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Abstract

The aim of this study was to assess the effect of threonine to lysine (Thr/Lys) ideal ratio for optimum performance, blood parameters
and immunity of broiler chicks. Supplemental threonine (equal or 25% more than breed’s threonine/lysine ratio requirement) was
added to a control, threonine deficient and high crude fiber diet, then fed to 288 one-day-old male Ross 308 broiler chicks (three
treatments and eight replications per treatment). On day 11 and 21 of age, infectious bursal disease virus and infectious bronchitis
virus vaccines were orally administered individually, respectively. Then, 21 days after each administration, blood antibody titers against
viruses were measured. On day 32 of age, four birds in each treatment group were infected orally with equal numbers of Salmonella
Paratyphi A (5x10* cfu/bird). As a result of this study, challenging with Salmonella led to increase in mortality rate and increase in
Thr/Lys ratio could not decrease it. Increase in Thr/Lys ratio decreased feed intake and weight gain of ensemble challenged and non-
challenged groups, however improved feed conversion ratio of challenged group in finisher period. Feed consumption cost increased
by salmonellosis and increase in Thr/Lys ratio could not improve salmonellosis based economic loss. Salmonellosis increased serum
urea, uric acid and AST and decreased serum glucose and cholesterol and increase in Thr/Lys ratio did not alleviate triglyceride. Increase
in Thr/Lys ratio improved non-significantly humoral immune response in the challenged and non-challenged groups. These findings
indicate that higher Thr/Lys ratio in infected birds improved production performance, however could not be an economical lucrative
medicative agent.
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Salmonella’ya Maruz Kalan Erkek Broyler Piliclerde Threonine-
Lysine Oranindaki Artisin Performans, Kan Parametreleri ve
Humoral immun Tepki Uzerine Etkileri

Ozet

Bu calismanin amaci, etlik piliglerde ideal lisin (Thr/Lys) oraninin optimum performans, kan parametreleri ve immunite izerine etkisini
degerlendirmekti. 288 adet bir glinliik erkek Ross 308 etlik civcivlere kontrol, treonin yoniinden yetersiz ve yiiksek ham seliiloz diyetine
treonin (tlirlin treonin/lizin orani gereksinimine esit veya %25 daha fazla) eklendikten sonra verildi (li¢ uygulama ve her bir uygulama
icin sekiz tekrarli tarzda). Bireylere 11. ve 21. glinliikken sirasiyla bulasici bursal hastalik virlisii ve bulasici bronsit virlisu asilar oral yolla
ayri ayri uygulandi. Her uygulamadan 21 giin sonra, virislere karsi kan antikor titreleri 6l¢tildi. 32 glnlikken, her bir tedavi grubundan
dort esit sayida pilic agizdan Salmonella Paratyphi A (5 x 104 cfu/pilic) ile enfekte edildi. Bu calismanin sonucunda, Salmonella maruziyeti
olim oraninda artisa yol acarken, Thr/Lys oranindaki artis bu orani azaltamadi. Thr/Lys oranindaki artis maruziyet olan ve olmayan
gruplarin toplam yem alimi ve agirlik kazanclarini azaltirken, maruziyet grubunun son periyottaki yem doénisim oranini artirdi. Yem
tliketim maliyeti salmonellosis ile artarken, Thr/Lys oranindaki artis salmonellosis-kdkenli ekonomik kaybi azaltamadi. Salmonellosis
serum Ure, Urik asit ve AST'yi artirip serum glukoz ve kolesterolii azaltirken, Thr/Lys oranindaki artis ise trigliseridi baskilamadi. Thr/Lys
oranindaki artis maruziyet olan ve olmayan gruplardaki humoral immun tepkiyi nispeten yiikseltti. Bu bulgular, yliksek Thr/Lys oraninin
enfekte kuslardaki Uretim performansini artirdigini, ancak ekonomik yénden kazanch bir tibbi ajan olamadigini géstermektedir.

