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ABSTRACT

A trial was carried out to determine the lysine uggment for starting barrows fed on ideal proteioncept-based
diets. Thirty-two pigs from a commercial crossbgehetic group (CCGG, BW=1581.4 kg) and 32 pigs from a
dam line one (DLGG, BW= 14.8 1.0 kg) were used. Pigs were allotted to 4 treatsiavith diets containing
increasing levels of total lysine (0.80, 1.00, 12 1.40%). Methionine+cystine, threonine and tophan were
adjusted according to ideal protein profile. Datarh performance, plasma urea nitrogen (PUN) andceas
composition were analyzed. CCGG showed higher dedg intake, daily weight gain, PUN and proteihratio in
carcass, while DLGG showed higher fat carcass adrdaed nitrogen retention. Fat content and protéhratio in
carcass for CCCGG and PUN and crude protein carcesatent for DLGG showed quadratic response to
increasing total lysine levels. Derivations of theadratic equations indicated the total lysine riegomnent for
CCGG starting barrows is 1.15% and for DLGG stagtimarrows is 1.09%.
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INTRODUCTION concept, the requirement of essential amino acid is
obtained according to lysine requirements. Amino
Environmental pollution is an increasing concerricids requirements are shown as amino acid to
in the pig production, mainly due to nitrogen in thelysine ratio (Penz Junior, 1996). Genetic factors,
slurry. Low crude protein diets formulated with gender, body weight and environmental conditions
crystalline amino acids are an effective way tdnfluence lysine requirement. There are different
decrease nitrogen excretion from the pigs (Canh &tsine requirement values of starting pig in the
al., 1998, Moreira et al., 2004, Oliveira et al.literature. In a review Ferreira et 1996) found
2004). According to the ideal protein conceptl.09% as an average requirement, while Benati
animals are fed on the exact amino acid amountd996) reported 1.15% as the average lysine level
required by them, or rather, with no excess or lacksed by the Brazilian pig industry. International
of amino acids in the diet (Baker, 1996). When gNational Research Council, 1998) and Brazilian
diet is formulated according to ideal protein(Rostagno et al 2005) requirement indicate 1.05
and 1.13% respectively.
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The aim of this study was to determine the dietaryo 72 d of age) from a swine improvement
total lysine requirement of starting barrows fromcompany. Thus, DLGG resulted from a selection
two genetic groups, fed on low crude protein dietsprocess from dam line while CCGG was not from
formulated according to the ideal protein concept.improvement process. Two pigs/pen were housed
in an open-sided house. Pens were equipped with
two self-feeders and two drinker nipples. The Food

MATERIALS AND METHODS and the water were givemd libitum Mean
temperature inside the building ranged from 19.0
Animals and housing 2.9 t0 30.5 + 3.% during the trial.

Sixty-four barrow pigs (thirty-two from each

genetic group) were used. Groups consisted of Bxperimental diets

commercial crossbred genetic group (CCGG)As shown in Table 1, four experimental dietsre
formed by the Duroc boar x [Landrace x Large-used: one basal diet with 0.8% total lysine and
White crossbreed sow] crossbreeds (15.9 + 1.4 kéfiree diets with increasing lysine levels (1.0, 1.2
45 to 73 d of age), and a dam line genetic groupnd 1.4% total lysine).

(DLGG), formed by crossbreeds (14.8 + 1.0 kg; 44

Table 1 - Centesimal, chemical and energetic compositioexperimental diets containing graded levels sfrlg
(as-fed basis)

