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ABSTRACT

The aim of this study was to investigate the effetusing citric acid and multi carbohydrase enegron phytase
efficacy on the humoral immunity of broiler chickded diets with nutritionally marginal calcium andnphytate
phosphorous (Ca-nPP). A total of 320 one-day-oldenfmoiler chickens were randomly assigned to &timeent
groups, with 4 replicates per treatment and 10 k#iper replicatén a completely randomized design. Eight dietary
treatments containing, T1: adequate level of Ca-mBRositive control diet (CTL+), T2: reduced levef Ca-nPP
as negative control (CTL-), T3: negative controgétd# 1000 unit/kg phytase, T4: negative controk éiel % citric
acid, T5: negative control diet + multi carbohydeasnzymes, T6: negative control diet + 1000 unipkgtase and
1 % citric acid, T7: negative control diet + 100@itlkg phytase and multi carbohydrase enzymes @& cdhdgative
control diet + 1000 unit/kg phytase +1 % citric dct multi carbohydrase enzymes. Blood samples tedwn from
each bird and the titers of maternal antibody agaiNewcastle disease virus (NDV) and avian inflaenms (AlV)
were measured by haemagglutination-inhibition (kd¥t. Addition of phytase to the diet increasedifigantly
(P<0.05) antibody production against NDV and AVIasnpared to birds fed CTL- diet in T2. In conctusithe
inclusion of citric acid and multi carbohydrase gnes to the diet improved the effectiveness ofplyin antibody
production against NDV and AVI in broiler chickens.
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INTRODUCTION

There are many of nutrients involved in the develept of the immune response in poultry (Lesson4200he
efficacy of the immune system is potentially depmmdon dietary situations, being adversely affedbgdan
insufficient supply of either macronutrients (cdngdrates, fats, and proteins) or essential micrignis such as
vitamins, certain minerals, trace elements andnéisé@mino acids (Klasing, 2007). It is well pudblied that Ca-nPP
in broiler diets impress growth, feed efficiencygne development, leg health, nerve function anditimaune
system (Hassan and Al Aqil, 2015). The P demanapdimal immune response might be higher than faximal
growth (Aslam, 1995). Phytate is the main form lebgphorus that found in cereals, beans and oilseeads feed to
poultry (Ravindran et al, 1995).

Phytic acid is an strong chelating agent and foamnange of complexes with cations mainly thé*'ClIn®*, Zn*,
Fe*, FE* and proteins, rendering these nutrients biolobjiaaavailable (Ravindran, 1995Jhe common manner
to resolve phytate problem is using microbial pegt&nzyme. The beneficial effects of exogenousasiest in
poultry ration has been reported to be due to yluedtytic effect on phytate and the consequent robiment in the
availability of minerals, amino acids, and ener®gl(e et al, 2007). In a theoretical stance, orfegip acid is
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hydrolysed by phytase enzyme, all minerals bound &hould be released. The mineral-phytate congdexre
usually formed at a pH that is above, or at theeuppnd of the activity spectrum of microbial phgtas
(Afsharmanesh and Pourreza, 2005). Hence, the lprdvaH in the gut could have a significant effect the
effectiveness of phytase. The bi-phasic pH prafflericrobial phytase operation (Simons et al., J98dicates that
subtle changes in pH of the upper digestive trgdnblusion of organic acids possibly will impretse activity of
microbial enzyme. Besides, certain compounds withlation ability (such as ascorbic acid and cigoid) have
been shown to enhance mineral availability wherolved in plant based diets fed to animals and pbssiill
operate as chelating agents (Afsharmanesh and €2auirr2005). Also, some factors including dietary
supplementation with non-starch polysaccharide (N&@rading enzymes, which have the potential tgmss the
release of P from phytate by phytase have beeroe@(Kim et al., 2005; Woyengo et al., 2008). N&grading
enzymes have been shown to improve nutrient consampn poultry due to elimination of the nutrient
encapsulating effect of cell walls and decline wfedta viscosity (Kim et al., 2005). Furthermore&sPNenzymes
may also increase the efficacy of phytase by rengpthie phytate chelating effects of NSP (Kim et 2005). This
is because NSP have the capability to bind multivakations (Debon and Tester, 2001), which assoeiih
phytate in both feedstuffs and in digesta.

