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Abstract: An experiment was conducted to study the effect of microbial phytase supplementation and citric
acid on thyroid activity, relative weight of lymphoid organs and pH values of some GI-tract segments in broiler
chickens fed corn-soybean meal based diets. The data was analyzed using a Randomized Complete Block
Design (RCBD) with factorial arrangement of 3x3 with three levels of citric acids (0, 3 and 6%) and three levels
of phytase (0, 500 and 1000 IU kg™"). There were three replicates (with ten chicks in each replicate) for each
treatment. A total of 270 Ross 308 broilers chicks were used. The results indicated that addition of citric acid
to diets caused sigmificant decrease in pH values of crop, gizzard, duodenum, jejunum and ileum (p<<0.05) and
caused significant increase (p<0.01) in plasma Triiodothyronine (T;) concentration, T T, ratio and relative
weight of bursa and thymus but had no significant effect on Thyroxin (T,) concentrations. Microbial phytase
significantly increased relative weight of thymus (p<0.01) but had no significant effects on thyroid gland
activity, relative weight of bursa and values of pH in different parts of the GI-tract.
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INTRODUCTION

Phytate and phytate-bound Phosphorus (P) are
present in all poultry diets and the partial availability of
phytate-P has long been recognized (Lowe et al., 1939).
Possibly, Warden and Schaible (1962) were the first to
phytase enhances phytate-P
utilization and bone mineralization in broiler chickens.
Nevertheless, three elapsed before an
Aspergillus niger derived phytase feed enzyme with the
capacity to liberate phytate bound P to reduce P excretion
the was commercially mtroduced m 1991. Then, it
was considered that the use of Microbial Phytases
(MP) would be confined to areas where financial penalties

show that exogenous

decades

were imposed on excessive P levels for excess from
intensive pig and poultry units (Chesson, 1993). In
contrast, the inclusion of phytase feed enzymes in
monogastric diets has been far more widely accepted and
now exceeds that of NSP degrading enzymes (Bedford,
2003). Phytase feed enzymes have more general
application as their substrate 1s consistently present in
plg and poulty diets and ther dietary mclusion
economically effect bioavailability of P and reduces the P
load in the environment. Also, prohibition of ammal origin

protemn meals accelerate P acceptance as phytase feed
enzymes 1n certain countries. Phytase 1s naturally
found in a number of seeds including cereals, legume,
by-products, other feedstuffs and microbial sources
(Viveros et al., 2000). Supplementation of diets with MP
has known to increase availability of phytate P and Zn in
chicks (Sebastian et al., 1996; Ravindran et af, 2000).
Phytase increases availability and retention of Ca,
improves absorption and retention of Mg, Cu and Fe
(Sebastian et al., 1996).

Previous researches have shown that poultry
digestive tract acidity 1s not deswrable to be completely
hydrolyzed or established phytate by phytase
(Brenes et af., 2003). Citric Acid (CA) may change the
intestinal pH and improve phytase enzyme activity
because the phytase efficiency is correlated in both
acidity and concentration of other free cations
(Nourmohammadi et al., 2010a). Therefore, it might be
used with properties of chelated organic acids to enable
intensification of phytase efficiency. Kemme et al. (1998)
reported that phytase efficiency 1s related to plant or
microbial sources 1 hydrolyzed phytate and gut pH term
and durability time. Therefore, between CA and MP may
have been synergistic effect. This study was carried out
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to investigate the effect of supplementing diet with both
MP and CA interaction on plasma hormones
concentration, relative weight of lymphoid organs and pH
values of some gastromtestinal tract segments.

MATERIALS AND METHODS

Diets, birds and experimental design: This experiment
took place at Poultry Research Station and nutrition
laboratory in University of Birjand, Iran. About 270 day
old male chicks (Ross-308) were obtained from a
commercial hatchery, weighed on arrival and randomly
assigned to 27 pens of 10 birds each. The experiment was
carried out using a Randomized Complete Block Design
(RCBD) with factorial arrangement of 3x3, three levels of
CA (0, 30 and 6%) and 3 levels of phytase (0, 500 and
1000 TU kg™ enzyme). There were 9 experimental diets, 3
replicates with 10 chicks in each replicate. Feed and water
were provided ad Ilibitum and a continuous lighting
schedule were used throughout the experimental period.
A basal diet (without phytase enzyme or CA) was
formulated with com-soybean meal from 7-21 and
22-42 day periods according to National Research Council
recommendations. Diets were provided in the mash form.
Broiler chicks were fed the following diets with equal
energy and protein levels: T,) basal diet, T;) basal
diet+3500 IU kg~ MP, T,) basal diet+1000 [U kg~ MP, T,)
basal diet+3% CA, T;) basal diet+3% CA+500 MPIU kg,
Ts) basal diett3% CA+1000 TU kg™ MP, T,) basal
diet+6% CA, T,) basal diet+6% CA+500TU kg™ MP, T,)
basal diet+6% CA+1000 TU kg™ MP. CA was supplied as
monchydrate with 99.5% purity and phytase (Natuphos®
500, BASF Corp., Mt. Live, Nj) diet source also had 10,000
active phytase unit per gram.