Item Total lysine levels (%)
0.80 1.00 1.20 1.40
Ingredients (%)
Yellow corn 78.55 78.55 78.55 78.55
Soybean meal 13.09 13.09 13.09 13.09
Soybean oll 3.16 3.16 3.16 3.16
Dicalcium phosphate 1.46 1.46 1.46 1.46
Limestone 0.73 0.73 0.73 0.73
Salt 0.40 0.40 0.40 0.40
Vitamin and mineral premik 0.50 0.50 0.50 0.50
Growth promotef 0.10 0.10 0.10 0.10
Corn starch 1.70 1.16 0.63 0.09
L-lysine HCI (78.8%) 0.182 0.436 0.690 0.994
DL- methionine (99%) 0.053 0.168 0.282 0.396
L- threonine (98%) 0.096 0.229 0.360 0.492
L-tryptophan (98%) 0.000 0.038 0.074 0.112
Total 100.00 100.00 100.00 100.00
Nutrients
Digestible energy (kcal/kg) 3,400 3,408 3,416 3,424
Crude protein (%) 13.13 13.56 13.99 14.42
Calcium (%) 0.65 0.65 0.65 0.65
Total phosphorus (%) 0.55 0.55 0.55 0.55
Na + K - CF (meg/kg) 116.3 102.5 89.0 75.2
Lysine (%) 0.80 1.00 1.20 1.40
Methionine + cystine (%) 0.453 0.566 0.679 0.792
Threonine (%) 0.517 0.647 0.776 0.905
Tryptophan(%) 0.145 0.182 0.218 0.255

" The vitamin and trace mineral premix supplied per kg of diet:A/t10.000 UI; Vit. D3 - 2.000 UI; Vit. E — 25.0 Ul; Vit K3 —
2.0 mg; Vit. B1 — 2.0 mg; Vit B2 — 6.0 mg; Vit. B6 — 3.0 mg; Vit. B430.0ug; Niacin — 30.0 mg; Pantothenic acid — 12.0 mg;
Biotin - 0.1 mg; Folacin - 1.0 mg; Selenium - 0.3 mg; Choline - 150.0Lysgjne - 1.170.0 mg; Growth promoter - 50.0 mg;
Antioxidant — 100 mg; lodine - 1.5 mg; Cobalto — 1.0 mg; Cooper — 175.0 mg; 4id@.6 mg; Iron — 100.0 mg; Manganese —
40.0 mg.

* Tylosin phosphate + sulfamethazine (10% each).

8 Values calculated by Mongin and Sauveur (1977) formula, using the feed walisesed by Rostagno et £2005).
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Crystalline L-lysine HCI, DL-methionine, L- Chemists, 1975). Carcasses were analyzed for the
threonine and L-tryptophan were added to diets, girotein, water, fat and ash contents. Values
the expense of corn starch, to maintain a similanbtained during the pre-drying and pre-fat
amino acid pattern (lysine 100: extraction were used for calculating values in
methionine+cystine 57: threonine 65: tryptopharwhole carcasses. Deposition of protein and fat by
18), as indicated by NRC (1998) for barrows withpigs and the retention percentage of intake
300 g of daily lean gain, 22.5 kg body weight anchitrogen were also estimated by the following
3,400 kcal of DE/kilogram of diet. formula:
The yellow corn and soybean meal used in thf)aily Protein Accretion = (AR — APc) / EP,
experimental diets were previously analyzed for
the crude protein and gross energy. Values ofhere, ARc and AR: were respectively the
digestible energy and amino acid content of thesamount (gram) of protein in the carcass at the end
ingredients were calculated according to feedstuffand at the beginning of the trial, EP was the
composition (crude energy digestible coefficientexperimental period (days). APwas obtained by
and amino acids proportion) indicated by Empresaultiplying the carcass weight of one particularly
Brasileira de Pesquisas Agropecudrias (1991). pig by its respective crude protein content, while
APc was obtained by multiplying the body weight
Experimental protocols of this respective pig by the average carcass
d]{essmg and the crude protein content of its
enetic group (average of three pigs slaughtered at
he beginning of the trial).

