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EFFECT OF DIETARY PROTEIN AND LYSINE LEVELS ON
GROWTH PERFORMANCE AND IMMUNE RESPONSE
IN BROILER CHICKS
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Dept. of Nutritfon & Nutritdonal Deficiency Diseases, Faculty of Vet Med., Mansoura Unberalty

ABSTRACT

The present work was carrted owt to study the effect of decreasing the dletary pro
teirx content by 10% (LCP- diet) with supplernentation of lysine (0. 0.2, and 0.4%; aver
the recommended level in brodler diets on growth perfonmuance, carcass fraits, blood me-
tabolites, immune respoiise. One day old Cobb chicks {120) were used. The chicks
were distributed rardomty into 4 groups and fed 23% or 20.7% CP for the stacter dlets,
20 or 18.2% CP for the grower and 18 or 18.2 % CP for the finlsher diets with different
dietary lysine tevel (1.1, 1.29 or 1.48%) for starier dizts, 1, 1.22 or 1.4% for the grower
dlet and 0.85, 1.05 or 1.26% for the flnisher dlets, respectively and 3200 Koal ME/Kg.
The chicks were vaccinated agatrist Avian tnfluenza, Newoastle and Gumboro diseases
at proper time. The growth performarce tndices (body welght, feed intake and feed con-
versipn ratio) were measived. Blood samples were collected from the brollers at 14, 21
and 28 days of age without anticoagulunt for separation uf sera to detect titer of ani-
bodies against Newcastle disease vaccine using haemagglutination inhibition test (Hl}
as indicative of birds immune response In the different experimental groups and also at
42 days of age, bloodd samples coltected for deterrmination of serum metabolttes. At the
end of the experiment, 5 chicks from each group were slaughtered ta obtaln some of the
carcass traits.

The resulis revealed that body weight and feed conwerstorn ratwo of the brotler feil
10% LCP-diet supplemented with .4% lysine aboue thai recommended for the brolers
significantly (mproved on companison to those fed the LCP dlets supplemented with O,
0.2% lystne. Feeding the broller chicks the LCP-diet decreased the body welght galn
and [ncreased the feed conpersion ratlo, The abdominal fat % In the carcass of the
broiler chicks fed LCPdiet supplemented with 0.4% lysine were lower than those fed
ort the diets supplemented with 0, 0.2% lystne. Feeding LCP-dlet supplemented with
0.4% lysine increased serum total proteln, albumin, and globulln and decreased serum
total lipids, cholesterol, {riglycerides, low denstty lipoprotein and high density !ipopro-
teln.

It can be concluderd that feeding the broiler chicks on LCP-dlet supplemented with
0.4% lysine diet resulted in better growth performance, lower total lipids. cholesterol,
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(niglycerides, low density lipoprotein and high density lipoprotein and higher total pro-
teln, athumin, globulin 01 comparing to those fed O or 0.2% lysine supplemented diet.
Supplemeniing the low protein diet with 0.4% lysine improved the Hi titer (n the broilers
vaccinated against NDV at 14, 21 and 28 days of age.

INTRODUCTION

Malnutrition has been Identifled fn many
countries particufarly In the developing coun-
tries. Majority of mainourished people live In
Asla and Africa (Iwe and Ongdipe, 2001),
thus negatively impacting on the physfcal and
health condition of {ts people. Poultry produc-
ton 1s one major mean of solving part of this
problem {Nworgu et al., 2000). Feeding poul-
try presents a great challenge to producers
and nutrftionists In gseveral tropical countrics
as meeting the nutrittonal requirements for
growling birds constitutes the majority of costs
assoclated with poultry production (May et
al., 1908}, and certainly is becoming an issue
of even greater signillcarice as the prices of
fced Ingredients continue to rise. A large por-
tion of that cost involves in meeting the amino
acld requirements of the birds {Corzo et al.,
2004; Eits et al,, 2008).