As a consequence, the effectiveness of microbiglgslke may be enhanced by inclusion of organic amidsNSP-
degrading carbohydrases to phytase-supplementédHitace, the purpose of the current study wasssess the
effects of citric acid, a multi carbohydrase andittcombination on phytase enzyme efficiency on thenoral

immunity of broilers fed nutritionally marginal dge

MATERIALSAND METHODS

All experiments were carried out under the ethgzatielines of Payame noor University, Tehran, (@8/745, in
2014).

A total of 320, 1-day-old male broiler chicks (R888) were di-vided into 8 dietary treatments incenpletely
randomized design with 4 replicates of 10 birdshe&ight dietary treatments containing, T1: adegletel of Ca-
nPP as positive control diet (CTL+), T2: reduceekle of Ca-nPP as negative control (CTL-), T3: tiegacontrol
diet + 1000 unit/kg phytase (Natuphous10000; BASBUB, Ludwigshafen, Germany), T4: negative contiet +

1 % citric acid (Citric acid, Merck, Cat. No. 1.939), T5: negative control diet + multi carbohydraseymes
(Superzyme OM; Canadian Bio-Systems Inc.), whigbpiad 2,100 U of cellulase, 1,400 U of pecting®) U of
mannanase, 37.5 U of galactanase, 750 U of xylar#s® U of glucanase, 1,875 U of amylase, and 156f U
protease per kilogram of diet, T6: negative contliet + 1000 unit/kg phytase and 1 % citric acid; Tiegative
control diet + 1000 unit’kg phytase and multi cdmjmrase enzymes and T8: negative control diet 40 100t/kg
phytase +1 % citric acid + multi carbohydrase engynThe chicks were raised on concrete floor pewsred with

8 cm of clean pine wood shavings, and each penemgagpped with a tube feeder and an automatic watere
Throughout the study, the birds were brooded falhgwstandard temperature regimens, which gradutdtyeased
from 32 to 23°C. Birds were maintained on a 23 D:lighting schedule and allowed to consume feedvaatdrad
libitum. Room temperature was kept according to the usmramercial practices. The birds were fed mash diets
formulated according to Aviagen recommendations Raiss 308 broiler chickens (Table 1), (Aviagen, 200
According to the producer company, the microbiaytpbe (Natuphos 10000 Granulate) contained 10,000 §
phytase activity. The enzymes (Natuphos 10000; BABBup, Ludwigshafen, Germany and feedzyme 2000;
granulate; UK) were added to the diets in powdemfand all diets were fed as mash. Blood sampleg vaken
from each bird and the titers of maternal antibagginst Newcastle disease virus (NDV) and avialuéniza virus
(AIV) were measured by haemagglutination-inhibitigtl) test. At the age of 9 days, all chicks weezginated
with Hitchner B1 NDV vaccine via eye (ophthalmigute and bivalent killed vaccine (Newpasol 102 ctivated
W/O Emulsion ND + Al (HONZ2) Vaccine, Pasouk Biologi Co) by inoculation according of the manufaatisre
recommendation. Blood samples were collected ewegk from the wing veins of individual chickensaithgroups
and their sera were separated and inactivated°& &6 30 min and kept at20°C until analysis for the level of
NDV and AVI antibodies. Serum antibody titer wasasred by hemagglutination-inhibition test as dbscr by
Alexander et al. (1983) on days 7, 14, 21, 28,r18b42.
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Statistical analysis

Data were analyzed by ANOVA in a completely randoedi design, using the general linear models (GLM)
procedure of SAS (SAS, 2008). Significant differemcamong treatment means were separated usingrdsinca
multiple range test (Duncan, 1955). All statemafitdifferences were based on significance<.B5 and R0.01.

RESULTS

The effects of treatments on antibody productioairzsg NDV in broilers from day 7 to day 42 are gmed in
Table 2. On the 7th and 14th days of the studyetlveere no significant differences among antibaitigrs of
experimental groups. Chickens of CTL- treatmentatbreduction in antibody titers against NDV congubto the
CTL+. Totally the addition of phytase to the dietieased antibody production against NDV in breileompared

to CTL-group. Birds fed the diet treated with citric aeidd muli carbohydrase had higher antibody titers than
others.