Pigs and feed were weighed on 0 and 28 days
the trial to calculate daily feed intake (DFI), dailyt
weight gain (DWG) and feed: gain ratio (FG). Pigs
were bled by vena cava cranialis in heparinizedaily Fat Accretion = (AEc — ARc) / EP,

tubes_ at the beginning and the en_d of th%vhere ARc and AFc were respectively the
experiment. Plasma urea concentrations Werg.,, ¢ (gram) of fat in the carcass at the end and
determined by the enzymatic method (Kit Ecollneat the beginning of the trial. EP was the
25 MER.CK®)' Value_s . of plasma urea experimental period (in days). AFand ARc were
concentration were multiplied by 0.467 (Newmanobtained as AR and AR, considering the fat
and Price,1999) to calculate the plasma Ureg ) niant values ’

nitrogen (PUN). The initial PUN (pretreatment '

period) was used as a covariate to correct the final Nitrogen Retention =

PUN for the individual animal differences. (nitrogen acretion / nitrogen intake) x 100,

Three pigs from each genetic group Werg nare nitrogen accretion and nitrogen intake were,

slaughtered at the beginning of the trial 0agnectively, daily protein accretion / 6.25 and DFI
determine initial body composition. At the end of

) : X nitrogen % of the diet, in grams.
the trial, two pigs from the each treatment were

slaughtered. Pigs were fasted for 24 h with acces§ atistical analysis
to water for 6 h before slaughter. Half carcasse

from each slaughtered pig were frozen (@2 1,4 x 2 factorial treatment arrangement (four

and then ground by electrical grinder, powered by qine jevels 0.80, 1.00 1.20 and 1.40% and two
a 1700-rpm engine, with a 4 mm-round holegopneyic groups) in a randomized block design. The
perforated plate. Samples of approximately 1.0 kiignt treatments were replicated four times and
were taken and stored at “C2for chemical ., pigs per experimental unit were used. Data
analysis later. were submitted to polynomial regression analysis,
Approximately 200 g of each sample was,q.,ging to the following statistic model:

defrosted, pre-dried during 72 h and the fat was Yi = 1+ G+ by(L; — L) + (L — L) + e
pre-extracted for 4 h by "Soxlhet" extractor. Pre jare: . ! e
dried and pre-fat extracted samples were groun\g Y
with "ball" grinder and then kept refrigerated until

the analysis (Association of Official Analytical

§igs were blocked by the body weight and allotted

ik = observed value of variables, referring
to eachk pig, fed onj lysine level, withini genetic

group,

Braz. arch. biol. technol. v.51 n.1: pp.49-56, febh. 2008



52 Fraga, A. L. et al.

K = general constant; feed intake. The DLGG showed linear improve

G = genetic group effect on variable 51, (P<.05) for feed conversion with the increase of
2; lysine levels. The PUN, the result of amino acid

b, = linear regression coefficient of lysine catabolism, indicates the capacity of utilization of
level on variable Y; intake nitrogen by the animal (Brown and Cline,

b, = quadratic regression coefficient of 1974). It's used for amino acid requirement
lysine level on variable Y; determinations (Coma et.all995). In this trial,

L; = lysine levels in the experimental diets,the DLGG showed quadratic response of the PUN
with j = 0.80; 1.00; 1.20 and 1.40%; (P=0.05). Thederivation of the polynomial

L= average lysine level (1.1) of regression indicated 1.09 as the best level of
experimental diets; total lysine for the lowest PUN value, or for

ej = error in each replicate. the minimum nitrogen excretion by the urine.

Initial values of PUN and slaughtered weight wereAlthough the CCGG showed a high numerical

used as covariates in the analysis of data fror[}?qucuon in PUN ya!ues .Wlth the increasing
PUN and carcass composition, respectivel ysine levels, no statistical difference (P>0.1) was

Exponential equations obtained for variables wit bserved among the d|et§. .
UN generally shows a high variance (Coma et al.,

