shortage Amount ~ Shortage Amount ~ Shortage Amount

Sufficient Sufficient Sufficient
% shortage % shortage % shortage
Growing Pig of 20-50 kg BW

DE (kJ/d) No 36.1 9,542 No 32.6 8,593 No 39.6 10,45
DM intake

No 29.1 0.54 No 28.6 0.52 No 38.5 0.71
(kg/d)
CP (g/d No 62.1 205 No 66.4 219 No 69.7 230
Lysine (g/d) No 74.9 131 No 78.9 13.8 No 80.2 14.0
Ca (g/d) No 54.0 4.1 No 64.0 4.9 No 66.0 5.0
P (g/d) No 31.0 4.9 No 39.0 6.2 No 41.0 6.5

Fattening pig of 50-90 kg BW

DE (KJ/d) No 52.5 19,242 No 51.4 18,838 No 56.5 698,
DM intake

No 49.3 1.27 No 48.5 1.25 No 44.3 1.14
(kg/d)
CP (g/d) No 68.2 272 No 71.9 287 No 74.7 298
Lysine (g/d) No 77.7 15.3 No 81.2 16.0 No 82.5 16.3
Ca (g/d No 61.4 9.8 No 54.4 8.7 No 40.3 6.5
P (g/d) No 29.3 3.9 No 131 4.4 No 27.6 3.7

NRC 1998 requirement: DE content of diet (kJ/kg);2B0 kJ. Growing pig of 20-50 K§W estimated fee
intake 1.855 kg DM/d, energy: 26,397 kJ DE, crudsgin: 330 g/d and total lysine 17g%d. Fattening pig ¢
50-80 kg BW estimated feed intake 2.575 kg DM/dgrgg: 36,642 kJ DE; crude protein: 3641 and totz
lysine 19.7g/d.

Similar to the composition of feedstuffs given tatténing pigs, we also
estimated the nutritive value of feedstuffs forgmrant and for lactating sows.
The data in Table 5 show that feed fed to pregaadtlactating sows was not
only provided in low amounts but the feed also haddw nutritive value. The
shortage of DM intake (kg/d) of pregnant sows misethe Lowland, Coastal
and Upland areas were 2.0, 9.7 and 21.9 %, respsctirhe shortage of crude
protein of pregnant sows in these three zones viag, 32.7 and 61.3 %,
respectively. The shortage of DM intake (kg/d) attating sow raised in
Lowland, Coastal and Upland areas was 31.8, 3@5ar1 %, respectively. The
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shortage in crude protein in the lactating diettowland, Coastal and Upland

regions was 59.6, 65.0 and 78.9 %, respectively.

Table 5. Deficiency of energy and nutrients intakefor reproductive sows raised it

Central Vietnam.

Region
Lowlands Coastal Upland
Iltem
~ Shortage Amount ~ Shortage Amount ~ Shortage Amount
Sufficient Sufficient Sufficient
% Shortage % shortage % shortage
Gestating sows
DE (KJ)/d No 115 3,217 No 19.1 5,315 No 22.9 6,376
DM intake
No 5.0 0.1 No 9.7 0.2 No 22.0 0.4
(kg/d)
CP (g)/d No 31.6 80.0 No 108.1 42.7 No 61.3 155
Lysine (g/d) No 29.8 3.4 No 325 3.7 No 56.1 6.4
Ca (g/d) No 6.5 0.8 No 32.0 3.9 No 32.0 3.9
P (g/d) No 30.0 4.8 No 39.0 3.6 No 29.0 2.3
Lactating sows
DE (KJ/dl) Lack 37.3 22,877 Lack 43.4 26,604 Lack 8.15 35,626
DM intake
Lack 31.8 14 Lack 39.2 1.7 Lack 57.1 25
(kg/d)
CP (g/d) Deficit 59.6 419 Lack 65.0 457 Deficit g8. 555
Lysine (g/d) Lack 71.3 25.2 Lack 74.2 26.2 Lack BV1. 29.9
Ca (g/d) Deficit 34.5 7.4 Lack 40.0 6.5 Lack 420 .76
P (g/d) Deficit 22.9 3.8 Deficit 28.0 3.2 Deficit 83 5.3

NRC (1998) requirement: DE content of diet (kJ/Kg);230, Gestation sows estimated fee¢dkea as 1.96 |
DM/d, Energy: 27,89%J/d, Crude protein: 253 g/d and total lysine:41d/d. Lactation sows estimated f
intake as 4.31 kg DM/d, Energy: 61,331 kJ DE/d,derprotein: 703 g/d. and total lysine 35.3 g/d.

PIG HOUSING OF SMALLHOLDERS IN CENTRAL VIETNAM
Most pig houses in Central Vietham are simple gocibns and show a great

variation. Pig housing in the Upland areas of VaeruK Taoi, Muong keep pigs as
scavengers and occasionally confine them in paddockn wooden or bamboo-made
pens. Pig housing in Lowland and Coastal areasofiem in enclosed pens with a
concrete floor. Walls between the pens and theéegldtoor manure collection pit are
made from brick while the roof is mostly made fraon sheet and clay tiles or fibro-

cement on a framework of timber or bamboo stemshoat all farmers keep the gilts
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and sows in the same place from pregnancy, fargamd lactation until weaning of
piglets. Manure is not stored. Natural ventilatiohpig housing system in Central
Vietnam is associated with the local micro-climated affects animal welfare. The
average temperature in Lowland, Coastal and Upkmeds is about 25.9, 25.3 and
24.5°C with a relative humidity of about 82.6, 83.4 &8¥2 % respectively. In the wet
season, thenean minimum temperature for Lowland, Coastal apthd areas was
about 19.5 18.2 and 17@ and themean maximum temperature for these areas was
about 26.2, 25.3 and 23@, respectively. Mean minimum relative humidity ithgrthe
wet season for these regions was 71.5, 72.7 artl %5and the mean maximum
relative humidity was 92.7, 95.3 and 95.7 %, respely. In the dry season, the mean
monthly minimum temperatures for Lowland, Coastal &pland areas was 25.9, 24.5
and 23.7C and the mean monthly maximum temperature was 33.% and 31°C,
respectively. Mean monthly minimum relative humydih the three zones was 57.8,
58.7 and 61.5 % and the mean maximum relative hitynichs 84.7, 87.7 and 86.3 %,
respectively.

Farmers were asked to identify the constraintsaesiple for their fragile pig
production situation and to suggest possible smigtito alleviate these constraints.
Obviously, many factors contribute to poverty ok tharming family. Pig breeds,
nutrition and housing do not directly contribute ahuto their wealth. The survey
identifies the need of an integrated approach tprave pig production and living
standards of rural smallholders in Central Vietn&uientific, technical, social and
economic research involving all aspects of animeddpction systems (animal
genotypes, nutrition, human and environmental danrdiinteractions) is a great

challenge for researchers.

DISCUSSION

In the context of social science, peasant societieslescribed as communities
rather than as single individuals or householdsn@anities are halfway between the
traditionally agricultural and industrial societg. the peasant society the household is
an important social unit because within it the diecis concerning the activities of the

individual members and their consumption (and tthesr welfare) and their social
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status are made (Ellis, 1993).

The median farm size of 0.62 to 1.17 ha was snmallthis was attributed to the
natural ecological zone of the study sites andldnel-tenure system of inheritance
(with subsequent subdivisions). In common with otfeports on smallholder farming
systems (Gitau et al., 1994; Simon et al., 1998 ,9mallholder pig farmers also kept
other livestock and grew cash and subsistence chpst farms depended on family
labor for pig production and had an off-farm incoativity as has been observed
previously on smallholder dairy farms (Schaik vamle 1996). Present study showed
that oversupply of labor in all region lead to lomages and average income/
household/day was about 61,900 to 84,000VND (abdat6é USD/day).

The large importance of pigs in customs and tradétiwas probably brought
about by scarcity. Fish, vegetable and fruit wezkatively plentiful, available and
provided every day and these pigs are reservednfomentous and important
occasionsThe keeping o¥illage pigs is still a non-commercial activityuitrated by
the small size of herds, the frequent change inessimp, and generally poor nutrition.

The results of our study show a low production autfpr different zones in
Central Vietnam. This is clearly related to lowuhpFeeding just a small amount in an
unbalanced way causes a low performance of sowsoaifidttening pigs raised in
smallholder farms in Central Vietham. The most cannfactor is the insufficient
supply of nutrients with the feed. This makes ipassible to reach a good production
level. The differences between high and low qudbids are mainly with regard to
energy and protein supply. This low supply of egeagd nutrients is undoubtedly the
greatest limit to production of pigs in Central Miam. Also the pigs are fed the same
materials as people consume, so they are in diggopetition with humans for food
(paddy rice).

The availability and utilization of feedstuffs vesi greatly according to
geographical region. Farmers tend to use whateseaviailable and reasonably
palatable, including commercial feed, crop prodwts by-products, kitchen waste
and fresh forages. From the two surveys of Traal.e2003) and Hoang (2003), it is
clear that in rural areas, the use of by-produaimfcrop production as feedstuffs is

common in particular rice bran is used. The usgaef bran is very common because
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wet and rain-fed rice cultivation is practiced tigbout the country.

The production system used throughout the countdythus also in Central
Vietnam is a traditional one with a local breed fhgt is fed crop by-products, crop
residues and or/ any green material produced irhdimee garden or nearby areas (Vo
et al., 1995). Costs and net returns are both Mavyin this system. Green forage is
also provided as a significant part of the pigstdiy many smallholders, particularly
in Upland area. Forage provides up to 25 % of ttexgy (ME) for fatteners and 40 %
for pregnant sow in these areas (Le, 1998). Sing@amin premix- is not added to the
daily pig diets, green forage is the major souriceitamins for village pigs. There are
shortages of nutrients in pig feed and the higlher body weight, the larger the
shortage of DM is. Particularly, more than 50 %0M and CP is lacking in the
lactation diets.

There was close similarity between pig breed angdf@eding regimen seen in
three regions in this study. There is a great irtigmme of pigs in customs and in
traditions and this was probably brought abouthgygcarcity according to de Fredrick
and Osborne (1977). Central Vietnam has a variepigbreeds of which some lean
breeds like Large White, Landrace and some areomdidered lean breeds like local
breeds as Mong Cai, Co, VanPa. The indigenous bresuavive well in local
conditions but they show a low productivity (Phainale, 2007). The pigs on the farms
were local pigs and F1 were mainly crossbreds afrdeé White or Mong Cai) or
(Landracex Mong Cai) and only a few farmers possessed mane time sow (Pham et
al., 2007). Such breeds perform well under tropaaiditions if they are properly
managed (de Fredrick and Osborne, 1977; Kunavongkwa Heard, 2000). Most
farmers in the current study do not keep a breeldosg because their sows are served
by artificial insemination. Similar observationsveabeen made in other tropical
smallholder farms (Gatenby and Chemjong, 1992; danet al., 1999). Most pig
farmers did not seek extension information abogtfprming and this might explain
the poor pig-management practices observed.

During our investigations, we found that pig haus® smallholder farms in
Central Vietham are simple and show a great vanailhe pig housing is constructed

from local available materials and constructed irraitional way. According to
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Astroem (2000), the prevailing systems in ruralaarare free-range systems or
housing in simple pens, both with a minimum of itgu

The constraints to pig production as perceivedhsy farmers in the current
study were largely in accordance with findings ithes tropical smallholder pig-
production systems (de Fredrick, 1977; Kambaragealet 1990; Gatenby and
Chemjong, 1992; Lanada et al., 1999; More et &991 Kunavongkrit and Heard,
2000). The production constraints might hinder ioy@ment to productivity of pigs
raised by the smallholder farmers.

The survey of the 150 farmers who raised only fatig pigs and the 150
farmers who raised only reproductive sows in theeg¢hzones, we found some
differences in the number of fattening and numbiesaw/farm (compared to the
average number of pig/household for the three ofd® questions about the reason
for these differences were answered by the intemdefarmers. Pigs are raised in
Lowland and Coastal areas more than Upland arezeube these are main areas of
rice and cassava production which are feed sodocgsg production. The farmers of
the regions responded differently with regard tehcenoney, meat consumption and
also practical experience of animal husbandry. West also an effect of the way they
believe pork prices change and whether they caswgllus pigs at a good price.

Only a few farmers kept written records. All survdgta, except objective
measurement such as weight or other measuresrahbleeestimation of weight were
based on information provided by each participapig farmer. Because only a few
farmers kept any written records about managememrraduction, these data were
generally based on recall. Although this data cowdd be all verified, we judge the
accuracy of the dataset to be reasonable.

Firstly, in common with the principles underpinningarticipatory rural
appraisal (Young, 1993), we have considered smdkindarms to have substantial
knowledge about the few animals they have under tlaee. Secondly, although recall
of some questionnaire issues (notably: the birttesd@f growing animal) may be
subject to considerable error, misclassificatios haen minimized by dichotomizing
continuous variables wherever appropriate. Thig@gagh is particularly reflected in

our analytical method. Although statistical poweasnreduced we elected to use
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logistic (with the outcome being dichotomized weifdr age) rather than multiple
regression to minimize misclassification that magvén resulted from inaccurate
estimates of age. Most of the data collected dutfiregcross-sectional study (such as
level of ownership, piglet management procedureskevikely to change a slightly (if
at all) over time. Relevant questions were phrasegpecific periods of interest.

Similarly with previous studies (Slater et al., 299ilesmith et al., 1992
Wittum et al., 1994) there is a problem with acteirassessment of some nutritional
information. During this study we collected thosatad about diets that likely
influenced weight at a certain age. These dataidecbasal feedstuffs (the feed that
forms the largest part of diet weight) and the eiseommercial feeds, green feeds and
any protein sources. These data were collected &lbfarms. We considered that the
use of commercial feeds or not and the inclusiorsahe source of protein was
indicative of a long term trend. The key problemsged supply may be: i) inadequate
supply of amounts of protein and or amino aciddaick of knowledge of fatty acid
composition of feeds iii) lack of understanding tfe level of concentrates or
supplements required in a diet iv) appropriate lletéeed energy for pigs at each live
stage. To improve the quality of feed for pigssiessential that farmers first know the
requirements of the animals. So it will be bestréan the farmer on this aspect of pig
husbandry. A number of opportunities have beentified for improvement of the
production of smallholder pig farms in a sustaieabVay. The formulation of
appropriate and cost effective diets proved probkan particularly because of
considerable overlap in feedstuffs consumed by pig$ people (de Frederick and
Osbone, 1977). Nonetheless, significant improvement growth rate have been
achieved when more attention was paid to the iwdrivalue of locally grown
feedstuffs and to the value of added vegetableeprofish and shrimp -by product and
sources rich in energy e.g. carbohydrate rich fékdsassava and sweet potato.

The strategies to promote increased pig produdfioproviding more nutrient-
rich feeds would be more effective when combinedhwa nutrition education
intervention. This ensures that increased housediold supply and income translates
into improved dietary quality for pigs. Nutritionadterventions generally focuses on

increasing knowledge level, changing attitudes, angroving practices related to
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good nutrition, namely health care, and dietargket Our results show that very few
farmers were trained on pig husbandry, especia#yfarmers in the Upland areas. It is
thought that swine nutrition education can stimeildte demand for certain foods, but
the farmer must have the means and opportunitiastton that knowledge.

In a previous study of Honeyman (1991), severaloopities were provided
to enhance sustainability, including: i) feedingtwincreased use of forage and by
products ii) nutrient cycling through improved hang of manure iii) low capital but
higher quality of animal houses that offer a be#evironment for operator and
animals iv) preventative approaches to reduce swmath risks and v) use of a
broader genetic base. In the long term a sustanpigl production system should
maintain or enhance the environment and naturaluress (land, water, human, and
feedstuffs), increase welfare for producer, sefve market, meet pork consumer
demands, and social aspects.

The small scale of pig production in Central Vietng not only due to small
farm houses but according to the interviewed fasmelis also due to the lack of
capital for investment. Lack of technical knowledged husbandry experience were
reasons of making feed which does not have a propaitional quality for the
animals. Low amounts of capital for housing andtha provision of sufficient quality
feed and thus the situation of deficiencies inieatrsupply by feeds provided to the
animal are considered by the farmers as a mairome&®w low yields of animal

production and the low income of farmers in Centfiatnam.

IMPLICATION
Increased feed supply will undoubtedly help to diewepig production in

Central Vietham and this will result in increasadame for farmer and better nutrition
of people in rural area. To solve the situatiotoaf quality pig feed in smallholder pig
farms, there are some possibilities to improveatmunts of nutrients consumed by
the pig. One such solution is to have feed in frinthe animals for a longer time of
the day so they can ingest more energy and prok@.optimum nutrition of pigs on
smallholder farms would be to provide highly bakdhaations which may include

supplements or growing particular crops to be @sesupplements to standard feeds.
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Education to farmers should be given a high pyaaitd linked with the supply
of financial means to apply the knowledge in pitiBetter understanding of
nutritional requirement is essential to increaselpction.

Basic cost-efficient housing for small-scale farsisould be studied with
emphasis on heat control and disease preventiomefa require simple units and be

able to use locally available materials to prowtieap solutions to be implemented.
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ABSTRACT

This study aimed to determine the optimum dietange protein level in a
typical diet for ad libitum fed fattening pigs umdeormal climate conditions in
Central Vietham. One hundred and ninety two gift#ong Cai local breed (MC), F
(Large WhiteMong Cai) and k crossbreds of ((Landraeéong Caiydarge White)
were used. At the start of the experiment, Mongpim weighed 12 kg at 11 weeks of
age, K pigs 12.1 kg at 8 weeks of age andpkgs 12.2 kg at 8 weeks of age. Four
diets differing in crude protein (CP) content (1,018.1, 16.1 and 18.9 % in DM) were
formulated from the ingredients: rice bran, cornahecassava meal and fish meal.
Calculated digestible energy content of the diarsged from 13.5 to 13.8 MJ per kg
DM. Pigs were housed individually in pens of 25each and had ad libitum access
to feed in a trough as well as to water in bowlke Tinal weights after a growing
period of 150 days were 66, 86 and 96 kg for MCamd F, respectively. Feed intake
of MC pigs was highest at 13.1 % CP whileahd F, had the highest feed intake at
16.1 % CP. The results showed that for MC the maxirgain was obtained at levels
between 13 to 16 % CP. For the fhe maximum gain was at dietary protein levels of
16 to 17 %. For k the max gain was obtained at CP levels of 16 t0¥d8Feed
conversion was highest in MC pigs (~4.0) followgdHp (~3.3) and k (~3.1) and
within genotypes was lowest at the optimum CP |g»€0.05). Back fat thickness in
MC (33.1 mm), F (23.0 mm) and ¥ (20.5 mm) pigs was different and within
genotypes was the lowest at intermediate CP lewelsonclusion, increasing the
dietary crude protein contents in practical diets pigs in Vietham can increase the
production on small holder farms. Optimal performarfor MC, i and k pigs is

achieved at different dietary crude protein consent

48



CHAPTER 3

INTRODUCTION

In recent years, pig production in Vietham has s#en use of more lean
genotypes of pigs for meat production and as altréatiening performance and
carcass value have increased (Pham et al., 2000).I€an type pigs and local breeds
are very different in terms of lean meat percent&garriss et al. (1983) showed that
different genotypes may respond differently to @asi environmental factors. There is
evidence (Pham et al., 2010) that conditions int@aéNietnam may not be well suited
for the production of pure lean types of pigs. Efere crossbreeds between lean type
of pigs and local breeds are often used e.g.;amith (Large White or Landrae®/C)
and an k, athree breed crossing of ((Large WkNEC)xLandrace) or ((Landraee
MC)xLarge White) to produce fattening pigs. The maiasmn for the latter is to
improve performance and carcass traits. Growth aate carcass traits however, are
not only influenced by genotype and environmentdisd by nutrition, especially by
dietary protein (i.c. amino acid) content. Cromwedllal. (1993) found that increasing
the dietary protein or lysine level resulted in noned rates of gain and in increased
carcass leanness in gilts.

Campbell et al. (1985) reported that increasingdie¢ary crude protein level
results in less fat deposition in the carcass gé @t a similar metabolizable energy
intake. It is apparent that under practical farmamgpditions, pigs of a particular
strain/breednay not achieve their maximal protein gain (Pdnmasxpetermined under
almost ideal research/laboratory conditions. Tharenmental, nutritional and social
circumstances of pigs held at most farms and ealedan Vietnam, are less than
optimal (Burrin 2001). The term “operational Pdmalas been introduced and
represents the Pdmax value determioedarm (Moughan et al., 1995). Lysine is the
first limiting essential amino acid in practicaletd for pigs in Vietham. This is
especially true for pigs that are raised by smédéis in an extensive system where
local feeds are used. From a survey of pig prodoai smallholder farms, Pham et al.
(2010) concluded that nutrition is the main reaBonthe low level of production of
Large White<cMong Cai pigs. The ADG for pigs raised on smalleoldarms in
Vietnam is approximately 330 g/d (Pham et al., 3046ile an ADG of 400-500 g/d

can be achieved under these conditions if compdaads are used. Sundrum et al.
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(2000) reported a very high fat content in fattgnings fed compound diets indicating
that the protein to energy ratio of the feed uses wnbalanced and did not allow
optimal protein deposition and feed efficiency.

The aim of the present study was to obtain thenapt dietary crude protein
content for different genotypes of female pigs caniy used in Vietnam to optimize
performance. The hypothesis was that different tygres will require a different
dietary crude protein level to obtain the maximwterof protein gain during fattening

under practical environmental conditions.

MATERIALS AND METHODS
ANIMALS

Animals of three different genotypes, commonly used Vietnam were
compared in this study namely: Mong Cai (MC), aalobreed widely used in all
regions of Vietnam; F a crossbred between Large White and MC af)é Erossbred
between I (Landrace x Mong CaxLarge White. All animals originated from the
Central Pig Breeding Company (National Trieu Hanfpin Quang Tri, Vietham. The
Large White and Landrace were offspring of boargtvhhad been imported
previously from Australia.

A total of 64 female animals per genotype were uddte reason of using
female pigs in this study that was at the breedmmgn only females pigs were
available, and as such the effect of gender ormdietrude protein level could not be
investigated. Average initial weight of the MC pigms 12.0 kg at 11 weeks of age
while the average initial weight of thg was 12.1 kg at 8 weeks of age. The initial
weight of the F was 12.2 kg at 8 weeks of age. Upon arrival eaghofpeach
genotype was randomly assigned to one of four $ewéldietary protein (10, 13, 16
and 19 %) and fed their respective diet throughioatgrowing period until slaughter.
The design was a 3 by 4 factorial with 3 genotygues 4 CP levels.

HOUSING
All pigs were housed individually at the experin@nfacilities of Hue

University, Vietham in a naturally ventilated fatbeg unit containing a series of 2.5
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m’ pens enclosed by two open walls above 1 m, an rioofh (3.6 m) and a solid

concrete floor. The pigs were exposed to naturddiand temperatures and lighting.
The temperature during the experiment (spring-sumseason) ranged from 20 to
28°C with an average temperature of’@5 Pigs were randomly distributed to pens

within each half side of the fattening unit accaglto genotype and dietary treatment.

DIETS AND FEEDING

Four nearly isocaloric (on a GE and DE basis) dietstaining: 10, 13 16 and
19 % CP on a DM basis were formulated and fed tinout the 150 days study until
slaughter of the pigs. The diets were formulatethgu$our major ingredients; rice
bran, corn meal, cassava meal and fish meal. Thmsepounds constituted
approximately 98.5 % of the diet (Table 1).

