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Abstract: An experiment was conducted to determine the effects of dietary organic acid and phytase
supplementation on performance and calcium and phosphorus utilization in laying hens. Two hundred 23-
wik-old Brown Nick layers were randomly allocated into 50 cages (42 x 50 cm) each containing 4 birds. Each
dietary treatment had 5 replications and each replication comprised two adjacent cages. Corn-soybean meal
based rations were used. Five dietary treatments were formed as followed: (1) a basal ration with no
supplemental P (hegative control, NC) (2750 kcal ME/kg, 17% CP, 0.34% total P, 3.8% Ca), (2) basal ration
supplemented with dicalcium phosphate {(1.4%) (positive control, PC), (3) basal ration supplemented with
0.035% phytase (ZY Phytase |I-5, NC+P), (4) basal ration supplemented with 1.0% organic acid (Salstop SD,
NC+0OA) and (5) basal ration supplemented with both 0.035% phytase and 1.0% organic acid (NC+POA).
Water and feed were provided for ad libitum consumption and a lighting program of 16 h light : 8 h dark was
applied throughout the study. NC treatment resulted in body weights that were lower (p<0.05) than those of
hens fed diets supplemented with phytase, organic acid, or both. Hens fed diets supplemented with
dicalcium phosphate, phytase and organic acid and phytase had higher egg production (p<0.001) (91.3, 86.1
and 93.7% respectively) compared to hens fed either basal diet (78.5%) or basal diet with organic acid
supplementation (78.6%). Additionally, the unsupplemented or organic acid supplemented diet had lower
FI and higher FCR (p<0.01). Hen tibia ash and serum calcium levels were not affected by the dietary
treatments whereas diets supplemented with dicalcium phosphate, phytase and phytase + organic acid had
higher (p<0.01) serum inorganic phosphorus. The results of this study indicate that dietary phytase improves
P utilization in corn-soybean meal based diets with no supplemental P and acidification of gastrointestinal
tract may further improve this utilization.
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INTRODUCTION

Phosphorus (P) is an essential mineral for metabolism
and egg production of laying hens. In addition to this,
with calcium {Ca) it has a major role in the formation and
maintenance of bone (Underwood and Suttle, 1999;
Waldroup et af,, 2000). Furthermore, P is the third most
expensive component of poultry diets after energy and
amino acids. Plant origin feedstuffs contain a high
proportion of poultry feeds because they are cheaper
than their animal counterparts. However, approximately
two-thirds of P in plant origin feedstuffs is poorly
digested bhecause it is in the form of Phytic Acid (PA),
which is poorly hydrolyzed by poultry, as they do not have
sufficient amounts of phytase enzyme that hydrolyses PA
(Bedford, 2000). Because of the low ability of laying hens
to hydrolyze PA-bound P, incrganic P sources, which are
costly are added to diets for satisfying the P need of
birds. This resulted in increased cost of feeding (Selle
and Ravindran, 2007). Thus, it is necessary to optimize

the utilization of P by poultry to reduce the cost of feeding.
Cereal hased poultry diets supplemented with microbial
phytase result in increased digestibility and availability
of phytate bound P, Ca, zinc and copper. There are a
number of factors affecting phytate hydrolysis, such as
dietary Ca, inorganic P and vitamin Dz levels and the age
and genctype of birds, there is a wide disagreement
concerning the ability of poultry to utilize phytate P.
Furthermore, clear benefits have been shown in terms
of increased availability of phytate-bound minerals and
crude protein and reduced environmental pollution
through lower levels of P and nitrogen excretion (Singh,
2008).

Studies subjecting the influence of microbial phytase in
the digestive tract of poultry revealed that its maximum
activity could be reached at low pH values. Adding
Organic Acid (OA) to feed can lower the gastric pH
(Garrido et af., 2004). The organic acids like citric acid
can reduce the pH of the digesta, which can then result
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in increased dissociation between PA and minerals
(Maenz ef al, 1999) and increased activity of most
phytases, which express their optimal activity at low pH
(Simon and Igbasan, 2002). Low gastric pH accelerates
the conversion of pepsinogen to pepsin, which improves
the absorption rate of proteins, amino acids and
minerals (Omogbenigun et al., 2003; Youn et al, 2005).
In this respect, some researchers studied potential
beneficial effects of organic acids (especially citric acid)
on the efficacy of microbial phytase preparations in pigs
and broiler chickens (Li ef af., 1998, Brenes ef af., 2003).
There is limited report to date of such a study in laying
hen.