Also, the effects of treatments on antibody proiuncagainst AVI in broilers from day 7 to day 42 alisplayed in
Table 3. On the 7th and 14th days of the examinatlere was no significance alteration among adijttiters of
experimental groups. As it showed, Chickens of CTileatment showed totally reduction in antibodgrdtagainst
AVI virus compared to the CTL+. Moreover, theseults demonstrated that positive effect of citrigdaenulti
carbohydrase enzymes and their combination on theape efficiency on the response to vaccinatiorthef
immune system of the chickens, fed diets with nmaigamounts of calcium and phosphorous. Furtherriorse
consequences highlight again the positive effecphgtase addition in practical poultry rations.

DISCUSSION

Antibodies are essential biological mediators pievain the healthy immune repertoire, and theyigiaate in the
maintenance of immune homeostasis by exposure twoemental incitement (Bayry et al., 2005). It Hasen
shown that low levels of humoral antibody may batesl to disease susceptibility (Parmentier et28l04). Serum
hemagglutination inhibition antibody is a valid &d since it is directly effective against NDV ihet humoral
immunity of broilers (Maas et al., 2003).

In the present study, compared to no treated malrgiiets, the addition of phytase with citric ag@dd multi
carbohydrase to the marginal diets, increased @ohfilproduction against NDV and AVI in broilers fro2d to 42
days of age. These results demonstrated that thigveoinfluence of citric acid, multi carbohydrasazymes and
their combination on the phytase efficiency on tegponse to vaccination of the chicken’s immundesys The
existence of protein and phytate complexes havergbd in most of grains. Rojas and Scott (1969ppsed that
these complexes have adverse effects in poultmtiout It is recognized that phytate interacts with pnotei form
two different complexes depending on pH (Andersb®85). Selle et al. (2000) reported that increadimg
digestibility of the proteins and amino acids bytalse is directly related to improve the immuneoese.Since
immune cells are made of amino acids, so menti@ed#id will help to improve immune responses in birbh this
study, intake of rations containing phytase enzyresaslted in higher titers, compared to birds feddsdwithout any
treatments, specifically during the weeks in whiitlrs tended to decrease. Consequently, phytaeutsiquitous
and strong antinutrient in monogastric diets anpliap a variety of physiological, nutritional, aimdmunological
consequences on the host. Compensatory mechanierits @ace to allow normal digestive processesaitinue,
but these carry a substantial nutritional cost He &nimal in terms of energy, and amino acid anderai
requirements associated with synthesis, absorptetapolism, and autolysis. An understanding ofahinutritive
effects of phytate is an important first step inveleping improved microbial phytases and in maxingzthe
potential of currently available phytase technologyla et al (2000) reported that phytase additmuliets with a
low P concentration enhanced the bursa weight edd@/6-old Hubbard broilers. Because the bursadsstiurce
organ for B cells, the development of the bursa mdyce the proliferation of B cells. Thus, thegtie-promoting
effect of phytase may be expressed via both nutrielease and a physiological regulation mechanishe
investigation of innate mucosal humoral immunity by et al. (2008) showed that the levels of Slgkrev
increased by phytase addition. The mucosal epitinels a potential effectors tissue of integratedthresponses,
producing SIgA to protect Gl-associated port ofentto the body. The degradation products of pteytay phytase
may regulate immune activity of these cells (Bozdilal., 2007). Phytates may irritate the gut widalkctly or by
enhancing the growth of intestinal microflora, dagsinfammation and provoking further immune resgpe and
increased production of cytokines (McKay and Balr@R9).
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Table 1. Composition of experimental diets'