:q;adratlc response were derived to estimate lysi 16995) and in some studies, PUN was not efficient
quirement. . ) :
to determine the lysine requirement (Fontes et
al,1999; Gasparotto et .al2001; Hannas et .al
2000; Moreira et al 2002, Moreira et gl 2004).
RESULTS AND DISCUSSION In this trial, the CCGG showed greater values of
, standard deviation for PUN than DLGG (Table 2).
Performance and PUN data of two genetic group . o . i
egative and positive regression coefficients were

fed on increasing 'VS'”E? _Ievel; are given in Tabl.e ound (P<0.05) among the slaughtered weight and
and carcass composition in Table 3. Lysine :
water content and the slaughtered weight and fat

estimating equations are shown_ in Table 4. AboutOntent of carcasses, respectively. The CCGG had
performance traits, there were differences (P<0.05). ~ o .
igher water content (P=0.05) and protein:fat ratio

between the genetic groups: the CCGG had high LN DLGG, while the DLGG had higher nitrogen

feed and nitrogen intake, weight gain and_ PU retention and fat content. Dam line selection
than the DLGG. Probably the lower feed mtakeﬁ)rograms include  both  reproductive  and
;Ir\:?a?k et hewé?ar?ton ;i?]r ;J;i:jerpolhlzer\elgﬁj iss) (n(;tfrot%eeperformance traits and feed efficiency is one of the
’ gnt g : ._“most import performance criteria (Ollivier, 1998).
DLGG. According to Moreira (1998), moderm pig The DLGG showed higher capacity to convert
enotypes generally show lower feed intake, whep : L ) .
9 eed nitrogen in tissues nitrogen in carcass. On the

S?or?;r);lrrr?g with pigs not submitted to SeIe(:t'onother hand, maternal abilities include the age at

. . uberty, a characteristic influenced by fat content
.F eed intake dpcreased for the CCGG with thgf sows (den Hartogh and Vesseur, 1994), hence
increase of lysine levels (P<0.05). However, whe

contrast test was made comparing 0.80 plus 1.C} ese pigs selected for matemal abiliies can

against 1.20 plus 1.40% of total lysine contentr:\/r%lgﬁct?:e Zagligaﬁtngtespglselgt% r:j f?rsagies rflr'gn
difference (P<.05) for the CCGG and for the P 9 pigs. Fig

DLGG (P=0.055) was found. This observationthe CCGG showed quadratic response for the fat

. : ]and protein:fat ratio contents and linear decrease
revealed the negative effect of high levels o . . . .
for the daily protein accretion and the retention of

crystalline lysine-HCI over the consumption by therlitro en in the carcass. The derivation of the
pigs. Decrease of DFI caused by increasing lysine dg . : : d'. d 1.14 and 1.11% of
levels could be explained by decreasing in Na+KJ& ratic equations indicated 1.14 and 1.11% o
Cl value, owing to L-lysine HCI inclusion total lysine content for minimum fat content and
although 'Ehe decrease in the Na+K-Cl value in t’himaxmum protein:fat ratio. On the other hand, pigs

rial was from 116 to 75 meg/kg (from 0.80 to?rom the DLGG showed quadratic response for the

. . . rude protein content and linear decrease for the
1.40% of total lysine diet) and this range was no t content. The derivation of quadratic equation
higher than the range (341 to 0 meg/kg) proposeé1 ' q q
by Patience et a(1987) as necessary to reduce the
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indicated 1.08% of total lysine content for theand DLGG requirements of total lysine found in
maximum protein content of the carcass. this trial were 1.15 and 1.09 %, respectively.
Based on the averages of the values of total lysine

indicated by the polynomial equations, the CCGG

Table 2 —Performance and nitrogen urea values of startamgplyv pigs from two genetic groups fed increasotglt
lysine levels