The amino acid pattern provided in diets
must exactly matches the birds apuno acid
requirements, excesses can be avolded conse-
guently; protein accretfon can occur with
maximum cfficiency. excess dletary proteln
fncreased heat production and water con-
sumption which increased meoisture content
of litter (Alleman and Leclercq, 1897). Low-
ering crude protein in the diet could reduce
the [eed costs and decrcased nitrogen excre-
tion (Nabm, 2002 aad Namroud et al,
2008), and allowed for using of a greater va-
riety of feed stuffs {(Kidd et al., 18886), which
can be valuable (n ltself as a method to in-
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crease [lexibility in the choice of locally avalla-
ble feed stuffs and potentially decreasing fluc-
tuation in costs. Dietary protein level there-
fore, has major eflect on growth performance
and overall cost of lnished product So using
of LCP-diet supplemented with amino actd for
broller feeding has been received greater infer-
ests In the recent years in order to reduced
feeding costs and environmental poliution
(Namrouad et al., 2008). The use of synthetic
amino acld to meet the amino acid needs ol
broflers could result in production of cost ef-
fective diets.

In chickens as well as mammals, It has
been shown that deflciency or excess of dfe-
tary protein (Payns et al,, 1890) or amtno ac-
Ids (Tslagbe st al. 1087) altered immune re-
sponses. The magnitude of an Immune
response and subsequent alterations in nutrl-
ent metabolism is dependent upon a nutri-
tionally complete diet (Webel et al., 1868).
The eflicfency of dielary protein is primarily
dependent upon an adequacy of lysine and
methionine (most Mmited amlno acids). So.
appropriate supplementation of ratlon dell-
clent In these amino aclds markedly tmproved
their protein quality (chhpomani et al.,
1981). With progresa tn blotechnology, the
cost of production of each amino acid particu-
larly lysine hag been significantly redueed,
which has been one of the key factors in the
expansionn of use of amino acids In Anlmal
feed. Thereiore, the objective of this study Is
to further evaluate the probability of lowering
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the dietary protein content with lysine supple-
mentation and its eflect on growth perfor-
mance, dressed carcass. serum metaboliics
and immunocompelernice (n broller chicks.

MATERIALS AND METHODS

Birds, diets and management

A total of 180 one day old Cobb chicks ab-
tained from 2 commercial suppller were ran-
domly distributed Into 4 equal tirlplcaie
groups (15 ehicks / repticate) and ratsed in a
floor pen bedded with wheat straw (o maln-
taln a good llttcr. The pen was supplied with
feeders. waterers and heaters. The chlcks
were tapgged using wing number tags. The
chicks were fcd the respectlve experimental
diets according to the suggested design. The
diets were formulated to maintaln the requlre-
ments of energy (3200 kcal ME/kgl’ with de-
creasing protein by 10% than that recom-
mended by NRC (19684) and supplcmentation
with lysine by (0, 0.2 & 0.4% of the dict] over
the reeomnended. The diets crude protein of
the diets was analyzed according to AQAC
(1990]. The eomposltion of the experimental
diels ls shown In [ahle 1,

The broller chieks were reared durlng the
period froan mld of February to first of April,
2009. During the first 2 wecks of chicks’ age
the brooding tempcrature was maintained at
35-32°C, and then the temperature was grad-
ually lowered till reach to 2°C by the begin-
ning of the third week of age, The pen was
naturally ventilated and clectric light was con-
tinuously maintalned (24 hours/day). The
diets and water were avallable ad libitum
throughout the experlmental period (6 weeks).
The chicks werc vaceinated against avian
imflunza by subeuitaneous injection and
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Newcastle disease at 8% day of age by Hitch-
nerBl and at 18, 28" days of age by lasota
vacelne I drinking waler and against Gumn-
bore at 101 and 20t days of age in drinking
waler.

Indices of broller performance, dreesed
carcass and abdominal fat /

The ehicks were welghed at one day old (o
vbtain the average {nitlal body weight then
wedighed every week and the average body
weights for the ehicks In each group were
weekly calculated. The average feed intake per
chick throughout the experimental period
(6w) for each group was recorded and feed
conversion ratic wag calculated. At the end of
the cxperiment, five birds from gach group
were randemly taken and [asted for 12 hours,
welghed, slanghtered to complete bleeding.
dressed and cviscerated for determination of
the dressed carcass % and abdominal fat
weight and percent In relation to live body
welght.