Anahtar sozciikler: Broyler, Humoral immun tepkiler, Lisin, Salmonella, Treonin
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INTRODUCTION

Threonine is the third most limiting amino acid in
most plant-based broiler diets behind the total sulphur-
containing amino acids and lysine ™. Among the essential
amino acids, threonine is particularly important for
maintenance of gut barrier integrity and has an important
role in the structure and function of gastrointestinal tract 2.
A higher threonine to lysine (Thr/Lys) ratio in intestinal
infected broilers by coccidiosis or subclinical Clostridium
infection improved production performance %,

Threonine is found in high concentrations in chicken
gamma globulins 7, Gamma globulins represent the fraction
of serum containing the highest concentration of immuno-
globulins (antibodies) as determined by electrophoresis .
Because immunoglobulins depend on amino acid sequences
to form the variable regions for antigen binding and
provide structural support ¥, threonine deficiency may
suppress antibody activity M.

More threonine requirement was reported for optimal
responses in the cellular and humoral immune systems
of rats than requirement for optimum growth .. Because
of threonine participation in immune system functions
and influence of nutrition and vaccination programs on
diseases prevention, as substitutes for antibiotics, Kidd ™
recommended such researches should evaluate cellular
and humoral immune system functions as they are affected
by threonine to understand more completely the birds’
needs for this essential amino acid .

Low Thr/Lys ratio was reported by Ross broiler nutrition
specificatio™n " compared with NRC ['%; but, Aviagen '
reported more threonine to metabolizable energy, lysine
to metabolizable energy, threonine to crude protein and
lysine to crude protein for broilers. This means more amino
acid intake per daily feed intake ', Kidd " deduces that
NRC 2 overestimated the threonine requirement of
broilers (Thr/Lys ratio admittedly) for optimum performance.
Likewise, NRC "% reported that findings about broilers
Thr requirement was insufficient. Lysine and protein
requirement of modern broiler strains is more than that
reported by NRC ['? as a result of their fast growth rates.
Novel researches with new points of view should be done
because more Lysine and protein in the diet changes the
physiological characteristics and quantity of amino acids
requirement 1319,

Salmonella infects poultry and humans by the oral
route through contaminated food or water ?%. Salmonella
especially Paratyphoid serovar that are motile makes
colony on gut epithelium then transmit across from gut
mucosal and immune barrier to blood flow and can cause
septicemia or tissues infection and damage 2. Today
complementary controls via gut health promotion by non
antibiotic therapy method are used to prevent Salmonella

from entering the food chain; consequently, to improve
poultry products consumer’s health @23,

The objective of this study was to determine variations
in performance, blood parameters and humoral immune
responses of broiler chickens challenged with Salmonella
Paratyphi A, fed diet supplemented with L-Threonine to
meet various Thr/Lys ratios.

MATERIAL and METHODS

The study was approved by the Ethics Committee of
Islamic Azad University, Science and Research Branch
(approval date: 16.11.2013; no: 3740, AEC 11).

Experimental Design and Diets

In a completely randomized design 288 one-day old
Salmonella negative male (Ross 308) broiler chicks were
randomized in 3 treatments with 8 repetitions, 12 chicks
per repeat. Average body weight (means + standard error)
of chicks at the beginning of the experiment was 40.3+1.6 g.
Chicks were housed in floor pen (10 chicks/1T m? pen) and
had free access to feed and water during the experimental
period and 24 h light daily in a temperature-controlled
room. The relative humidity was controlled at 65% and
temperature was set at 32°C on day 1 and lowered
gradually to 24°C for the rest of the experiment period.
After 24 h eating similar prestarter pellet, chicks were fed
experimental starter (2-10 d), grower (11-24 d) and finisher
(25-42 d) rations based on breed’s nutritional catalog "'
Performance assay was accorded with these periods.

Near Infrared Reflectance Spectroscopy (NIRS)
(AMINONIR®, 43076) was used to determine amino acids
profiles of all ingredients (by: Paya Amin Mehr Co. Ltd.,
Evonik Animal Nutrition Service, Tehran, Iran).