Collection of samples and analysis: At the end of the
experimental period (42 days of age), two birds per
replicate (6 birds per treatment) were selected randomly
and killed by cervical dislocation. Blood samples (approx.
10 mL) were collected in heparimzed vacuitamer tubes for
measuring plasma hormones concentration
(triiodothyronine and  thyroxin). Immediately after
collection, tubes were placed in an ice bath and
transferred to the laboratory. Plasma was harvested
subsequently after centrifuging the whole blood samples
at 3000 rpm for 15 min. The heparimzed plasma samples
were stored at -20°C in Eppendorf tubes and analyzed
subsequently. The triiodothyronine (T,) and thyroxin (T,)
concentrations in the plasma samples were determined by
Radioimmunoassay (RIA) using the procedure described
by Darras et al. (1992).

At the end of the experimental period, two birds per
replicate (6 birds per treatment) were taken randomly,
weighed and killed by cervical dislocation then scalded

and defeathered. Thymus (all lobes of both sides) and
bursa were removed and their relative percentages of live
body weights were calculated.

pH values for different segments of the
Gastrointestinal tract (GI-tract) were measured immediately
by using a digital pH meter. About 10 g of contents from
crop, gizzard, duodenum, jejunum and ileum were
collected aseptically in 90 mL sterilized physiological
saline (1:10 dilution) and their pHs were determined
(Al-Natour and Alshawabkeh, 2005).

Statistical analysis: The data were subjected to an

Analysis of Variance (ANOVA) through fitting General

Linear Model (GLM) using SAS® (SAS, 2006) software

and the corresponding means were compared by

Tukey-Kramer test. The statistical model was as follows:
Y= U+ CA+ MP, + (CAXMP)+ B, + ey

Where:

Yy = Theindividual observation

B = The experimental mean

CA, = The Citric Acid effect

The Microbial Phytase effect

B, = The block effect

The error term with mean O and variance ¢°,

=

RESULTS AND DISCUSSION

Results of the main effects of CA and MP on plasma
hormones and relative weight of lymphoid organs are
shown in Table 1. The results indicated that CA caused
significant increase in T,, T;:T, ratio, bursa and thymus
(p<0.01) but had no significant effect on plasma T,
concentration. Also, MP caused an increase in relative
weight of thymus (p<0.01) although, MP main effect was
not sigmificant for T,, T,, T;: T, ratio and relative weight of
bursa. Moreover, the present findings showed that there
was sigmficant effect between T, T5: T, ratio and relative
weight of bursa and thymus (p<0.05) (Table 2). It 1s well
known that bursa and thymus are considered as parts of
the immunity system (Sthurkie, 1986) and this system is
responsible for producing cells that protect the birds from
the invaded microorganism. From Table 1, it is clearly
observed that supplemental MP and CA, significantly
increased the relative weight of both primary lymphoid
organs (bursa and thymus). Increasing the weight of
thymus may be due to the mmpact of MP on the functional
activities of the immune system responses that led to
increase m the number of lymphocytes in the primary
lymphoid organs. These results may unply that broilers
fed acidifiers diets obtained higher immune response and
disease resistance. In this respect, Katanbaf et al. (1989)
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Table 1: The main effects of CA and MP on plasma thyroid hormones and relative weight of lymphoid organs (g ke™! of live weight)