Blood sampling, aerum metabolite and
bnmune regponse

Blood samples were collected from 5 chicks
from each group at 42 days of age via wing
veln puncture. Sera were obtalned by allowing
blood samples to coagulale lhen centrifuged
at 3000 rpm for 15 minutes. The separated
gera were frozen at -20°C in a deep frecze un-
til used for determination of glucose (Trinder
and Aan, 1069), total lpid (Zollner and
Kirsch, 1862). triglyccrides (Fassati and Pre-
cipe, 1982]. eholesterol {Allaln et al.. 1074),
high density lipoproteins [Burstein et al.,
1970), low denslity lipoproteins [Friede Wald
et al.,, 1972) total protein (Goarnal et al,,
1949) and albumin (Doumas et al., 1971)
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using already prepared analyzing chemlcal
kits and after the tnstructions of the producer
{GOD-PAP. BIODIAGNOSTIC and STANBIO).
Globulin coneentration was calculated as the
difference belween total protein and albumin.

Blood samples were collected Irom 5 chicks
of eaeh group at 14, 21 and 28 days of age
without anticoagulant for separation of sera
which were used to detect lier of antfbodies
agalnst Newcastle dlsease vaccine using
haemagglutination Inhibltont test (HI) as in-
tfcative of bird ‘s Immune response.

Statistical analysle :

Dala obtained in the present work were
statistically analyzed for analysis of vartance
{ANOVA) and least significant difference (LSD)
as described by Snedecor and Cocbran
(1967).

RESULTS AND DISCUSSION

Body welght, body welght galn, feed in-
take, feed conversion ratio and dressed
carcass :

The data concerned with body welght de-
velopment (BW]. body welght gain (BWG). feed
(ntake [FI} and feed converslon ratle [(FCR)
showed that decrcasing the dletary proteln
level by 10% than that of the NRC {1994} rcc-
ommendation levels signlficantly dccreased
BW, BWG and significantty increased the val-
ues of FCR of brofler chicks even when lysine
1s supplemented by 0.2% above that recom-
mended by NRC (1884). Howrver, Incrcasing
the level of lyslne supplementation to 0.4 %
levcis significantly improved the BW., BWG
and FCR recorded at 3™, 4th 5th gnq 6th
weeks of the experiment (Table 2). Aletor et
al. (2000} found that supplementing the diet
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with amino aclds improved growth of brollers.
Also, Sterling and Pestl (2003] demonstrated
that different levels of supplemental lysine Ln-
creased BWG of broller chicks from O to 21
days of age. The improvement in BW ol broiler
chicks fed LCP-diets supplementes! with I-
lysine Indicated that lysine supplementation
improved protein utilization (Ei-Sherbiny et
al., 1997 and Ehalifa, 2001). With thle eon-
cept. Abdallah et al. (2008) [ound that BWG
and FCR of brotler chicks (ed LCP-diets (20 to
18% CP from O to 3 wk and 18 lo 16% CP
from 4 to 7 wk of age) supplemented with me-
thionine and lysine was not significantly dif-
ferent from those fed the 23 to 20% CP-diet.
Similarly, Khan et al. (3010) found that re-
ductlon of protein level from 23% to 19%
had no detrimental eflects on BWG when sup-
plemented with lysine. The tmprovement in
WG with LCP-diet supplemented with EAA
could be due lto reduced heat increment.
which was associated with the metabolism
of excess proteln. Reduced heat increment led
to reduced heat stress and therefore, -
proved WG,

The effect of decreasing the dietary
crude proteln level by 10% ln the present
study resulted 1n high feed Intake and FCR
whatever the dlet supplemented with excess
lysine or not (Table 3). The recorded FCR are
1.89 for the control diet compared to 2.54.
242 and 2.28 for the LCP-diet supple-
mented with 0, 0.2% or 0.4% lysine dlets,
reapectively. Nascimento, (2003} found that
Increasing dletary lysine levels for brollers
and balancing the esscntial amino aclds Im-
proved FCR without modifying the feed intake
because of the Inerease of muscular growth
and body welght galn. Stmilarly, El-Husseiny
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et al. (2004) and Yamazaki et al {2008)
found that feed intake of brailer chieks was
not significantly affected by LCP amino
acld supplemented diets. Also, Corzo et al
(2004, 2008) reported that Increasing ly-
sine only tmproved FCR without affecting Fl.
In addition. Sterling et al. (2008) found that
Increasing dfetary lysine Improved both FI
and FCR and increascd BWG. On the other
hand. Khan et al. (2010) indlcated that there
was an increase in Fl as CP levels were de-
creased from 23% tor 19% but without affect-
ing FCR.