The efficacy of phytase on performance and Ca and P
digestibility in layers fed a corn and soybean-based diet
has been well established by Lim ef a/. (2003), Panda ef
al. (2005) and Wu ef a/. (2006). However, there is still
little information available on whether combination of
phytase with organic acids can improve the availability of
phytate P in laying hens. Therefore the objective of the
current study was to determine alone or combined effect
of dietary OA and microbial phytase supplementation on
performance, digestibility of Ca, P and mineralization
parameters of tibia bone in layer hens and its effect on
efficacy of microbial phytase in corn-soybean diets with
low available P level.

MATERIALS AND METHODS

Bird management: A total of 200 Brown Nick layer hens
at 23 wk of age were allocated randomly into S
treatments, with 5 replicates per treatment and 8 layers
per replicate. All birds were housed in 3-layered cages
{525 cm’/bird) and offered feed and water ad fibitum.
Each dietary treatment had %5 replications and each
replication comprised of two adjacent cages (42 x 50
cm). During the experimental pericd, birds received 16
h/d of manipulated lighting and ventilation at a natural
ambient temperature of 20 to 25°C. Egg production and
health status of layers were ohserved as the adjustment
period for 1 wk before the experiment commenced. The
experimental diets were fed for 20 wk (December to
April). Experimental birds were handled with care to
avoid unnecessary discomfort and experiment was
approved by the Adnan Menderes University, Animal
Care and Use Committee.

Experimental diets: The basal diet contained 17.0% CP
and 2,750 kcaltkkg of ME (Table 1). Other nutrients
followed NRC  (1994) recommendations. The
experiment was performed with 5 dietary treatments: (1)
a basal diet with no supplemental P (NC) (2750 kcal
ME/kg, 17% CP, 0.34% total P, 3.8% Ca), (2) basal diet
supplemented with dicalcium phosphate (1.4%) (PC),
(3) basal diet supplemented with 0.035% (500 FYT'
phytase/kg feed) phytase (ZY Phytase |I-5 contains 1500
FYT 6-phytase in each g), (NC+P) (4) basal diet
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Table 1: Nutrient composition of basal diet
Ingredients (%)

Corn 63.65
Soybean meal 25.65
Ground limestone 9.80
Salt (NacCl) 0.35
Vitamin premix* 0.25
Trace mineral premix™ 0.20
DL-Methionine 0.10
Chemical composition (Calculated)

Metabolizable energy, kcal/kg 2750.00
Crude protein, % 17.00
Calcium, % 3.80
Total phosphorus % 0.34
Available P, % 0.11

*Each 2.5 kg of vitamin premix contained; 15 000 000 IU vitamin
A, 3 000 000 IU vitamin Ds, 100 000 mg vitamin E, 5 000 mg
vitamin Kz, 3 000 mg vitamin B+, 6 000 mg vitamin Bz, 40 000 mg
niacin, 12 000 mg calcium D-pantothenic, 8000 mg vitamin Bs,
30 mg vitamin Bz, 1 000 mg folic acid, 150 mg D-biotin, 80.000
mg vitamin C.

**Each 2 kg of mineral premix contained; 100 000 mg
manganese, 60 000 mg iron, 60 000 mg zinc, 5 000 mg copper,
300 mg cobalt, 2 000 mg iodine, 150 mg selenium, 400 000 mg
colin chloride

supplemented with 1.0% organic acid (Salstop SDj,
(NC+0OA) and (5) basal diet supplemented with both
0.035% phytase and 1.0% organic acid (NC+POA).
Adjustment of Pa was made by using dicalcium
phosphate and the OA was a commercial product,
Salstop (Impextraco NV, Wiekevorstsesteenweg 38 - B
2220 Heist-Op-Den-Berg), which contained 54 400 mg
propionic acid, 191 542 mg formic acid, 38 100 mg
acetic acid, 4 100 mg sorbic acid, 15 300 mg
ammonium propionate, 10 200 mg ortofosforic acid, 23
800 mg almond favour in each kg. Treatments 3 and 5
contained 0.035% of phytase (ZY Phytase II-5, Lohmann
Animal Health GmbH & Co KG D-27454 Cuxhaven -
Germany) in diet. Dicalcium phosphate, phytase and
organic acid were supplemented to diets with
replacement of corn, soy bean meal and limestone. The
feeds were mixed at 14-d intervals to maintain stability.