Treatment 1 had no threonine supplement, treatment 2
had threonine supplement to meet Thr/Lys ratio requirement
as pointed in Ross broiler nutrition specification " and
treatment 3 had more threonine supplement to meet
Thr/Lys ratio 25% more. Basal diets ingredients and
nutrient analysis and L-Threonine supplement quantity
of experimental diets showed in Table 1. The difference
between threonine supplement content of treatments
1 and 2 with treatment 3, correct with adding grind fine
sand as filler to treatments 1 and 2.

Salmonella Challenge and Recovery

Salmonella enterica subsp. enterica serovar Paratyphi
A (ATCC® 9150™) was used for infection induction. This
bacterium was obtained from microorganism’s bank of
Iranian Biological Resource Centre (IBRC), ACECR, Tehran,
Iran (IBRC No.: IBRC-M 10668). The challenge organism for
this experiment was grown in tryptic soy broth (Sigma-
Aldrich, UK) at 37°C then diluted to 5x10* cfu/ml 24,
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Table 1. Composition of experimental diets

Tablo 1. Deneysel diyetlerin icerigi

Items Starter Grower Finisher
2-10d 11-24d 25-42d

Ingredients (g/kg)
Corn 432.91 472.21 503.00
Wheat 100.00 105.00 105.00
Barley 50.00 60.00 60.00
Wheat bran 25.00 30.00 30.00
Rice bran 25.00 30.00 30.00
Soybean meal (46% CP) 311.20 247.00 209.67
Soybean oil 6.02 11.45 20.60
Choline chloride 60% 1.45 1.40 1.30
L-Threonine suppl. T-1 - - -
L-Threonine suppl. T-2' 0.59 0.48 0.36
L-Threonine suppl. T-3' 2.81 244 213
L-Lysine monohydrochloride 245 2.20 1.93
DL- Methionine 2.97 2.40 2.10
Limestone 11.84 9.60 9.57
Dicalcium phosphate 18.15 15.90 14.90
Sodium bicarbonate 4.10 3.90 3.70
Salt 0.60 1.00 1.10
Vitamin premix? 2.50 2.50 2.50
Mineral premix? 2.50 2.50 2.50
Maduramycin 1% 0.50 0.50 -

Analysis results of nutrients
AME,? (kcal/kg) 2720 2820 2920
CP (%)* 21.074 18.78 17.34
ThrT. 1 (%) 0.790 0.697 0.641
ThrT. 2 (%) 0.846 0.743 0.675
ThrT. 3 (%) 1.057 0.929 0.843
Lys (%) 1.287 1.110 0.994
Thr /Lys T.1 (%) 61.38 62.82 64.47
Thr/Lys T.2 (%) 65.73 66.93 67.91
Thr/Lys T.3 (%) 82.16 83.68 84.83
Met + Cys (%) 0.965 0.852 0.785
Val (%) 0.990 0.882 0.815
lle (%) 0.871 0.761 0.693
Arg (%) 1.379 1.201 1.090
Trp (%) 0.258 0.225 0.204
Crude fiber (%) 4.108 3.89 3.70
Ca (%) 0.96 0.80 0.77
Available Phosphorus (%) 0.45 0.40 0.38
Na (%) 0.15 0.17 0.16
Cl(%)® 0.15 0.17 0.17
K (%) 0.87 0.78 0.71
DCAD (meq/kg)*® 249 224 207

! L-Threonine supplement of treatment 1&2&3. Feed grade and 98.5% purity; ? Breed's
special supplement made as Ross nutrition catalog suggested (Anonymous, 2009),
contain: 4.400.000 IU/kg of Vit. A, 2.000.000 IU/kg of Vit. Ds, 30.000 IU/kg of Vit. E, 1.200
mg/kg of Vit. K (Menadione), 1.200 mg/kg of B;, 3.200 mg/kg of Bs, 24.000 mg/kg of
Nicotinic Acid, 6.000 mg/kg of Pantothenic Acid, 1.600 mg/kg of Bs, 60 mg/kg of Biotin,
800 my/kg of Folic Acid, 6 mg/kg of Biz; 6.400 mg/kg of Copper, 500 mg/kg of lodine,
16.000 mg/kg of Iron, 48.000 mg/kg of Manganese, 120 mg/kg of Selenium, 40.000 mg/
kg of Zinc; >AME,: apparent metabolizable energy corrected for nitrogen excretion; *CP:
crude protein; All limiting essential amino acids were supplied in basal diet by increase
in ration crude protein content; * by calculation; * DCAD: dietary cation anion difference

