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Abstract: The aim of this study was to examine the effect of vitamin D, and/or zeolite supplementation in
presence of phytase enzyme on serum total Calcium (Ca), morganic Phosphorus (P1) levels and Alkaline
Phosphatase (ALP) activity n laying hens. A total of 120, 28 weeks old laying hens were used for the study.
The laying hens were separated to 4 equal groups (5 replicates). The treatment groups were as follows: control
diet (300 FTU phytase per kilogram), trial 1 diet (300 FTU phytase + 400 TU vitamin D,), trial 2 diet (300 FTTJ
phytase + 400 [U vitamim D, + 2% zeolite) and trial 3 diet (300 FTU phytase + 2% zeolite). The experimental
period was 16 week. Blood samples were taken on weeks 4, 8, 12 and 16. There were no significant differences
between groups for serum ALP activity and Pilevels on weeks 4, 8, 12 and 16. During the study, serum Ca levels
were significantly higher in the trial 2 than those of other groups (p<0.03). In conclusion, a significant increase
or decrease was not seen in the effect of phytase as a result of the addition of vitamin D, or zeolite, respectively.
There was a significant phytase, vitamin D and zeolite interaction for serum Ca level.
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INTRODUCTION

Major ingredients used in poultry feeds are of plant
origin. About two-thirds of the Phosphorus (P) in
feedstuffs 1s present as phytate P which is poorly utilized
by poultry (Carlos and Edwards, 1998). The inability of
poultry to utilize phytate P due to lack of endogenous
phytase, results in the addition of inorganic phosphates
to poultry diets in order to meet the P requirements. This
practice results i substantial excretion of phytate P,
leading to the accumulation of P in soils and its entry into
surface and ground waters and sparking off major
environmental concerns (Komegay and Harper, 1997).
The process of producing inorganic phosphates for
animal usage requires expensive capitalization and
manufacturing inputs that make it expensive feed
ingredient.

So, any attempt to improve utilization of phytate
P in laying hens could reduce feed costs and P
pollution (Carlos and Edwards, 1998). Studies with
broiler chickens fed corn-soybean diets indicate phytate
P utilization of between 10 and 53% (Ballam et al., 1984,
Edwards and Veltmann, 1983). Simons et al. (1990)

reported that addition of phytase increased dietary P
availability to 65% and reduced P excretion by 50% in
broilers.

Phytase is an enzyme which hydrolyzes phytate to
inositol and morganic phosphate. Enzyme 15 at low level
in the chicken gastrointestinal tract but 1s present in some
cereals and at high concentration m microbial sources.
The need to supplement the diets of monogastric animals
with inorganic P (P1) can be decreased if phytate P can be
made available to amimals by treating the grains with
phytase (Huff et al., 1998). Nelson and Ferrara (1968)
reported that the addition of phytase to grains and feeds
was an effective way to increase P availability in poultry.
The supplementing diets with phytase reduced the need
to supplement diets with Pi and decreased P excretion
(Biehl and Baker, 1997). Phytate P utilization of broiler
chicks was enhanced with the addition of a combination
of phytase and 1, 25-dihydroxycholecalciferol (1, 25-
(OH),D,) (Carlos and Edwards, 1998). VitaminD can affect
the utilization of phytate P but the interaction of vitamin
D and phytase has not been elucidated yet (Lei et af.,
1994). Caleium (Ca) and P are the most sigmficant minerals
participating in metabolic interaction with vitamin D
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(Miljak et al., 1999). Ca has a key role in many biological
processes being an essential component of bone and egg
shell (Bogin ef al., 1996). Serum Pi concentration is
greatest during the period of egg shell calcification as a
result of bone mobilization (Mongin and Sauveur, 1979).

Primary response is improved egg shell quality for
laying hens. Sodium Aluminosilicate (SAS) may unprove
Ca absorption and utilization because SAS has a high
affinity for Ca (Moshtaghian et al., 1991).

The aim of this study was to examine the effect of
vitamin D; and/or zeolite supplementation in presence of
phytase enzyme on serum Ca and Pi levels and Alkaline
Phosphatase (ALP) activity in laying hens.

MATERIALS AND METHODS

Animals and treatments: A total of 120, 28 weeks old
laying hens were used for the study. The hens were
reared in a enclosed house with ventilation fans. Lighting
schedule followed a 16 h light: 8 h dark cycle. All hens
were housed in individual cages. The laying hens were
separated to 4 equal groups (5 replicates).