Table 1 Ingredients and analyzed chemical composition of thfour experimental diets.

Dietary Crude Protein (%)

Ingredient (%)

10 13 16 19
Rice bran 45.0 39.5 30.2 36.5
Corn meal 315 29.0 30.0 29.0
Cassava meal 20.0 20.0 20.0 10.0
Fish meal (44 % CP) 2.0 10.0 18.3 23.0
Vitamin-premix 0.5 0.5 0.5 0.5
Mineral-premix 0.5 0.5 0.5 0.5
L-lysine® 0.5 0.5 0.5 0.05
Crude protein (g/kg DM) (analyzed valfie) 101.3 130.7 161.4 189.2
GE (MJ/ kg DM) 17.3 17.2 17.1 16.9
DE (MJ/ kg DMY 13.8 13.7 13.6 13.5

1 Supplied per kg diet: 0.24 mg folic acid, 1380Vitamin A, 180 IU Vitamin R, 11 IU vitamin E.

2 Supplied per kg diet: 108 mg Zn (as ZnO), 108 radds Fg50,), 60 mg Mn (as MnO), 65 mg Cu (as
CuSQ7H,0), 0.96 mg | (as Ca(l{, 0.11 mg Co (as CoS@H,0), 0.07 mg Se (as MaeQ), 2 g calcium
phosphate (as CaHRZH,0).

®HCL Lysine, manufactured by CJ CHEILJEDANG CoopieratSeoul, Korea.

* CP value analyzed by laboratory of Animal Nutritiof Hue University of Agriculture and Forestry.

®Calculated using digestibility values of individuagredients from the NIAH (2001).

The diets were formulated using the nutrient contgosas provided by the
NIAH (2001). The digestible energy (DE) contentloé diets was calculated from the
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analyzed feed composition and assuming digestibi#tiues of the feed ingredients
used as provided by the NIAH (2001). Pigs hddibitumaccess to feed from a bin as
well as to fresh water from bowls. Animals were gieid each month and at slaughter.
Average daily feed intake (ADFI) was determinedil®guent weighing of the feeding
bins. Feed conversion ratio (FCR) was calculatednfthe ADFI and weight gain
(ADG). Feed ingredients were analyzed in triplicateDM, GE and CP at the animal
nutrition laboratory of Department of Animal Nukoih of Hue University, Vietham.
For determination of DM content, feed was freezedirand DM determined
according to ISO (1998). Crude protein content waermined as Kjeldahl »6.25
according to 1ISO (1997).

CARCASS DATA

Food was withheld for one day before each pig asghtered at precisely 150
days after the start of the study. The pigs weeetatally stunned and slaughtered
according to normal commercial practice. Eight pigge randomly chosen from each
treatment groups and used for carcass testing.ca@ieasses of the eight pigs within
each treatment group were weighed and chilled®@tldefore physical dissection (as
described by Neito et al., 2003).

Briefly, middle line backfat measurement was madibafist rib, last rib and at
the last lumbar vertebrae. Carcass measurementsctedl in the cooler included:
dressing percent, average backfat thickness (manjirgt rib, last rib, and last lumbar
vertebra) depths, and at a point 6.5 cm from tha@ling at the last rib (P2). Carcass
length was measured from the anterior edge of fiosto anterior edge of pubic bone
(in cm) immediately after slaughter. The longissimoin eye area (in cfh was
measured at a point % the length of the muscle fremmedial side at the %0ib ham
yield in relation to pork/leg. One half of the cass was subjected to physical
dissection as described by Nieto et al. (2003). Stheulder was separated from the
loin and belly by a straight cut between the secamd third rib and a straight cut 2.5
cm ventral to the ventral edge of the scapula. Fdrma was removed from the loin by a
straight cut between the second and third sacrédlwae approximately perpendicular

to the shank bones. Each cut retained its correspgrskin and subcutaneous fat. The
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loin was separated from the belly by a cut thaabeggst ventral to the ventral side of
the scapula at the cranial end and followed theirahtcurvature of the vertebral

column to the ventral edge of the psoas majoreat#udal end of the loin. The weight
of each cut was determined. After weighing, shaulgied ham were separated by
knife into skin, subcutaneous fat, intermusculdy mauscle (including blood vessels,
ligaments, tendons and connective tissue) and areass lean and fat ratio (%) was
calculated from total weight half carcass (notuded head and feetd lean ratio in

this half after dissection, included (%) lean, faine and skin.

PROTEIN AND FAT DEPOSITION CALCULATIONS
The deposition rate of protein and fat in the enfpigly of the three genotypes

were calculated assuming one gram of protein ahddatained 23.4 and 39.7 kJ of
energy, respectively and ME intake = DE inta®6 (NRC, 1998). The following
two equations were used:

ME intake = MEm+MEp = MEm + cP + dF (1)

0.9ADG = F+P/0.21 (2)

in which MEm is the energy required for mainterea(¢60 kJ of ME per kg of
metabolic body weight, W9, MEp is the energy required for production, cresgnts
the amount of ME needed for the deposition of I grotein (= 53kJ), P is the amount
of protein deposited (g/d), d represent the amotiME needed for the deposition of
1g of lipid (= 53kJ) and F is the amount of fat dgiped (g/d).

STATISTICALANALYSES
The data (initial weight, final weight, ADFI, ADGFCR, back fat

measurements) were statistically analyzed by the@XN procedure using GLM-
multivariate analysis. The experimental data wearalyeged to include genotype and
protein level as factors according to the model:

Yik = p+G+B+Gh+ej

in which Yji is the observed value of the dependent variablmdi¥idual k of
genotype i and dietary protein levely, is the overall mean, ;{Gs the effect of

genotype i = 1.3, B is the effect of dietary protein level j =-14, GR is the
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interaction between G and P, angk is the random error associated with each
observation (0g?), k = 1-n.

A model with quadratic terms was fitted to the fesdke, ADG, FCR, back fat
thickness and lean percentage data with crude ipratntent as the independent
variable. If the coefficient of the quadratic tewas significantly different from zero, a
cubic model was fitted for describing the relatioips In no instance was the quadratic
term non-significant. The derived quadratic andicymlynomial equations were used
to determine the optimum dietary protein levels famveral traits. All statistical
analyses were performed in SAS version 9.1.3 (SAs&tute Inc., Cary, NC, USA)
with a probability level of 5 % being regarded mmsicant.

RESULTS

All pigs remained healthy and finished the 150 daydy. The effects of the
dietary crude protein concentration on the perforceaof the different genotypes are
presented in Table 2. Final weights, ADG, ADFI &@R after 150 days of fattening
were significantly different between the differg@notypes of pigs and across the four
crude protein concentrations. MC pigs were perfagnwvorst than the jfFand the F
genotypes. In the case of carcass length and dgepsrcentage across crude protein
levels, there was no significant difference betwdsn R and B genotypes. Highly
significant effects were observed for dietary crpdatein level across the performance
and carcass trait data. There was a significartastion between genotype and crude
protein concentration for the final weight, ADG, ADand FCR. Carcass traits were
also significantly affected by an interaction betwegenotype and dietary crude
protein level for back fat, longissimuss muscleglén dressing percentage, lean
percentage and fat percentage with the excepticarchss length.

Figure 1 to 4 present the mean group values pestgea for ADG (Figure 1),
ADFI (Figure 2), FCR (Figure 3) and back fat thieks (Figure 4) at each dietary
crude protein level and the best fit curve. The atigns, mean square error and

coefficient of determination for each equation pmesented in Table 3.
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Table 2 Growth performance and carcass characteristics ofite three breed as affected by genotype and dietapyotein concentration.

Genotype (G) Crude Protein (CP) GxCP

Traits Pooled Significance Significance Significance
MC F F
SEM p< p< p<

Final weight (kg) 619 872 987 0.37 0.001 0.001 0.001
ADG (g/d) 328 500 572 2.6 0.001 0.001 0.001
ADFI (kg/d) 1.34 179 1.82 0.01 0.001 0.001 0.001
FCR (kg/kg) 405 349 319 0.02 0.001 0.001 0.001
Water consumption (L/d) 480 5.30 5.8C 0.03 0.035 0.259 0.175
Carcass length (cm) 66.4 784  80.0 0.11 0.001 0.001 0.418
Back fat (mm) 331 230 20.7 0.15 0.001 0.001 0.001
Longissimus muscle (cth 229 258 274 0.02 0.001 0.001 0.001
Dressing percentage (%) 67.8 68.2 69.6 0.09 0.001 0.001 0.001
Lean percentage (%) 495 448 465 0.04 0.001 0.001 0.001
Fat percentage (%) 376 354 31.6 0.02 0.001 0.001 0.001

a¢Means within rows for genotype and dietary crudstgin level with different superscripts differ (p@6).

ADG = Average daily gain, ADFI = Average daily feedake, FCR = Feed conversion ratio.
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Table 3.Best fit models describing the effect of dietary arde protein content on growth
performance and carcass characteristic variables faeach of the three breeds of female pigs.

Parameter  Breed Regression MSE R Optimum
X3 X2 X Intercept

ADG MC -1.093 44.88 -591.4 2,829 13.5 0.84 14.45
(@/d) Fy -0.794 33.04 -438.9 2,352 13.2 0.78 15.85
F, -1.041 40.88 -500.7 2,457 12.0 0.95 16.41

MC - -2.282 67.86 845.2 39.6 0.22 14.89

ADF F. -1.450 61.73 -811.6 5,146 47.2 0.50 16.18
(9/0) F, -2.338 93.00 -1,151 6,169 61.2 0.83 16.65
MC 0.011 -0.453 6.002 -21.49 0.15 0.79 16.30

FCR F. 0.002 -0.095 1.263 -1.772 0.10 0.40 16.87
(ko/kg) F, 0.001 -0.048 0.545 1.339 0.09 0.49 15.74
MC 0.024 -0.842 8.273 14.05 0.83 0.90 16.31

f;:) F. 0.025 -1.110 16.11 -52.66 0.34 0.70 14.47
F, -0.015 0.730 -11.34 -74.80 0.63 0.87 14.12

MC 0.013 -0.682 11.23 -16.46 0.33 0.91 13.82

I(_ozr;\n Fy - -0.112 3.296 21.63 0.09 0.99 15.54
F, -0.016 0.614 -7.169 71.68 0.09 0.99 16.42

ADG=average daily gain, ADFI=average daily feedk&t, FCR=feed conversion ratio, BF=backfat,
Lean=percentage lean. All coefficients were sigaifitly different from zero at p<0.05.

Average daily gain (g/day)

200

800 -

700 -+
600 -

500 -
400 -
300 -

O MC—=—F1l XF2

8

10 12 14 16 18 20
Dietary crude protein (% in DM)

Figure 1. Effect of dietary crude protein content @ average daily gain of the genotype (MC:
Mong Cai, Fi: (LW xMC); F 5 (LD xMC) xLW) pigs.
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Figure 2. Effects of dietary crude protein contenton feed intake of the different genotype (MC:
Mong Cai, F;: (LW xMC); F,: (LD xMC) XLW) pigs.

The F, was the best performing genotype with the highd3eG, lowest FCR
and lowest back fat thickness followed by theaRd MC. ADFI (Figure 2) increased
for the K and k from 10.1 to 16.1 % dietary crude protein contamtl decreased at
18.9 % crude protein. The ADFI of MC was unaffectsdthe dietary crude protein
content. The FCR of the MC showed a large incraad8.9 % crude protein, reaching
a similar level to the values recorded for 10.1 4Bd. % crude protein. The back fat
thickness for the MC ranged between 36.7 mm (10@Ppand 30.1 mm (16.1 % CP)
while the K was relatively constant ranging from 22.5 to 28rh. The back fat of the
F, increased from 18.7 mm when the diet contained ¥3crude protein to 22.9 mm
when the dietary crude protein content was 18.9n%&ll cases a cubic equation was
found to best describe the relationship with theegtion of ADFI of the MC pigs and
lean percentage of the Where a quadratic relationship was obtained. T&b&so
presents the dietary optimum crude protein levslsletermined using the equations
where ADG, ADFI, FCR, BF and lean percentage ateeimaximal or minimal. The
optimal dietary crude protein content for maximu@ was lowest for the MC (14.5
%, medium for the F(15.9 %) and highest for the, F16.4 %). The dietary crude
protein content to minimize FCR was 15.7 % for fhel6.9 % for the Fand 16.3 %
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for MC. The maximum lean percentage for the iR and MC are obtained with a

dietary crude protein content of 16.4, 15.5 an@® ¥3.

5

4.5 -

Feed conversion ratio

2.5

OMC =—F1 XF2

10 12 14 16 18 20

Dietary crude protein (% in DM)

Figure 3. Effect of dietary crude protein content @ FCR of the difference genotype (MC: Mong
Cai, F;: (LW xMC); F,: (LD xMC) xLW) pigs.
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Figure 4. Effect of dietary crude protein content @ back fat of the difference genotype (MC:
Mong Cai, Fi: (LW xMC); F 5 (LD xMC) xLW) pigs.
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Figure 5. Effect of dietary protein content on lean percentag of the different genotype (MC:
Mong Cai, F;: (LW xMC); F,: (LD xMC) xLW) pigs.

DISCUSSION

This study was conducted to determine the optimigtad; crude protein level
for ad libitumfed fattening pigs commonly used in Central Vietnander practical
farming conditions. The main feed ingredients fgyspraised by smallholders are rice
bran, cassava, sweet potato vine and corn meakwisth meal is used in smaller
amounts. The dietary crude protein level in the didattening pigs and sows is 8.5 to
10 % (Pham et al., 2010). The results of the ptestemy show that crossbreds of
Large White and Landrace with Mong Cai, @hd k) perform much better than MC
pigs. The k had the highest growth rate, and percentage ofdeanpared to the other
genotypes. Different dietary crude protein conagiins were calculated to optimize
specific growth performance parameters (Table 3gkwvban be used to optimize pig
production of these 3 breeds in Vietham.

In the present study, a reduced feed intake wasrebd at the highest dietary
crude protein concentration (18.9 %) in all butezsally the ik and k pigs. A drop in
feed intake and a concurrent reduction in growtlgomance was also observed in
Duroc, Hampshire, Yorkshire in a studies by Tylerak (1983) and Holmes et al.
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(1980) for boars and gilts of Landrad¢earge White. Chen et al. (1999) recorded that
ADG and ADG/ADFI decreased to a greater extent ange WhiteLandrace and
DurocxHampshire gilts compared to barrows when dietargtgin concentration
increased from 16 to 25 %.

These results are in agreement with those of Waginalr (1963). However, the
results of Cromwell et al. (1990) indicate a greateduction in performance by
barrows when fed high-protein diets. The reasontlier reduced feed intake when
dietary crude protein content was 18.9 % in thesgmé study could be related to the
high level of fish meal used. The quality of thehfimeal in terms of nutritional
composition was typical for fish meal produced ietiam (NIAH, 2001). It cannot be
excluded that the high inclusion level of fish mealthe high protein diet affected
palatability of the diet causing a reduction in @lefeed intake. Alternatively, the
present study was conducted under practical camditand the highest temperatures
occurred towards the end of the fattening periogerage temperature and relative
humidity recorded during the end of the study we28°C and 87 %, respectively and
these conditions may have affected daily feed mtakccording to Quiniou et al.
(2000), Renaudeau et al. (2004) and Huynh et @05&,b), average daily food intake
is strongly reduced when ambient temperatureslareea24C and this negative effect
of temperature is enhanced by a high relative hitynidansen and Lewis (1993) also
found a reduced intake of high-protein diets byrdnas and boars. Reductions in
ADFI as CP concentrations were increased from igade to adequate levels have
been noted by previous investigators (Baker etlllZ5; Irvin et al., 1975). It has been
suggested that (Greeley et al., 1964) swine feds deth low CP concentrations
become hyperphagic in an attemp to sustain adeguatein (or amino acid ) intakes.
Hyperphagia results in a greater energy intakeamecing the rate of fat accretion.
When high protein diet are offered, animal becomeehphagic. Excess protein will
be catabolised leading to the supply of energyiarkle process leads to more heat per
unit of digested energy compared to the heat getkfaom glucose/starch and fat.
Besides the reduced voluntary feed intake, the dralecreasing effect of high-
protein diets may be partly due to a reduced engejye of diets with increased

protein concentrations (Just, 1982; Henry et &92)
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In this experiment, a high protein level tendedncrease water intake (p<0.1).
Other studies have also shown an increase in aignkiaterassociated with increasing
dietary CP levels. Various environmental (Patieeteal., 2005) and physiological
factors (Mroz et al., 1995) affect water utilizatialthough the impadaif diet is not
clear. Suzuki et al. (1998) and Pfeiffer et(4P95) showed that water consumption
increased in response to increasthgtary CP, whereas Albar and Granier (1996)
found that barrowdyut not gilts, offered a low CP diet had reducedewataken one

study, but differences were not significant in deat

Table 4. Calculated carcass protein and fat depo#iin rates based on energy intake, body

weight and rate of gain of three breeds of femaleigs.

Breed Dietary crude protein (%)
Protein deposition (g/d) Fat deposition (g/d)
10 13 16 19 10 13 16 19
MC 35 41 48 36 93 109 130 99
= 69 70 75 71 190 195 208 196
F, 79 92 99 82 220 252 273 225

1 Pig genotypes: MC: Mong Caig:{LWxMC); F,: (LDxMC)xLW).

The MC pig is an important breed in Vietham, espiciCentral Vietham,
where it is used in approximately 10 % of the pagpyation, andhe economic value
of its net-income is approximated) % of the total output of pig production (Pham et
al., 2010)In the present study, the protein deposition fopa breeds but especially
MC was low (Table 4). For practical purposes, theent results show that MC pigs,
which have a similar voluntary feed intake at aditary CP levels, have the largest
reduction in lipid gain with a dietary CP of 13 9. a previous report the lower
capacity for lean tissue growtth growing MC pig compared with modern pig breeds
was also shown (Drucker et al., 2006). These obsiens suggeshat the MC pigs,
which were in an earlier stage of growth than lege pigs, approachadaximum
capacity for protein deposition with a dietary aeyarotein content of 13 to 14 % and
therefore they require less protein per kgfe#d than fast growing leaner breeds
(Campbell et al., 198Rikker et al., 1994; present study). Due to differesn growth

potential, muscle accretion, and maturation, tharfel i pigs required a dietary crude
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protein content of 16 to 17 %, concentratioslightly greater than the recommended
allowance of NRC (1998). Responses in protein ggighfor theMC pigs to increased
dietary protein content were smaller tHanthe R and k breeds, but in MC pigs this
is likely related to a reduced voluntary feed igt@ompared to the;and k pigs. The
protein deposition on the 16 % CP diet for MC paggpears close to the maximal
deposition and as such provides little room fotHerimprovement as provision of
additional protein above 16 % had no benefit in terms of pnotéeposition. The
constraint in protein synthesis might be impadsgdhe lower protein mass of MC pigs
compared with Fand k pigs.A relevant indication of this lower body protein $sas
the 20 to 30 % smaller muscle size found in MC pigs parad withF, and k of
similar BW and fed the same balanced dietary pmopetternto those used in the
present experiment.

This study confirmed the lower growth performangeMiC compared to fand
F, pigs. ADFI and ADG in particular were much lower MC than k and F pigs.
Higher back fat thickness and lower carcass leartecd in MC were related to a
lower muscle growth potential. The MC pig depoattif a higher ratio to protein than
the crossbreds. Similar results were reported whenan pigs (Morales et al., 2003)
were compared to lean breeds of pigs. The low pieleof MC pigs for growth and
protein deposition results in a high ratio of feedgain. But this feed conversion
improves more with increased CP levels in the M@sphan in crossbreds. So under
practical conditions such as in Vietham small holtms, it is relatively more
beneficial for MC to increase dietary CP to 13 %mpared to Fand k. In the latter
two breeds a higher dietary CP is needed. Thus thmrdata provided in the present
study it is possible to predict optimum dietary Céntent and these data allow
construction of a growth profile for each genotyple optimum dietary protein for
ADG of the three genotypes would be approximatedy% CP but for lean %, a
distinct difference is noted with regard to optird.

Table 3 and Figure 1 illustrate the effect of ggpetand dietary protein and
genotype on protein and fat deposition and on I@éthin breeds the MC pigs had the
highest lean percentage with the diet at 13 to 1£Powhile ik and F pigs need

higher CP level for highest lean %. The lysine eaftis limiting in most local
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ingredients so the addition of lysine is esseritindefining the protein value than the
absolute protein level itself. The daily lysine uegment that were derived from
maximum ADG is different for the three pig breelishould be noted that the formula
for the calculation of fat and protein have beenvael with data of moderately lean
pigs (Kotarbinska and Kielanowski, 1969), which tenconsidered comparable to the
F, and B animals in our study. Bikker et dlL.996) showed that carcass fat deposition
rate was more dependent on energy intake than aeiprintake. Similarly, in our
experiment, an increase in fat content and fat siéipo rate was noted at the highest
feed intake (energy intake). If the energy intakalbove that needed for maintenance
and maximum protein deposition, lipid depositionrgases. In this respect De Greef
et al. (1994) observed that energy intake above the maxircapacity of protein
deposition caused an increase in the carcass |pmiein ratio. The difference in
capacity for protein deposition between the threrogypes used in this experiment
shows that genotype and diets need to be considegether for feed composition of
growing pigs in Vietnam.

When comparing the standard of nutrient requirementswine (NRC, 1998;
NIAH, 2001), the nutritive value of feedstuffs flattening pigs in Central Vietham is
low due to insufficient amounts of amino acid ietdi On average, the crude protein
content of a typical feed fed to pigs in small-leldfarms is estimated to be
approximately 10 % which results in a low averagiydgain of i and k pigs (Pham
et al., 2010). In previous studies, Ngoan et &0(@® and Van An et al. (2005) found
that the main protein feed sources in Central \detrare fish meal and seafood by-
products like fish heads and shrimp heads. Fishl mgaroduced mostly from salt-
water fish and typically contains between 33 and#®&P on a dry matter basis. By
using fish meal and sea food by-products, the GRect in the diet can be raised to
about 11 to 21 % CP (Ngo et al., 2004).

A number of opportunities have been identified gostainable improvement in
the production of small-holder pig farms. The fotation of appropriate and cost-
effective diets from as much as possible locallgilable feedstuffs can improved the
diets of fattening pigs. It is recommended fromitheestigations reported here that the
CP content in diets for;Fand K pigs should be raised to 16 or 19 % in order to
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optimize pig production. In this respect, proteoncentration should be adjusted in
combination with the training courses on how to aised formulate diets based on local
feed resources. The present results clearly shaivléinge improvements in growth
rate can be obtained by combining local feedstufth extra protein sources. It is
possible to obtain these improvements also withallpgrown protein rich feedstuffs
(for example a local variety of pigeon peas) in iadd to local sources rich in
carbohydrate like cassava and sweet potato. Tlsisres an increased household food
supply with an improved carcass quality. It is estpd that improved feed quality by
the supply of sufficient protein/lysine leads tareased performance and carcass
quality of R and K fattening pigs.