Data of the dressed carcass of broiter
chicks fed LOP-dicts (108%) and supplemented
with lysine (0, 0.2 or 0.4%) revealcd that dc-
creasing dletary proteln significantly de-
creased carcass welght and Increased ab-
dominal fat. Lysine supplementation by
0.4% over that of NRC (1994) significantlly
improved dressed carcass and reduced ab-
dorntnal fat (Table 3). Kerr and Kidd {1999)
found thalt a reduetton In dietary CP de-
creased carcass ylelds, Increased abdoml-
nal fat. and decreased breast meat yield. in-
creasing fat accretion In brollers fed the
LCP-dlet may be attributed to increased
fecd intake as an attompt to mcet thelr
protein and amino actd requirement and
tht extra energy consurned will be depos-
itcd as Fat. Stmilarly. It was found that ab-
dominal fat was significantly Increased in
assaciatlon with feeding low CP diet {18 to
16%) in the finisher period (Yonemochi et
al., 2003; and Yamazaki et al., 2006). How-
ever, It & clear (rom our results that the LCP-
diet supplecmented with 0.4% lysine decreasced
carcass fat deposition near to that of the con-
trol diet .
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Serum metabolites and HI titer

The study of the data related to serum me-
tabolites (Table 4) showed that decreasing
DCP level by 10% than that of NRC [1694)
signlficantly (p < 0.05) decreased serum lotal
proteins, albumin and globulln and increased
total lpids, triglycerides, cholesterol, HDL and
LDL,. Lysine supplementation by £.4% above
thal of NRC (1994) to the LCP-djets increased
serum total protefns. The Increase in plasma
proteins wasg concurrent with an inherease
(P<0.05) in plasma albumin (non specific tn-
mune factor) and an increase (P<0.05} in glob-
ulln, the specific immune factor and a de-
creasc (P«0.05) in A/G ratlo. The decrease In
total Wpids, triglycerides, cholesterol, HDL and
LDL in broflers were not significantly (p<0.05)
different froam that of the broilers fed the nor-
mal recommended dietary protein and lysine
levels. Thomas and Combs (1967) indicated
that feeding a LCP-dlet decreased total plas-
ma protein and vice versa. This may be attrib-
uted to the finding of Harper (1973) who
found that dietary protein served as a precur-
sor for plasma proteins, However, Corzo et
al. {2008) reparted that total plasma protein
was not. affected by (eeding LCP-diet supple-
mented with EAAs and NEAAs. On the other
hand. Kaamal and Awadalla {2007) fed the
broller chicks 2% LCP dlel with increasing
utllizable lysine and methionine levels by 0.25
- 0.1% and 0.2 - 0.1%6 In starter and finisher
dicls respectively and found significant in-
creases in serum total protetn and albumin.

The effects of [eeding the LCP-diet with ly-
sine supplementation on haemagglutination
inhiktion (HI) titer to NDV are presented In
table 4. At 7 day post vaccination (14 days of
age), the H1 titer was low Jor broiler chick fed
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LCP-dlet supplemented with O or 0.2% ly-
sine. However, lystne supplementation by
D.4% of the dlet increased HI titer. By 21 day
ol age, the HI titer of all treatment start to in-
ciease however the highest titer wasa [or the
control group lollowed by broller chicks group
fed LCP-diet supplemented with 0.4% lysine
which were not significantly different from the
control group. At 28 day of age, the Hl tlter of
different brofler groups reach its highest value
and the higher titer was for the brofler chlcks
fed the recornmended CP and tysine levels [al-
lowed by the broiler chicks fed the LCP-diet
supplemented with 0.4% lystne and the lower
Hl titer was recorded for broller chick fed the
LCP dict supplemcnied with 0, or 0.2% lyslne.
Carlomagno et al. (1880] found that protein
deiflclency inhiblied antibody production and
the development of antibody produclng cells
In response to T-dependent antigens. Aslbo
and Kabaga {1906) revealed that feeding
brofler chicks vaccinated agalnst Newcastle
digease dlets containing high ME/CP ratlos
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reduced IgM, Ig&c and HI titers, A deficlency ol
Iysine may reduce immune response of the
chicken and resulted in a reduced effect of
vaecination. Chen et al. (2003) showed that
lysine had an nfluence on chicken immune
function and humoral tmmunity assay and
cell mediated fmmunity function and showed
a reduction In antibody response to NDV vace-
cinationr In broller chickens fed a lysine- defl-
ctent diet. Also, Klasing et al. (2000} found
that increasing the dietary concentration of
lysine Lmproved the haemaggutination and
agglutinin titres. and IgG and 1gM levels. Sim-
tlarly, Manzoor et al. (2003) revealed that
birds on high protein dlets showed higher an-
tibody and cell mediated responses than birds
on low protein dfets. From the present study
1t could be voncluded that dietary protein lev-
el could be reduced by 10% of recommended
level with supplementation of lysine at a level
of 0.4 % above the recommended level with e
adverse effect on growth performance, serum
metabolites and immune responae.
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Tuble 1. Ingredient and chemiedl comgpasition of the experimental dieis provided with or without lysine for broller chicks