All chickens of four replications of each treatment
individually infected by oral gavage using an animal
feeding needle with equal numbers of Salmonella Paratyphi
A (5x10* cfu/ml per bird) at the age of 32-d of old . In a
2x3 factorial arrangement, other four replications of each
treatment received normal saline. Challenge pens were
separated by 2 meter distance and separated instrument
from unchallenged pens.

Three cloacae swab samples from each pen of
challenged and non-challenged chickens were cultured
on day 39 to confirm that no Salmonella was present in the
unchallenged group and success of Salmonella present in
challenged group. A resistance again tylosin observed in
an antibiogram test that initially done on this Salmonella
serovar. Cloacae samples were streaked for isolation onto
xylose lysine deoxycholate (XLD, Sigma-Aldrich, UK) agar
plates containing tylosin (20 pg/mL) and incubated for 24
and 48 h at 37°C. Plates were evaluated for the presence
or absence of Salmonella, which grow as red colonies on
this selective medium 227,

Blood Sampling and Measurements

On days 10, 17, 24, 33 and 42 of age growth efficiency
(all birds/pen) and on day 42, blood parameters (2 birds/
pen) measured. Blood samples (without fasting) had been
caught from wing vein after washing skin with distilled
water and then drying. Serum glucose, urea, uric acid,
cholesterol, triglyceride and aspartate aminotransferase
(AST) measured by human Roche diagnostics kits with
automatic analyzer COBAS INTEGRA 400 plus, (Roche
Diagnostics Ltd. CH-6343 Rotkreuz, Switzerland). Principle
of these test's methods was enzymatic-spectrophotometric
of hexokinase, urease/glutamate dehydrogenase, uricase/
peroxidase, cholesterol esterase/cholesterol esterase/per-
oxidase, Lipoprotein lipase/Glycerol kinase/GPO/Peroxidase
respectively and AST method was according to the IFCC
but without P-5'-P 8,

Humoral Inmune Assay

On day 11 of age, infectious bronchitis H 120 strain live
vaccine product of MERIAL, 17 rue Bourgelat 69002 (Lyon,
France) (Batch no.: L395281) and on day 21 of age, Gumboro
D78 live vaccine product of Intervet International B.V.
(Boxmeer, Holland) (Batch no: 12648BM01) were diluted by
disinfectant-free drinking water then orally administered
individually (1.1 dose per chicken). These vaccines were
the only vaccine throughout the study. Blood antibody
titer against each vaccine measured with ELISA method on
21 days after each administration in serum. Antibody test
kit used for Infectious Bronchitis Virus (IBV; code: CK119;
Lot no: FS5674) and Infectious Bursal Disease (IBD; code:
CK113; Lot no: FS5709) was product of BioChek veterinary
diagnostics, (BioChek (UK) Ltd., 11 Mill farm business park,
Millfield Road, Hounslow, London TW4 5PY).



168
The Effects of Increase in ...

Statistical Analysis

The statistical normality of all data were tested in
MINITAB software, confidence level=95% . Statistical
normal data of each variable with normal distribution
(P>0.05) used for ANOVA procedure and statistical un-
normal data (P<0.05) normalized by especial equations
according to each variable properties 2°3% Then treatments
analyzed by ANOVA procedure using the GLM procedure
of SAS software B, When significant differences among
means were found, means were separated using Duncan’s
Multiple Comparison test (a=5%) for post hoc multiple
comparisons.

one chicken of challenged group in treatment 1 was not
infected and no Salmonella were present in unchallenged

group.
Performance

Salmonellosis led to increase (P<0.01) in mortality
and addition of Thr level did not alleviate it significantly
(Table 2). Feed intake (FI) was not affected by salmonellosis
significantly; but, the increase in Thr/Lys ratio over catalog
recommendation decreased (P<0.05) feed intake in whole
period (Table 3). Salmonellosis and addition of Thr/Lys
ratio over catalog recommendation decreased (P<0.05)
weight gain (Table 2, Table 3). In Salmonella positive group,