They were fed a com and soybean meal basal diet
(NRC, 1994). The treatment groups were as follows:
control diet (300 phytase units (FTU) phytase (from
Aspergillus niger) (Natuphos 600, BASF Corp., Mt. Olive,
NJ 07828 USA. kg "), trial 1 diet (300 FTU phytase + 400
IU  vitamin D, (AMP Medizintechnik GmbH
Statteggerstrasse 31b 8045 Graz, Austria.)), trial 2 diet
(300 FTU phytase + 400 TU vitamin D, + 2% zeolite
(a mnatural zeolite, clinoptilolite) (Zeotech Corp,
Albuquerque, NM 87107 USA)) and trial 3 diet (300 FTU
phytase + 2% zeolite). The experimental period was 16
week. Feed and water were consumed ad libitum by the
laying hens. Composition and caleulated nutrients in diets
are shown m Table 1.

Analytical analysis: Blood samples were taken on weeks
4, 8, 12 and 16. They were collected from vena brachialis
of hens with no anticoagulanted vacutainer tubes. After
sampling, tubes were centrifugated at 5000 g for 10 min
after they were left at 37°C for 30 min. Serum samples were
transferred to 2 mL volume Eppendorf microcentrifuge
tubes. Samples were stored at -20°C prior to analysis.
Serum Ca and Pi levels and ALP activities were analysed
by using commercial kits’ and a Technicon RA-1000
autoanalyser (DSG UK Limited, Unit 1B, 13-4 King’s
Gardens Hove, BN3 2PG, UK).

Statistical analysis: Data were compared by using
analysis of variance (ANOVA, Duncan’s multiple range
test) between groups within each blood sampling week

Table 1: Composition and calculated nutrients in diets (%)

Control  Trial 1 Trial 2 Trial 3
Composition of nutrients ) (P+D3) (PtD:+ZE) (P+ZE)
Corn 63.00 63.00 63.00 63.00
Soybean meal, dehulled 24.00 24.00 24.00 24.00
Vegetable oil 1.20 1.20 1.20 1.20
Limestone 7.58 7.58 7.58 7.58
Dicalciumn phosphate 1.06 1.06 1.06 1.06
Vitamin premix! 0.25 0.25 0.25 0.25
Mineral premix? 0.25 0.25 0.25 0.25
DL-Methionine 0.16 0.16 0.16 0.16
Todized salt 0.50 0.50 0.50 0.50
Sand 2.00 2.00 - -
Zeolite - - 2.00 2.00
Phytase (FT1) 300.00 300.00 300.00 300.00
Vitamin D (IU) 400,00 400.00 -
Calculation of nutrients
Crude protein 16.00 16.00 16.00 16.00
Metabolizable energy 2750.00 2750.00 2750.00  2750.00
(kcal kg™
Calcium 3.50 3.50 3.50 3.50
Phosphorus, total 0.50 0.50 0.50 0.50

'Provided per kilogram of diet: vitamin A, 4400 IU; vitamin Ds, 1000 IU;
vitamin E, 11 TU; riboflavin, 4.4 mg; d-pantothenic acid, 12 mg; nicatinic
acid, 44 mg; choline chloride, 220 mg; vitamin By,, 9 pg; vitamin By, 3
mg; menadione sodium bisulfite complex, 2.33 mg; folic acid, 3 mg; biotin,
0.3 mg; thiamin, 2.2 mg; ethoxyquin, 125 mg; *Provided per kilogram of
diet: manganese, 75 mg; zinc, 75 mg; iron, 75 mg; copper, 5 mg; iodine,
0.75 mg; selenium, 0.1 mg

for all blood mdices. Results are presented as mean+SE.
All statistical analysis was performed using software
package program (SPSS for windows, Standard version
10.0, 1999; SPSS Inc., Headquarters, Chicago, IL, USA). A
significance level of p<0.05 was employed in the analysis
of data from groups (Snedecor and Cochran, 1980).