In conclusion, genetically lean pigs have higheswgh rates and give leaner
carcasses compared to MC pigs at all dietary cquadeein levels under practical
conditions in Vietnam. At high dietary crude protelevels differences in gains
increase. Fand K, pigs have faster growth rates, higher feed intake lower back fat
levels compared to the Mong Cai local breed. Fonii&€ai local breed (MC), {F
(Large WhitexMong Cai) and f crossbreds of (Landraxklong CaikLarge White a
dietary crude protein content of 14.0, 15.0, and} % appears optimal for overall

growth performance and carcass characteristics.
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ABSTRACT

The objective of this study was to determine optilysine requirement of
lactating Mong Cai sows with piglets. An experimemats conducted using 30 Mong
Cai sows in a factorial randomized design with étdliy total lysine levels (0.60, 0.70,
0.85, 1.00 and 1.15 %) for one-week pre-partum @udetary total lysine levels (0.60,
0.75, 0.90, 1.05 and 1.20 %) for the lactation slistong Cai sows were 1.5 to 3 years
old and had an initial body weight of 120 kg (sd5)2after farrowing. Sows were
restrict-fed 1.7 kg feed during gestation and fed liditum during lactation. Diets
contained about 12 % CP during pregnancy and aldau®o CP during the lactation
period. The digestible energy content of the di@tged from 13.2 to 13.3 MJ/kg DM.
Water was supplied to allow the sow to drink adtdilm during lactation. Studied
traits were related to both sows and their proge®gws were weighed at 107 days of
gestation, after farrowing and at weaning of thgleis. Sow back-fat depth was
measured at 110 days of gestation, after farrowisiig21l days of lactation and at
weaning. Number of piglets born, at 24 h afterhidt 21 days of age and at weaning
were recorded. Piglets were weighed at birth, atda¥s and at weaning. Supplying
lysine one week pre-partum had no effect on thebeumf piglets born (p=0.776) nor
litter weight at birth (p=0.224). A positive effect high dietary lysine level during
lactation from 0.60 to 1.20 % with regard to sowighe loss, increased piglet weight
at 21 days and weaning weight was observed. Thad tdysine that resulted in the
lowest sow weight loss and the highest weanedtpigtgght was 1.02 %. The latter
may be the optimum level of lysine for lactatingngldCai sow diets. At this lysine

level, the number of weaned piglets at weaningalss highest.
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INTRODUCTION

Lactation is an important period in the life of ovDuring a relatively short
period, sows have to produce a large amount of emlk thus metabolic demands for
nutrients and energy are high. Amino acids are mapnd essential nutrients that may
affect overall reproductive performance of breedmgs. Lysine is the first limiting
essential amino acid in most diets for lactatingvs@and daily lysine intake is a
primary determinant of lactation performance (NR@98; Yang et al., 2000b; Kim et
al., 2001).

The amino acid requirement during lactation is elpgelated to the amount
and composition of sow's milk. Several studies hamwn that the quantity of
maternal reserves, built up during gestation, cavehan effect on subsequent litter
growth and reproductive performance (Jones andhystht99; Clowes et al., 2003).
Jones and Stahly (1999) and Yang et al. (2009)rtegpdhat sows fed diets with a low
protein level (8.3 to 13.1 % CP) during lactati@dra low milk production. Adequate
dietary protein level (19.8 % CP) during lactateam increase fat milk output (Sinclair
et al.,, 2001) and decrease body weight losses efstws (Johnston et al., 1993;
Sinclair et al., 2001). Dourmad et al. (1998) reéporthat a high producing sow
requires at least 55 g of dietary lysine/d for mmam weight loss and for maximal
mammary gland growth (Kim et al., 1999). The amoantl composition of amino
acids in the sow’s diet can therefore be an inthoadf the optimal balance of amino
acids ingested by the piglets (Verstegen et a@8)L9Touchette et al. (1998) found that
lactating sows require 48 g of digestible lysine geey for an adjusted litter size of 9 to
11 piglets, in order to minimize her own proteinbiti@aation. Tritton et al. (1996) and
Yang et al. (2000b) reported no effect on litteesat birth when lysinietakes during
the first pregnancy varied. Johnston et al. (19%98jchette et al. (1998) and Sinclair
et al. (2001) reported that protein/lysine leveisthe lactation diets prevented sow
weight loss but had no influence on sow backfas lsd did not improve daily litter
weight gain. Yang et al. (2000a) found that a lawireo acid intake during lactation
impaired follicular development and maturation dgrithe subsequent pro-estrus
period. Bojcukova and Kratky (2006) noted that ghler litter weight at the age of 21

days in sows fed the highest dietary content ahé/$15.2 g compared to low level at
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8.15 g of lysine/kg feed)

Mong Cai sows are a local, popular pig breed foallrolders throughout the
entire country of Vietnam. Mong Cai sows are usedtle major female line for
crossing with exotic boars to produce hybrids=(FLarge White or Landraed&long
Cai) and k= (Large WhitexMong CaikLandrace)) on smallholder pig farms. In rural
areas of Central Vietnam, smallholder farmers fésr sows with locally available
feed resources. Sows, however, do not receivecgeritiamount of amino acids from
these diets. A common lactation diet for Mong Gaws in Vietham contains from 0.4
to 0.5 % of lysine. The current study was condudiedind the optimal lysine
requirements of lactating Mong Cai sows and thajteps. The hypothesis was that

Mong Cai sows have the highest response at optilysime levels in the diets.

MATERIAL AND METHODS
ANIMALS

Thirty Mong Cai sows (six sows per treatment) adesl to 3 years with a
weight after parturition of approximately 120 kgdaa parity number of 2 to 3 were
used. The treatments were designed according targigsine level (0.60, 0.70, 0.90,
1.05 and 1.20 % lysine in the DM). The sows remaimethe experimental pen from
pregnancy onwards and during farrowing and laatatdeaning occurred at day 45 of
lactation. The experiment was conducted duringctiad season from September 2004
to March 2005 at the farrowing house at Trieu Hainfr of the Central Pig Breeding

Company, Hue, Vietham. Temperatures during thisogeanged from 15 to 2€.

HOUSING

The sows were housed individually in pens of 2.¢ength and 1.75 m wide.
Pens were separated by brick walls, were 2.6 mhheigd had an insulated fibro-
cement roof. The floor consisted of solid concrexeept for a gutter (0.25 m wide
x1.50 m longx 0.40 m deep) which was protected with an irondettovered floor at
the back of the pen. Each pen was equipped witeder and water drinker for the
sows and an infrared light from an electric heatwp to provide additional warmth

for the piglets. Bedding material was not used. fémeowing house was open so that
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the inside temperatures followed the outside antli&amperature.

FEEDING

A basal diet was fed from 107 days of pregnancyl @atrowing which was
formulated to contain 0.56 % lysine. Lysine HCI .&86 lysine) was supplemented to
achieve dietary levels of 0.60, 0.70, 0.85, 1.00 &5 % lysine from the 18ay of
pregnancy onwards to farrowing. Dietary lysine lew@s modified with the aim to
test if this has an effect on target backfat mesment of sows and piglet weights at
farrowing.

Feed allowance at 107 days of gestation was fotedilasing the maintenance
requirement estimates of to NIAH (2001). Feed alnee was constant from mating
to the last week of gestation. Daily feed allowadoeing lactation was derived from
the protein and energy requirement proposed bygiRait and Young (1997). Lysine
HCI (78.8 % lysine) was supplemented to the baesltd achieve a dietary level of
0.60 for basal, 0.75, 0.90, 1.05 and 1.20 % lysimepost-farrowing until weaning at
45 days. Sow received a high dietary lysine leedbie farrowing also received a high
lysine level during lactation. Sows were restred-fduring pregnancy with 1.7 kg of
their gestation diet twice daily from mating uriirrowing (Farrowing day = 0). Feed
composition of the gestation diet contained abdu®d CP. Pigs were fed twice per
day at 8 am and 4 pm. After farrowing sows werérigsed for three days at 2.0, 2.5
and 3.0 kg per day. After the third day of farrogyisows were provided their lactation
diets ad litbitum which contained 14 % CP. Digestible energy confentboth the
gestation and lactation diet was 13.2 to 13.3 Mibl@ 1). Water was supplied to allow
the sow to drinkad libitum during lactation to maintain the feed intake antkm

production.

TREATMENT

The diet was formulated using rice bran, cassava,mmern meal, fish meal and
sweet potato vines. Feed was formulated to meatetipgirements of lactating sows in
terms of energy, crude protein, minerals and vitemLysine was added to reach the
desired lysine levels. The amounts of digestiblersal amino acids and digestible

lysine in the experimental diet were based on aalidCP content of 14 % as
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recommended by NIAH (2001) for lactating sows. Tohenpositions calculated of the
experimental diets are shown in Table 1.

Feed was offered to the sows after farrowing wméianing. Each morning, feed
refusals were collected, and new feed was immddiai®vided. Feed consumption
was determined as the difference between feed afloerand the refusals collected the

next morning.

Table 1.Composition of diets fed during the lactation perial.

Digestible lysine level (%
Ingredients (%) 9 y (%)

0.60 0.75 0.90 1.05 1.20
Synthetic lysiné 0 0.19 0.38 0.57 0.76
Rice bran 44 44 44 44 44
Corn meal 36 36 36 36 36
Cassava meal 8.50 8.31 8.12 7.93 7.74
Fish meal (55% CP) 9.0 9.0 9.0 9.0 9.0
Sweet potato vine 1.0 1.0 1.0 1.0 1.0
Vitamin—premix 0.5 0.5 0.5 0.5 0.5
Mineral—premix 0.5 0.5 0.5 0.5 0.5
NacCl 0.5 0.5 0.5 0.5 0.5
Crude protein (g/kg DM) 140.6 139.9 140.2 140.4 140.8
ME (MJ/kg)’ 13.3 13.3 13.2 13.2 13.2

! Lysine HCL, manufactured by CJ CHEILJEDANG Coopiera Seoul, Korea.

2 Fish meal was supplied by Cargill, Minneapolis, MMSA.

%Supplied per kg diet included: 0.24 mg folic adif50 1U vitamin A, 1 mg vitamin B190 IU vitamin @,

40 IU vitamin E, 0.05 mg vitamin K.

“ Supplied per kg diet: 52 mg Zn (as Zn$C7 mg Fe (as E8O,5H,0), 60 mg Mn (as MnS£2H,0), 4 mg
Cu (as CuSgsH,0), 0.96 mg | (as Ca(l§)), 0.11 mg Co (as CoSTH,0), 0.07 mg Se (as MaeQ), 2 ¢
dibasic calcium phosphate (as CaHP&0).

® CP value analyzed by laboratory of Animal Nutritiof Hue University of Agriculture and Forestry.

® Calculated using digestibility values of individuagiredients from the NIAH (2001).

MEASUREMENTS

Sows were weighed at serving day, at 107 daysegrancy, within 24 h after
farrowing and at the 45day of lactation (at weaning). Backfat thicknesasw
measured by ultrasound at 107 day into gestatidrh after farrowing and at 21days
of lactation using the Renco LEAN-METERRenco Corporation, Minneapolis, MN,
USA). Two measurements were made at 6.5 cm fronddinsal midline on the right
and left side of the animal at the level of thenlib (P2). Means obtained for the two
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sides were recorded for analyses. Ultrasonic etialuavas accomplished by using
Vaseline oil and placing the probe directly on 8ien of the pig. The outer layer
thickness of fat was determined by measuring frieenduter surface of the skin to the
boundary of the outer and middle layer fat (Smithale 1992).

After farrowing, the number of live born, stillboand mummified piglets as
well as piglet weights were recorded. Needle teatte clipped; ears were notched for
identification, and piglets were given 1 ml of iraextran (200 mg Fe/ml, Bomac
Laboratory, New Zealand) and 1 ml penicillin G (BayCompany, Germany) as
scouring preventative medication. The piglets wereighed and handled (tooth
cutting, umbilical cord treatment, labeling andiliotic administration) up to 7-10
days after birth. Male piglets were castrated witfito 10 days. The piglets were
weighed at the 7 14" and 2% day and at weaning. During the lactation period,
piglets had no access to the sow’s feed but watsravailable to them through a low-
pressure nipple drinker. Piglets were weaned at#fielays of age into a conventional
nursery. At weaning, piglets were moved to the enyrf the farm, and sows were
moved to a breeding facility and checked twiceydfgt signs of estrus using a mature
boar to detect the onset of heat. Estrus was redonden sows stood to be mounted
by the boar.

STATISTICAL ANALYSIS

Data were analyzed by using General linear modeM)3procedure of SPSS
11.5. The model was: & u+Li+e (1)
where Y, is the observed independent variable,is the overall mean of the
observations, Lis the main effect of the dietary lysine levet(Q.60, 0.75, 0.90, 1.05
and 1.20 % lysine)k; is the residual random component. If the treatnedigct was
significant (p<0.05), differences between treatrmewere compared with Tukey’'s
procedure. Differences between means vieséed by the Student—-Newman—Keul's
test. Differencewere considered significant at p<0.05.

To predict the maximum litter weight at day 21 atdweaning, litter weight
gain or minimum sow backfat losses, a curvilinemponse curve was fitted using the

following equation:

75



EFFECT OF LYSINE LEVELS ON PERFORMANCE OF MONG CAI SOWS

Y = aX?+ bX + ¢ (2)

Y =aX3+ bX*+cX +d (3)

where Y is response criteria (sow backfat loss, s@ight loss, litter weight and litter
weight gain,), X is dietary lysine and a, b, c,abresent components of quadratic

equation (Urynek and Burazewsca, 2003).

Table 2.Effect of dietary lysine level on sow performance.

Sows traits Dietary lysine level (%) SEM Significance
0.60 0.75 0.90 1.05 1.20 p<
No of observations 6 6 6 6 6 - —
Weight at mating (kg) 87.7 867 878 87.7 87.2 1.17 0.427
Weight on 107d (kg) 120.0 123.0 120.8 1215 121.8 1.23 0.274
Weight at 24h after (kg) 96.8 955 95.6 968 96.7 157 0.144
Weight at weaning (kg) 76.8 788 827 863 8458° 1.14 0.028
Weight loss (kg) 195 134 120 115 123 0.34 0.012
Feed intake (kg/d) 3.63 3.75 3.80 3.82 3.75 0.12 0.054
ME intake(MJ of ME) 48.30 49.80 50.20 50.50 49.80 - -
Sow backfat measurement
At farrowing (mm) 33.6 33.3 3330 337 329 0.316 0.157
21d of lactation (mm) 304 29.7 299 298 299 0.279 0.021
At weaning (mm) 280 287 288 29.* 278 0.083 0.001
Backfat loss (%) 5% 52 -4F -46 -51 0031 0.010
Weaning-estrus interval (d) 7.5 6.3 5.8 5.5 59  0.091 0.010

abcd\eans within rows with different superscripts diffg<0.05).

RESULTS

In Table 2, the result of dietary lysine levels dahd performance of the sows
are presented. Average daily feed intake (ADFl)sofvs during lactation was not
affected by dietary lysine level (0.60 to 1.20 %theugh a trend was observed
(p=0.054). Dietary lysine level did not have anuehce on body weight at 107 days
of gestation. Sow body weight at 24 h after farrgywvas not different between diets
(p>0.05). Sow body weight loss during lactationrdased drastically when dietary
lysine level was increased. There was a greateghwdoss of the sows at the three
lower levels of lysine (0.60, 0.75 and 0.90 %) tlanhe two higher levels (1.05 and
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1.20 %). Weaning to estrus interval ranged betwBdnand 7.5 days, and was
influenced p<0.05) by dietary lysine and ME intalexels during the preceding
lactation.

The number of piglets born per litter determinethwi 24 h after birth ranged
between 10.8 and 11.5. Dietary lysine intake didimtbuence the total born and born
alive piglets (p>0.05). Similarly, the number ofjlgts in groups did not differ within 7
days after birth (p>0.05). The number of pigletstta 2f' days differed slightly
between treatment groups (p<0.05), (Table 3). Mezage number of weaned piglets
(at the 48 day) was highest with the 1.05 % lysine diet anaest with the basal diet
(Table 3). The differences in piglet numbers at mimeg between groups were
statistically significant (p<0.001).

Table 3.Effect of dietary protein level of sow’s diet on liter performance.

Trait Dietary lysine level (%) SEM Significance
0.60 0.75 0.90 1.05 1.20 p<
Litter size
No. piglets born 11.4 11.3 11.8 11.7 115 0297 66.7
No. piglets after 24 h 10.8 11.0 11.5 11.3 111 38.2 0.325
No. of piglets at 7 d 10.7 10.8 11.2 11.3 11.0 8.23 0.158
No. of piglets at 21 d 1604 108 11.0 11.3% 109 0.186 0.049
At weaning 9.9 10.7 109 11.7 109 0.175 0.001
Total litter weight (kg)

At birth 6.62 6.80 7.21 7.11 6.94  0.089 0.224
At 7 days 11.92 12,79 1340 1399 1290 0.230 2.06
At 21 days 29.05 32.8¢ 3535 37.17 3570 0.543 0.023

At weaning 76.37 90.28 99.2% 104.76 9594 1.860 0.001

Average weight of piglets (kg)

At birth 0.58 0.60 0.61 0.61 0.60 0.011 0.470
At 7 days 1.11 1.18 1.20 1.23 1.17  0.031 0.107
At 21 days 279 304 32 330 327 0.166 0.041
At weaning 771 843 91r 935 853 0.320 0.001

Litter growth rate (kg/d) 1.59 1.88 2.05 217 197 0.050 0.001

abcd\eans within rows with different superscripts diffg<0.05).
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The average weight of piglets in the different grduwas determined by
weighing individual piglets immediately after fawmg and in the various weeks after
birth. There was no significant difference in theemage birth weight of piglets
between the groups. The average weight in therdiffereatment groups at th8 day
postpartum also was not significantly (p>0.05) efiéint. At the 2% day of age, the
average weights of piglets in the individual grougiffered significant between
treatments (p<0.001). Similarly, the weaning wesght different groups were also
statistically significant (p<0.05) at 21 days okaand at weaning. Dietary lysine level
during lactation had an effect (p<0.001) on daitiet weight gains and was highest
for the 1.05 % dietary lysine group.

Table 4. Best fit models describing the effect of dietary lsine content on growth performance

and carcass characteristic variables for Mong Cai@wvs in Central Vietnam.

Variables X X Intercept ~ SEM R Op(t;/r(gum
Sow weight loss (kg) 46.667 -94.867 59.220 1.337 970. 1.02
Sow BF loss (mm) 6.9841 -13.638 11.343 0.130 0.93 1.01
Litter weight (kg)
at 21 days -6.079  74.376 -3.2797 0.543 0.99 1.06
at weaning -155.21  315.14 -57.609 1.860 0.97 1.02
Litter growth rate (kg/d) -3.3651  6.8305 -1.3543 05D 0.97 1.02

1BF: Backfat.

Results of the quadratic and cubic regression emqsthat predict optimum
dietary lysine concentration for maximum litter wes weight, litter daily growth
rate or minimum sow’s weight and backfat loss dyiactation are shown in Table 4.
Optimum dietary lysine level for maximum litter wgét at the 2% days was 1.06 %
and optimum dietary lysine level at weaning wasrapipnate 1.02 %. Optimum
dietary lysine level for minimum weight loss of stwas 1.02 % and the optimum for
backfat loss during lactation was 1.01 %.

Figures 1 to 5 present the minimal and maximaltdréor sow weight loss
(Figure 1), backfat loss (Figure 2), litter dailyogth rate (Figure 3), litter weight at 21
days of lactation (Figure 4) and litter weight ataming (Figure 5) at each lysine level

and the best fit curve.
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Figure 1. Effect of dietary lysine levels on sow vight loss during 45 days lactation.
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Figure 2. Effect of dietary lysine levels on sow lekfat loss during 45 days lactation.
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Figure 3. Effect of dietary lysine levels on daily litter gravth rate during 45 days lactation.
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Figure 4. Effect of dietary lysine level on piglet weight aR1 days lactation.
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Figure 5. Effect of dietary lysine levels on totapiglet weight at weaning of 45 days lactation.

DISCUSSION

The results of the present study indicate thateiasing dietary lysine from 0.60
to 1.20 % did not affect feed intake significardljhough a trend was observed during
45 days lactation. Sow weight loss, backfat thiclsnat weaning, the number of piglets
at weaning and weight of litter at weaning werangigantly affected by lysine content
in diet. Sow feed intake was low when the lysinateat was 0.60 % and 1.20 % in
the diet and it was highest on the 1.05 % lysire. diowever, the differences of sow
feed intake were not statistically significant beém treatment groups (p>0.05). The
feed intake of lactating sows is influenced by salvtactors e.g. feeding level during
gestation, body weight, litter size, environmenmperature and the energy and
protein concentration of feeds (Verstegen et &98). In the literature, ADFI has not
always been shown to be affected by increasesindyfrom 0.62 to 1.05 % (Johnston
et al., 1993), from 0.67 to 1.25 % (Touchette et98) and 0.80 to 1.06 % (Cooper
et al., 2001). Yang et al. (2000b) recorded lirsnreases (p<0.01) in ADFI during the
first, second and third lactations as dietary profk/sine) increased (from 0.4 to 1.5
%). The studies by Schneider et al. (2004), Lenehaal. (2004) and Fu et al. (2003)
recorded no changes in feed intake with increadiatary lysine (0.9, 1.1 and 1.4 %).
Feed intake by sows fed a high-protein diet dutaggation may have been driven by
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high milk production, because these sows also mediumore milk than sows fed the
low-protein diet during lactation.

In contrast, Shields et al. (1985) reported a p@siguadratic relationship
between dietary protein concentration (5, 14, a®dda) and lactational feed intake of
first-litter sows. Several other workers (Mahan avidngan, 1975; O'Grady et al.,
1985) have observed this positive relationship betwdietary protein concentration of
lactation diets (12 to 20 % CP) and feed intakeindufactation after the protein
density of the gestation diets was low. José €RAD6) recorded that increasing lysine
from 0.75 % to 1.20 % resulted in higher feed ietalt higher energy density in
lactation diets (14.3 vs. 13.6 MJ ME/kQ). In thegent study, the ME content of the
diets were almost the same 13.2 to 13.3 MJ ME/Kkg.

The present study demonstrates that increasingrgibtsine levels reduced the
sow’'s weight loss and the weight loss was mininia gsine level of 1.02 %. Stahly
et al. (1990), Johnston et al. (1993) and Kusinal.gt1999) found that increasing CP
reduced lactation weight loss. Jones and Stahl@q)il%nd Yang et al. (2000c)
recorded that losses in body weight during lactaticere significantly reduced by
lysine supplied to the sow’s diets.

Several studies show that when the daily intakigsifiie can be increased, body
weight losses can be decreased (Sinclair et d@1)2&issen et al. (2003) found that an
increase in intake of 1 kg per day reduced dailightdoss of sows by 0.13 kg (13 %
of body weight loss/d) a litter size of 10 piglets. Weight loss was realbg 0.015
kg/d (1 %) at a littesize of 14 piglets. Yang et al. (2009) recorded #Huavs fed low
lysine diets lost more body weight than sows feghHysine diets. High lysine intake
(64.9 g/d) during lactation increased the concéiotma of total solids, protein and
solids not-fat in colostrum and total solids, pnotéat and solids not-fat in milk (Yang
et al., 2009).