Thyroid gland activity Lymphoid organs
Main effects T, (ng mL.™YH T, (ng mL™Y) T.:T, Bursa Thymus
MP (IU kg™
0 1.702 16.133 0.105 0.27 0.33°
500 1.704 16.251 0.105 0.28 0.35°
1000 1.701 16.245 0.105 0.28 0.35*
CA (%)
0 1.571° 16.234 0.097° 0.25° 0.28°
3 1.718 16141 0.106° 0.27° 0.34°
6 1.818 16.255 0.112° 0.31° 0.41°
SEM 0.0020 0.0643 0.0005 0.003 0.005
Prohabilities
MP NS NS NS NS 0.01
CA 0.01 NS 0.01 0.01 0.01
MP=CA NS NS NS NS NS

Mean values within a column with no common superscript differ significantly from each other (p<0.05). T; = Triiodothyronine, T, = Thyroxin, MP =
Microbial Phytase, CA = Citric Acid, SEM = Standard Error of Mean, NS =Not Significant

Table 2: Interaction effects between CA and MP on plasma thyroid hormones and relative weight of lymphoid organs (g kg™ of live weight)

Treatments Thyroid gland activity Lymphoid organs

CA (%) MP (IU kg™ T: (ngml™) T, (ngml™) T5:Ty Bursa Thymus
0 0 1.5710° 16.228 0.097(r 0.240° 0.270r
0 500 1.5750° 16.247 0.097(F 0.260° 0.28(r
0 1000 1.5690° 16.228 0.097(r 0.260° 0.290*
3 0 1.7190° 15.918 0.1080% 0.270° 0.330¢
3 500 1.7180° 16.251 0.1060° 0.270° 0.350™
3 1000 1.7170° 16.254 0.106(° 0.270° 0.350"
6 0 1.8170° 16.254 011207 0.310° 0.380%
6 500 1.8210° 16.256 011207 0.320° 0.420°
6 1000 1.8170* 16.255 011200 0.300* 0.420¢
SEM 0.0034 0.1113 0.0005 0.006 0.009

Mean values within a column with no common superscript differ significantly from each other (p<0.05). T; = Triiodothyronine, T, = Thyroxin, MP =
Microbial Phytase, CA = Citric Acid, 8EM = Standard Error of Mean, N8 =Not Significant

Table 3: The main effects of CA and MP on pH values of some

nam nd M ] in an altered metabolic rate. The results pointed out
gastrointestinal tract segments in broiler chicks

superior metabolic and growth rate due to the addition of

Main effects Crop Gizzard  Duodenum Jejunum  Ileum F . . ? . L

MP (IU kg™ ) acidifiers into broiler chickens diet. The hyperthyroidism
0 5.000 3.160 5.770 6.450 7.200 and peripheral conversion of T, to T;signified better. The
f ggo 2'8?8 g }gg 2 ';;8 g'ig g ;'}gg concentration of thyroid hormones circulating in chicken
CA (%) ' ' ' ' ' blood plasma was found to be around 1.2 pl./100 mL
0 5.1700 3.210° 58000 66300 7.220° (Davison, 1976) showing daily varations due to an
2 i:gggﬁ g:éggz 2;?8; g:ggg ;?ég extremely short half-life and showing T, to T, ratio to be
SEM 0.012 0.006 0.003 0.007 0.004 60:40, in favour of T,. Current study data indicated that
Probabilities CA significantly decreased pH value of GI-tract segments
1(\:’115 I(;I?n 1(;1?)1 I(;I?n I(;Igl I(;I?n {(p<0.01) but MP had no significant effect on pH values
MPxCA NS N NS NS NS (Table 3). Also, the results showed that there was

Mean wvalues within a column with no common superscript differ
significantty fiom each other (p<0.035). SEM = Standard Error of Mean,
MP = Microbial Phytase, CA = Citric Acid, N8 =Not Significant

significant effect between treatments for pH values of
Gl-tract parts (p<0.05) (Table 4). Similar results with the
present study were found by Abdel-Fattah et al. (2008).
In contrast, the other studies in which ascorbic acid and
citric acid (Brown and Southern, 1985) were added to
broiler diets, indicated that experimental treatments of
intestinal content pH levels were not different compared
to control that did not support the results. Decreasing pH
in Gl-tract had a beneficial effect in the inlibition of

reported that increases in the relative lymphoid organs
welghts are considered as an indication of the
immunological advances. The fact that thyroid hormones
has a major role in regulating oxidative metabolism of
birds has been  established (Sturkie, 1986).
Triiedothyromne (T5), the metabolic activity of thyroid

hormone, plays an active role in energy metabolism and
metabolic rate. Any pronounced alteration in thyroid
function (hyperthyroidism or hypothyroidism) is reflected

intestinal bacteria competition with the host for available
nutrients and that possibility of reducing bacterial toxicity
e.g., ammonia and amines thus improving weight gain of
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Table4: Interaction effect between CA and MP on pH values of some
gastrointestinal tract segments in broiler chicks