RESULTS AND DISCUSSION

The effects of the different dietary treatments on
serum Ca levels are shown in Table 2. During the study,
serum Ca levels were higher in the phytase, zeolite and
vitamin D, added group than in the other groups (p<0.05).
The statistical differences were not found between the
only phytase added group, the phytase and vitamin D,
added group and the phytase and zeolite added group.
Table 3 presents the effects of phytase and vitamm D,
and/or zeolite on serum Pi levels. There were no
significant differences between groups for serum P1 levels
in all weeks. However, the levels were tended to be lugher
in the phytase, zeolite and vitamin D, added group and
the phytase and zeolite added group.

Egg laying represents a major challenge for Ca
metabolism in poultry. Laying hens must maintain a high
blood calcium concentration because of rapid transfer of
Ca to the egg shell (Simkiss, 1961). Increased Ca
requirement is evident primarily in increased intestinal
absorption of Ca (Hwwitz et al., 1973). Body regulates
Ca and P homeostasis via the actions of vitamin D,
parathyroid hormone and calcitonin on the small intestine,
kidneys and bone (Ii et al., 1998).
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Table2: Serum calcium levels in laying hens fed rations added microbial
phiytase and supplemented vitamin D; and/or zeolite (mg dl.™)

Groups

Control (P) Trial 1 (P+D;)  Trial 2 (P+D,+ZE) Trial 3 (P+ZE)
Weeks  --m-msmmsmmmssmmse s oo oeees (Xt SE)---------
4 20.81£0.71° 20.82+1.11° 22.84+0.62* 21.45+1.02°
8 20.75+0.70°  20.7240.91° 22.92+1.36" 21.01+0.88°
12 20.63£0.57°  20.69+0.95" 22.81+0.65* 21.00£1.08
16 20.67£0.62° 20.9240.99" 22754074 21.37+1.02°

x+8F: MeantStandard Frror; *"different superscrips indicate significant
differences between treatment groups (p=0.05); P: Phytase, D,: vitamin D,: ZE
zeolite

Table 3: Serum inorganic phosphorus levels in laying hens fed rations added
microbial phytase and supplemented vitamin D, and/or zeolite

(mg L™
Groups
Control (P) Trial 1 (P+D,) Trial 2 (P+D,+ZE) Trial 3 (P+ZE)
Weeks  --m-msmmsmmmssmmse s oo oeees (Xt SE)---------
4 7.56+0.65 7.6940.56 7.9740.55 7.98+0.62
8 7.66+0.68 7.63+0.69 7.9340.59 7.75£0.70
12 7.6740.69 7.5740.85 8.04+0.58 7.95+0.46
16 7.8140.51 7.9440.53 7.9440.42 7.95+0.52

x+5E: MeantStandard Error; P: Phytase, D,: vitamin D,: ZE zeolite

In Ca-or vitamin D-deficient hens, control hens had
significantly higher total plasma Ca and Pi concentrations
than the deficient hens (Ruschkowski and Hart, 1992).
Norman (1987) reported that elevated blood 1,25-(0OH),D,
concentrations induce increased absorption and retention
of Ca and raise serum Ca level. Capdevielle et al. (1998)
stated that absorption of P is increased by vitamin D; or
1,25-(0OH),D;and by 1,25-(0OH),D, when the phosphate is
complexed with phytate. Moreover, P retention and
absorption have been shown to be two times higher in
vitamin D-supplemented pigs compared with pigs fed
vitamin D-deficient diets (Fontamne et al, 1985),
serum Pi concentration is greatest during the period of
egg shell calcification as a result of bone mobilization
(Mongin and Sauveur, 1979).

Huff et al. (1998) showed that supplemental dietary
phytase has no significant effect on serum Ca and P
concentrations in broilers. However, Carlos and Edwards
(1998) reported that addition of phytase significantly
improved plasma Ca levels at 9th week in laying hens.
Laying hens beyond 1 year of age lose ability to modulate
cholecalciferol metabolism to compensate for the
inadequate Ca intake (Bar and Hurwitz, 1987). Addition of
1,25-(0OH),D; may cause the increased utilization of Ca
and stimulate the natural intestinal phytase activity in the
gut (Carlos and Edwards, 1998). Li et al. (1998) reported
that addition of 2000 IU vitamin D to the phytase
supplemented diet resulted in numerical improvements in
P and Ca digestibility but the differences were significant
for only Ca digestibality (p<0.05).

Furthermore, same researchers determined that
there were no additional benefits from feeding vitamin
D in combmation with phytase over those seen with

phytase alone. Fontaine et al. (1985) suggested that
elevated dietary vitamin D, levels can alleviate some
unfavorable effects of dietary Ca although phytase
activity of intestine and phosphatase activity of mucous
membranes are not affected.