According to Mullan and Williams, (1989), Dourmati991) and Meija et al.
(2002) nutrientntake, body reserve losses, and absolute amoumatérnareserves
at farrowing interact to influence reproductive fpemance. Yang et al. (1989),
Dourmad (1991) an@harette et al. (1995) observed that the weanirgstausnterval

after first lactation was closely related to bodgtpinor body weight at weaning, with
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heavy primiparous sows having weaning-to-estintervals similar to that of
multiparous sows. The mechanism which affects ititsrval seems to be associated
with high LH concentrations during lactation (Shawd Foxcroft, 1985). King and
Martin (1989) found a lower mean LH concentratiommediately prior to weaning
and after weaning in sows on a low protein intalerd) lactation, as would have been
the case with sows in the present experiment (fedixet al., 1996). Tokach et al.
(1992) and Yang et al. (2000c) recorded that irsgean lysine intake are associated
with increases in LH. Pulsatile secretion of LHais important factor in stimulating
follicular development and resumption of estrustwesaning (Shaw and Foxcroft,
1985; King and Martin, 1989; Yang et al., 2000a)rtRermore, LH pulse frequency
during mid to late lactation was related to weartm@gstrus interval (Tokach et al.,
1992; Koketsu, 1996; Yang et al., 2000c). Withtreédy low numbers of sows in each
treatment in the present study, subsequent litier data are of limited importance.
However, differences in subsequent litter size =kt respond both directly to
effects of dietary lysine level in the sow’s laatatdiets.

The current study showed that dietary lysine ldnad an effect on the backfat
loss of sows. Stahly et al. (1990) recorded thakfaa of sows at weaning were not
affected by increases in lysine from 0.42 to 0.92T¥is is similar to Johnston et al.
(1993) who increased lysine from, 0.62 to 1.05 %nkgue et al. (1993) using a range
of 0.60 to 0.90 % and Weeden et al. (1994) varlysme from 0.60 to 0.70 %. José et
al. (2006) recorded that increased dietary lysioenf0.75 to 1.20 % decreased backfat
loss during lactation at two dietary energy le&l3.6 and 14.2 MJ ME/kg) and sows
had the lowest backfat loss at 1.05 % lysine. Waesow does not receive adequate
amounts of dietary amino acids, maternal tissuéeprdparticularly skeletal muscle
proteins) is mobilized to support milk productioKirq et al.,, 2005). Excessive
maternal protein mobilization often results in k@hrctive failure for the next parity
(Jones and Stahly, 1999). Dourmad et al. (1998)rteg that a high producing sow
requires at least 55 g of dietary lysine/d for mmam weight loss as well as maximal
mammary gland growth (55 g) as suggested by Kial.€0.999). Backfat thickness at
farrowing have been found to be negative relatiorfeed intake during lactation.

Dourmad (1991) reported that reduction in feedkatavas most pronounced during
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the first week of lactation and they estimated lati@ship between backfat depth at
farrowing and lactation feed intake. They foundt tiresgression coefficient of backfat
loss on ADFI was decreased 95 g (per mm of bad&fs) during the first week of

lactation and decreased 63 g/d during the entotatian period.

The weight and backfat thickness changes obsenveteisows during lactation
are related to a reduced feed intake. When feedkentioes not meet the nutritional
demands for maintenance and milk production, thellebe additional weight losses.
The severity of weight and backfat thickness lossas been related to lactation
period, litter size and weight gain, sow body cosifion at farrowing, parity order,
and environmental conditions (Close and Cole, 2086¢ording to Close and Cole
(2000), a high energy intake can minimize this aton in weight and backfat
thickness. The results of the present study carsinoiv the influence of feed energy
density because only one density was used. Thg WMHil intake (50 MJ/d) observed
for all diets were lower than the minimum levelosonended by the NRC (1998). At
currentitter sizes, a higher feed intake during lactatieould therefore reduce backfat
and weight losses of primiparous sows and decrdasgrobabilityof a prolonged
weaning-to-estrus interval (Eissen et al., 2003).

The difference between sow backfat loss on dayril & weaning was not
significant among lysine levels from 0.60 to 1.01 Bhgh intake of lysine had a
positive effect (p<0.05) on the weaning weight dadkfat thickness, as well as on the
weight and backfat thickness changes during lactatn this study, the greater daily
feed intake from 3.63 to 3.82 kg, this correspontted8.3 MJ ME/d and 50.5 MJ
ME/d, respectively. Piglet weaning weight (ranglefween 7.7 and 9.4 kg/pig) was
influenced (p<0.05) by dietary lysine levels.

According to King et al. (1993), dietary proteirsilye levels not only affected
milk composition but also affected total milk sokdntent. Lewis and Speer (1973)
also reported that total solid and protein contesftanilk decreased linearly and
guadratically, respectively in response to redudedary lysine levels. Sows given
low levels of dietary lysine (Chen et al., 1978)pootein (Elliott et al., 1971) produced
milk with lower fat contents. Thus, low levels oethry lysine not only affect sow

milk yield but also reduces the content of protamd fat, therefore reducing total

84



CHAPTER 4

solids. Low dietary lysine levels have an effecthaobilization (Touchette et al., 1998)
and an effect on backfat loss of sows (Yang et2809). In addition, the lower feed
intakes in the sows fed no supplemental lysinette@ lower energy intake which
increased backfat loss compared to sows fed digtsswpplemental lysine.

The data in the present study shows that incredgange level during lactation
increased the piglet’s weight at day 21 and at wearYang et al. (2000b) found that
the dietary lysine intake were 44, 55 and 56 g/panties 1, 2 and 3 for maximal litter
growth rate (2.06, 2.36 and 2.49 kg/d for parities2, and 3 respectively). Parity
influences the lysine (protein) requirement laftating sows and the response of
subsequent litter size to previdastation lysine (protein) intake (Yang et al., B}

Result of Zhang et al. (2001) show that litter virtincreases in piglets at an
age of 20 and 35 days with increasing protein gsihé intake. Bojcukova and Kratky
(2006) noted that litter weight at the age of 2&dasas highest in the sow group fed
the highest dietary content of lysine. In contr&sters and Mahan (2001) concluded
that feeding lysine levels above NRC (1998) reconmufaéion did not affect litter
performance.

Mullan and William (1989) found a linear relatiofnstbetween backfat depth
and fat content of primiparous sows. However, Jamst al. (1993) and Toutchette et
al. (1998) recorded that backfat change was netctdtl by lysine level in the diet.
According to Yang et al. (2000b) increasing dietéyyine (protein) concentration
tended to increase backfat loss linearly in patitp<0.01) but had no effect on sow
backfat changes in parities 2 and 3 (p>0.1). A bwta model of lactating sows was
used by Pettigrew et al. (1992) and modified byti@ew et al. (1993). Lewis et al.
(1981) found a quadratic response with regard t¢-IABnd gairwhen nursery pigs
were fed 6 concentrations of lysine from 0t851.45 %, with a plateau at 1.25 %
lysine. Martinez and Knabe (19950 observed a quadratic ADFI response to lysine
supplementation in the diets.

The present data show that increasing dietary éy@uel from 0.60 to 1.20 %
affect the interval between weaning and estrus.(64). Johnston et al. (1993), Jones
and Stahly (1999) reported that increasing prdieime levels for lactation sows had

an effect on the interval between weaning and ges¥ang et al. (2000b), Mejia et al.
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(2002) and José et al. (2006) reported that posinimg interval to estrus was not
influenced by dietary protein/lysine levels for sowere it is shown that Mong Cai
sows fed lysine levels of 0.60 % had a longer wegbd-estrus interval compared to
Mong Cai sows with a higher dietary lysine leveheTweaning-to-estrus interval is
directly related to the preceding lactation peritactation length, nutritional and
feeding strategies, parity, litter number, weightd abackfat thickness change),
facilities, genetics and season (Koketsu et al961%Zak et al., 1997; Boyd et al.,
2002), as well as estrus detection and reproduniseagement.

From an economic perspective, increasing lysineeoination of the lactation
diet increased size of the subsequent litter (Cathp©95). The present study shows
that increasing dietary lysine level affected thamber of piglets at 21 days of
lactation and at weaning. Previous studies of $tahhl. (1990), Johnston (1993) and
Monegue (1993) recorded that increasing dietampéyevel resulted in an increase in
the number of weaned piglets. Triton et al. (19@ported that sows fed 60 to 80 g/d
of total lysine during the first lactation had 1@6d 11.1 total pigs born. In contrast,
Touchette et al. (1998) recorded a decrease in pomtgin by increasing lysine intake
from 32 to 59 g/d during the first lactation and associated decrease in subsequent
litter size (suggested that it was valine deficign&¥ang et al. (2000a) concluded that
subsequent litter size of different parities hadlitierent response to high lysine
(protein) concentrations during the previous lastatCheng et al. (2001) reported that
a corn-soybean meal diet containing 13 % crudeepraand 0.6 % lysine did not
significantly affect litter size and survival rabé weaning piglets compared with the
15 % crude protein and 0.75 % lysine diet.

Dietary lysine levels of 1.06 % in the lactatioetdied to maximal litter weight
at 21 days of lactation. Lactation diet of 1.02y&irie led to maximal litter weight at
weaning. These data are in agreement with thetsestiZhang et al. (2001) that litter
weight increases in piglets at the age of 20 andi&%& with increasing protein and
lysine intake. Stahly (1990) and Jones and Stal®99) reported a positive effect of
lysine/protein intake during lactation on litter iglet gain. Yang et al. (2000a)
recorded that litter weight gain responded quachllyi (p<0.05) to increasing daily

lysine intake during lactation in all three pastieln contrast, Johnston (1993),
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Touchette et al. (1998) and José et al. (2006¢dtHiat there was no improvement in
litter performance with greater lysine intake.

Cooper et al. (2001) also showed that there wasigmficant protein (lysine
level) effect during the last week of pregnancypagiet birth weight. In addition, sows
fed dietary lysine from 0.60 to 1.06 % had betteptial milk production, which is in
accordance with Knabe et al. (1996). This authaonded that increasing dietary
lysine during lactation resulted in increases wiatiweights at the 21day. José et al.
(2006) reported that the reproductive performand@é subsequent farrowing was not
affected by the lysine levels and ME, hence, neithe total born nor the animals born

alive differed among the treatments.

IMPLICATION

Increasing dietary lysine level has a positive @ffen the performance of Mong
Cai sows and their piglets. Increasing dietaryrgdevel from 0.75 to 1.20 % resulted
in a decrease in sow weight loss compared to sed/svithout supplying lysine. The
results indicate that increasing dietary lysineelsved to an increase in the average
piglet weight at 21 days (from 0.25 to 0.51 kg/ptyland the average weaning weight
(from 0.72 to 1.65 kg/piglet) compared to pigletsrrb from sows fed without
supplemental lysine in their diet. From these tssihe optimum lysine level for the
best performance of lactating Mong Cai sows and thiglets is 1.02 % of lysine in
the sow’s diet. Together with supplying lysinejsitsuggested to study the effect of
supplementing lysine combined with other limitingiao acids on the performance of

Mong Cai sows and piglets.
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EFFECT OF GENOTYPE, PROTEIN LEVEL AND SEASON ON PERFORMANCE

ABSTRACT

One hundred and forty four Landrace (LD) and Lakyhite (LW) gilts were
used to determine the effect of dietary crude pmdevel and genotype on growth and
carcass characteristics both during the cool and tiot season in Central Vietnam.
The initial weight of the Landrace and Large Wigits was 18.4 kg at 60 days of
age. Trial pigs were fed one of three diets whichtained crude protein (CP) levels
of 10, 13 or 16 % and diets contained a digestéiergy content (DE) of the 13.3 to
13.5 MJ per kg. Pigs were housed individually inpwith a floor area of 2.5 fand
were provided ad libitum access to feed in a troaghwell as water from bowils.
Results showed that feed intake of Landrace andd_svhite pigs was lowest at 10 %
CP with 1.68 and 1.70 kg/d and highest at 16 % G &.20 and 2.14 kg/d. Daily
gain was lowest on the diet with 10 % CP for bo#imdrace and Large White pigs
(426 and 454 g/d, respectively) and highest at 16CR® (650 and 636 g/d,
respectively)Backfatthickness of Large White pigs was higher than kaocel pigs at
10 % (23.9 and 22.6 mm), at 13 % (22.5 and 21.5aemd)at 16 % CP (21.3 and 20.7
mm). No interaction was found between genotypetepraand season for backfat
thickness (p>0.05). Pigs kept in the hot seasonlfe®o of CP had a lower rate of
gain (504 versus 540 g/d; p<0.001) and less fe¢akim (1.83 vs. 1.94 kg/d; p<0.001)
than in the cool season. In both seasons, LargeaeM@rformed better than Landrace
at 10 % of CP but not at 13 % and CP 16 % CP. Is wancluded that genotypes had
different responses to dietary crude protein anddgasons with regard to feed intake,
body weight and also protein and lipid gain. Duritige hot season, Large White and

Landrace pigs had a reduced performance at all¢hZé levels.
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CHAPTER 5

INTRODUCTION

Many studies have shown that dietary protein lesaed environmental
temperature have clear effects on the growth pedoce and carcass quality of
fattening pigs. Christian et al. (1980), LanglonldMinvielle (1989) and Cromwell et
al. (1993) found that at optimal environmental dtods, a high content of dietary
crude protein or lysine resulted in improved rabdéggain and in increased carcass
leanness in gilts. But Hansen and Lewis (1993ajoved that different genotypes
reacted differently to dietary protein concentmasion different environments. Lopez
et al. (1991a, b) found that thermal environmert bhaclear effect on average daily
gain (ADG). According to Becker et al. (1993), letd cool environments have a
differential effect on the body composition of piggused by changes in feed intake.
Increasing ambient temperature from 22 tdQ@%esulted in a clear reduction in
average daily feed intake (ADFI) and in ADG. Gengtyal. (2002) found that both
ambient temperature and indoor or outdoor housifegi@d ADG and also the area of
the longissimus dorsi muscle. Imports of Landrawe laarge White pigs into Vietnam
have been aimed to improve the lean meat contgngef However, these breeds need
to be evaluated with regard to optimal dietary @irotcontent in the hot season in
Vietnam.

The objective of this study was to derive the optimdietary crude protein
content when local ingredients are used on perfocmaand carcass quality in
fattening pig of Landrace and Large White genotypassed in individual pens during

the hot and cool Viethamese season.

MATERIALS AND METHODS
ANIMALS
Two breeds of pigs were used in this study: Lareleawd Large White. Of each

breed, 72 females were used and 36 animals peorse@simals originated from the
Central Pig Breeding Company (National Dien Banmijam Central Vietham. Two
trials were conducted within on year with trial teformed during the hot season: from
March to August and trial 2 during the cool seasmym September to February. Both

Landrace and Large White were offspring of boarsciwthad been imported from
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Australia. The initial weight for both breeds we&4Lkg (sd=1.4) at 60 days of age.
After arriving at the experimental facilities, eguly was assigned to one of 3 levels of
dietary protein. They were kept on that feed thimug the entire growth period of

150 days. The trials were planned as a 2 x 3 fattdesign with 2 genotypes and 3

CP levels. Measurements were made on growth peaftcenand carcass composition.

HOUSING AND FEEDING

Pigs were all housed in a naturally ventilated amnithe Dien Ban Farm in the
same environmental conditions. The housing was @tetwo sides so that airflow
could pass through the building. Thus the room tampoire and light followed the
outside environmental conditions. Each pig wasviiddially housed in a pen of 2.5’m
on a solid concrete floor.

Pigs hadad libitum access to the feed from a bin which was weighéelg da
well as ad libitum access to water from bowls. Daily water levels pewl were
measured and water in the bowls was replaced areper day. Genotype and crude
protein (CP) level were randomly assigned to pé&wsmals were weighed once a
month at about 07:00h.

DIETS

Three diets each with a different level of proteon &ll stages of production
were composed. CP levels aimed at were 10 13 afdd ih6dry matter (DM of 88 %).
Three diets were formulated with similar DE contant 3 different CP levels which
were the same during the hot and the cool seadwom.diets were formulated using
four major ingredients; rice bran, corn meal, cagsaneal and fishmeal. These
compounds constituted about 98.5 % of the diet thighremainer being 0.5 % premix-
vitamins, 0.5 % premix-mineral and 0.5 % of sodiahioride. Protein levels were
based on medium and high levels from the literatum@ the low value from common
farming practice in Vietnam. A different proteirvéd between diets was obtained by
including different amounts of fishmeal at the exge of mainly rice bran. Lysine was
added at a level of 5 g per kg in all diets. Thetslwere formulated using standard
feeding values for the ingredients (NRC 1998) asmamended by the NIAH (2001).
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Table 1.Ingredients and analyzed chemical composition of ththree experimental diets.

Dietary protein (%)

Ingredients

10 13 16
Rice bran (%) 45.0 455 49.0
Corn meal (%) 33.0 30.0 27.0
Cassava meal (%) 17.5 12,5 55
Fish meal (%) 2.5 10.0 16.5
Vitamin—premix® (%) 0.5 0.5 0.5
Mineral—premix (%) 0.5 0.5 0.5
Salt 0.5 0.5 0.5
Synthetic lysiné (%) 0.5 0.5 0.5
Crude protein (g/kg) (analyzed valtie) 101.8 132.6 160.4
DE (MJ/kg DM) (calculated valu®) 13.5 13.4 13.3
ME (MJ/kg DMY° 13.0 12.9 12.8
Calcium (g/kg$ 1.13 4.10 7.20
Phosphorus (g/k8) 0.69 2.50 4.45

T Fish meal (46 % CP) was supplied by Cargill Conyp@SA).

2 Supplied per kg diet: 0.24 mg folic acid, 1380vithmin A, 180 IU vitamin B, 11 IU vitamin E.

% Supplied per kg diet: 108 mg Zn (as ZnO), 108 radds FgSOy), 60 mg Mn (as MnO), 65 mg Cu (as
CuSQ7H,0), 0.96 mg | (as Ca(l{), 0.11 mg Co (as CoSTH,0), 0.07 mg Se (as NaeQ), 2 g calcium
phosphate (as CaHRZH,O0).

* Lysine HCL, manufactured by CJ CHEILJEDANG Coopiera Seoul, Korea.

> CP value analyzed by laboratory of Animal Nutritiof Hue University of Agriculture and Forestry.

® Calculated using digestibility values of individirgredients from the NIAH (2001).

Formulation of diets was the same in both seasnddlae analyzed content in
both seasons were similar (the DM value differess filhan 2 %). Feed ingrediemaisd
diets were analyzed for DM and CP by the animalrithert laboratory of the
Department of Animal Nutrition of HUAF. For detemmattion of the dry matter (DM)
content, feed was freeze dried according to ISGBGIS0 1998). Air—dried feed was
dried in forced air oven at 103 to constant weight. Crude protein concentrati@as w
determined as Kjeldahl N x 6.25 according to IS@HQAS0 1997). All feed samples
were analyzed in triplicate.

The determined CP levels were 10.2, 13.3 and 16f@r%the two trials and
were similar for the hot and the cool season. Dietsee made fresh every two weeks
during each trial. The mean chemical compositiothefexperimental diets, based on

analysis of ingredients, is shown in Table 1.

97



EFFECT OF GENOTYPE, PROTEIN LEVELS AND SEASON ON PERFORMANCE

THERMAL AND HUMIDITY MEASUREMENT

During the experiments, the temperature and huyniditthe building were
recorded every two hrs over 24h periods. Tempezataf a local weather station were
taken as reference values. The temperature and/eekumidity inside each pen was
recorded at 5 points, one in each of the four asrireeach pen and one point in the
middle of the pen three times a day throughoutribé Average results were used for
analysis. The temperature was recorded about 5rl8bove the floor and the mean

of these 5 points was taken as a reading. Thetsesale averaged per month.

CARCASS DATA

Food was withheld one day before each pig was btavegd, 150 day after the
start of the study. The pigs were electrically seoh and slaughtered according to
normal commercial practice. Six pigs were randoneselm from 12 pig of each
treatment groups and used for carcass testing.citwmsses of six pigs within each
treatment group were weighed and chilled a& #efore physical dissection. Briefly,
middle line backfat measurement was made at theribgs last rib and at the last
lumbar vertebrae. Carcass measurements collectédeircooler included: dressing
percentage, average backfat thickness (mm), (st fib, last rib, and last lumbar
vertebra) depths, and at a point 6.5 cm from thaélina at the last rib (P2). Carcass
length was measured from the anterior edge of iosto anterior edge of pubic bone
(in cm) immediately after slaughter. The longissimoin eye area (in cfh was
measured at a point % the length of the muscle fremmedial side at the 0ib ham
yield in relation to pork/leg. One half of the cass was subjected to physical
dissection as described by Hansen and Lewis (19938 shoulder was separated
from the loin and belly by a straight cut betwelea $econd and third rib and a straight
cut 2.5 cm ventral to the ventral edge of the skzapthe ham was removed from the
loin by a straight cut between the second and thacral vertebrae approximately
perpendicular to the shank bones. Each cut retaiteecorresponding skin and
subcutaneous fat. The loin was separated fromethe oy a cut that began just ventral
to the ventral side of the scapula at the cramdl @&nd followed the natural curvature
of the vertebral column to the ventral edge ofgeeas major at the caudal end of the

loin. The weight of each cut was determined. AWteighing, shoulder and ham were
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separated by knife into skin, subcutaneous fagrimtiscular fat, muscle (including
blood vessels, ligaments, tendons and connectbged) and bone. Carcass lean and
fat ratio (%) was calculated from total weight hedircass (not included head and feet)

and lean ratio in this half after dissection, indd (%) lean, fat, bone and skin.

PROTEIN AND FAT DEPOSITION CALCULATIONS

The deposition rate of protein and fat in the emmigy of the two genotypes
were calculated assuming one gram of protein anddatained 23.4 and 39.7 kJ of
energy, respectively and ME intake = DE intake $60(NRC, 1998). The following
equations were used:
ME intake = MEm + c* protein deposition + d* Fatpaesition (1)

where:

MEm is the amount of ME required for maintenanc@0(4J of ME per kg of
metabolic body size (}/9.

c* represents the amount of ME needed for depositiol g of protein. Based

on NRC (1998) the required amount of ME per g ot@n deposition is 53 kJ.

d* represents the costs for deposition of 1 g lifidsed on the NRC (1998) the
amount of ME required for the deposition of 1 daifis about 53 kJ.

On the basis of literature (Kotarbinska and Kielaski , 1969) 10 % of weight gain is
gut fill and ash. So 0.9* ADG = Water + Protein atFThe deposition rate of protein
and fat in the empty body of the three genotypesewsalculated based on two
following equations.

0.9ADG = F + P/0.21 (2)

where:
ADG is the average rate of gain (g/d)
0.21 is protein/(protein + water)
F is the amount of fat deposited (g/d)
P is the amount of protein deposited
Also ME for production = F* 53 + P* 53 (3)
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where:
MEp is the metabolizable energy used for fat ardgin deposition.
F is the amount of fat deposited
P is the amount of protein deposited

From equation 2 and 3, protein and fat depositanmlze calculated.

STATISTICAL ANALYSES

The data (initial weight, final weight, ADFI, ADG,FCR, backfat
measurements) were statistically analyzed by thé@OXN procedure using GLM —
multivariate analysis of SPSS software (Versiorbl1The experimental data were
analyzed to include genotype, protein level ancs@eaas factors according to the
following model:
Yis =u+G+RB+S+GP +GS+ BS(+ B + GRS + g
where

Yk is observed value of the dependent variation dividual k of genotype and

dietary protein level

u is the overall mean of the observations

G is the effect of genotype i =23 2

B is the effect of dietary protein level j =43

S.is the effect of season k =42

G B is the interaction between G and P

G S« isthe interaction between G and S

PS is the interaction between P and S

GPS( is the interaction between G, P and S

gjx IS the random error (& 2), | = 1—-n, andeyy the random error associated

with each observation.