RESULTS recommended Thr/Lys ratio increased (P<0.05) weight
gain than other Thr/Lys ratio level (Table 3); but, increase
Salmonella Recovery in Thr/Lys ratio in Salmonella positive group at finisher

Salmonella culture of cloacae samples showed that only

period did not improve weight gain significantly (Table
2). Feed conversion ratio (FCR) and protein efficiency ratio

Table 2. Response to different Thr/Lys ratio and Salmonella challenge for performance
Tablo 2. Farkli Thr/Lys orani ve Salmonella maruziyetine karsi performans tepkisi

Starter (2-10d) Grower (11-24 d) Finisher (25-42 d)
Traits' | Mortality | FI WG Fcp | Mortality| i WG Fcp | Mortality| I WG FCR
% (kg) (kg) % (kg) (kg) % (kg) (kg)
Treatments?
T 2.59 0.272 0.218 1.255 3.89 1.532% | 0.943* 1.624 4.77° 2.546 1.327° 1.918¢
T2 0.00 0.271 0.224 1.212 5.19 1.588° 0.997° 1.593 0.00° 2.553 1.311° 1.932¢
T3 0.00 0.269 0.216 1.255 4.02 1.463° 0.901° 1.626 0.00° 2453 1.340° 1.831¢
T4 - - - - - - - - 19.09° 2.526 1.005° 2.509°
T.5 - - - - - - - - 19.39° 2.590 1.076° 2.405%
T6 = = = = = = = = 19.09° 2.397 1.034° 2.320°
Factors?
Sal. - = = = = = = = = 1.59° 2,511 1.326° 1.894°
Sal. + = = = - = = = = 19.19° 2.504 1.038° 2.412°
Thr.1 = = = = = = = = 10.90 2.537 1.210 2.171°
Thr.2 - - - - - - - = 8.31 2.557 1.209 2.135°
Thr.3 - - - - - - - - 8.18 2.429 1.189 2.040°
SEM*
Treatments 0.522 0.002 0.003 0.016 1.003 0.015 0.011 0.006 3.496 0.073 0.022 0.041
Sal. - - - - - - - - 2.018 0.042 0.013 0.023
Thr. = - = - = - = - 2472 0.051 0.16 0.029
P-value®
Treatments 0.119 0.906 0.657 0.516 0.863 0.017 0.021 0.150 0.001 0.614 0.0001 0.0001
Sal. = = = = = = = = 0.0001 0.925 0.0001 0.0001
Thr. = = = = = = = = 0.781 0.221 0.523 0.022
Sal.xThr. = = = = = = = = 0.756 0.769 0.204 0.388
Ccve 295.8 4.48 8.53 6.33 1124 4.81 6.14 2.06 76.55 5.85 3.78 3.90
" FI: Feed Intake (kg/41d), WG: Weight Gain (kg/41d), FCR: Feed Conversion Ratio (feed intake/weight gain); ? Comparison of treatments effects: T.1 = Low Thr/
Lys ratio+ no Salmonella challenge, T.2 = Standard Thr/Lys ratio + no Salmonella challenge, T.3 = High Thr/Lys ratio+ no Salmonella challenge, T.4 = Low Thr/
Lys ratio + Salmonella challenge, T.5 = Standard Thr/Lys ratio + Salmonella challenge, T.6= High Thr/Lys ratio + Salmonella challenge; * Comparison of factors
effects: Sal. - = Salmonella negative group, Sal. + = Salmonella positive group, Thr.1 = Low Thr/Lys ratio group, Thr.2 = Standard Thr/Lys ratio group, Thr.3=High
Thr/Lys ratio group; * Standard error of mean for treatments or factors (Sal. = Salmonella grouping; Thr. = Threonine grouping); ® Significance level of calculated
F in analysis of variance; ° Coefficient of variation (%); “° Means without a common superscript letter differ within each part of a column (P<0.05)
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Table 3. Response to different Thr/Lys ratio and Salmonella challenge (whole period)