Ca absorption can be promoted by vitamin D, s0
the negative effect on phytate utilization can be alleviated
and the formation of phytic Ca can be reduced
(Pointillart et al., 1987). Addition of microbial phytase to
a corm-soybean diet containing no Pi supplementation,
liberated enough P from phytate to allow pig performance
similar to the performance achieved with diet containing
supplemental Pi.

Addition of microbial phytase improved Ca and P
digestibility and reduced fecal P excretion (Li et al., 1998).
Li et al. (1998) reported that when both vitamin D, and
phytase were added to diet, there was numerical
improvement in serum P compared with diet containing
phytase alone (p=0.05) in pigs. Also, they determined that
there was not a significant difference between the vitamin
D, and phytase added group and the only phytase added
group for serum Ca level. Similarly in the current study,
there were no significant differences between the phytase
and vitamin D, added group and the only phytase added
group for serum Ca and Pi levels.

SAS contains 14.6% aluminum, which may form a
complex with P in digestive tract and reduce P availability
(Lipstein and Hurwitz, 1982). Edwards (1 988) showed that
P utilization may be impaired by SAS supplementation of
chick diets and that effects of SAS were due to increased
excretion of phytate P. Beneficial effect seen in egg shell
quality and mcreased Ca utilization from feeding sodium
zeolite A (a synthetic SAS) is not accomplished through
vitamin D, system, namely increased production of
1,25-(OH),D, (Frost et al, 1992). Frost et al. (1992)
reported that feeding sodium zeolite A at 0.75% did not
alter normal bone resorption thythms in laying hens.
Watkins and Southern (1992) experienced reduced plasma
P levels when broiler chicks were fed sodium zeolite A in
low P diet but percentage of Ca or P in the bone ash was
unaffected.

Oguz et al. (2000) noted that serum Ca and Pi values
were negatively affected by the addition of clinoptilolite
(zeolite) (both 1.5 and 2.5%) to basal diet in broilers.
However, Dwyer et al (1997) reported that the
clinoptilolite treated group in broiler chicks was no
significantly different from controls for P (6.14vs. 6.15
mg dI.™"). Similarly, Frost et al. (1992) showed that feeding
sodium zeolite A for a period of 8 week had no effect
{(p=0.05) on plasma total Ca and P levels. They also noted
that there was significant sodium zeolite A and vitamin D;
interaction for plasma P but not for plasma total Ca.
Researchers stated that plasma P level decreased with
supplemental sodium zeolite A (0.75%) when 0 ICTJ
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Table 4: Serum alkaline phosphatase activities in laying hens fed rations added
microbial phytase and supplemented vitamin D, and/or zeolite (U L™

Groups

Control (P) Trial 1 (P+D;) Trial 2 (P+D;+ZE) Trial 3 (P+ZE)
Weeks  m---mmomomssmemsmemeees oo (XESE)-n=mmmmmmmmmmmmmm oo
4 510.47+41.83 502.47+39.22 501.93+49.71 500.47+56.82
8 511.87+39.83 508.93+44.94 517.13434.13 497.80+45.79
12 492.27+38.79  500.73£49.52 471.00£77.78 497.40+£45.39
16 498.40+41.15  499.46+36.78 500.86+47.32 501.33+51.08

x+5E: MeantStandard Error; P: Phytase, D,: vitamin D;: ZE zeolite

vitamin D, was fed whereas it increased when 175 ICU
vitamin D; was fed In the present study, the diet
supplemented clinoptilolite (2%) beside of phytase did
not sighificantly change serum Ca and Pi levels. Thus, P
binding effect of zeolite (Moshtaghian et al., 1991) was
not observed. The addition of vitamin D, to the phytase
and zeolite supplemented diet significantly increased
serum Ca but not P1 concentrations. So, it may be
suggested that the phytase and zeolite supplemented to
the diet neutralized each other i which the additional
vitamin D, increased serum Ca levels.

Table 4 indicates the effects of phytase and vitamin
D, and/or zeolite on serum ALP activities. Serum ALP
activities were not significantly different between all
groups.