A model with quadratic terms was fitted to the fesdke, ADG, FCR, backfat
and lean percentage data with crude protein comenhe independent variable. All
statistical analyses were performed in SPSS verklod with a probability level of 5

% regarded as significant.
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RESULTS
TEMPERATURE DATA

The climate data during the 12 months during whihehstudies were performed
is presented in Figure 1. The ambient temperatace ralative humidity averaged

25.3C and 86 %, respectively.
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Figure 1. Mean ambient temperature and relative humidity during 12 months.

The mean daily ambient temperature and relative idityminside building
during 24 hrs are given in Figures 2 and 3. Theekivand highest mean temperature
during entire experimental period were 2€0(in December) and 36 (in June).
Mean relative humidity was lowest during July (70 &d highest in November (98
%). Data also shows a large difference in the nmearperature and relative humidity
between the hot and cool season. In the hot sg@garch to August, the period in
which the first pigs were followed), the averagmperature was 29°€ and the mean
relative humidity was 81 %. The minimum temperatuvas 18.2C, maximum

temperature 38°&, maximum humidity 90 % and minimum humidity 60(& noon).
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In the cool season (September—February), the aweesgperature was 24Q and the
mean relative humidity was 89 %. The maximum tempee was 35C, minimum

temperature 15°&, maximum humidity 96.5 % and minimum humidity %0
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Figure 2. The mean temperature and humidity at each two hrsfothe day starting with 2 am in

the hot season inside the housing.

The lowest mean temperature of the day during ttesbason was recorded at
4 am (20C) while the highest mean temperature was obsavedon (38.5C). The
relative humidity during the day was highest aD®4hrs and lowest at noon (60.5 %).
During the cool season the range in mean tempesatand related humidity was
lowest at 02:00 hrs (2&; 80 %) and highest at 14:00 hrs €697 %).

PERFORMANCE

The effect of genotypes and dietary protein leveboowth performance of the
animals is presented in Table 2. At slaughter &t fattening days, the Landrace
pigs had higher final live weights and averageydgdin (ADG) compared to Large

White pigs (p<0.001). The daily feed intake anddfemnversion ratio were not
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affected by breed. The carcass length, dressingeptrge and muscle longissimus
area were not significantly influenced by breed((j@%). Backfat thickness was higher

in Large White than in the Landrace pigs (22.621s1 mm; p<0.001).
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Figure 3. The mean temperature and humidity at two hourly iniervals during the day starting at

2 am in the cool season inside the housing.

The data in Table 2 shows that dietary protein ll@viduenced final weight,
average daily gain, average daily feed intake aed tonversion ratio (p<0.001). The
results show negative effects of low dietary pmotéevel on intake and ADG
(p<0.001). Season had a significant effect on fimaight, average daily gain and feed
intake in both genotypes (p<0.001). Between trifls,hot season showed lower ADFI
and ADG. At the same protein level (10, 13 or 1&%) in the hot season, ADG was
30-50 g/d less (about 10 %) than in the cool seaBoere was an interaction between
genotype, dietary protein level and season on firgadjht, and average daily gain.

Genotypes affected backfat thickness, lean pergentnd fat percentage

(p<0.05). Data in Table 2 shows that lean percenteas higher and backfat thickness
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was lower in Landrace than that in Large White pifjse increasing dietary protein
level affected dressing percentage, lean percerdgagebackfat measurement. At the
two low protein levels (10 and 13 % CP), there wanailar values for carcass length.
At 16 % CP, Landrace pigs had less backfat comptreldarge White pigs. Lean

percentage in both Landrace and Large White waree@ased with increased dietary
protein level. Lean content in the carcass waslainm both breeds and was lowest
after fattening with 10 % CP and highest afterefaitig at 16 % CP.

Table 3 presents the response of LW and LD pigligtary protein levels and
season in Central Vietham. The data in Table 3 shtbat both LW and LD responded
positively to dietary crude protein level (p<0.00%gason had an effect on only some
traits such as FI, ADG and final weight of LW anb Ipigs but not on carcass traits
such as carcass length, BF and lean percentage oid breeds.

Table 4 shows the best fit models describing tliecebf dietary crude protein
content and season on growth performance and sactawacteristic variables for
each of two breeds of female pigs. Only linear&fef CP were found. High dietary
protein levels increased ADFI in all treatment greuAverage feed intake for
Landrace pig and also for Large White pigs at thpesein levels in the cool season
were higher than in the hot season. There wastaraction between breed and dietary
protein level for final weight, average daily gaieed intake (p<0.001) and FCR
(p<0.05).Dietary CP increased the 10th rib backfat measuremeboth genotypes.
Both in the hot season and in the cool seasonifgakle increased with CP content in
both breeds. Also increases in ADG with CP comiesre similar in both breeds.

Season had no effect on carcass traits in bothraaadand Large White pigs.
An interaction was found between genotype, diepaiogein and season for final body
weight and ADG. No interaction was found betweenaggpe, dietary protein and
season for carcass traits in this trial. Weighslatghter ranged from 84 to 120 kg.
Calculated protein and fat deposition data aregotes! in Table 5. Lipid and protein
deposition were affected by genotypes and by digisstein level. Landrace pigs had

a somewhat higher calculated lipid and protein dém rate than Large White pigs.
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Table 2. Growth performance and carcass characterigs of two exotic breeds (Landrace (LD) and Larg&Vhite (LW)) of pigs as affected by

genotype, dietary crude protein content and seasadn Central Vietnam.

Genotype (G) Dietary protein level (P) Season (S) GxPxS
Parameter

LW LD 10% 13% 16 % HS CS SEM Significance
Initial weight (kg) 184 18.5 18.4 18.5 18.3 184 184 0.07 0.343
Final weight (kg) 96.5 96.8 845 90.7 115.T 94.¢ 99.4 1.3 0.001
ADG (g/d) 521 524 441 482 644 504 540 16.0 0.001
ADFI (kg/d) 1.87 1.89 1.71 177 217 1.83 1.94 0.011 0.096
FCR (g/g) 2.78 2.76 296 287 2.54 2.80 2.73 0.020 0.358
Water consumption (L/d) 5.6 5.7 81 58 6.1° 6.5 4.8 0.252 0.269
Dress percentage (%) 70.5 70.6 69.8 70.5 71.4 70.5 70.6 0.72 0.146
Backfat (mm) 22% 216 23.3 22.0 20.8 22.1 22.0 0.07 0.183
Longissimus muscle (cm) 29.7 30.0 78.4 2975 31.6 29.6 29.8 0.05 0.460
Lean percentage (%) 53.6 53.9 52.1 53.6 55.8 54.1 54.1 0.19 0.072
Fat percentage (%) 225 22.4 244 22.4 20.5 22.5 22.4 0.05 0.058

a°Means within rows for genotype, dietary crude pirotevel and season with different superscriptéedifp<0.05).

LW=Large White, LD=Landrace; HS=Hot season and C&#Geason, ADG=Average daily gain, ADFI=Averagéydfeed intake, FCR=feed conversion ratio.



Table 3. Comparative response of Large White and Lradrace pigs to dietary protein and season in Centta/ietnam.

Dietary crude protein effect

Season effect

Parameter Large White Landrace Large White Landrace
10% 13% 16% SEM 10% 13% 16 SEM  HS CS SEM HS S C SEM
Initial weight (kg) 182 183 182 0.14 183 183 184 016 182 183 0.13 184 183 0.17
Final weight (kg) 86H 895 1137 115 822 92 1159 127 935 989 1.08 938 998 1.26
ADG (g/d) 454 472 636 134 426 493 650° 147 503 538 155 504 542 @ 16.2
ADFI (kg/d) 1.76 1.78¢ 214 0.03 168 179 220 004 187 192 0.04 184 194 0.04
FCR (g/g) 296 284 252 036 298 287 249 034 283 272 039 280 270 041
Water intake (L/d) 53 5.8 6.1° 0.3 56 59 6.% 0.4 6.6 47 0.4 6.6 4.6 0.4
Dress percent. (%) 697 706 714 118 702 706 71 118 704 707 125 705 70.7 1.07
Backfat (mm) 239 228 21.% 0412 226 218 207 015 222 220 018 209 210 0.19
Longissimus (c) 28.8¢ 292 31. 031 29% 2958 314 034 704 706 033 300 300 034
Lean percent (%) 51°8 537 555 061 516 542 563 063 536 538 0.67 538 543 049
Fat percentage (%) 244 224 206 032 248 224 203% 006 225 224 033 224 223 0.27

a°Means within rows for genotype, dietary crude pirotevel and season with different superscriptéedifp<0.05).

LW=Large White, LD=Landrace; HS=Hot season and C&#Geason, ADG=Average daily gain, ADFI=Averagéydfeed intake, FCR=feed conversion ratio.



Table 4. Best fit models describing the effect of dietary arde protein content and season on growth performarmcand carcass characteristic

variables for each of two breeds of female pigs.

Hot season Cool season
Parameter
Genotype X? X Intercept MSE R X? X Intercept MSE R
ADF (g/d) LW 0.0144 -0.3089 3.3244 0.020 0.99 0.0156 0.33783.5722 0.020 0.99
g
LD 0.0189 -0.4011 3.8522 0.018 0.99 0.0189 -4404 3.7956 0.19 0.94
ADG (g/d) LW 8.2778 -186.72 1481.4 4.86 0.82 8.0000 -175.671421.7 4 .86 0.87
g LD 6.3333 -129 1072.7 5.25 0.88 3.5556 -53.444 83 5.25 0.94
LW - —-0.0617 3.6283 0.36 0.96 - —0.0583 3.525 0.36 0.96
FCR (g/9)
LD - -0.075 3.3775 0.31 0.93 - —-0.0733 3.6567 0.31 0.96
BF (mm) LW - -1.655 25.53 0.133 0.99 - -1.95 26.053 0.133 0.99
mm
LD 0.0872 -2.7028 40.766 0.082 1.00 0.0522 -1.904436.062 0.082 1.00
L %) LW - 0.9933 41.20 0.078 0.96 - 0.6667 45.133 0.078 0.97
ean (%
LD -0.0222 1.3778 39.774 0.071 1.00 -0.0411 1.8056 38.036 0.071 1.00

ADG=average daily gain, ADFl=average daily feeckat, FCR=feed conversion ratio, BF=backfat, Leamwljgercentage, LW=Large White, LD=Landrace,

MSE=Mean square error. All coefficients were sigmiftly different from zero at p<0.05.
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Table 5. Calculated carcass protein and lipid deposition rag in exotic pigs in Central Vietnan

during the hot and cold season.

_ Protein deposition (g/d) Fat deposition (g/d)
Pig breed
10%CP 13%CP 16%CP 10%CP 13%CP 16 % CP
Hot season
Landrace 56 62 94 152 170 259
Large White 58 69 87 159 191 239
Cool season
Landrace 53 67 103 147 186 285
Large White 59 73 91 163 202 251

CP = Crude protein.

DISCUSSION

This study was conducted to test the responseaof tgpe of pigs to different
CP levels both during the hot and cool season intr@eVietnam. In the literature
various studies on pigs in hot environments havenbeeported, but no data are
available on the combination of breeds, CP levad, season with results on ADG lean
and protein and fat gain. In that respect thisysiadinique. Both breeds are lean type
of pigs but they may react differently to condisonf high temperature and high
relative humidity. This study showed that Landrasel Large White pigs had a
different growth rate during the period of 150 daA®FI and feed conversion were
not influenced by breed (p>0.05). This is in acemak with previous studies in the
literature (Renaudeau et al., 2005). Fan et aDg§2@howed that Landrace had better
growth rates than Large Whites (862 vs. 790 g/d) mwore longissimus muscle area
(40.2 vs. 35.6 cA) compared to Large Whites. However, Johnson et(2002)
recorded that at 177 days of age and at 114 kgel ®White had better growth rates
(870 vs. 850 g/d) and lower backfat thickness (14s6 17.1 mm) compared to
Landrace.

The results of studies in literature on the impattdietary CP on carcass
composition are variable. Smith et al. (1999) regubthat pigs fed the low—CP, AA-
supplemented diets produced carcagstsa slightly less lean percentage. Noblet et
al. (1987) and Tuitoek et al. (1997) also reported miaffects of dietary CP on
carcas$ean percentage, with slightly higher lean yielipigs fed diets more CP. The
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present results are similar to previous studieBaker et al. (1975) and Hansen and
Lewis (1993a,b) with a lean type of pigs. The gtowerformance varied with dietary

protein level, genotype and also differed somewletveen seasonal periods. As a
result body weight after a certain period differéte feed intake varied between diets
and it increased with increasing crude protein @ohin the diet. Renaudeau et al.
(2006) and Hansen and Lewis (1993a, b) found sineiteects of dietary CP content

on feed intake with lean type of pigs.

Result in Tables 2 and 3 show that at low protewgls (10 to 13 % CP), Large
White pigs have a better response with regard t?GABDFI and FCR. Several
studies have reported higher carcass fatnessfattdmg a low dietary protein level
(Chiba et al., 2002) and/or low lysine level (Croefivet al., 1993; Witte et al., 2000)
compared to a high supply. Szabo et al. (2001)rtegoalecrease in fat content with
increasing lysine to energy ratio during restrictedding. An increase in nitrogen
(protein) deposition rate is often accompanied ljearease in lipid deposition rate
and in fat depth measurements (Rao and McCrack¥()1Cline et al. (2000) and
Witte et al. (2000) also found that when feedingt@in or lysine deficient diets, fat
content increased and loin eye area and carcassdedent decreased.

The desirable temperature ranges for growing (Zbt&g) and finishing (55 to
110 kg) pigs reared in groups and provided faddibitum respectively, are 16 to
27°C and 10 to 24°C at a relative humidity of 50(Pend and Maner, 1984). Since
pigs in the present study were housed individualgy may be less affected during
the hot season as the maximum temperatures fovidudilly housed pigs can be
expected to be higher compared to group housed. gipg mean temperature
encountered during the cool season was higher ttim@mbove-mentioned ranges for
group housed pigs. The 24h mean temperature w& @¥ing the summer and 21°C
during the fall trial. The relative humidity as amerage was 86 % (pen level) and the
24h summer mean temperature rose to 38.5°C. Thmwpttemperature for growing—
finishing pigs has been reported to be betweenntiB24°C (NRC, 1981). During the
summer trial, air temperature regularly exceedeskehranges. The environmental
temperature clearly affected ADFI and thus daily Mtake. According to Quiniou et

al. (2000), average daily gain and also feed iniak&rongly reduced when ambient
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temperature is about 22 and higher. Similarly, Renaudeau et al. (2004) Hoynh

et al. (2005) found that this negative effect ehperature on intake can be augmented
by high relative humidity. It should be noted tldltthe studies in the literature were
conducted with group housed pigs unlike the pressnody where pigs were
individually housed. The latter will reduce theesftfs of high ambient temperature on
feed intake. The lysine content in protein needddosufficiently high for growth
performance and thus for lean growth in lean tyigs fRao and McCracken, 1990). In
the present study, different dietary protein leveds the same effects on both breeds.
However, Landrace and Large White fattening pigpoaded differently with regard
to final weight, ADG, and backfat thickness. Gelgrit is assumed (Le et al., 1999)
that Large White pigs can cope better with strdssfwvironments compared to
Landrace pigs. In addition genetic lines that hlaeen selected for increased leanness
and low feed intake have been foundbe more sensitive to heat strégenaber et
al., 1997). Myer et al. (1998) recorded that averagekflaacthickness was not
influenced by rearing environment/season, but aeetangissimus muscle area was
affected in the pigs in the fall trial which haddar longissimus areas than pigs in the
summer trial. These results are in agreement wilerMét al. (1998) that longissimus
area, and lean percentage of both Landrace anck \lgte pigs were higher in the
cool season.

The wet tropics are characterized by two phenomkiggr humidity and high
ambient temperatures (Berbigier, 1998). Pigs dsigkde heat by panting, especially if
they can not wallow in mud or water (Mount, 19689. they are not dependent on skin
evaporation compared to other species (e.g. humémdhe present study, animals
were housed individually and could not wallow. @ur{1983) in his book
“Environmental management in animal Agricultureages 79-132) describes how a
combination of high temperature and high humiditgn cbe represented in a
temperature—humidity index (THI) if animals can mallow. For pigs THI index is
defined as:

TH 1= 0.65 ambient temperature + 0.35 wet bulb terafure.

The impact of the wet bulb temperature is about thalt of the ambient temperature

(=dry bulb temperature). For this reason charazdaédn of the environmental
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temperature rather than humidity was chosen herewell documented that ambient
temperature is the predominant component of clematinditions for pigs (Curtis,
1983; Verstegen and Close, 1994). The result shdahetdclimatic conditions in the
present trial were representative of the tropieahtd climate in Central Vietnam (Le
et al.,, 2007), (GSO, 2001, 2002), (Figures 1, 2 andAt high temperatures, pigs
decreased their feed intake and increased watgkear({Tables 3, 4). Increased water
intake is needed for evaporative cooling from t&piratory tract. This evaporation is
increased at high temperatures and at a high htyn{iduynh et al., 2005). However,
humidity and temperature can not be completely reepd. Myer et al. (1998) showed
a negative effect of hot (and humid) environmenttio® performance of pig raised
under farm-like conditions. In their research, pigared during the summer grew 11
% slower and required 5 % more feed per unit ofgivegain than a comparable group
of pig raised during the fall when the environméniamperatures were lower.
Previous studies on short—term heat stress shawatcat each degree Celsius above
about 24C caused less daily gain by about 36 to 60 g/dir{B&eh, 1987). Mount
(1979) mentioned a decrease of 30 g/d in ADG o8 gag each iC above optimal
temperature. According to Huynh et al. (2005), g®nincluded increased body
temperature, increased respiration rate. Resultstudies by Gentry et al. (2002)
indicated that temperatures from°2® 29C do not have a major affect on carcass
measurements and meat quality. Similarly the redolind here showed only minor
differences in carcass characteristics of pigefetl during the hot and cool season.

Differences in quality traits between the respecgenetics were all statistically
significant. Animals of both breeds performed lasihe highest CP level with regard
to longissimus loin eye area and average backiekribss as well as lean and fat
percentage. There were only small differences fmcass characteristics (backfat
thickness, longissimus eye loin area, lean angdatentage) between the hot and cool
season.

Feed intake (or energy/protein intake) was the ntiositing factor to pig
production under tropical humid climatic conditiorghis is in agreement with Le
Bellego (2002), who demonstrated that the pig sceptible to heat stress caused by

temperature and mainly reacts by a reduction imggnatake. Since pigs decrease
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their feed intake at high environmental temperatusgemore nutrient dense diet with
also high protein content may help to minimize piitcbn losses at high temperatures
under the conditions that protein is not abundaatording to Sugahaea et al. (1970),
the increased fat and decreased protein contetiteolfongissimus dossi muscle after
fattening at high temperature (&) may be a result of an amino acid deficiencyhi t
diet. Calculated fat and protein deposition in Eadlagree with previous studies that
total body fat gain can vary considerably betweenagypes of pigs (Bikker et al.,
1995, 1996a). The differences in calculated fabd&jn agree with differences in the
fat percentages. Variation in energy intake ismpdrtant determinant of variation in
body fat content, within pig genotypes (De Greedlet1994; Bikker et al., 1995, 1996
a, b). The increasing dietary protein level andeased feed intake, increased protein
and fat deposition and increased lean productiaeeagvith the study of Hansen
(1993a,b). Also Dierick et al. (1989) have reportededuction in 10th rib backfat
thickness and body fat and an increase in musclgs mpaoduction. Increased ME
intake was associated with increased BW, proteid bain and this slope of increase
differed between breeds (Renaudeau et al., 2006).

The different responses in protein and lipid dejpmsiwith extra feed intake of
the two breeds may result in variation in body weign smallholder production
systems of Central Vietnam, farmers often sellrtpas at much lower body weights
(60 to 80 kg). Therefore it would be interestingrépeat this study with animals at a
lower final body weight to predict voluntary feedtake from potential protein
deposition. Campbell and Tavener (1985) carried eoggeriments with very small
piglets (1.8 to 6.5 kg) and Mohn et al. (2000) wpigs weighing 75 to 90 kg. Their
results taken as whole agree with the view thaigmal response of protein retention
on energy limiting feed do not vary much with limeight. So this would mean that
our results are applicable to pigs with lower finaights also.

It can be concluded that there are only very siiffikrences in performance
between the Large White and Landrace pigs at thddw protein levels (10 and 13 %
CP) used in the present study. At a higher prdmmel (16 % CP), Landrace have a
faster growth rate, final weight and less backfgative effects of the hot season on

performance of pigs for final live weight, ADG aA@dFI were found when compared
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to the cool season. At high ambient temperaturdsaamigh humidity, pigs decreased
feed intake and resulted in reduced daily gainse Tasults show that a high
performance in lean type pigs can be reached iadierude protein level is raised to
16 % or higher. In current study, dietary lysineelewas about 0.9 to 1.0 %, higher
than the NRC recommendations of 0.75 % lysine foming (50 to 80 kg) pigs.
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ABSTRACT

The objective of this study was to determine tfecedf dietary crude protein
level and floor type on the performance of Mong Gaws. An experiment was
conducted with 36 Mong Cai sows in a 3x3 factorc@mpletely randomized
arrangement with 9 treatment combinations and 4reais per treatment. There were
3 dietary crude protein levels (10, 13 and 16 %l &1floor types (ground clay floor,
concrete floor and raised wooden floor). Sows wesen 1 to 2 years old and had an
initial body weight of 120 kg (sd=2.5) after farroy. Response criteria for growth
performance of sows and their piglets included s@amd offspring performance.
Studied sow traits included body weight at 107 da#fygestation, after farrowing and
at weaning as well as back—fat depth at 110 daygesfation, after farrowing, at 21
days of lactation and at weaning (45 days). In &ddj interval from weaning—to—
estrus was determined. Studied progeny traits dedunumber of piglets born, at 24
hours after birth, at 21 days of age and at wearasgvell as body weight at birth, at
21 days and at weaning. Dietary crude protein leskell6 % decreased sow weight
loss during lactation but did not influence back-tass determined at parturition and
at weaning. High dietary crude protein level resdlin a higher number of piglets at
weaning (p<0.01) and heavier piglet body weighthbat 21 days of age (p<0.05) and
at weaning (p<0.001). Floor types did not affeaits of sows but it affected piglets.
Using raised wooden floors resulted in a higher bemof piglets at weaning
(p<0.01) compared to piglets on ground clay andarete floor (p<0.001). The daily
litter weight gain, piglet weight at 21 day and wesy and total weight gain during
lactation on the raised wooden floor were signifitg higher than on the other floor
types. No interaction between dietary crude proteuwel and floor type on studied sow
and progeny traits were found, except for body hief piglets at weaning. The
present study showed that the performance of Mang@nvs and their piglets can be
improved by increasing the dietary crude proteweleup to 16 % and using a raised

wooden floor rather than concrete and clay grouledif to house the animals.
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INTRODUCTION

Dietary protein level can influence milk producticapacity of sows. The NRC
(1998) indicated that the protein requirement abw during lactation is about 12 to
14 % at a feed intake of 6.5 to 7.0 kg. Effectdigitary crude protein level on the
productivity of lactating sows have been reportgchbmerous authors such as Elliot
et al. (1971), Greenhalgh et al. (1980) and Kinglet1993).