Treatments

CA (%) MP(IUkg™) Crop Gizzard Duodenum Jejunum  Ileumn

0 0 51700 3.21¢0 5.810° 6.640° 72200
0 500 5170 3.2000 5.800° 6.6300 7.2200
0 1000 51700 3.21¢0 5.800° 6.630° 72200
3 0 4.99(¢ 3.2000 5.800° 6.480° 72100
3 500 5.000° 3.2008 5.790° 6.500° 7.2008
3 1000 5.000° 3.18¢ 5.790* 6.490° 72100
6 0 4.85(F 3.080¢ 5.720¢ 6.230° 7170
6 500 4900 3.090° 5.720° 6.230° 7.160°
6 1000 4920 31100 5.710¢ 6.230° T.150¢
SEM 0.022 0.010 0.004 0.012 0.007

Mean wvalues within a column with no common superscript differ
significantly from each other (p<0.05) SEM = Standard Frror of Mean,
MP =Microbial Phytase, CA = Citric Acid, NS =Not Significant

the host animals. Furthermore, the growth inhibition of
potential pathogen bacteria e.g., E. coli and Salmonella
in the feed and GI-tract is beneficial in respect to animal
health (Thompson and Hinton, 1997). Organic acids are
not antibiotics but if used correctly along with proper
nutritional, menagerial and biosecurity measures, they can
be a powerful tools in maintaining the GI-tract state health
of poultry thus improving their
performances. If applied correctly, organic acids work
poultry, not only as a growth promoter but also as a
meaningful tool for controlling both pathogenic and
non-pathogenic  bacteria (Wolfenden ez al, 2007).
Moreover, feeding orgamc acids are believed to have
several beneficial effects such as mmproving feed
conversion ratio, growth performance, enhancing mineral
absorption and speeding recovery from fatigue
(Nourmohammadi ef al., 2010b). The antibacterial activity
of organic acids 1s related to the reduction of pH as well
as thewr ability to dissociate that is determined by the
pKa-value of the respective acid and pH of the
surrounding  environment.
mcreases  with  decreasmg pH  value.  Several
investigations have shown a strong bactericidal effect of
organic acid without significantly decreasing the pH value
in the Gl-tract. Generally lactic acid bacteria are able to
grow at relatively low pH which means that they are more
resistant to organic acids than other bacterial species,
e.g., E. coli (Russell and Diez-Gonzalez, 1997). Tn poultry,
pathogenic bacteria e.g., Salmonella enters the GI-tract via
crop. The crop environment with respect to microbial
composition and pH seems to be very important in
relation to the resistance to pathogens.

zootechnical

The antibacterial activity

CONCLUSION

In this study high amounts of Lactobacilli and low pH
i the crop have shown to decrease the occurrence of
Salmonella in the crop (Hinton et al., 2000). Also the

antibacterial effect of dietary organic acids in chickens is
believed to take place mainly in the upper part of the
digestive tract (crop and gizzard). Therefore, following
combination addition of formic and propiomic acid
(Bio-Add) in high concentrations could only be affected
by crop and gizzard (Thompson and Hinton, 1997).

ACKNOWLEDGEMENTS

The researchers would like to acknowledge the
contribution of Dan wva Oloofeh Shargh Co. for the
donation of feed and Broiler Breeder of South Khorasan
Complex Productive Co. for the donation of day old
chicks. The study was supported by Umniversity of
Birjand.

REFERENCES

Abdel-Fattah, S.A., M.H. El-Sanhoury, N.M. El-Mednay
and F. Abdel-Azeem, 2008. Thyroid activity, some
blood constituents, organs morphology and
performance of broiler chicks fed supplemental
organic acids. Int. J. Poult. Sc1., 7: 215-222.

Al-Natour, M.Q. and K.M. Alshawabkeh, 2005. Using
varying levels of formic acid to limit growth of
Salmonella gallinerum in contaminated broiler feed.
Asian Aust. . Anim. Sci., 18: 390-395,

Bedford, MR., 2003, New enzyme technologies for
poultry feeds. Br. Poult. Sci., 44: 14-16.