Measurements

pH value of experimental feeds: Feed samples taken
from experimental treatments were homogenized with
deionized water after stirred on magnetic mixer for 10
mins. Then pH value of feed samples were determined
according to method of Thompson and Hinton (1997) by
using pH meter (Mettler Toledo, MP 120).

Productivity: To evaluate productivity, hen-day eqgg
production (number of eggs/number of live birds x 100),
hen-housed egg production (humber of eggs/number of
birds housed x 100), egg weight, soft-shell plus broken
eggs, Feed Intake (Fl), Feed Conversion Ratio (FCR)
and mortality were measured. Egg production was
measured every day after eqgg collection. The mean egg
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weight was measured by the weekly average weight of
eggs, excluding abnormal eggs (soft-shell plus broken
eggs). The Fl was measured once per week (F| = supply
quantity - remainder). The FCR was calculated by the
grams of F| per dozen eggs. Egg production, Fl and FCR
were calculated according to death bird number. To
evaluate egg weight, eggshell weight and thickness,
eggs were randomly collected and waited at room
temperature for 24 h before measurements. The
measurements were taken once per 2 week, 10 times in
total (2, 4, 8, 8, 10, 12, 14, 16, 18 and 20 wk). Eggshell
thickness was measured using a gauge (Mitutoya, Dial
Thickness Gage No: 7360, £0.01 mm).

Digestibility trial: At the end of the feeding trial (42th
week), 10 birds from each treatments (50 birds totally)
were randomly selected and placed into individual
cages for digestibility trial. Similar environmental
circumstances with feeding trial were provided in
digestibility trial. Hens were fasted for 16 h after 2 d of
adaptation period. Experimental diets were offered ad
fibitum for 4 d. Hens were again fasted for 16 h to
unload the digestive tract. Faeces was collected in every
48 h by using aluminum papers placed on metal trays.
Faecal samples were weighed and dried at 60°C and
then they were grinded with 0.5 mm pore filter to
homogenize. Samples were kept in nylon bags at 4°C
before analysis. FI, BW and egg production of hens
were recorded daily. Hens with egg production less
than 4/7 d were discarded in adaptation and
experimental periods. Digestibility of Ca and P were
calculated by using differences of their amounts in feed
and faeces.

Determination of Ca and P levels in blood serum: Elood
samples from V. Subcutanea Ulnaris were taken from
10 birds from each treatment followed by digestibility
trial. The absorbance of the mixture was read against
distilled water at 519 nm with a Pharmacia Ultrospec
2000 spectrophotometer. Serum Ca and P levels were
determined by using sepectrophotometry  with
commercial kits (Randox Laboratories Ltd.,, Calcium
REF CA 590, Inorganic phosphorus REF PH 1016).

Determination of tibia ash: At the end of digestibility trial,
hens were killed by cervical dislocation and their left tibia
were collected for bone ash determination. Tibia were
pooled by replicate pens, autoclaved and all adhering
tissue was removed. Bones were dried for 24 h at
100°C, weighed and then dryashed for 24 h in a muffle
furnace at 600°C. Ash weight of the tibia was expressed
as a percentage of dry bone weight and as milligrams
per tibia (Chung and Baker, 1990).

Dry matter, crude ash, total Ca and P (%) in experimental
diets, feaces and tibia samples were determined
according to the AOAC (2003) procedure. Ca analysis
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was performed according to Eppendorph-Microliter
method and inorganic P analysis was carried out
accordance with the method of Younburg (Ersoy and
Baysu, 1981) by using spectrophotometer.

Calculation and statistical analysis: Ca and P excretion
(kg/t of feed consumed) determination was based on the
ahalyzed Ca and P content of the feaces and was
calculated as:

Ca or P in feaces (%) x [1 kg of diet - (1 kg of diet x DM
digestibility of diet)]

Data were analyzed as a completely randomized design
using the GLM procedures of SAS, 2002 (SAS Inst., Inc,,
Cary, NC). When a significant F-value for treatment
means (p<0.05) was observed in the ANOVA, treatment
means were compared with Duncan’s multiple range
test (Duncan, 1955).

RESULTS

Data for BW are summarized in Table 2. The results of
this study suggest that initial BW of laying hens at 23 wk
of age was found similar between treatments. BW of
birds fed diet containing 0.10% Ps (NC) were lower than
PC, NC+P and NC+POA birds (p<0.05). Morecever mean
BW of birds was not significant among treatments NC
and NC+OA with same Pa level and PC and NC+OA with
different Pav level. Mortality results are given in Table 2.
On day 42, mortality rate was recorded as 32.5% in
treatments with no phytase supplementation and
containing 0.10% Pav and treatment with OA.