According to Touchette et al. (1998), an increaselitter size and milk
production has a great impact on the sow’s amindsaequirements. An insufficient
protein or amino acid supply causes a decreasalknpmoduction and can affect the
subsequent reproductive performance (King and Dyrik®86; King et al., 1993). In
addition, King (1987) found that loss of body pioteluring lactation may have a
greater influence on the subsequent reproductivioqmeance than loss of body fat.
King et al. (1993) showed that a dietary protewelg13.3 and 16.8 %) resulted in
higher milk yield and in the content of fat andafomilk solids. Kusina et al. (1999)
showed that high protein intake during lactatioduesed sow weight loss at 21 days
after farrowing.

There are numerous studies which show that the bok$an of animals and
their health can be affected by housing conditiand floor types. This has been
shown for growing pigs housed on asphalt/straw @matoncrete slats (Verstegen et
al., 1974). On concrete slats, body weight gain weasiced due to an increased heat
production. For sows, Silva et al. (2009) repotteat in warm climatic conditions, the
daily feed intake was increased in sows kept orecbfloors. Sows exposed to a
cooled floor showed higher body weight (+8.5 kgdl &mackfat (+0.75 mm) at weaning
compared to animals kept on a non cooled floorleBgf sows housed on a cooled
floor had the highest weight at weaning, whichnsbably the result of an increased
feed intake of the sows. Thus, the housing effacs@mwvs during lactation is mediated
via feed intake.

Mong Cai is the name of a local swine breed whidh tgpically raised by
smallholders in Central Vietnam. Sows are normi@tylocal feed sources which have
a low nutritive value, especially low dietary cryo®tein (8 to 11 %) content (Pham et

al., 2010). Central Vietham has a tropical humidnate where the annual average
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temperature is about 28@® and relative humidity is about 83.4 %. During i®m
time, the lowest temperature sometimes falls beld®C with more than 95 %
humidity. Flooding often occurs causing additioddficulties for pig production in
lowland areas. During summer time, temperaturesgmmup to 39C with relative
humidity of less than 60 %.

There are limited data on the effects of housingdd@mn on the performance of
Mong Cai pigs in the hot—-humid climate of Centraétiam. The objective of this
study was to evaluate the effects of floor type Ewel of dietary protein content on
lactation performance and the subsequent repragucti Mong Cai sows in Central
Vietnam.

MATERIALS AND METHODS
ANIMALS

Thirty six Mong Cai sows, 1 to 2 years of age anth an initial weight after
farrowing of 120 kg (sd=2.5) from the Central Pige&ding Company (Hue, Vietnam)
were used in this studylhe sows in the three dietary protein groups haoilasi
weights at day 110 and were in parity 1 to 3. Soevsained in the experimental pen
from the start of pregnancy until weaning of thelgis at 45 days of age. The
experiment was conducted from June to Decembenglusihich time the ambient

outside temperature was betweefi &td 29C.

TREATMENTS

The treatments consisted of three floor types toshadhe sows and piglets: 1.
wooden floor (WF), 2. concrete floor (CF) and 3owrd clay floor (traditional floor
system in Vietnam). Pig houses were constructeu fozally available materials such
as bamboo and Eucalyptus wood. The floor and wallewmade from Eucalyptus
timber while the thatched roof was made from bamdnodimperatagrass. The raised
wooden floor and concrete floor were both situgi®dcm above ground level while
the low clay floor was at the ground level. The W&s fully slatted and covered with
eucalyptus boards. Each slat had an area of 27@x&8@xwith each slat fitted on the

wooden support (300x20x20 cm) and a space betwaenaf 1 cm. The bars in the
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wooden floor and under neath the concrete floospeare constructed of eucalyptus
wood. The surface of two pens (a pig house) waselgrby bamboo and the roof
consisted of thatch from bamboo aingperatagrass. Pig houses were built between
two weeks and three weeks before the start of Xperements. The surface area of
each house was 3.75°(2.5x1.5 m). Each house was divided into two pena pate
such that each pen had a surface area of 1’83 rfeeder was placed in each pen.
Temperatures were recorded daily at about 10 craeatie floor in four corners and
the centre of each pen using a thermo—humidity mé&tee temperature and relative
humidity were recorded every two hours over 24 hpeariods. Temperature and
relative humidity of each period were measuredehiges in each pen and used

average values for analysis.

FEED AND FEEDING

Three diets were formulated to contain approxinyai€l, 13 and 16 % crude
protein (CP) with the aim to test CP level on teef@rmance of sows and piglets. The
ratios between digestible essential amino acidsdegestible lysine were calculated to
ensure that they were not below that of the ideatgin as recommended by NRC
(1998) and in the specific diets for Mong Cai sassecommended by NIAH (2001).

Feed allowance at 107 day of gestation was set &t nmaintenance
requirement estimates of the NIAH (2001). Dailydedlowance during lactation was
set according to protein and energy requirememtagts proposed by Pettigrew and
Young (1997). From day 1 to day 110 of gestatidh,saws were fed the same
gestation diet (composed out of 98 %.) containiB@d CP at a rate of 1.6 kg/d. The
diets were formulated using four major ingredientse bran, corn meal, cassava meal
and fish meal which constituted approximately 9&#®4he diet (Table 1). Each diet
contained 0.5 % of a vitamin premix, mineral prenN&aCl and lysine.
From day 110 of gestation until weaning, sows wetethe lactation diets containing
10, 13 or 16 % CP. Before farrowing sows were fetdKg/d. After farrowing sows
were fed limited for three days at 2.0, 2.5 andKy(per day. After the third day of
farrowing, sows were provided the lactation deadditbitum The calculated digestible

energy content for both gestation and lactatiortsdigas 12.5 and 13.0 MJ DE,
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respectively. Every morning, feed refusals werelectdd, and new feed was
immediately provided. Feed consumption was detezthias the difference between
feed allowance and the refusals collected on thx¢ merning. The refusal feed was
dried at 60C and weighed for later analyses in a pooled sam@teCP level. Water
was suppliedad libitum during lactation to maintain the feed intake andkm
production of sows. Water intake was recorded usidiyidual water meters installed

on each pen.

Table 1.Dietary composition of the lactation diets.

Ingredients Dietary crude protein content (%)
10 13 16
Rice bran (%) 46 40.0 36.0
Cassava meal (%) 15 15 11
Corn meal (%) 35 34 34
Fish meal (%) 2 9 15
L—Lysin€e’ (%) 0.5 0.5 0.5
Vitamin—Premix (%) 0.5 0.5 0.5
Mineral— Premi% (%) 0.5 0.5 0.5
NacCl (%) 0.5 0.5 0.5
Crude protein (g/kg DM) (analyzed valtie) 103.3 131.8 162.7
Total lysine (g/kd) 9.0 12 15
DE (MJ/kg DM 13.3 13.5 13.6
ME (MJ/kg DMY° 12.7 13.0 13.1

T Fish meal (55% CP) was supplied by Cargill, Mirp@lss, MN, USA.

2 Lysine HCL, manufactured by CJ CHEILJEDANG Coopiera, Seoul, Korea.

% Supplied per kg diet: di6t24 mg folic acid, 1950 IU vitamin A, 1 mg vitai 190 IU vitamin I,

40 IU vitamin E, 0.05 mg vitamin K.

* Supplied per kg diet: 52 mg Zn (as Zn$@7 mg Fe (as R80,5H,0), 60 mg Mn (as MnSg1,0), 3.4
mg Cu (as CuSgBH,0), 0.96 mg |, 0.11 mg Co (as Cog®,0), 0.07 mg Se (as NaeQ) and 2 g
calcium phosphate (as CaHR®I,0).

®CP value analyzed by laboratory of Animal NutritisifHue University of Agriculture and Forestry.

® Calculated using compositional data of the NRC 8%hd digestibility values of ingredients from the
NIAH (2001).

MEASUREMENTS
Sows were weighed on the day of insemination, & ddys of pregnancy,
within 24 hrs after farrowing and at 45 days oftdion when piglets were weaned.

Back—fat thickness was measured by ultrasound ahr24after farrowing and at
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21days of lactation using the Renco LEAN-METER® r{&e Corporation,
Minneapolis, MN, USA). Two measurements were maidé.% cm from the dorsal
midline on the right and left side of the animalta level of the 10th rib (P2). The
mean value obtained for the two sides was usediriafyses. Ultrasonic evaluation
was accomplished by using Vaseline oil and plativegprobe directly on the surface
of the pig. The outer layer backfat thickness weteimined by measuring from the
outer surface of the skin to the boundary of thieioand middle layer fat (Smith et al.,
1992).

Within 24hrs after birth, number of live born, Kidrn and number of
mummified piglets and piglet weights were record@iglets were weighed and
handled (tooth cutting, umbilical cord treatmentabdlling and antibiotic
administration) up to 24 hrs after birth. Pigletsrevweighed again on days 7, 14 and
21 after birth and also at weaning at 45 (+ 3) d&sing the lactation period, piglets
had no access to the sows feed but water was blatantinuously through a low—
pressure nipple drinker. Diarrhoea and mortalityp@flets from 4 to 45 days after
farrowing were recorded. Piglets with diarrhea werarked (in yellow colour) to be
sure that they were not be counted twice. For amglgiahrrea scores were expressed
as an incidence density, i.e., a percentage ohtimeber of piglets in the litter with
diarrhoea morbidity or mortality to the total numbef piglets being at risk of
diarrhoea in the litter.

At weaning, the piglets were moved to a nurserttenfarm, and sows were
moved to a breeding facility and checked twice yd&ir signs of oestrus using a

mature boar. Oestrus was recorded when sows stdwel mounted by the boar.

STATISTICAL ANALYSES

Effects of dietary crude protein level and fldgpes on dependent variables
such as sow weight, sow back—fat measurementsr Wize, piglet weight were
analyzed by the ANOVA procedure using GLM-multiedei analysis of SPSS
software (Version 11.5). The following model wagdrs

Yik =pn+ B +F+PR+ ey

where Y is the dependent variable of &nimal within I" protein level and"] floor
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type,u is the overall mean,; 5 the effect of'f protein level (i = & 3), F is the effect
of j" floor type (j = 1-3), (PF} is the correlation betweell trude protein level and
the [ floor type, and & is the residual error associated witfy.yEffects were

considered significant at p<0.05.

RESULTS

The climatic data during the trial period are presd in Figure 1. The average
ambient temperature was 2823 and relative humidity was 83.7 %. The highest
average monthly temperature recorded was°29ahd the lowest 20°C. The average
relative humidity during 24 hr periods was lowestJune (70.7 %) and highest in
November (94.5 %).
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~ 25 <+ 2
%) 80 5
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Month of trial

Figure 1. Mean monthly ambient temperature and relative humidty values of trial months,

from June to December.

The mean values for ambient temperature and reldtivmidity inside the
building during the day over the experimental pgram the different floor types are
presented in Figure 2.

The lowest mean temperatures on the ground clay,ftbe concrete floor and
raised wooden floor were 17,417.7 and 18.8C and the highest temperatures were

27.8, 28.3 and 26.8C, respectively. Relative humidityas comparable in three floor
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types. The minimum relative humidity on the 3 fleowvere 83.9, 77.7, 72.0 %

respectively and the maximum relative humidifiesravé®5.4, 92.5 and 85.1 %,

respectively.

35 -

30 -

25 -

20 -

Temperture (T)

15 -
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—X=—Ground Clay Floor
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—/\=—\Nooden Floor

6
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Figure 2. Mean temperature inside the animal house of the tlee floor type pens at two hr

intervals during the day (each mean is an averagd 80 individual determinations).
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Figure 3. Mean relative humidity inside the animal house ofhe three floor type pens every two

hours during the day (each mean is an average 30dividual measurements)
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Table 2.Main characteristics of inside climatic values recaled during the experiment-.

Floor type

Criteria SEM
GF CF WF
Temperature (°C)
Minimum 18.G 17.4 18.5 0.09
Maximum 27.8 28.3 26.5 0.17
Mean 23.3 23.8 21.9 0.15
Relative humidity (%)
Minimum 83.9 77.7 72.0 0.33
Maximum 95.3 92.8 90.0° 0.45
Mean 88.7 85.4 82.7 0.39

1 24h period corresponds to the means of the dailyesaof ambient temperature and relative humidity
from each 2hour of 24 hour period record

aC\/alues within a row without a common superscriftedip<0.05,.

Floor type: WF=wooden floor, CF=concrete floor, Gkxy ground floor.

Results in Table 2 and Figures 2 and 3 show tlagtgtound floor and concrete
floor pens had lower temperatures (at 14 pm ) agteh relative humidifies (at 2h
am) compared to wooden floor pens.

Table 3 shows the effects of dietary crude proteuwel on sow performance.
Dietary crude protein levels did not affect averagdy feed intake (ADFI) of sows
during lactation (p>0.05). However, floor type affed sow ADFI and was 3.71 kg/d
for sows housed on the ground floor, 3.86 kg/dlerconcrete floor and 3.96 kg/d for
the raised wooden floor.

Dietary CP level during the gestation period did affect (p>0.05) the sow’s
body weight from day 110 of the gestation periodilu2dh after farrowing. Body
weight loss of sows during lactation was highesta% CP and lowest at 16 % of CP
(p<0.05). Increasing dietary CP level during lactathad no influence on back—fat
thickness at day 21 of lactation and at weaningvsSted the 10 % CP diet had a
higher body weight losses and more backfat lodsms sows fed dietary CP levels of
13 and 16 %.
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The post weaning interval to oestrus was influenogdlietary CP level with
the weaning—to—oestrus interval ranging from 6.2Qa! days, and was the longest at
a 10 % dietary CP content (p<0.001).

Floor types had a significant (p<0.05) influence tbe daily feed intake of
sows, but did not affect back—fat thickness or dowmdy weight changes during
lactation. None of the other measured parameters aféected by the type of floor.

Litter size at birth and at day 21 after farrowiwgs not influenced by dietary
CP levels (Table 4). Litter size at weaning wasedént between sows fed 10 % CP
diet and sows fed 13 and 16 % CP diets while litteight at birth was similar
between treatments. Increasing dietary CP durintati@n resulted in an increase in
the average weight of piglets and the litter at @aynd also at weaning.

The results show that floor type affected piglety weight at weaning (GF:
8.46 CF: 8.96 and WF: 9.24 kg, respectiveRtpor type also affected daily litter gain
with the highest gain recorded for the raised wootleor. Floor type affected the
number of piglets with diarrhoea, the duration whpglets had diarrhoea and the
mortality rate of piglets due to diarrhoea (Tab)el&teraction between dietary crude
protein level and floor type was not observed (p5Pfor feed intake of sows, body
weight and back—fat changes, litter size and Egleerformanceon day 21. An
interaction was found between dietary crude proteirel and floor type for piglet

weight at weaning (p<0.001).

DISCUSSION

The present study aimed to test effects of dietange protein level and floor
type on the performance of Mong Cai sows and tpitets. Results showed that
crude protein level in the lactation diet had a kedreffect on sow body weight
changes and back—fat thickness during lactatione BDFI of sows was not
significantly different between the three dietarude protein levelsJohnston et al.
(1993) also found that dietary crude protein haefhect on the voluntary feed intake.
Studies of Schneider at. (2004), Lenehan et al. (2004) and Fu et al082Ghowed

similar feed intakes with different levels of distdysine content (0.9, 1.1 and 1.4 %).
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Table 3.Effect of dietary crude protein level and floor type on the performance of Mong Cai sows.

S Dietary crude protein (%) Floor type Pooled Significance
10 13 16 GF CF WF  SEM CP FL CPxFL
Feed intake (kg/d) 3.81 3.92 3.89 371 3.86 3.96 0.13 0.130 0.034 0.691
Total lysine intake (g/d) 343 47.0 58.4 45.7 46.3 47.5 1.45 0.048 0.123 0.667
Drinking water intake (L/d) 11%2  13.7 14.8 13.4 13.5 13.7 0.87 0.046 0.764 0.897
Sow weight at 107 d gestation (kg) 123.1 123.3  224. 123.0 123.9 123.7 1.76 0.773 0.877 0.964
Sow weight after farrowing (kg) 102.9 103.7 104.1 034 103.1 104.2 1.62 0.513 0.813 0.959
Sow weight at weaning (kg) 8f4 838 849 83.1 83.4 83.6 1.73 0.040 0.151 0.294
Weight loss during lactation (kg) 282 199 192 20.2 19.9 20.2 2.36 0.013 0.598 0.507
Back—fat at 110d gestation (mm) 35.5 34.6 34.9 34.9 35.3 34.8 1.27 0.168 0.325 0.193
24h after farrowing 33.9 32.9 33.0 32.9 33.6 33.3 1.23 0.068 0.757 0.443
at day 21 of lactation 28.5 29.8 29.5 29.2 29.1 529 216 0.157 0.463 0.575
at weaning 27.0 27.2 27.3 27.3 27.2 27.0 3.13 (.15 0.405 0.345
Back—fat loss during lactation (mm) 6.9 59 5.5 6.2 6.1 6.0 0.14 0.061 0.325 0.261
Weaning to oestrus interval (d) 104 6.7 6.0 7.9 7.6 7.5 0.65 0.001 0.447 0.212

CP=crude protein, WF=wooden floor, CF=concreterfléF=clay ground floor.
3¢ values with different superscript differ signgiatly within effect (crude protein level or floompie).



Table 4.Effect of dietary crude protein level and floor type on the performance of Mong Cai piglets.

S Dietary crude protein (%) Floor type Pooled Significance
10 13 16 GF CF WF SEM CP FL CPxFL
Number of piglets born 12.0 12.5 12.4 12.3 12.2 312. 0.16 0.169 0.718 0.154
at24h 10.6 11.6 12.1 11.9 11.8 11.6 0.23 0.1260.622 0.980
at 21 days 10%0 10.8° 10.4" 10.0 10.5 10.5 0.40 0.046 0.571 0.909
At weaning 9.3 10. 10.8 9.2 10.2 10.8 0.59 0.033 0.041 0.589
Litter weight at birth (kg) 7.32 7.63 7.67 7.38 g6 7.56 0.39 0.082 0.605 0.499
at 21 days 26%2  29.° 29.6 26.1 29.2 29.9 0.72 0.016 0.067 0.458
at weaning 78%7 90.6 97.7 79.9 90.1 96.4 3.18 0.001 0.003 0.123
Daily litter gain (kg/d) 1.61 1.87 1.94 1.70 1.78° 1.94 0.08 0.001 0.005 0.080
Piglet weight at birth (kg) 0.63 0.61 0.62 0.61 0.62 0.60 0.07 0.189  0.253  7.30
at 21 days 2.62 2.77 2.88 2.6F 2.7¢ 2.85 0.04 0.038 0.023 0.263
at weaning 8.46 8.97 9.24 8.68 8.83 0.18 0.08 0.001 0.013 0.032

CP=crude protein, WF=wooden floor, CF=concreterfléF=clay ground floor.
3¢ value with different superscript differ signifinly within effect (crude protein level or floorpi).



Table 5.Effect of dietary crude protein level and floor type on piglet health.

Dietary crude protein (%) Floor type Pooled Significance
Parameter

10 13 16 GF CF WF SEM CP FL CPxFL
Total tested litters 12 12 12 12 12 12 - - - -
No. diarrhoea piglets/sow 5.8 5.6 5.1 73 6.7 2.4 0.198 0.255 0.001 0.718
No. of days with diarrhoea 51 5.0 4.8 6.9 4.8 3.z 0.136 0.774 0.001 0.827
No. of dead piglets/sow 21 1.6 1.7 2.1 1.9 1.4 0.093 0.035 0.015 0.061
Mortality rate/litter/sow (%) 19.69 13.87 14.20 49. 15.80 12.75 — — - -

CP=crude protein, WF=raised wooden floor, CF=caecfleor, GF=clay ground floor.
3¢ yalue with different superscript differ signifiganwithin effect (crude protein level or floor tgh
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The current study shows that an increase in thangidysine by increasing the
protein content had clear effects on performancesaws and piglets. Increasing
dietary protein increased sow dietary lysine inteke34, 47and 58 g lysine/d in the
diets with 10, 13 and 16 % CP respectively. Feddka by sows fed a high—
protein/lysine diet during lactation may have bdemen by the high requirements for
milk production, because the sows on 16 % CP hacde ritier weight gain and
probably produced more milk than sows fed the lowtgin diet during lactation.
Renaudeau et al. (2001) reported also a poor peiormance when sows were fed a
low protein diet. Sows need a high lysine intake ¢&d) for milk production (Yang et
al., 2009) especially modern breeds of sows toeaehlitter growth rates of >2,500
g/d (Stahly et al., 1990; Monegue et al., 1993).

The data indicate that floor type did influence siosv's ADFI (p<0.05). With
regard to the farrowing house, the challenge lregrioviding housing where the
animal is maintained within their comfort limitsrttughout the day. A previous study
of Quiniou and Noblet (1999) showed that ambientderatures for lactating sows of
between 16° to 22°C are optimal. However pigletfgara higher ambient temperature
between 30° to 32°C, at least directly after b{Bhack et al., 1993). Sows housed on
wooden floor during lactation had greater feedkatdnan sow housed on ground floor
and concrete floor. Sows fed low dietary crude girotluring lactation consumed less
feed than sows receiving high protein diets (33389 vs. 3.81 kg/d). Jones et al.
(1983) stated that if temperatures remain aboveC2f@t a short period of time,
performance and reproductive efficiency are advgraffected. The increased feed
intake of sows housed on the wooden floor may béatable to greater feeling of
comfort by the animals. This may be because wodltems have more ventilation
compared to ground floors and concrete floors. Bratpre and zone cooling are thus
more optimal for the sow. The possibility of incsed conductive heat loss may keep
sows cooler compared to animals housed on growusfland concrete floors. An
increase in the ambient temperature (from 22° fC29f the farrowing house, may
lead to greater heat stress and reduced feed intakiee lactating sow and may
compromise the final performance of the litter (Rateau et al., 2001). Heat stressed

pigs have accelerated respiration, reduced feekentand increase water intake in
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PROTEIN LEVEL AND FLOOR TYPE ON PERFORMANCE OF MONG CAI SOWS

order to maintain a constant body temperature (Mesde Braganca et al., 1998).
Thus, the lack of thermal comfort may result in ssguences for the productivity of
the sows, compromising their reproductive cycle piglet performance (Martins et
al., 2004).

In the present study, body weight between day Iflpregnancy and 24 hrs
after farrowing were not differentially affected bthe dietary crude protein
concentration of the feed provided during the hastek of the gestation period.
Johnston et al. (1993) treated pregnant sows with (L3.6 %), medium (15.5 %),
high (17.5 %) and very high (19.2 %) dietary pnoteoncentrations and recorded that
body weight of sows at day 110 of gestation andh2dostpartum was negatively
related to crude protein concentration of the mesigestation diets. In the present
study, sows only received their respective CP magn diets from day 107 to day
114.

High dietary crude protein in the lactation dietdha positive effect on live
weight loss of sows during lactation. Johnstonle(1®93) and Weeden et al. (1994)
found that increasing dietary CP concentration ceduactational weight loss. Stahly
et al. (1992) and Touchette et al. (1998) repotted losses of body weight during
lactation were significantly less if high lysineséds (up to 1.25 % digestible lysine on
an as fed basis) were supplied in the diet. Exbdylweight loss of sows fed the 10 %
CP diet in the present study was highest and shpsdbably caused by a lack of amino
acid intake for milk protein production.