Tablo 3. Farkli Thr/Lys orani ve Salmonella maruziyetine karsi tepki (tiim periyot)

Traits’ Mortality Fl WG ECR FCC PER IBV IBD Urea |Uricacid | AST | Glucose Chol. Trig.
% (kg) (kg) (USD $) titer | titer | (mg/dL) | (mg/dL) | (IU/L) | (mg/dL) | (mg/dL) | (mg/dL)
Treatments?
T.1 9.3 4393 | 2519* | 1.743° | 0.691° | 3.125° | 1412.5 | 44753 | 2.83° 2.97¢ 292.5b | 236.4% 132.8 114.1
T2 9.0% 4412 | 2.553% | 1.727° | 0.686° | 3.154 | 1368.8 | 4093.7 | 2.95° BIoBES 282.2¢ | 228.1%® 136.7 145.2
T3 4.7° 4.250 | 2.513% | 1.691° | 0.680° | 3.222° | 1505.0 | 4780.6 | 3.12° 3.37¢ 309.3% | 264.0° 148.2 1383
T4 21.2? 4276 | 2.126¢ | 2.009° | 0.796° | 2.717° | 1235.6 | 3879.6 | 4.17° 3.89%¢ 370.1® 198.8° 118.9 104.9
T5 24.22 4425 | 2.271° | 1.946* | 0.773* | 2.805° | 1203.9 | 3561.6 | 4.34° 4.61° 358.8%¢ | 192.4° 122.7 136.4
T.6 21.22 4.046 | 2.077¢ | 1.951° | 0.785° | 2.799° | 1320.9 | 4162.9 | 4.58° 4.372 3934 | 222.5% 132.7 127.0
Factors®
Sal. - /7 4351 | 25282 | 1.720° | 0.686° | 3.167° | 1428.8 | 4449.9 | 2.97° 3.29° 294.6° 242.8* 139.22 1326
Sal. + 2222 4249 | 2.158° | 1.969* | 0.785* | 2.773" | 1253.5 | 3868.0 | 4.36° 4.29* 374.1° 204.6° 124.8° 122.7
Thr.1 144 4.343% | 2.351%® | 1.857 0.736 2950 | 1336.7 | 4220.0 3.40 3.37 3257 220.2 126.8 110.2°
Thr2 15.5 4418 | 2.432* | 1.821 0.724 3.004 | 1298.1 | 3865.6 3.55 4.00 315.0 212.8 130.7 141.5°
Thr.3 11.8 4162 | 2.326° | 1.802 0.725 3.040 | 1426.1 | 4515.9 3.74 3.80 3453 246.2 141.5 133.5°
SEM*

Treatments 4.25 0.088 | 0.039 | 0.024 0.009 0.033 | 238.0 | 3483 0.24 0.28 24.8 14.7 6.8 9.4
Sal. 245 0.051 | 0.022 | 0.014 0.005 0.019 | 1374 | 201.1 0.13 0.16 14.3 8.5 39 54
Thr. 3.00 0.062 | 0.027 | 0.017 0.006 0.023 | 168.2 | 2463 0.17 0.20 17.5 10.4 4.8 6.7

P-value®

Treatments | 0.037 0.117 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.963 | 0.273 | 0.0001 0.004 0.026 0.034 0.101 0.061
Sal. 0.001 0.210 | 0.0001 | 0.0001 | 0.0001 | 0.0001 | 0.409 | 0.066 | 0.0001 0.0003 0.0009 0.005 0.022 0.248
Thr. 0.726 0.036 | 0.037 | 0.139 0.398 0.069 | 0.880 | 0.243 0.411 0.117 0.511 0.107 0.139 0.011

Sal.xThr. 0.878 0.536 | 0.209 | 0.641 0.611 0.562 | 0.999 | 0.993 0.973 0.964 0.988 0.983 0.993 0.991
Cve 60.9 4.11 333 2.70 2.66 220 | 49.73 | 2345 19.10 21.65 21.35 18.42 14.59 20.88