0 to 3 weeks 3 to 6 weeks

ltem T1 T2 T3 T4 T5 T6 T7 T8 T1 T2 T3 T4 T5 T6 T7 T8
Ingredients
(%of diet)
Wheat 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
Soybean meal  24.97 2445 2445 2445 2445 24.45.4524 24.45 19.17 2444 2444 2444 2444 2444 242444
Corn 24.62 2726 2726 2726 2726 2726 2726 &7.2 2507 2597 2597 2597 2597 2597 2597 25.97
Corn Gluten 10 10 10 10 10 10 10 10 737 411 411411 411 411 411 411
Wheat bran - - - - - - - - 721 554 554 554 455 554 554 554
Vegetable Oil  5.64 477 477 477 477 477 477 774 7 7 7 7 7 7 7 7
Er'msp%i'g”m 175 092 092 092 092 092 092 092 13 067.670 067 067 067 067 0.67
Oyster shell 177 137 137 137 137 137 137 713 179 129 129 129 129 129 129 129
ra';thionm 009 009 009 009 009 009 009 009 0.02 00€.06 006 006 006 006 0.6
L lysine 023 023 023 023 023 023 023 023 280 014 014 014 014 014 014 014
Salt 041 041 041 041 041 041 041 041 028028 028 028 028 028 028 028
:)’r';am":;‘ 025 025 025 025 025 025 025 025 025 02%.25 025 025 025 025 025
F'\)"r'grf;;' 025 025 025 025 025 025 025 025 025 02%.25 025 025 025 025 025
Citric acid - - - 1 - 1 - 1 - - - 1 - 1 - 1
Phytasé - - 0.01 - - 001 001 001 - - 0.01 - - 001 100 001
Multi
Carbohydrase - - - 0015 - 0015 0015 - - - - 0015 -  0.0150.015
Nutrient
composition
CP (%) 23 23 23 23 23 23 23 23 20 20 20 20 20 20 20 20
ME (Kcallkg) 3200 3200 3200 3200 3200 3200 3200 (B20 3200 3200 3200 3200 3200 3200 3200 3200
Lysine (%) 11 11 1.1 11 11 11 11 1.1 1 1 1 11 1 1 1
?f/’j)‘h"’”'”e 0523 0523 0523 0523 0523 0523 0523 0523 380. 0392 0392 0392 0392 0392 0392 0.392
Methionine + 4 0.9 0.9 0.9 0.9 0.9 0.9 0.9 072 072 072 207072 072 072 072
cysteine (%)
Tryptophan 0223 0223 0223 0223 0223 0223 2.220.223 0.204 0214 0214 0214 0214 0214 0218214
Threonine (%) 0771 0770 0770 0770 0770 0.770.77® 0.770 0.667 0.670 0670 0670 0.670 0.670 700.6 0.670
Calcium (%) 1 0.7 07 07 07 07 07 07 0.9 063063 063 063 063 063 063
Total

Phosphorous 0.703 0550 0.550 0550 0.550 0.550 0.550 0.550 4100. 0.309 309 309 309 309 309 309
(%)

Available

phosphorous 0.45 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.35 0.250.25 0.25 0.25 0.25 0.25 0.25

(%)
Sodium (%) 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.15 50.1 0.15 0.15 0.15 0.15 0.15 0.15

ICalculated from NRC (19943Supplied per kilogram of diet: trans-retinyl ac&ta5 mg; cholecalciferol, 6 mg; menadione, 1.2 th@mine, 2.3 mg; ribofavin, 8

mg; nicotinamide, 42 mg; choline chloride, 400 roglcium pantothenate, 10 mg; pyridoxine HCI, 4 iigtin, 0.04 mg; folic acid, 1 mg; cobalamin, 0.048; Fe

(from ferrous sulfate), 82 mg; Cu (from copper &, 7.5 mg; Mn (from manganese sulfate), 110 mgfidm zinc oxide), 64 mg; | (from calcium iodate)l mg;
Se (from sodium selenite), 0.28 mg

However, activation of the immune system of thedlje.g., increased production of antibodies in sesp of
invading agents) is another energy-demanding pso¢Esaud et al., 2005). Gao et al. (2004) repoitest

supplementation of diets with nonstarch polysaddeadegrading enzyme preparations significantlyeased the
anti-NDV titers of chicks. Kettunen and Rautone@(Q®) reported that the use of xylanase, amylaskpestease or
a combination of the enzymes and betaine enhanotrébmt uptake by intestinal cells and concludedt tthe

concentration of IgA in the digesta contributedniprovements in immune competence. It might betdughanges
in the viscosity of the diets or transit time thgbuthe digestive tract of the chicken. Phytasebie &0 release
phytate-bound P and make further P available tagpthdtry. As phytase acts on the phosphate granged with

the inositol ring of phytic acid backbone and theleases P and Ca, it is predictable that the fipbytase would
result in enhanced performance of the animal in& @a is the nutrient limiting for growth. AdeolachBedford
(2004) compared the efficacy of xylanase additmhigh viscosity and low-viscosity wheat diets aafdorted that
xylanase improved performance to a greater extertigh-viscosity compared with low-viscosity whe#tus

showing the relationship between the potential fefeml stuff to cause digesta viscosity and the fi@akeffect that
may result from enzyme usage.