Total lysine levels, %

ltem Commercial crossbred genetic group Dam line genetic group
0.80 1.00 1.20 140  Efféct  0.80 1.00 1.20 140  Effect
Di"y feedintake, 4 344 03 1.30+.05 121+.12 120%.11 L 1.11+.08 1.12+.04 1.05+.06 1.06+.09 NS
g L=1.26+.04 1 =1.08 +.03
Da'g’ir‘]’vigm 65+.03 .68+.03 .61+.07 .61+.05 NS .54+.03 .58+.02 .53+.04 57+03 NS
gain, kg L =64+.02 H=55%.02
Feed conversion 2.05+.06 1.91+.04 2.01+.05 1.96+.01 NS 2.05+.051.94+.06 2.02+.05 1.85+.05 L
L =1.98+.02 0 =1.97+.03
D?:%’aﬂgmge” 28.0+.5 282+12271+28 276+25 NS 233+17 244+.8 234+14244+21 NS
9 H=277+.9 H=239%.7
PUN, mg/dL 65+15 61+17 57+11 46+12 NS 53+.8 50+1.0 ®BI+t64+14 Q.
u=58=.7 u=4.9+.8

! Means with different superscripf®( within a row differ (P<0.05) between group\S - Not significant; L — Linear effect of
total lysine levels (P<0.05); Q — Quadratic effect of totsirng levels (P=0.05).

Considering the genetic difference between thacid utilization, making lysine (and other adjusted
groups, the distance of the optimal lysine levelamino acids) surplus. Exceeding amino acids were
observed for them was smaller than could beegraded and led to quadratic PUN response for
expected. Thus, an effect of the crude proteithe DLGG.

reduction of the experimental diets could beHowever, Ferreira et al. (1996) suggested 1.09%
thought. For the protein synthesis, the animalsf total lysine as requirement for barrow pigs from
require not only a correct amount of essential5 to 30 kg of body weight. Additionally, NRC
amino acids, such as lysine, but they are necessdy998) indicated 1.07% for medium lean growth
non-essential amino acids too (Baker, 1996). Higbarrows (325 g/d of lean deposition). In Brazil,
reduction on the crude protein content of diet®Rostagno et al(2005) suggested 1.13% for high
added synthetic amino acids can limit thelean growth pigs. The requirements determined in
availability of non-essential amino acids for thethis trial were close to the literature values for
animal protein synthesis. For finishing pig dietsmedium genetic potential that characterizes the
the limit of this reduction is around 4.0 pointsCCGG. The DLGG showed a performance not
(Tuitoek et al 1997; Canh et al1998; Kendall et better than a medium genetic potential, hence
al. 1998). probably these levels reflected the real capacity of
In this trial, the crude protein content of the basalhese animal to develop.

diet (0.80% total lysine content) was 5.6 pointResults suggest that starting barrows from the
below of the indicated by NRC (1998) when acommercial crossbred genetic group fed on low
corn-soybean meal is used. Consequently, therude protein diets (13.8%) formulated according
requirements determined in this study could b¢o ideal protein concept, require 1.15% of total
limited by the lack of some essential or nondysine, while barrows from dam line genetic group
essential amino acids that could limit other aminagequire 1.09% of total lysine.
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Table 3 — Carcass composition and nutrients deposition aftisty barrow pigs from two genetic groups fed
increasing total lysine levels

Total lysine levels, %

ltem Commercial crossbred genetic Group Dam Line Genetic Group
0.80 1.00 1.20 1.40 Efféct 0.80 1.00 1.20 140 Effect
Slaughter
weiaht. k 31.0+.5 31.0+.8 208+29  288+.9 NS 203+20 302+D289+1.0 295+12 NS
gnt. kg L=301%.7 L=2054%.6
Water, % 651%+.1 656+.7 66.4%.2 65.1+.9 NS 63.8+.9 640+5 6W2+647+.1 NS
L=6561t.3 U=6441%.3
Crrgt‘é?n " 154+.6 156+.5 156+.6 156+ .2 NS 154+.4 159+.3 187+154+5 Q'
protein, ~o H=155+.2 H=156+.2
Fat, % 167+.9 154%13 149+.9 16.6 + .6 Q 180+14 17.8+19 163+1.7+.7 NS
u=159+ .5 u=172+5
Ash, % 33+.1 35+.0 33:.1 32+.1 NS 35+2 30+.3 3%+. 35+3 NS
n=33+.0 p=34+.1
f’artci’éei”:fat 93+.09 103+.12 1.062.10 94+ .02 Q 87+09 .90+.07 .96+.083+.09 NS
H =99 +.04 p=.91+.083
gsrizig;c’tei” 59+1  67+11  68+2 72+0 L 67+7 75+6 70+ 4 68+0 NS
9 L=66¢+3 L=70+2
gfrizige:]t 97 +11 89+22 91+11 1074 NS 107+17 109+15 94+11  96+7 NS
'9 L=96+6 L=102+6
Nitrogen 332+ 5 37.7+6.0 40211 419+.2 L 463+48 48.9+40 48.1+2864+0.0
retention, % A o e T e RN e NS
' n=382x1% W=46.9212