Brenes, A., A. Viveros, I. Arija, C. Centeno, M. Pizarro and
C. Braro, 2003. The effect of citric acid and microbial
phytase on mineral utilization in broiler chicks. Amm.
Feed Sci. Technol., 110: 201-219.

Brown, D.R. and L.L. Southern, 1985. Effect of citric and
ascorbic acids on performance and intestinal pH of
chicks. Poult. Sci1., 64: 1399-1401.

Chesson, A., 1993. Feed enzymes. Anim. Feed Sci
Technol., 45: 65-69.

Darras, V.M., T.J. Visser, L.R Berghman and E.R Kuln,
1992, Ontogeny of type T and type TIT deiodinase
activities in embryomic and posthatch chicks:
Relationship with changes in plasma triiodothyronine
and growth hormone levels. Comp. Biochem. Physiol.
Part A: Physiol., 103: 131-136.

Davison, T.F., 1976. Circulating thyroid hormones in the
chicken before and after hatching. General Comp.
Endocrinol., 29; 21-27.

Hinton Ir, A., R.J. Buhr and K.D. Ingram, 2000. Reduction
of Salmonella in the crop of broiler chickens
subjected to feed withdrawal. Poult. Sci,

79: 1566-1570.

1453



J. Anim. Vet. Adv., 10 (11): 1450-1454, 2011

Katanbaf, M.N., E.A. Dunnington and P.B. Siegel, 1989.
Restricted feeding in early and late-feathering
chickens. 2. Reproductive responses. Poult. Sci.,
68: 352-358.

Kemme, P.A., AW. Jongbloed, Z. Mroz and A.C. Beynen,
1998. Diurnal variation m degradation of phytic acid
by plant phytase in the pig stomach. Livest. Prod.
Sci., 54: 33-44.

Lowe, I.T., H. Steenbock and C.H. Keiger, 1939. Cereals
and rickets. IX. The availability pf phytin-P to the
chick. Poult. Sci., 18: 40-44.

Nourmohammad: , R., 3.M. Hosseiri and H. Farhangfar,
201 0a. Influence of citric acid and microbial phytase
on growth performance and carcass characteristics of
broiler chickens. Am. J. Anim. Vet. Sci., 5: 282-288.

Nourmohammadi, R., S.M. Hossein and H. Farhangfar,
2010b. Effect of dietary acidification on some blood
parameters and weekly performance of broiler
chickens. J. Anim. Vet. Adv., 9: 3092-3097.

Ravindran, V., 8. Cabahug, G. Ravindran, P.H. Selle and
W.I.. Bryden, 2000. Response of broiler chickens to
microbial phytase supplementation as mfluenced by
dietary phytic acid and non-phytate phosphorus
levels. II. Effects on apparent metabolisable energy,
nutrient digestibility and nutrient retention. Br. Poult.
Sci., 41: 193-200.

Russell, I.B. and F. Diez-Gonzalez, 1997. The effects of
fermentation acids on bacterial growth. Adv. Microb.
Physiol., 39: 205-234.

SAS, 2006. User’s Guide. Release 9.1 Edn., SAS Institute
Inc., Cary NC., USA.

Sebastian, 8., SP. Touchbum, ER. Chavez and
P.C. Lague, 1996. The effects of supplemental
microbial phytase on the performance and utilization
of dietary calcium, phosphorus, copper and zinc in
broiler chickens fed corn-soybean diets. Poult. Sci,
75: 729-736.

Sturkie, P.D., 1986. Avian Physiology. 4th Edn., Springer-
Verlag, New York.

Thompson, I.IL. and M. Hinton, 1997. Antibacterial
activity of formic and propicnic acids in the diet
of hens on Salmonella in the crop. Br. Poult. Sci.,
38: 59-65.

Viveros, A., C. Centeno, A. Brenes, R. Canales and
A. Lozano, 2000. Phytase and acid phosphatase
activities m plant feedstuffs. J. Agric. Food Chem.,
48: 4009-4013.

Warden, WK. and P.J. Schaible, 1962. Preliminary
mvestigations concerning utilization of phytin
phosphorus by the chick. Poult. Sci., 41: 1692-1692.

Wolfenden, AD., JL. Vicente, IP  Higgimns,
R.IL. Andreatti-Filho, S.E. Higgins, B.M. Hargis and
G. Tellez, 2007. Effect of organic acids and probiotics
on  Salmonella  enteritidis infection in broiler
chickens. Int. J. Poult. Sci., 6: 403-405.

1454