The data for egg performance, FI and FCR are
presented in Table 3. In the present study, DCP and
phytase addition to NC diet improved egg performance
(p=<0.001), FI (p<0.001) and FCR {p<0.05) significantly.
Egg performance, Fl and FCR were found similar in NC
and NC+OA treatments with equal Pa levels. On the
other hand, dietary OA supplementation did not alleviate
the performance-depressive effects of low Pa level in
diets. As seen in Table 3, inclusion of phytase and OA to
low Pa diet improved egg performance, FlI and FCR
when compared to NC treatment (p<0.001). Egg
performance curve of the treatments are shown in Fig. 1.
Egg performance of birds in NC treatment was initially
recorded as 58.16%, then reached to pik level of 89.42%
and dropped as 71.88-79.29% from 37 to 42 weeks of
age. Decrease in egg performance of NC treatment
formed an irregular curve in the study.

Mean egg weight, egg shell weight and egg shell
thickness are summarized in Table 4. When compared
to NC treatment, egg weight was increased significantly
with dietary phytase supplementation. Moreover, mean
egg shell weight adjusted for egg weight in NC+P were
also lower than egg shell weights in NC treatment
(p<0.05) (Table 4).
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Table 2: Mean Body Weight (BVY, g) and mortality rate (%) of treatments in experimental period (n = 25)

B Mortality
Treatments' 23 week 33 week 42 week 23-32 week 3342 week 23-42 week
NC 1524.60 1647.10° 1649.40° 15.0 2086 325
PC 1516.90 1768.50° 1787107 0.0 50 5.0
NC+OA 1567.60 1734 .90¢ 1715.00% 12.5 229 32.5
NC+P 1537.60 1741709 1780.40° 7.5 0.0 7.5
NC+POA 1516.60 1792.50° 1764.20° 0.0 0.0 0.0
SEM 23.97 3047 30.97
P 0.5332 0.0127 0.0181
Contrasts
NC x NC+OA NS * NS
PC x NC+OA NS NS NS
NC x NC+P NS * >
PC x NC+P NS NS NS
NC x NC+POA NS e **
PC x NC+POA NS NS NS

#*Means within a treatment and column with different superscripts differ significantly (p<0.05).

NS: Not significant at p>0.05; *p<0.05, =p<0.01, **p<0.001.

"Treatments: NC = Negative Control; PC = Positive Control; NC+OA = Negative Control + Organic Acids; NC+P = Negative Control +

Phytase; NC+POA = Megative Control + Phytase and Organic Acids

Table 3: Mean egg performance (%) and feed intake (gfday-hen) feed conversion ratio (feed, kg/1 dozen egg) of treatments in

experimental period (n = 25)

Period

23-32wks  33-42wks  Overall 23-32wks  3342wks  Overall 23-32wks  33-42wks  Owverall
Treatments' Egg performance Feed intake Feed conversion ratio
NC 75.94¢ 81.05° 78.50¢ 102.8° 108.8° 105.8° 2.263% 21628 22128
PC 80.03* 93.27* 91.29° 114.72 122.9° 119.12 2.178* 2.057" 2.112¢
NC+OA 72.69° 83.02° 78.59° 102.0° 113.2 107.9° 2.454* 2.182%* 2.283
NC+P 83.97° 87.93° 86.06" 109.6° 115.2° 112.6° 2.152° 2.04¢° 2.096°
NC+POA 90.367 96.72° 93.69° 114.5° 120.4° 117.6° 2.151* 2013 2.078°
SEM 1.868 1.027 1.090 1.990 1.370 1.240 0.0445 0.030 0.028
P 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0031 0.0001
Contrasts
NC x NC+OA NS 0.0799 NS 0.7827 * NS ** NS 0.0730
PC x NC+OA el il il o o o o 0.0926 el
NC x NC+P ** el el * ** o 0.0721 ** **
PC x NC+P 0.0511 > ol 0.0747 o o NS NS NS
NC x NC+POA > ol ol * el el NS > 0.0621
PC x NC+POA > > il * el el NS NS NS

abedieans within a treatment and column with different superscripts differ significantly (p<0.05).

NS: Not significant at p>0.05; *p<0.05, *p<0.01.**p<0.001.