ALP plays an important role n bone mineralization.
The osteoblasts in bone increase ALP activity in
response to poor bone mineralization which leads to
elevation in bone and serum ALP levels. Since dietary P
levels decrease, serumn ALP level has been shown to
increase (Koch et al., 1984). Pigs fed phytase had lower
serum ALP level than control group indicating inproved
P status (Ii et al., 1998). Similarly, Huff et al. (1998)
reported that diet supplemented with phytase
significantly decreased serum ALP activity.

Increasing cholecalciferol levels have been shown to
increase intestinal phytase and ALP activity in chicks
(Davies ef al., 1970). L1 et al. (1998) reported that when
both vitamin D, and phytase were added to diet in pigs,
there was lower serum ALP levels compared with diet
containing phytase alone (p=>0.05). Dwyer et al. (1997)
stated that the climoptilolite treated group in broiler chicks
was no significantly different than controls for ALP
levels. In the present study mn similar to the findings of
above researchers, there were no significant differences
between all groups for serum ALP activity.

CONCLUSION

In this study, a significant increase or decrease was
not seen in the effect of phytase as a result of the addition
of vitamm D, or zeolite, respectively. There was a
significant phytase, vitamin D, and zeolite interaction for
serum Ca level.

ACKNOWLEDGEMENT

This study was supported by Research Fund of
Istanbul University. Project number: 418/13092005 and
UDP-1969.

REFERENCES

Ballam, G.C., T.S. Nelson and T..K. Kirby, 1984. Effect of
fiber and phytate source and of calcium and
phosphorus level on phytate hydrolysis in the chick.
Poult. Sei., 63: 333-338.

Bar, A. and S. Hurwitz, 1987. Vitamin D metabolism and
Calbindin (calcium-binding protein) in aged laying
hens. J. Nutr,, 117: 1775-1779.

Biehl, R.R. and D.H. Baker, 1997. Microbial phytase
improves amino acid utilization in young chicks fed
diets based on soybean meal but not in diets based
on peanut meal. Poult. Sci., 76: 355-360.

Bogin, E., Y. Avidar, V.P. Waffenschmidt, Y. Doron,
B. Israeli and E. Kevkhayev, 1996. The relationship
between heat stress, swrvivability and blood
composition of the domestic chicken. Eur. J. Clin.
Chem. Clin. Biochem., 34: 463-469.

Capdevielle, M.C.,L E. Hart, ]. Goff and C.G. Scanes, 1998.
Aluminum and acid effects on calcium and
phosphorus metabolism in young growing chickens
(Gallus gallus domesticus) and mallard ducks (Anas
platyrhynchos). Arch. Environ. Contam. Toxicol.,
35: 82-88.

Carlos, AB. and HM. Ir. Edwards, 1998. The effects of
1.25-Dihydroxycholecalciferol and phytase on the
natural phytate phosphorus utilization by laying
hens. Poult. Sci., 77: 850-858.

Davies, M.1., G.M. Ritcey and I. Motzok, 1970. Intestinal
phytase and alkaline phosphatase of chicks influence
of dietary calcium morgamc and phytate phosphorus
and vitamin D,. Poult. Sci., 49: 1280-1286.

Dwyer, MR, LF. Kubena, R.B. Harvey, K. Mayura and
AB. Sarr et al., 1997, Effects of inorganic adsorbents
and cyclopiazonic acid in broiler chickens. Poult. Sci.,
76:1141-1149.

Edwards, HM. Jr, 1988. Effect of dietary calcium,
phosphorus, chloride and zeolite on the development
of tibial dyschondroplasia. Poult. Sci., 67: 1436-1446.

Edwards, Jr. HM. and I.R. Veltmann, 1983. The role of
calcium and phosphorus m the etiology of tibial
dyschondroplasia m young chicks. J. Nutr,
113: 1568-1575.

Fontaine, N., A. Fourdin and A. Pointillart, 1985. Absence
of effect of vitamin D on intestinal phytase and
alkaline phosphatase: Relation to absorption of
phytate phosphorus in pigs. Reprod. Nutr. Dev.,
25.717-727.

1461



J. Anim. Vet Adv., 9 (10): 1458-1462, 2010

Frost, T.J., D.A.Sr. Roland, D.G. Barnes and S.M. Laurent,
1992, The effect of sodium zeolite A and
cholecalciferol on plasma levels of 1,25-dihydroxy-
cholecalciferol, calcium and phosphorus m
commercial leghorns. Poult. Sci., 71: 886-893.