" FI: Feed Intake (kg/41d), WG: Weight Gain (kg/41d), FCR: Feed Conversion Ratio (feed intake/weight gain), FCC: Feed Consumption Cost (cost of feed intake in
Rials/kg of weight gain), PER: Protein Efficiency Ratio (kg of weight gain/kg of consumed crude protein), IBV titer: ELISA titer of Infectious Bronchitis Virus, IBD titer:
ELISA titer of Infectious Bursal Disease, Chol.: Cholesterol, Trig.: Triglycerides; 2 Comparison of treatments effects: T.1 = Low Thr/Lys ratio + no Salmonella challenge,
T.2 = Standard Thr/Lys ratio + no Salmonella challenge, T.3 = High Thr/Lys ratio + no Salmonella challenge, T.4= Low Thr/Lys ratio + Salmonella challenge, T.5 =
Standard Thr/Lys ratio + Salmonella challenge, T.6= High Thr/Lys ratio + Salmonella challenge; * Comparison of factors effects: Sal. - = Salmonella negative group,
Sal. + = Salmonella positive group, Thr.1 = Low Thr/Lys ratio group, Thr.2 = Standard Thr/Lys ratio group, Thr.3 = High Thr/Lys ratio group; * Standard error of mean
for treatments or factors (Sal. = Salmonella grouping; Thr. = Threonine grouping); * Significance level of calculated F in analysis of variance; ¢ Coefficient of variation
(%); °b< Means without a common superscript letter differ within each part of a column (P< 0.05)

(PER) negatively affected (P<0.01) by salmonellosis (Table
3). Improved FCR and PER by adding Thr to basal diet was
inconsiderable in whole period but Thr/Lys ratio over
catalog recommendation in Salmonella positive group at

considerable and recommended Thr/Lys ratio by catalog
has the best FCR non-significantly (Table 2).

Blood Parameters

finisher improved (P<0.01) FCR than lowest Thr/Lys ratio
(Table 2). Salmonellosis led to increase (P<0.01) in feed
consumption cost per 1 kg weight gain (Table 3).

Improved feed consumption cost (FCC) by increasing
Thr/Lys ratio was inconsiderable. Results on mortality,
feed intake, weight gain and FCR at starter and grower are
given in Table 2. A trend (P<0.05) was observed between
increases in Thr/Lys ratio over catalog recommendation
and decrease in feed intake and weight gain at grower
(Table 2). At grower negative effect of maximum Thr/
Lys ratio than catalog recommendation on FCR was in-

Salmonellosis increased serum urea, uric acid and AST
and decreased serum glucose and cholesterol (P<0.01).
Salmonellosis did not decrease serum triglycerides
significantly. A non-significant trend in challenged and
non-challenged groups was observed between increasing
Thr/Lys ratio and increased serum urea and uric acid.
Increasing Thr/Lys ratio had no significant incremental
effect on serum AST and glucose but ratio 25% over catalog
recommendation led to a small increasing in challenged
and non-challenged groups. Increasing Thr/Lys ratio led
to increase (P<0.05) in serum triglyceride but the similar
effect on cholesterol was not significant.



170
The Effects of Increase in ...

Humoral Inmune Response

Decreased humoral immune response by salmonellosis
was not significant. Increasing Thr/Lys ratio over catalog
recommendation did not improve humoral immune
response in challenged and non-challenged groups.

DISCUSSION

Salmonellosis inducted by Salmonella Paratyphi A,
negatively affected production performance (similar to
Clostridium infection) and mortality rate and increasing Thr/
Lys ratio over catalog recommendation could not improve
them significantly ®. However, a trend (P<0.05) was observed
between increase in Thr/Lys ratio and improvement of FCR
in finisher period that may be because of its small negative
effect on feed intake and obtained similar weight gain.