Expenmenty’ dicts
Staner Crrenwen Finusaey
o O T W o T U o o O o e
Ingrdients
Lo, yeligs 54.00 59.24 59 .00 ma E1L30 s34 8320 63.00 65,50 69.37 9. 9.00
Soybean meal 1998 .38 24.58 453 WL MW 247 217 2390 2.20 2245 2240
Fih meat 700 700 70 700 3.50 160 2.60 2.60 1.25 07 0.75 .35
Soybean ail E.AD AR 562 602 ) .45 553 5. 475 .50 430 458
Lime sione 1E7 139 Py 138 199 240 2.00 £9% 208 238 218 2.00
e, phessphate 540 0 a8 0 3% 08 . . . . . ) .
{oomman daity 0.2 1 ¢3 D3 03 0 63 03 0.3 0.3 03 3
Min &Vie promix® n2s 025 hos 0.2% 0.25 015 013 8.25 625 8.25 0.25 n.ac
1 lysine HECh . o1t 042 07s a1 38 s . 018 049 070
DL meshionine a.10 0.10 10 70 n.3¢ 0.10 A 110 0.0 4.0 0.10 Ui
Chemica) somposition (%)
P 22.84 20.50 1086 20.80 198 WX 1311 18.09 17.88 1§20 16.18 16,20
ME (Reaixg) 3isH 30z 32 3203 39779 32017 29y 3196 19 IS HERT) 31945
Ca 1.03 Vi 117 117 032 08¢ 0.36 0,84 0.83 0.8% 0.87 aRis
Avuilabic 0.54 1.9 0s2 032 0.41 .37 0.8 037 0.33 415 035 035
Lysine t30 .30 130 1.70 106 154 1 L.40 0.93 092 1148 | 326
Methionine .52 0.52 052 CRE 0.40 0.31 042 04z 036 3375 03T 0378

“Minssal snd viesenins prewnix sach 2.3 kg/lon conwined

and 10gm.

: choliee, J00gn, Fa 80gm, Mo, tligrm; Zo, 50gm. Cu, 8zu: [, 400my; Se. 170mg: Co, 100mg, vikmin A, 12.000N006TL;
viemin 23 2,000,000 IU; vitsemin E, 10 g0 ; viterun K, 1g, viamans B, 28 vilamindi?, 3¢ ; vitammen BE, 1,58, vitapun B 12, 1g ; BIOTIN, 55, aiscm, 30g, Folic acid. Yo, paniptbenic

69T
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Table 2. Effect of dielary protein level and [ysine supplementation on the weekly body weight

developmeat, body weight gain (g) and feed conversion ratio of broile; chickens

Dietary Protein & lysine Jevels (%)