The present study showed that sows fed the lowetdrgl crude protein levels
had a somewhat lower feed intake. McNamara andgRatt (2002) found that
lactating sows consuming high amounts of lysine lkead body weight loss than sows
eating low amounts. Yang et al, (2009) reported sloav fed low lysine (0.1 %) lost
more body weight and backfat thickness from posbfeing to weaning than sow fed
high lysine diets (2.4 %). Sows will have partlyngeensated the lack of amino acid
intake by using extra body protein for milk protesynthesis. The latter can be
especially detrimental for sows with a small bodgigiit and a large litter size as the
Mong Cai local breed. Sow back—fat change durirggateon was not significantly

affected by dietary crude protein level. These ltesare in agreement with Johnson et
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al. (1993). Moreover, Dourmad et al. (1998) foulnattincreasing dietary protein level
had no effect on back—fat thickness.

Hancock et al. (1983) and Johnston et al. (1987rted sow back fat depth at
weaning was not affected by floor materials. In ginesent study, floor type did not
influence back—fat changes of the sows during testaFloor type had a significant
effect on the temperature and relative humiditydidtnot affect sow back fat change.
These results follow the same trend as found byhn®eat al. (1995) and also by
Quiniou et al. (2000). They found no influence ohkaent temperature on backfat
thickness.

Sows fed diets with a very low dietary protein @ithave a longer post
weaning to oestrus interval. In the literature, thugation of post weaning to oestrus
interval was not influenced by dietary protein tne@nt for sows that displayed oestrus
(Brendemuhl et al., 1987) but the protein levelsdus the literature were higher than
in the present study. Johnston et al. (1993) ntiiad increasing CP in the lactation
diet above an already high level (13.6, 15.5, Bn® 19.2 % CP) has little or no effect
on the interval weaning—to—oestrus. If there amgdaleviations in nutrieimtake_©61.5
vs. 51.8 g lysine/d and ME: 78.2 vs. 65.9 MJ/d ket body reserve losses during
lactation will also show a large fluctuation andstimay influence reproductive
performance (Yang et al., 1989; Dourmad, 19%h)s is also in agreement with the
results of King (1987) an@harette et al. (1995), who observed that the vggito—
oestrusnterval after first lactation was closely relatedhe amount of body protean
body weight at weaning, with heavy primiparous sdvesing weaning—to—oestrus
intervals similar to that of multiparous sows.

Dietary crude protein level from day 110 of pregnaonwards did not affect
litter weight at birth. But lactation diets affedtditter weight at 21 days and at
weaning. According to King et al. (1993), dietaryotein/lysine levels not only
affected milk composition but also affected totaid content thus influencing growth
performance of pigletsThere is a direct correlation of nutrient intaked goiglet
performance. Stahly et al. (1990) and Johnston. €¢1.893) reported a positive effect
of not only lysine but also protein intake duriragtiation on litter weight gain. Jones
and Stahly (1999) reported that high protein andysine intake increased milk
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nutrient output and hence overall litter growth. Astrient intake increases, milk
production rises, increasing piglet growth ratessgén et al. 2000). According to
Brendemuhl et al. (1987), a severely restrictingtgin intake (380 and 760 g
protein/d) during lactation significantly reduceiier size at weaning. King and
Williams (1984) and King and Dunkin (1986) impossdnilar dietary protein
restriction in lactation diets and found no inflaenon litter size at weaning. The
results presented here indicate that the sowshied® % CP diet receive insufficient
protein for maximum lactational performance ands thesulted in lower piglets
weights. According to Richert et al. (1997), a sowrsing 10.5 pigs responded to
dietary lysine in excess of 0.8 % whereas thoseingr8.5 pigs per litter did not
respond with additional pig weaning weight. Johnsto al. (1993) reported sows fed
low (13.5 % CP), medium (15.5 %) and high (17.5 % @vel had a lysine intake of
36, 48 and 55 g/d respectively. Litter weight ofvsofed low, medium and high
protein level were 64.4, 66.4 and 67.2 kg, respelsti Similarly, the litter weights and
piglet weaning weights were highest for the sowks 8 % CP (lysine intake 47 g/d)
and 16 % CP (lysine intake 58 g/d) and lowest wssted 10 % CP (lysine intake 34
g/d) diets.

From the inside air temperature variation obseduihg the present study (18
to 27.8°C for clay ground floor, 17.40 28.3°C for concrete floor and 1816 26.5°C
for raised wooden floor), the sows were exposedsairontinuously to long periods
of high temperatures which may have influencedrtpeductive performance. Floor
type did not influence the interval weaning—to—oest Our results differ from those
found by Shaw and Foxcroft (1985), Koketsu et 809(7), they observed a negative
effect of high temperature on the return to oesbfusows after weaning. Probably this
difference may be explained by breed differenceas that Mong Cai pigs can cope
better with the daily variation in ambient temparat The present study also showed
that sows housed on the wooden floor produced laehigiglet and litter weight gain
at 21 days of lactating and also at weaning. Thabg@bly means that also milk
production of the sows was higher and may be expthby a higher feed intake of
these sows. Silva et al. (2009) recorded that sexymsed to periods of heat had

piglets which gained less and they had a lower ageemweight at weaning. Total
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weight gain during lactation was highest (p<0.0d) $ows raised on cooled floors
(17°C) as compared to animals housed on a conwol {range 21.5° to 29.5°C).
These results are agreement with Van Wagenberlj €006) that cooling the floor
using a farrowing crate increased piglet perforneaf®2 g/day" per piglet, which was

9 % higher than in the ordinary system). A woodeorfas used in our experiment
remained cleaner and drier compared to the conaretdraditional clay ground floors
and this may affect the performance and healttowssand piglets. Renaudeau (2009)
reported that pigs housed in a clean environmemswned more feed and grew faster
than those housed in a dirty environment. Prob#idyhigher position of the wooden
floor and consequently the air flow distributiontween wooden slats had a positive
effect on the animals during the gestation andatawt period.

Specific pre—weaning housing and certain floostsyn such as used in the
present study may be beneficial for preventingdbeurrence of diarrhoea of piglets
which is an economic problem (Munsterhjelm et 2009). Mortality was highest for
piglets on the clay ground floor (17.5 %) and loines those on raised wooden floor
(12.8 %). In previous studies, Leonard et al. (39&6d Hoofs (1996) showed that
mortality was lower in farrowing crates with plasslats than metal slats. Warmer
temperature conditions during the day on the cdeaad on the clay ground floor as
well as wet and dirty conditions of the pens isbataly the main reason for high

incidence of diarrhoea and mortality compared tais on the raised wooden floor.

IMPLICATIONS

The present experiments demonstrate that dietargecprotein content affect
sow and piglet performance. Because of the rigkoofling during the raining season
in Lowland area of Central Vietnam, wooden floorynmaovide better conditions for
piglets, reduces diarrhoea and mortality and maulten a higher number weaned

piglets and litter weight on 21 days of age andedning.
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INTRODUCTION

Pig production is very important for many areas Vdetnam even it
performance is not always optimal yet. Growth perfance of pigs, carcass
composition and quality of pork depend on genetiteptial, rearing conditions (feed
composition, feeding level, housing) and environtakeronditions (Sellier, 1998;
Lebret, 2008). The nutritional value of feeds (guptein: energy ratio) and amounts
of feed provided to the animals are tools to inilcee growth rate and body
composition. For these reasons, the present stwdies aimed to investigate the
importance of different feeding regimes to localgdCai growing pigs in comparison
with other breeds and Mong Cai sows. The Mong @abpeed originates from Mong
Cai in the Quang Ninh province and is nowadays lyidaised in all regions of
Vietnam. Characteristics of Mong Cai pigs includegk litters (10 to 11 piglets per
litter), average birth weight of 0.5 to 0.6 kg peglet, weaning weight between 5 to 6
kg and slaughter weight ranging from 55 to 60 kgnigl Cai pigs have much lower
lean meat percentages (30 to 32 %) than exotiadbraad also much higher backfat
percentages (33 to 35 %) (Thien et al., 1996).

For science reason, Mong Cai is a breed with lowunsaweight which needs
only small amounts of feed for maintenance. It slav growing animal but can be
kept in conditions where feed supply is scarce ifPleaal. 2007). In addition, it can
survive on feeds with a low energy and nutrientsitgnlike diets with high fiber
content (Khieu et al., 2005). It is an animal whidbes not have high demand of
nutrition (Pham et al. 2010).For meat quality Mddgi breed has a far superior intra
and inter muscular fat content compared to theeexérlean pigs. So for these reasons,
it is important to maintain the breed charactersstiThe breed has important
characteristics with regard to keeping and meatlitgualn the literature, no
comparisons of Mong Cai with other breeds are ab#l Therefore, the studies
described here are the first which investigatedatier.

The traditional farming in Vietnam is an integratgstem of rice, root crops,
fruit trees, vegetables and livestock. Normally,dantral Vietham two or three rice
crops per year are produced. Cash crops such amensoybeans, cassava, sweet

potatoes, groundnuts and vegetables are growneirwthter or summer season and
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harvested within three months. Rice bran is an mapb feed source and it contains
about 11 % ether extractables, 11 % of crude prated 8 to 9 % of crude fibre. It is
used mostly for feeding pigs and dairy cows bub alsed as a supplementary feed

source for buffalo and cattle when they are usethéavy work.

NUTRITIONAL CONSTRAINT OF PIG PRODUCTION IN CENTRAL VIETNAM

The survey (Chapter 2) explored the major reasonstiHe low production
output of pigs in Central Vietham. The survey showleat pigs held by smallholders
are sometimes fed the same feed ingredients adepand are in direct competition
with humans for food (Chapter 2). The main feedredgents used for pigs being
raised in smallholder farms in Central Vietnam iace bran, rice, cassava meal, sweet
potato vines and small amounts of salted fish. difference between high and low
guality—feeds is mainly determined by the conceinaof digestible energy and
amounts of crude protein i.c. amino acids. When lamounts of energy are
consumed, only a small amount of energy can beditgaoin body weight gain as the
majority is used for maintenance processes. Franstinvey conducted (Chapter 2), it
was found that the amounts of feed supplied to godving pigs and sows by small-
holder farmers in Central Vietnam is inadequatehwégard to energy and protein
supply for optimal production. These results wenenid for all three different zones in
Central Vietnam. Comparing the standard nutritioregjuirements of swine (NRC,
1998; NIAH, 2001) with the nutritive value of feedfs supplied to fattening pigs in
Central Vietnam, showed an insufficient amount aft@in/amino acid in diets. On
average, the crude protein content of a typicadl fieel to pigs by small-holder farms
Is estimated to be approximately 10 % which resaol&s low average daily gain (Pham
et al.,, 2010). The crude protein content fed to gh@wing and fattening pigs was
deficient for all three regions in Vietham with tineajor deficiencies occurring in
Upland areas. Compared to the recommendations &yNRC (1998) and NIAH
(2001), the shortage of crude protein in the growdrets was 62.1 % in Lowland, 66.4
% in Coastal and 69.7 % in Upland areas. The sheritadietary crude protein in the
fattening diets in comparison with recommendatiohSNIAH (2001) in the three

zones was 68.2, 71.9 and 74.6 %, respectively.shHogtage of crude protein in the
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diets of pregnant sows in the three zones wer¢hiiowland, Coastal and Upland
areas: 31.6, 42.7 and 61.3 %, and in the dietsavéling sows in these areas 63.4, 65.0
and 78.9 %, respectively. The common factor forléfne production is the insufficient
supply of nutrients (especially protein) which makie impossible to reach a high
production level.

Strategies to improve pig production should theeefilocus on the increase of
feed supply to ensure a sufficient level of prot@ml energy in the diet and find ways
to implement this on farms. Therefore, it is impottthat not only studies on research
institutes are done but also investigations on $ameed to be conducted. The
strategies to promote pig production are focussedsing feedstuffs which are more
rich in nutrients and energy than the feedstuffgegi untii now. In addition to
providing better feedstuffs, improvements can bedendy providing farmers a
nutrition education programme. Interventions in €anvietham now focus firstly on
increasing the knowledge and on changing attitedéarmers. With this knowledge a
better nutrient intake should be practiced. Theartgnt aspects are good nutritional
quality, good health care, and sufficient nutrigméke. Swine nutrition education can
stimulate farmers to use certain feedstuffs, batfdrmer must have the means and
opportunities to do this.

Data in Table 1 presents the mean composition afyaed feed ingredients
often used in diets of pigs on smallholder farmd #re composition of feeds used in

the present study.

Table 1.Chemical composition (as is) of main feedstuffsdeto pigs in Central Vietnam.

Ingredients DM (%) CP (%) EE (%) Ash (%) CF (%) D)
Rice bran 88.2+1.111.5+0.711.5+0.174+0.03 88+0.1 12.71+0.85
Cassava meal 89.0+1.26+0.2 28+0.2 1.9+0.08.5+0.03 15.12+1.29
Maize meal 89.2+3.683+06 94+06 15+01 3.5+0.025.06+1.20
Fish meal 88.6+0.846.3+3.9 84+08 163+12 - 13.69+1.12
Sweet potatgine 135+1.316.7+1.3 5.0+0.3 10.3+0.692+£1.0 9.39+0.71

Values are means + sd, the numbganalyses per ingredient was between 7 and®l=dry matter, CP=cruc
protein, EE=ether extractables, CF=Crude fibre, Migtabolisable energy.
Feedstuffs were analyzed by the Animal Nutritiomo Laf HUAF.
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Cassavdnas a higher DM content than rice bran and corn.nmeaddition, the
data indicates that the four main feedstuffs cammement each other in supplying
adequate crude protein and energy to pigs in Aeviietnam. There is a considerable
amount of fibre in ingredients such as rice brath smeet potato vine which may limit
intake and digestibility (Van Soest et al., 1987)s well-known that local pigs are
able to utilize diets with a higher fibre contewimewhat better than exotic breeds,
such as the Large White (Kanengoni et al., 2002420In the current study, diets
were mainly formulated from four ingredients soréhwas within the different diets a
nice similarity in some properties like the typepobtein and energy.

In Table 2, the composition of feeds used in thes@nt study is presented. Fish
meal can be a very good protein source but thehbatshould be of similar good
quality. In addition, quality decay should be awud In the present studies, the
growing animals were provided feed libitum The reason for this is that voluntary
feed intake is an important criterion in pig protioic and different breeds exhibit

differences in voluntary feed intake.

Table 2 Average crude protein of the analyzed batches of €lis (6 batches between March and

June) used for trials and calculated DE.

Dietary crude protein level (%)

Composition

10 12 13 14 16 19
Dry matter 885+04 888+04 886+04 88B4 888+04 88.8+04
Crude protein (g/kg DM)102.3 + 0.8123.4+1.5131.3+1.2143.8+0.8161.5+0.8189.8 +1.3
DE (MJ/kg DM) 13.57 £ 0.403.75 + 0.273.51 + 0.393.57 + 0.133.46 + 0.483.50 £ 0.12

Mean values + standard deviation. DE=Digestiblegyne

Figure 1 shows thed libitumfeed intake of the 5 genotypes of pigs studied in
the present work (Chapters 3 and 5) at 16 % CPdiame, Large White and,F
(LDxMC)XLW have a higher feed intake compared toaRd Mong Cai pigs. The
present results show that pigs require a higher protein level and also penfbetter
than the other breeds. This is important infornratio formulate practical diets for
improved genotype as,fand lean type pigs (LW and LD) who should havéeast
16% CP to have an optimal performance.
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Figure 1. Feed intake during trial period at 16 % CP of fivegenotypes (from Chapters 3 & 5).

In Chapter 1 it was discussed that lysine is thetriimiting amino acid in the
protein sources commonly used to feed pigs. Thezefthe amount of lysine
determines the growth of the animal when energytdimiting. Protein requirements
are generally defined as the required amount af degestible ideal protein in relation
to the digestible energy content (Whittemore, 1983)e dietary intake of ileal
digestible ideal protein should be sufficiently i order to support maximal protein
deposition. At this point, ADG is maximal and F/& aptimal. Whittemore (1983)
noted that if the amount of protein in the dielaiger than the amount required by the
pig, extra energy is required to excrete the exeedd from this protein. This will
reduce the amount of energy in the diet that islaia for growth. In addition, it will
increase body heat production to some extent andred@uce voluntary feed intake
(especially if pigs are under heat stress).

The data in Table 3 show that at a low dietary erpubtein level (10 % CP), all
genotypes had the lowest feed intake, protein ahddin. Within breeds, MC had the
highest intake and carcass lean percentage ataydmotein level of 13 % CP. At 16
% CP the other genotypes had the highest dailyifgaedle, and calculated protein and

fat gain. From the results in Chapter 3 and pastiynmarised in Table 3, it was
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derived that 16 % CP was about the optimum levekfossbreds but for Mong Cai

the optimum was closer to 13 %.

Table 3. Effect of dietary crude protein level on average déy feed intake (ADFI), protein and

fat gain of five genotypes of pigs.

Parameter Crude protein content (%)
10 13 16
mMct F, F LD LW MC FRb F, LD LW MC F, F LD LW

ADFI? 130 1.67 1.64 1.68 1.73 1.37 1.75 1.79 1.79 1.75 1.36 1.81 2.01 2.21 2.14
Protdep 35 69 79 54 59 41 70 92 65 71 48 75 99 99 89
Fat dep 93 190 220 150 161 99 195 252 178 197 130 208 273 272 245
Backfaf  36.5 22,5 20.7 22.6 24.3 32.5 23.6 19.0 20.5 22.3 30.0 23.2 19.9 19.6 21.1
Learf 31.1 43.5 45.2 51.5 51.8 33.6 45.5 46.7 54.0 53.6 31.1 45.6 47.7 56.6 55.1

1 MC= Mong Cai; k= (LW or LDxMC); F,=(LDxMC)xLW, LW=Large White; LD=Landrace.
2 Feed intake (kg/d).

® Protein deposition (g/d).

* Fat deposition (g/d).

® Backfat measurement (mm).

® Carcass lean percentage (%).

EFFECT OF GENOTYPE ON PERFORMANCE AND CARCASS

The genetic potential of the pig, the nutritionavél and the environmental
conditions will set the maximum level of lean growthat a pig can achieve. It is
important to have a good knowledge of the genetability of the pig because it is
related primarily to the amount of dietary proté@gmino acid) needed by the animal.
Compared to pigs with a low genetic potential #ani growth (like Mong Cai), high
lean type pigs have a high mature weight and alb@la muscle growth rate. They
have the ability to deposit more muscle at heaweights than Mong Cain this
respect it should be noted that Mong Cai pigs whiate mature weights of about 120
kg are at slaughter closer to maturity than the lgges of pigs. It has been found
(Richard et al., 2000) that at later stages, timeesgain in muscle growth may require
somewhat more amino acids compared to the earlgegshaf the growing period
because of the needs for turnover of the increbedg protein mass. Thus the dietary
protein content needs to be sufficient high becalusg still need the same amount of
amino acids for the same protein gain. So pigs witferent rates of protein (lean

tissue) gain will have different amino acid reqments per day. Therefore, an
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important question is what are the protein/lysiaguirements in pigs with different
high lean growth rates (crossbred and exotic @gsl) in pigs with a low lean growth
rates (Mong Cai).

The studies in this thesis were designed to determwihich CP levels given to
pigs fed with local ingredients would provide opiim results with regard to gain,
feed intake and carcass composition. The focusfinsdly on the optimum CP content
and then on differences between genotypes. Bethesame ingredients were used it
can be assumed that ileal digestibility values 8fsAin the CP were similar between
diets. For diets composed with other ingredienier@nt optimums in CP can be
expected. The results show that Crossbreds of L\Afigike and Landrace with Mong
Cai (k. and k) perform better than pure Mong Cai pigs even uriadrconditions.
This means that when dietary energy and proteirsufficiently available, the
crossbreds can use it well. The results here algeal that crossbred pigs of (EW or
LDxMC) and F (LDxMC)XLW have the highest rate of gain and |lgmrcentage in
their body compared to Mong Cai. The data show tthathree genotypes used in the
present work require a dietary protein level of71% CP for MC, 14.5 % CP for,F
and 16.4 % for F respectively for optimal growth. These CP levedidhee chosen
energy level will be close to the optimum dietargtpin levels for protein deposition
also. The calculated fat deposition and proteinodetjon here are calculated with the
method developed by Close (1970). It should bechtitat the methods used by Close
(1970) has several inherent assumptions on the o&frotein to water as well as this
regards to ash. Also gut fill is assumed to bertacelevel and because in the present
work the same ingredients were used, this is jabté. The results are in accordance
with the results of various studies reported inlitegature that body fat gain can vary
considerably between genotypes of pigs (De Greeil.etl994; Bikker et al., 1995,
1996a, Thomke et al., 1995). It should be emphdsdizat the studies described here
were conducted in the spring and summer with tighdst temperature towards the
end of the fattening period of about°€5as an average. Obviously, the climatic
conditions, particularly the environmental temperatcan affect daily feed intake.
According to Quiniou et al. (2000), Renaudeau et (2D04) and Huynh et al.
(2005a,b), the average daily food intake is strgngtduced when ambient
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temperatures are above°@4 The data here shows that the temperatures &xa of
above this value (Chapter 5) and so the result;luenced by high temperatures.
Fetuga et al. (1976) and Anugwa and Okwori (2008yehshown also that
growth performance and muscle development proceatladglower rate in indigenous
pig compared to the Large White and Landrace igpecially in local pigs, the ratio
of fat to lean increases rapidly with increasefivia weight. As a result, their dietary

protein requirement will be lower at higher weigtitan for lean type of pigs.

EFFECT OF DIETARY CRUDE PROTEIN ON THE PERFORMANCE AND
CARCASS OF FATTENING PIGS

Dietary composition, particularly the protein: emerratio can be used to
modify body composition during growth and also twdufly protein and/or fat
deposition. Growth rate is reduced as a consequahiimited dietary CP (or lysine)
levels in the pig’s diet. An increased dietary @vel increased ADG, but will not
increase mature weight (Lee et al., 1967). So mwgat can be produced in a shorter
period of time and because of the increased AD@,higher final weight can be
reached sooner (after 180 days). The results Hegrly indicate the need to re—
evaluate nutritional requirement of different gemets under the environmental
conditions in Central Vietham (see also Chapter 2).

The average feed intake increases when CP incrdes®dl10 to 16 %, but
decreases when CP level is as high as 19 % (Chapt@hese results are similar to
those in previous studies in the literature suclstagies from Baker et al. (1975),
Reinhard et al. (1976) and Hansen and Lewis (1983ayith lean type of pigs.
Similarly to their findings, here a curvilinear pegse was found for ADG and FCR to
the CP level in the diet (from low to adequate iwess). Wagner et al. (1963),
Reinhard et al. (1976) and Tyler et al. (1983) ss§egd that the decreased
performance of pigs fed high—CP diets can be atei to the low energy content of
high—CP diets. Here diets with a similar digestibleergy contents were used. In
addition, feedstuffs from local crops often havehmh level of fermentable
carbohydrates which provides extra heat per un2Bfingested (Just 1982). If a high

level of protein in diets is accompanied by insuént energy, growth will be less
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(Just 1982, Henry et al., 1992). If, on the othemdy protein is limiting in the diet, it is
worth increasing the CP level to enable maximakginogain at that energy intake
(Bikker 1995). The results here show that at optmmprotein levels with regard to
ADG, pigs also show the highest feed intake. Théexa requirements can be derived
from the curvilinear relationship between CP lesmedl ADG (see Chapter 3).