1 Means with different superscrip®% within a row differ (P<0.05) between group\S - Not significant; L — Linear effect of
total lysine levels (P<0.05),"l- (P=0.07); Q — Quadratic effect of total lysine levels (B5).Q - (P=0.08)

Table 4 -Quadratic equations according to the effects atditt on Table 3

Variable bo b, b, R? Best lysine
level, %

Commercial crossbred genetic group

Fat content 17.6 -4.5 +1.9 944 1.18
Protein:fat ratio 2.6 -3.0 +1.4 971 1.11
Dam line genetic group

Plasma urea nitrogen 68 -110 +51 717 1.09
Crude protein content 10.2 +10.5 -4.9 .895 1.08
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PV= 14,8 kg) foram alimentados com quatroEmpresa Brasileira de Pesquisas Agropecuérigs -
dietas contendo niveis crescentes de lisina totalEMBRAPA (1991),Tabela de Composicao Quimica

(0,80; 1,00; 1,20 e 1,40%). Metionina + cistina,
triptofano e treonina foram adicionados as dieta
para manter constante o padrdo de proteina ide
Foram analisados dados de desempenho
nitrogénio da uréia plasméatica (NUP) e carcaca.

e Valores Energéticos de Alimentos para Suinos e
Aves EMBRAPA/CNPSA, Concordia.

Frreira, A.S., Pupa, JM.R., Souza, A.M. (1996),

Exigéncias nutricionais para suinos determinadas no

'‘Brasil. Paper presented hiternational Symposium

on Nutritional Requirements of Poultry and Swigé

Suinos do grupo CC apresentaram maior consumo. 2g September. Vicosa, Minas Gerais.

diario de racdo, ganho diario de peso, NUP egontes, D. O, Donzele, J. L., Ferreira, A.S. (1999)
relagcdo proteina: gordura na carcaga, enquanto qu&feito dos niveis de lisina sobre o teor de urda n

0s animais do grupo LM apresentaram maiores

soro e sobre a composi¢édo de carcaca de leitoss, do

teores de gordura na carcaca e retencdo del5 aos 30 kg. Paper presented dtReéunido Anual

nitrogénio. Teor de gordura e relagédo

roteina:gordura na carcaca para o grupo CC e
P g @ p grup %asparotto, L.F., Moreira, 1., Furlan, A.C. et(@001),

NUP e teor de proteina bruta na carcaca para

grupo LM apresentaram resposta quadratica aos

niveis de lisina. Derivagcbes das equacdes
indicaram a exigéncia de lisina total de suinos

da Sociedade Brasileira de ZootegnRorto Alegre,
Rio Grande do Sul.

Exigéncia de lisina, com base no conceito de pratei
ideal, para suinos machos castrados de dois grupos
genéticos, na fase de crescimeri®ev. Soc. Bras.
Zoot, 30, 1742-1749.

machos castrados do grupo cruzamento industriglannas, M.l., Oliveira, R.F.M., Donzele, J.L. et al

de 1,15% e do grupo linhagem materna de 1,09%.
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