Due to the use of corn-wheat -soybean meal diets\were marginally deficient in both P and Ca ie firesent
study, calculation of enzyme produced a significamprovement in phytase efficacy as compared toGhé-,

demonstrating that P and Ca were limiting nutrieAss a result, the amounts of enzyme and inorgBnieeded in
diets could be minimized resulting in reduced ctistier P excretion levels, and decreased enviromah@mpact.
Although a phytate molecule is a strong chelatiggra, it is not the only molecule that is respolesibr chelation
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of nutrients. Parkkonen et al. (1997), using irrovitligestion techniques, reported that xylanaseeased the
permeability of the aleurone cell wall layer, whishthe site of phytate storage. It is possible thdanase, by
improving aleurone layer permeability, enhances aheess of endogenous phytase to phytate moleduese
improving P digestibility and retention. It coule expected that an enzyme that is capable of brgakie NSP
layer will also provide easier access to phytdtphitase is used alone, the ability of the enzymact on phytate
will be limited by its lack of access to its sulasérif phytase is within the NSP matrix. Glycanésganase ang-
glucanase) that are able to break down the NSRidracan facilitate the contact between phytase pimgate.
Additionally, some soluble fiber bound P may beeasked in the presence of glycanase, and this n@giexow
glycanase is able to increase P digestibility.

Furthermore, the mineral-phytate complexes arellyst@med at a pH that is above, or at the uppsd ef the
activity spectrum of microbial phytase (Afsharmdnesd Pourreza, 2005). Therefore, the prevailingrpthe gut
could have a significant result on the effectivaneSphytase. The bi-phasic pH profile of microlpalytase action
(Simons et al., 1990) indicates that subtle ali@natin pH of the upper digestive tract by addifigo@anic acids
possibly will influence the activity of microbiaheyme. As well, citric acid have been shown to éase mineral
availability when included in plant based diets fecanimals and may act as chelating agents (Afshaesh and
Pourreza, 2005).

Table 2. Effect of citric acid and multi carbohydrase on phytase efficacy on Newcastle Disease Virus (NDV) antibody titersin broiler
chicksfrom 7 to 42 days of age

Antibody titers (day)

Treatments 70 147 21 28" 350 42

T1 7.13 5.48 477 483 5417  450%
T2 7.07 4.93 4.01 4.17° 4.61°¢ 3.83°
T3 6.83 5.20 448  a67* 553%*  4.30%
T4 7.17 5.23 42F  470* 507%™ 433
T5 6.67 4.98 4.28 4.33° 4.67™ 4.17°
T6 6.87 5.17 4.5¢ 5.09° 5.473%¢ 450
T7 7.00 5.13 43F  4.87* 490"  4.33%
T8 7.17 5.37 4.67 5.25° 5.80° 5.13°

0.0356  0.0357 0.0471* 0.0702* 0.0849* 0.0725*
a4 diferent superscript letters indicate a signifitafifference between data presented in the same*r(@<0.05), ** (P<0.01)

Table 3. Effect of citric acid and multi carbohydrase on phytase efficacy on Avian Flu Virusantibody titersin broiler chicksfrom 7 to 42

days of age
Antibody titers (day)

Treatments 7" 14" 21 28" 35" 42
T1 7.00 467 3.48 2.20™ 247%  223%
T2 6.83 4.82 3.09 1.80° 2.04° 1.80°
T3 7.10 4.70 3.87 2.47% 3.17% 3.00°
T4 7.20 4.67 3.56 217" 2.73% 2.48%*
T5 6.80 452 3.1% 2.23% 2.43%* 2.37%
T6 6.83 4.67 3.83 2.67° 3.23% 2.87°
T7 7.13 4.97 3.3% 2.53% 3.43° 2.57%
T8 6.93 5.07 3.67 2.57* 3.27% 3.10°
SEM 0.0323 0.0358 0.0566* 0.0561** 0.0975* 0.1038*

a4 diferent superscript letters indicate a signifitaifference between data presented in the samg*r(f«<0.05), ** (P<0.01)

CONCLUSION

The results of current study indicated that citraédd and multi carbohydras enzymes affected théagkyefficacy
which enhanced antibody production against NDV &Wl and consequently improved humoral immunity in
broiler chickens, but these results did not obkgimdding of mentioned feed additives alone.
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