Intake and ADG was different between CP % and rec¢heir highest level at
a similar levels for dietary CP. For a low backfatel, a somewhat higher CP content
is needed. Therefore, different parameters needferaht optimum CP value and
these optimums can be different for different beedghudapker et al. (1971) reported
that growing Middle White Yorkshire pigs requirefl % CP in the diet. Reddy et al.
(1981) indicated that Large White Yorkshire pigsgieng between 20 to 35 kg under
Indian conditions required also about 18 % CP. l@nather hand, Sharda et al. (1982)
suggested that crossbred pigs (Middle White Yoreshi Indian indigenous pig)
between 14 to 25 kg BW require about 16 % CP ingtlogving phase and 14 % CP in
the finishing phase (25 to 71 kg BW) for optimunogth and feed efficiency. So
comparisons have only limited value. However, aaxircomparison between CP %
can only be made if AA content and digestibilitiedl) is known. If the pigs need to
produce extra lean carcass meat, they may reqpie88 CP in the growing phase
and up to 16 % CP in the finishing phase. It shdaaddhoted that comparison of CP %
between different experiments without knowledgeaha (ileal) digestibility of AA’s
and AA composition of the diets makes comparisdficdit. Only if feedstuffs are
similar these comparisons can be made and conokib® drawn.

Devendra and Clyde (1970) derived similar levelsdptimum crude protein
content for growing and finishing pigs in a tropieavironment as found here. They
suggested an optimum of about 16 % CP while 18 ORa%too high. So in order to
have an optimum ADG and lean percentage for lepa pigs, the optimum dietary
crude protein level for crossbreds between Mongddai Landrace and Large White
in the hot season should probably be between 14.a8d.

Table 4 presents the effect of dietary crude pnolievels on economic benefit
of different genotype pigs in Vietnam. It should draphasized that the CP content of

local diets (composed of local feedstuffs) in Cantfietham should be adjusted to the
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genotype of the pig, with a CP of around 16 % farssbreds and 13.7 % for Mong
Cai pigs (Chapter 3 and 4). Although lean pig tyfiles Large White, Landrace, and
Pietrain breeds have a higher yield of lean meatr\dmese people remain to have a
preference for the Mong Cai pig breed. In termsnefit quality, Mong Cai pig meat
has a good water holding capacity, good taste auparior level of intramuscular fat.
Pure Mong Cai females are common used as the miltleefor cross-breeding with
exotic boars and is used in approximately 10 %hef pig population. The meat of
crossbreds F(LW or LD x MC) was judged more tender, juicy atagdty than meat
from LW and LD pure breed (Pham et al. 2007).

Table 4.Average feed cost per kg gain and benefit per kg gafrom each genotype.

Dietary protein level (%)

Genotype
10 13 16 19
Average cost per kg gain of each genotype
mMc! 9,037 9,172 10,826 7,746
Fy 12,301 12,240 12,587 12,484
F, 13,656 13,790 14,757 12,746
Net income of each genotype when 3old
MC 313,011 351,308 512,777 250,913
Fy 770,942 799,760 917,036 838,818
F, 921,532 1,087,326 1,335,869 980,942

1 MC=Mong Cai; k= (LW or LDXMC); F,=(LD x MC)xLW.
ZCalculated in Vietnamese Dong (VND). Costs includeel animal cost, feed cost, veterinary and housing
cost. Net income was calculated per pig.

Table 5.Effect of genotype on feed intake of pigs during Ibdays of growth underad

libitum feeding conditions.

Variable MC R F, LW LD
Initial weight (kg) 12.2 12.3 12.4 18.4 18.5
Final weight (kg) 61.5 87.2 98.2 96.2 96.7
Viscera mass(kg) 8.31 5.59 5.24 4.51 4.56
Daily feed intake (kg/d) 1.32 1.75 1.85 1.98 2.10
Daily feed intake (g/d/kgBW™) 88.2 90.8 91.6 95.1 100.0

! MC=Mong Cai; F=(LW or LDxMC); F,= (LDxMC)XLW; LW=Large White; LD=Landrace.
2 Consisted of heart, liver, kidney, lung and eniptgstines.
Mean crude protein content was 16 %.
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The data in Table 5 shows that Mong Cai pigs havegher viscera weight
compared to crossbred and exotic pigs. Some dhtiters that are known to influence
visceralorgan size are body weight, feeding level, diet gosition, and pigenotype
(Koong et al., 1983; Bikker et al., 1996a; Couder\@98). Since the same diets were
fed and the pigs were housed identically, the cbfiees in performance can be

assumed to be directly related to genotype.

RELATIONSHIP BETWEEN GENOTYPE, PROTEIN AND ENERGY

The utilization of dietary protein must be placetdoi the context of the
available energy supply as this is the main drivieigce of metabolism. If energy is
limiting, part of the dietary amino acid supply miag used for energy. In the present
studies, a dietary energy content of 13.5 to 14D¥Jper kg as used. The results show
that protein deposition rate was clearly increaiedall breeds of pigs if CP level
increased up to 16 %. Protein and fat depositifiergid between genotypes with F
pigs having the highest fat and protein depositaias and Mong Cai the lowest rates.
In the diets used here, the optimum calculateaé/sontent was 9.3, 10.0 and 10.5 g
per kg diet for MC, IFand B, respectively. This is somewhat higher comparetheo
NRC (1998) estimates, probably because of therdifiges in AA digestibility of the
ingredients used here with ingredients on whichNRe& tables are based.

Since most animals eat to meet their energy reagings, an alternative method
of expressing the protein needs is in relatiorh®dnergy concentration expressed as
g/MJ of DE, as energy in protein (kJ) or as endrgyn protein/MJ DE. In general,
differences in energy metabolism are related tal fieake level (Verstegen et al.,
1982). If the protein is in excess, the pig uttizéhis for energy (fat deposition)
making the animal less efficient in terms of protatilisation compared to when lipid
and starch are used. Some of the factors thatraverk to influence intake are BW,
feeding level, diet composition, and mignotype (Koong et al., 1983; Bikker et al.,
1996a; Quiniouet al., 1995; Coudenys, 1998). Variation in enengtake is an
importantdeterminant for variation in body fat distributicas well as the totabntent,
within pig genotypes (Campbell et al., 1985; Canfipdned Taverner, 1988; De Greef
et al., 1994, Bikker et al., 1995996a,b; Quiniou et al., 1995, Coudenys, 1998). The
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current study shows that MC achieves a higher batdgercentage compared tg F,
and lean pigs.

It should be noted that the formulae for the calttah of fat and protein have
been derived with data of moderately lean pigs ékmhska and Kielanowski, 1969),
which can be considered comparable to tharkl b animals in our study. Bikker et
al. (1996a) showed that carcass fat deposition rate m@a® dependent on energy
intake than on protein intake. Similarly, in thgpexments reported here, the highest
fat content and fat deposition rate was observethathighest feed intake (energy
intake). If the energy intake is above that neddednaximal protein deposition, lipid
deposition increases. De Greef et(@B94) observed in this respect that energy intake
above the maximum capacity of protein depositi@ysed an increase in the carcass
lipid: protein ratio. My results and review of thieerature shows differences in the
capacity for protein deposition between the genetyBo genotype and diets need to

be considered together for optimal feed compostibgrowing pigs in Vietnam.

IMPACTS OF CLIMATIC CONDITIONS

The growth performance of pigs reared in tropia&aa is mostly low even
when balanced diets and improved breeds are usguli(ike, 1986). This low level of
performance is due to a range of factors associthdropical climatic conditions. In
Central Vietnam, the two typical characteristicstiod tropical climate are a high air
temperature and high relative humidity.

Numerous studies have shown that ambient tempera@s a direct effect on
voluntary feed intake and therefore on the perforreaof pigs (Verstegen et al., 1978;
Close, 1989.) In the literature, various studiegp@s in hot environments have been
reported, but no data are available in terms afrabsnation with breeds, CP level, and
season which results in ADG, protein and fat gaintil now the feeding strategies
under these conditions are determined by practicd l&y some derivations from
scientific data obtained with other types of pigsdapigs kept under different
conditions. The present studies are unique bedaatbelocal and imported breeds of
pigs are compared and exposed to a range of diffelietary CP levels derived by

using mostly local feedstuffs which were fed durmhifferent seasons. LW and LD
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breeds are lean type of pigs but they may reaétrdifitly to high temperatures and
relative humidity. The climatic conditions, partiatly the environmental temperature,
clearly affected daily DE intake in the studieseh&ccording to Quiniou et al. (2000),
average daily gain and feed intake are both stypongidduced when ambient
temperature is about 2@ or higher. Similarly, Renaudeau et al. (2004) &huynh
(2005b) found that this negative effect of tempaton intake can be worsened by
high relative humidity.
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Figure 2. Average daily feed intake (kg/d) of Large White (LW and Landrace (LD) pigs per

month during the hot (HS) and cool (CS) seasons @entral Vietnam.

It is clear that lean type pig (LW and LD) haveowér feed intake, ADG and
lean content in hot conditions compared to thermeotnality conditions (see Chapter
5). In addition, lean pigs are more sensitive tatlstress than obese lines (Nienaber et
al., 1987). It is also well documented that ambitmperature is the predominant
component of climatic condition for pigs (Curti®8B; Le Dividich and Herpin, 1994;
Verstegen and Close, 1994). The results here shtiveecesponse of pigs to tropical
humid climate in Central Vietnam (Figures 2, 3 af)d In the hot season, both
genotypes (LW and LD) have a lower feed intakedgky body weiglit’) than in the

cool season (Figure 3 and 4). At high temperatynigs, decrease their feed intake and
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increase water intake. Observations here indidaiedverage water intake in the hot
season is higher than that in the cool seasonvgl.8.5 kg/d) and water/feed ratio is
2.47 in the hot season instead of 1.80 in the sealson. High water intake is a
response of the animals to provide water for evapar cooling from the respiratory
tract. In previous studies on short—term heat strégswas shown that each degree
Celsius above 2€ causes less daily gain of about 36 to 60 g/dir{8&eh, 1987).
Mount (1979) also suggested that there is a deere@fa30 g/d in the ADG of pigs for

every TC above the optimal temperature.

140 -
130 1
120 1
110 1
100 -
90 A
80 A
70
60 -
50 A
40 I I I I !
0 3) 10 15 20 25

Trial period (week)

Feed intake (g/kg BW °7%)

Figure 3. Effect of season on feed intake (g per kg body wéig®’® of Large White pigs during

the hot (A) and cool seasons (B) in Central Vietnam

The results show that pigs raised during the has@e have a lower ADFI and
ADG compared to when the same animals are raisadgdthe cool season. At the
same protein level (10, 13 or 16 % CP), the ADGGs50 g/d (about 10 %) less in the
hot season compared to the cool season with ADFigbabout 110 g/d less. The
average weight gain per day decreased by 10 g/ekdoh IC above the optimal
temperature (20to 25C, Huynh et al. 2005b) for growing finishing piggom week
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1 to week 3 of the trial period, feed intake (ghapy weight’’9 for both lean type
pigs were not different between the hot and coatse. Huynh et al. (2005a,b) noted
that temperature has a strong effect on pig bebavitereas humidity has less effect.
However, the effect of humidity, as revealed inirtls¢tudy, was that the lowest ADG
was at 80 % relative humidity and highest at 50 e latter authors found that
respiration rate increased in high ambient tempesatand even more with additional
high humidity. Huynh et al. (2005b) also noticedttifieed intake decreased in both
high temperature and relative humidity. Resultstaflies by Le Bellego et al. (2002)
and Gentry et al. (2002a, b) indicate that withgematures from 22to 29C, carcass
measurement and meat quality were not much affe8iedlarly, the studies here also
showed that there are only minor differences ic&ss characteristics of pigs fattened
during the hot and cool season. It should be ndted pigs here are housed

individually while most studies in the literaturport data on group housed pigs.
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Figure 4. Effect of season on feed intake (g per kg body vegit ®’9) of Landrace pigs during the

hot (A) and cool seasons (B) in Central Vietnam.

Since pigs have a lower feed intake at high enwiremtal temperatures, a

nutrient dense diet (with extra fat) which does yietd much additional heat may help
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to minimize production losses at high temperatuiidss can only be obtained by
including highly digestible feedstuffs with a higtarch and lipid content. With a low
level of heat produced, energy intake during tinfeh@h temperatures can be
maintained better. Thus, high dense diets can tassisnaintaining feed intake
provided that they do not yield extra energy in fitben of heat. Also an ideal amino
acid composition of the protein may be beneficiats Friesen et al. (1991) observed
improved rates of gain when diets for finishing pigvere supplemented with
crystalline L—lysine at conditions where daily teamgture exceeded 32°C.

Farmers in smallholder production systems in CéMratnam often sell their
pigs at a lower body weight (60 to 80 kg) comparedhe final fattening weight
employed here. Campbell et al. (1985) carried apeaments with very small piglets
(1.8 to 6.5 kg) while Mhn et al. (2000) studied pigs from 75 to 90 kg. @itdheir
results showed that the marginal response in prgfain to dietary protein with extra
energy did not vary much with variation in live @ht. Transposing these result to the
work conducted here indicates that the data imptlkeeent work may be representative

for pigs with a lower final weight.

EFFECT OF DIETARY PROTEIN/LYSINE LEVEL ON PERFORMAN CES
OF SOWS AND PIGLETS

The feed intake of lactating sows is influencedskyeral factors e.g. feeding
during gestation, body weight, litter size, envireent temperature as well as energy
and protein concentration of the feed (Verstegenl.et1998). Sow feed intake and
litter size at weaning are affected by lysine cohta the sow’s diet. Monegue et al.
(1993), Weeden et al. (1994) and Johnston et 883)lobserved that losses of body
weight during lactation were significantly affectbg dietary lysine level (low level
0.62 % and very high level of 1.05 % lysine). Sowight loss during lactation
decreased considerably with an increase in thedysontent (Touchette et al., 1998).
The weight and backfat thickness changes obsenvexbws during lactation are a
consequence of changed feed intake, compositicimeoffeed and amounts of milk
produced. Duration lactation, the number of pigleparity and environmental
condition are of influence. According to Close &@ale (2000), a high level of dietary

159



GENERAL DISCUSSION

energy intake can minimize the variation in weigintd backfat thickness between
sows. The results of the present study show thatMong Cai pigs feed CP is

important for the level of weight loss and backfatkness during lactation. Daily DE

intake of lactating sows observed on all dietowdr the minimum recommended by
NRC (1998) of about 73.2 MJ DE per day.

Dourmad (1991) reported that a low feed intake gecliduring the first week
of lactation. This author estimated that the losbady fat during lactation was 95 g/d
per mm of backfat during the first week of lactatend 63 g/d per mm of backfat over
the entire lactation period. Mullan and William®8D) derived a regression equation
for backfat losses and fat content losses of poomisows as affected by amount of
feed intake. Lewis and Speer (1973) and Johnstah €1993) recorded that backfat
change was not affected by lysine level in the.datg et al. (1993) recorded a low
fat mobilization in sows when daily lysine supplasvabout 25.5 g. In present study,
Mong Cai sows had the least back fat loss whely tisine intake was 40.1 g/d (1.05
% lysine, Chapter 4).

Johnston et al. (1993) reported that the increag®atein intake for sows had
little effect on the interval to post weaning oastrAccording to Stahly et al. (1990)
and Monegue et al. (1993), intake level duringdtoh can affect the weaning to
estrus interval. In the present study, it was fotlhad at dietary lysine levels of 0.6 %,
sows have a longer interval of weaning to estras #it a high dietary lysine level. Lee
and Mitchell (1989) showed that there is no efféqbrotein level during pregnancy on
piglet birth weight. Here, sows only had a few défyem day 107 onwards) with
different CP levels so an effect on birth weightroat be expected. Litter growth rate
was unaffected by pregnancy treatment during 0tddlys of pregnancy. Cooper et al.
(2001) also recorded that the numbers of piglets lamd piglets born alive was not
affected by dietary lysine level during gestation.

Yang et al. (1989) reported that lactation dietshwioncentrations of total
lysine ranging from 0.6 to 1.60 % yielded littezess of 11.2 to 13.6 piglets born in the
next litter. Here a smaller difference was foundhpared to the study of Yang et al.
(1989). Stahly et al. (1990) and Johnston et &938) reported a positive effect of

protein intake during lactation on litter weightigaMong Cai sows fed a dietary
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lysine content of 1.05 % had a litter with a higlezight at day 21 and at weaning at
45 days compared to litters of control sows wheenezd 0.6 % lysine. Litter weight
gain was not improved at the highest lysine le¥e2@ %) compared to 1.05 %. Mahan
and Mangan (1975) reported that voluntary feedkmtduring both lactations was
reduced in sows fed a diet low in protein duringtggon and lactation but intake
during lactation was not reduced. The data of MGagpigs in the present study agree
with the result of Mahan and Mangan (1975) sincgybeeight loss was highest when
sows were fed 10 % CP. Johnston (1993) found tltaéasing CP above the adequate
level for sows has little effect on the intervalameng to estrus. The results of the
study here indicate that sows fed diets with a \evy crude protein content have a
longer post weaning interval to estrus. This israall effect of low protein in the diet
which results in large losses in body protein mdsang lactation. According to
Brendemuhl et al. (1987), it is not desirable twesely restrict lactational protein

intake because it may reduce litter size at weaning

EFFECT OF HOUSING ON PERFORMANCE OF SOWS AND PIGLETS
The microclimate in a pig pen depends on floor tyRelative humidity and

inside temperature were numerically highest in pees with wooden floors and
lowest in the pens with a clay floor (Chapter 6hisT may be related to more
evaporation due to floor fouling (Voermans and Hésj 1995). In their literature
review, Gonyou et al. (2006) showed a significdfda of space allowance on ADG.
The results of Guingand and Granier (2001) andpmfo®ler et al. (2000) show that
floor type does not influence growth performanceyveuch if animals are in their
thermal comfort zone and if they have the same fettke. However, in the current
study, floor type was associated with differenaeggiowth performance and small
differences in feed intake. Pigs reared on woodeor fpens reached a higher final
weight and had a higher ADG than pigs on the cdacaed clay floor. This can be
partly explained by the fact that microclimatic darons in the wooden floor pens
under the tropical climatic conditions are supermmpared to other floor types

(Chapter 6). Pigs reared on wooden floor pens glaghtly faster than those on other
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floor types. These growing pigs also ate slightlyrenwhen housed on wooden floors,
a finding in accordance with the Hansen et al. 2)98

The situation in the farrowing pens is complicasatce suckling piglets have
higher temperature requirements than lactating sdwe upper limit of the zone of
thermal comfort (i.e. above the higher critical parature) is around 22°C for the sow,
whereas the lower limit is around 30°C for sucklpiglets (Black et al., 1993). When
the environmental temperature rises above the eafipe critical temperature of the
sow, the sow can only control body temperature fgreasing heat loss through
evaporation or by reducing its heat production aing less. Black et al. (1993) and
Messias de Braganca et al. (1998) report a decirasguntary feed intake of 40 %
and 43 % in lactating sows when the temperaturaised from 18to 28°C and 20to
30°C, respectively.

Piglet mortality within the first three days ofdifemains a problem in intensive
swine farms (Spicer et al., 1986). Mortality ratesry between 10 and 20 %
(Tuchscherer et al., 2000) depending on the housystem. In an earlier study with
data obtained over 5 years on 761 farrowings ofss@vissom et al. (1990) found an
overall pre—weaning death loss ranging from 12.24@® %. This mortality level is
higher in pens than in crate systems. Preweaningalitp may be associated with
stress and this may explain the lower risk foruefiza A infections according to
Ewald et al. (1994). Less stomach and intestinsdrdiers were found by Christensen
et al. (1995) in pigs on straw systems comparedlatied floors. The studies here
indicate that nursing piglets kept with the sowsyrhast be housed on wooden floors
as this results in less diarrhoea and mortality manmad to concrete clay floors. The
present study however did not measure welfare peteashof lactating sow which may
be compromised on wooden slatted floors. The @gigised on the concrete floor and

clay ground floor had a higher frequency of diaarb@d higher mortality.
CONCLUSIONS

1. Diets used for both fattening pigs and sowshred¢ ecological zones —

Upland, Lowland and Coastal areas in Central Vietrieave poor overall nutritive
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value, especially diets in Upland areas. Intakautrients and energy is considerably
below requirements.

2. Pigs on smallholder farms can improve produdiidine pigs are fed a higher
protein level in their diet. This can not only siyppore pig meat for the farmer and a
higher profitability and as such increase the reca@nomy in Central Vietnam.

3. Genotypes such ag Bnd B show better growth performance and carcass
quality compared to local Mong Cai pigs under tgpidVietnamese climatic
conditions. Animals with the highest protein gakelF, require the highest dietary
protein (amino acid) levels to support their highee of protein deposition. Because
the innate fat level in the body of Mong Cai pigshigh, it can not be expected that
this can be changed considerably by a high dietargle protein content. An increase
above the optimum will not change growth rates dmatkfat measurement
considerably.

4. Increasing dietary crude protein levels in pigtsl increases protein
deposition rate in all pig genotypes commonly hel®/ietnam. Genetically lean pigs
have higher growth rates and give leaner carcassapared to Mon Cai pigs at all
dietary crude protein levels under practical caodg in Vietnam. The present results
confirm previous data with regard to breed in iefato energy partitioning between
protein and lipid deposition.

5. Increasing the dietary lysine level from 0.751t@0 % showed a possitive
effect on performance of Mong Cai sows during lastaand piglets. The sows fed
the diet supplemented with lysine decrease weigb$ lcompared to sows without
supplemental lysine in their feed. In these stydies optimum level based of Mong
Cai lactating sows was approximately 1.02 % lysirtee level during lactation has no
effect on the number of piglets in the beginnindaatation but can affect the number
of weaned piglets providing opportunities to inseaig performance in Vietnam.

6. High dietary lysine level in the sow diets irases piglet weight of Mong
Cai sows at 21d (from 0.20-0.52 kg/piglet) and viegnweight (from 0.3-1.95
kg/piglet) compared to piglets born from sows fed supplemental dietary lysine.
Again pig performance in Vietham can be increasggupplementation of diets with

lysine.
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7. Wooden floors had a positive effect on sow aigtepperformance under the

typical, tropical Vietnamese climatic conditions.

FUTHER RESEARCH

Since amino acids are expensive dietary ingredigntsnecessary to know the
crude protein (amino acid) content of feedstuffsclvhare used for pig in Central
Vietnam. From this and the requirements, the neegif)’s diet in Central Vietnam is
additional CP have to be added. Knowledge of theatran in the crude protein
(amino acid) content of local feed ingredients dgrseason and between regions is
important to provide pigs with sufficient proteianfino acids). Besides supplying
lysine in the sow diets, the addition of DL—methian L—treonine and L—tryptophan
and potentially other limiting amino acids, suchvasiine and isoleucine in the diets
for pig may need to be evaluated for MC sows. Fritis thesis, the optimum
protein/lysine level for fattening pigs and sowsneoonly used in Vietham can be
derived under the hot humid climatic condition ien@ral Vietham. However it is
necessary to study the relationship between digtanjein/lysine level and energy
intake especially with different locally availabieed ingredients being used in diets
for pigs in Vietnam. For lean pigs, the currentdstishows that at 16 % CP it is

difficult to have the highest performance and cssaguality with the ingredients used.
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