10% lawer than recemmeaded

Lysine supplementatian % 0 '0_1 od -
Eap period Control
Inial body weight, 451002 4519 £ 0.46 44355058 44664041
0-1 Body weight, g 134.9" 2 197 (13.9%£3.25 124.6°£ 1.97 1253 %2149
Body gaim, g $031%£1.81 £8.58% % (.51 3023 2 1.6 RIOK™ ) .624
Pred cossumplion, g 123.00 16044 138.42 1427
Feed conversion ratio 1.38°+ 003 181" £ 0.039 1,74 2 0,032 1.1 £ 0029
-2 Body weight, g 12765+ S0 281,74+ 6.03 203.18% + 714 29917 % x 7.86
Body gin. g 9293 361 MLPR367 16206366 VRSEUED)
Feed consumpiion, g 290,45 12233 3272.17 3144
Feed converslon ratio 1.52°% 003 2721 0.06 200 2047 1 58°2 007
2-3
Body welgitt, g 6153 % 1252 547.4" £ 1308 5%9.83" £ 16,05 592.2%+ 1573
Bady gain, g 2873 +923 265.3 £ (0.78 MABE 1171 290.73 £9.26
Feed consumplion, g 47525 61348 $75.66 $892
Pead convession ratio 1.68% £ 0,038 2,40+ 0.095 2212009 2,08 £0.067
34 Body weight, g 101252548 923522206 kAT 984.69%224.79
Body gain, g 19753 %1617 17844 12,76 389.03 =4 48 392.66¢17.07
Feed consumpdion, g 690.66 96038 918.51 %73.73
Ferd coaversion ratio 1,84%%0,] 151V 40,1 236" 0,08 2384+ 0,10
4~ Bady weight, g 1447 7426 5 Y2653+ 71.75 (3609342920  139035% £11.77
Body gain, g LT 22135 36044°2 1280 412.06% £ [9.30 403,65 [5.64
Feed vonsumplion, g %2033 952.08 1074 .85 990,36
Fegd converzjon ratia 2.28%0.1¢ 272 £ 8.0 2.60°£0.13 2.54% £ 0.094
36 Budy weight, g 1941843736  171023'£ 13838 1816.68° £3227 1874, %343.20
Bedy gain, g 494, (4°+ 1650 420667 £ 1454 47573 £ 2099 454, £16.36
Feed consunpticn, g 1090.05 1199.43 1287.14 1217.9€
Feed conversion ruliy 2.2%%2 0.0 2.8240.09 270017 2160040, 46

AV U means @ sne each 1ow Dollowed by u difierent swepcrswpla e sigadficently diier (p < D.0S).
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Table 3. Eflect of dietary protein level and lysine supplementation e growth performance and cargass
quality {(mean £SE) of breiler chickens .

Dietary Protein & lysine levels (%)

10% Jewer than recommended
Lydlae Coatrol . o y
suppiemeniation % ) i
lems
Live budy weight (g) 1941.84'537.36 1710.22° £ 3538 18168643227 1874.26™+4].70
Body weight gain (g) 1897.19"37.26 1664 60°+35.05 179231%3202  1829.3%440.97
Feed Inteke {g) 359054 4234.18 432345 4128.49
Feed conversion ratio 1,89%0.07 2.34":0.03 2.42°40.04 2284008
Protein elllciency ratia 1.87 132 249 2.61
Cost of Kg BW 381 .12 4.54 4.7
Dressed carcass % 7340275 631.91° £4.85 67.54%%2.44 £9.58" + 16S
Abdominal f2t% 1.10°%0.11 1.88" 0,14 1.50° £0.08 133 + 0,06

¥ ftvexnt in e ench tow folkywed by s JIfBirent superscripty ere sigaafieantly differ (p < 0.05)

Table 4. Effect of digiary protein levels and lysine supplementation on serum metabolites and HIT of

brailer chickens,
Diet. Proteln & lysige levels (%)
10% Jower {hat recommended
Cenirol
Lysing supplems. % a a2 04
lrems
Tow] prolein (mg/dl) 4,04%0,14 2.49°2010 2,64%0.18 2.48720.11
Albumia (g/d() 1.75"+0.0% 1.45%0 07 1.48%:0.02 1,626%%0,06
Globulin (g/di} 2.28'20.09 1.04°:0.07 L7014 1.26"20.08
A/G ratio 0.26%:0.11 L8011 1.28%0,13 1.29%0.07
Gluoose (my/d) 102.8542.66 L 0944.2 109.4944.98 106.8643.32
Tolal lipid (g4d1) 398.95°47.05 529.14"45.96 502.24" £7.26 A4B.ET+8 98
Total chotesterol (mw/d} 140.05%5.25 1975943 69 L81.47*6.39 172.23"56.54
Triglycerides (mg/dl) 32102 G0.B1%:3.9% 84.08%%2,57 77357551 92
HDLP (mg/dl BSHS 23,21 130.55°%4,40 H02.65%%5.60 98.37"41,74
LDL {mg/d1) 43 542 88 67.16"+4.80 62.38%42.35 18.3%43.40
HI titer (log2) at 14 days 6.24"2:022 403°%0.20 438°+0,31 5.55%0.34
HI hter fJon2) &t 2( Gays 6.62'0.2% 505 =0.22 5.26™+0.3% 6.20™ £0.40
MI Gter (1052) ut 28 days 9.92°0.30 7.01°40.28 7.69"¢0.40 8.94%10.47

™ meand in the rach cow followed by a dilferent superacripts noe slgnificantly differ (p < 0.03),
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