Huff, WE., P.A Moore, P.W. Waldroup, A L. Waldroup
and .M. Balog et al., 1998. Effect of dietary phytase
and high available phosphorus corn on broiler
chicken performance. Poult. Sci., 77: 1899-1904.

Hurwitz, S., A. Bar and I. Cohen, 1973. Regulation of
calcium absorption by fowl intestine. Am. T. Physiol.,
225:150-154.

Koch, ME, D.C. Mahan and J.R. Corley, 1984. An
evaluation of various biological characteristics n
assessing low phosphorus mtake in weanling swine.
J. Anim. Sci., 59: 1546-1556.

Komegay, ET. and A.F. Harper, 1997. Environmental
nutrition: nutritional management strategies to
reduce nutrient excretion of swine. Prof. Amm. Sci.,
13: 99-111.

Lei, X.G., PK. Ku, ER. Miller, M.T. Yokoyoma and
D.E. Ullrey, 1994. Calcium level affects the efficacy of
supplemental microbial phytase in corn-soybean
meal diets of weanling pigs. I. Anim. Sci., 72: 139-143.

Li,D., X Che, Y. Wang, C. Hong and P.A. Thacker, 1998.
Effect of microbial phytase, vitamin D3 and citric acid
on growth performance and phosphorus, nitrogen
and calcium digestibility in growing swine. Armim.
Feed Sci. Technol., 73: 173-186.

Lipstemn, B. and 5. Hurwitz, 1982. The effect of aluminum
on the phosphorus availability in algae-contaimng
diets. Poult. Sci., 61: 951-954.

Mongin, P. and B. Sauveur, 1979. Plasma morganic

phosphorus  concentration  during  egg-shell
formation. Br. Poult. Sci., 20: 401-412.
Moshtaghian, T, CM. Parsons, RW. Leeper,

P.C. Harrison and K. W. Koelkebeck, 1991. Effect of
sodium alummoesilicate on phosphorus utilization by
chicks and laying hens. Poult. Sci., 70: 955-962.

Mrljak, V., Z. Grabarevic, P.D. Baric, R. Rafaj and
I. Penic et al, 1999. Effect of different daily

of gizzerosme 1,25-
dihydroxycholecalciferol concentration in laying
hens. Br. Poult. Sci., 40: 523-528.

NRC. (National Research Council), 1994, Nutrient
Requirements of Poultry. 9th Edn., National
Academy Press, Washington, DC., TUSA., TSBN-
13 978-0-309-04892-7.

Nelson, T.S. and L. W. Ferrara, 1 968. Phytate phosphorus
content of feed ingredients derived from plants.
Poult. Sci., 47: 1372-1374,

Norman, A.W ., 1987. Studies on the vitamin D endocrine
system 1n the avian. J. Nutr., 117: 797-807.

Oguz, H, T. Kececi, Y.O. Biurdane, F. Onder and
V. Kurtoglu, 2000. Effect of clinoptilolite on serum
biochemical and hematological characters of broiler
chickens duning aflatoxicosis. Res. Vet. Sci., 69: 89-93.

Pomtillart, A., A Fourdin and N. Fontaine, 1987.
Importance of cereal phytase activity for phytate
phosphorus utilization by growing pigs fed diets
containing triticale or corn. J. Nutr., 29: 907-913.

Ruschkowski, SR. and L.E. Hart, 1992. Tonic and
endocrine characteristics of reproductive failure in
calcium-deficient and vitamin D-deficient laying
hens. Poult. Sci., 71: 1722-1732.

Simkiss, K., 1961. Calcium metabolism and avian
reproduction. Biol. Rev., 36: 321-359.

Simons, P.CM., HAJ Versteegh, A'W. Jongbloed,
P.A Kemme and P. Slump et @l., 1990. Improvement
of phosphorus availability by microbial phytase mn
broilers and pigs. Br. T. Nutr., 64: 525-540.

Snedecor, G.W. and W.G. Cochran, 1980. Statistical
Methods. 7th Edn., lowa Stat University Press,
Ames, Towa, UUSA., ISBN-10: 0-81381560-6.

Watkins, K.L.. and L..I.. Southern, 1992. Effect of dietary
sodium zeolite A and graded levels of calcium

doses on the serum

and phosphorus on growth, plasma and tibia
characteristics of chicks. Poult. Sci., 71: 1048-1058.

1462