In whole period, recommended Thr/Lys ratio by catalog
showed increase in feed intake and weight gain than
level 25% more, that was also significant in weight gain
of infected chickens (Table 3). Weight gain of infected
chickens fed recommended Thr/Lys ratio by catalog was
more than other levels, similar to Clostridium infected
chicken 32, This is may be because low Thr and high Thr led
to amino acid imbalance and amino acid imbalance led to
decreased feed intake and weigh gain and impairment of
FCR B335, Therefore, recommended Thr/Lys ratio by catalog
seems to be adequate for optimum performance ',

Increase in diet’s crude fiber can affect intestinal mucosa
and consequently digestive tract health that may lead to
gut susceptibility to infections 3637, Therefore, with the aim
of increasing diet’s crude fiber and decreasing threonine
content of treatment 1 as far as possible, the basal diet was
formulated in total amino acids system on base of corn,
wheat, barley, wheat bran, rice bran and soybean meal.
It is known that a threonine deficiency will affect mucin
secretion and, thereby, gut barrier integrity 8. Mucus
contains relatively high threonine levels, suggesting that
the threonine requirement in birds with intestinal problems
may increase Bl European Centre for Disease Prevention
and Control B9 reported Salmonella Paratyphi A was the
most commonly identified serotype in human cases
of paratyphoid fever in EU/EEA countries. Because of
epidemiological importance of this serovar around the
world, this serovar was selected for study. In the present
study, FCR and PER generally not improved by increasing
Thr/Lys ratio. In Salmonella challenge group, that may be
because of severity of inducted infection by this Salmonella
serovar similar to Clostridium infected chicken or relatively
few differences between Thr/Lys ratios of basal diets and
recommended Thr/Lys ratio *¢. Nevertheless this general
resulting, FCR of challenged group in finisher period tended
to improve with increasing Thr/Lys ratio; however, no
significant effects on feed intake or weight gain of these
chickens were observed. This may be because of other

beneficial metabolic effect of threonine, like on immune
response to Salmonella infection as coccidiosis challenge .

Some animals, like rats and pigs, have a specific
requirement for threonine to optimize immunity that
is much higher than that of growth P44 |n the present
investigation no differences in humoral immunity or
mortality were observed in challenged and non challenged
groups in response to different Thr/Lys ratios. Similar
investigations reported that high Thr/Lys ratio over (well-
nigh) Ross nutrition specification recommendation had no
significant effect on improvement of cellular or humoral
immunity 24243, Nevertheless, improved cellular or humoral
immunity in response to increased Thr/Lys ratio were
reported in diets with great Thr deficiency and more
threonine supplementing than recommended Thr/Lys ratio
by Ross nutrition specification had no significant effect 544,

Identification of the arginine pathway that produces
nitric oxide has led to research demonstrating that Arg is
a potent immunological modulator “*. Animal and human
studies suggest outcome benefit to the use of supplemental
dietary arginine “¢. Complimentary effects of arginine on
immune function and health of broiler chickens showed
high levels of Arginine accelerated antibody production 7.
Depressed kidney arginase activity by feeding high level
of threonine was reported that may leading to more bio-
availability of arginine for immune responses and less urea
excretion in chickens “34%, |n the present study no decrease
in serum urea in response to increased diets Thr level were
observed, whereas serum urea showed a non-significant
incremental trend. More investigation about relationship
between arginase activity and threonine levels on immune
response alteration mechanism is recommendable.

No significant negative effect of highest examined Thr
level on AST was observed. Correlation with no significant
alteration of serum glucose and cholesterol, showed highest
examined Thr level might have had no adverse effect on
liver functions. Significant increased of serum triglycerides
in response to increased Thr/Lys ratio on ensemble
challenged and non-challenged groups might indicate on
better absorption of triglycerides from healthier absorptive
surface.

Increase in Thr/Lys ratio 25% over catalog recommen-
dation could slightly be economically lucrative; however, Thr/
Lys ratio 25% over catalog recommendation significantly
improved FCR compare with Thr deficient diet in Salmonella
challenged group. In severe gastric infection that leading
to mortality, increasing Thr/Lys ratio over catalog recom-
mendation seemed to have inconsiderable effect on
subjugating the infection and seems cannot be a choice
for replacing the antibiotics.
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