"Treatments: NC = Negative Control; PC = Positive Control; NC+OA = Negative Contral + Organic Acids; NC+P = Negative Control +

Phytase; NC+POA = Negative Control + Phytase and Organic Acids

The data for digestibility trial are shown in Table 5.
Phytase and/or OA supplementation to diets with 0.1%
P=v had no significant effect on Ca and P utilization.
Furthermore, serum Ca level was not affected from
dietary P level or phytase and/or OA supplementetion
(Table 5). Serum inorganic P level was increased
(p<0.01) with dietary phytase supplementation whereas
OA addition did not effect. Serum inorganic P level was
found similar in PC, NC+P and NC+PQOA treatments.
Bone crude ash and bone Ca-P levels are given in Table
5. Phytase andfor OA supplementation to diets with 0.1%
P2 did not effect bone ash or bone Ca and P level. Bone
ash and P level in NC+OA treatment and P level in
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NC+POA treatment was lower when compared to PC
treatment (Table 3).

DISCUSSION

The results of the current study indicate that initial BW of
laying hens at 23 wk of age was similar among the
treatments (Table 2). BW of birds fed corn-soy based
diet containing 0.10 % Pa (NC) were lower than PC,
NC+P and NC+POA hirds (p<0.05). This finding is
similar with previous studies (Boling et al/., 2000b;
2000c¢; Punna and Roland, 1999; Van Der Klis ef al,
1997) which were demonstrated positive effects of
dietary phytase supplementation on BW gain of laying
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Fig. 1. Egg performance curves of treatments

Table 4: Mean egg weight (g) and egg shell weight {g) egg shell thickness {(mm) of treatments in experimental period (n = 25)

Period

23-32wks  33-42wks  Owverall 23-32whks 3342 wks  Overall 23-32whks  33-42 wks Owerall
Treatment' Egg weight Egg shell weight Egg shell thickness
NC 60.60% 63.05° 61.70% 6.108* 6.341 6.2242 0.4108 0.4035% 0.4074°
PC 59.92¢%¢ 64.37° 62.13%® 5.942° 6.236 6.086"° 0.4044 0.3977% 0.4011%
NC+OA 59.02¢ 63.51% 61.16¢ 6.136% 6.347 6.239° 0.4100 0.4018% 0.4061%"
NC+P 61.212 64.62° 62.94% 6.026% 6.238 6.129° 0.4040 0.3969% 0.4004¢
NC+POA 59.16° 61.86° 60.51° 5.979° 6.333 6.154% 0.4045 0.3924° 0.3985°
SEM 0.4300 0.0404 0.2980 0.0415 0.4650 0.0314 0.0027 0.0027 0.0019
P 0.0010 0.0001 0.0001 0.0037 0.2319 0.0029 0.2482 0.0413 0.0052
Contrasts
NC x NC+OA * NS NS NS NS NS NS NS NS
PC x NC+OA NS NS * ** NS ** NS NS 0.0721
NC x NC+P NS > > NS NS * NS NS *
PC x NC+P * NS 0.0543 NS NS NS NS NS NS
NC x NC+POA NS NS NS NS NS NS NS 0.0688 *
PC x NC+POA NS * 0.0787 * NS * NS NS NS

abcffMeans within a treatment and column with different superscripts differ significantly (p<0.05).

NS: Not significant at p>0.05; *p<0.05, **p<0.01.

"Treatments: NC = Negative Control; PC = Positive Control; NC+OA = Negative Control + Organic Acids; NC+P = Negative Control +

Phytase; NC+POA = Megative Control + Phytase and Organic Acids

hens. Similar results for BW were also recorded with
dietary phytase addition to diets containing 0.1% Pa at
35 wk (Keshavarz, 2003) and 42 wk of age (Keshavarz,
2000).

Mean BW of birds was not significant among treatments
NC and NC+OA with same Pa level and PC and NC+OA
with different Pa level. Similary, Boling ef af. (2000a)
found no significant effect of 1-4% citric acid
supplementation in laying hen diets containing 0.1% Pav.
However, BW of birds fed diets with 0.45% Pa was
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higher than 0.1% Pa or citric acid supplemented
treatments. Moreover, it was also suggested that
addition of fumaric acid (Vogt ef a/., 1981) or commercial
organic acid blend (Park et af., 2002; Yesilbag, 2003) to
diets with sufficient Pav had no significant effect on BW.
On day 42, mortality rate was recorded as 32.5% in
treatments with no phytase supplementation and
containing 0.10% Pav (NC) and treatment with OA
(NC+OA). Mortality in these treatments were started at 30
and 31 wk of age and continued to end of the
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Table 5: Ca and P digestibility (%), blood serum {mg/dl) and bone (%) Ca and P levels of treatments (n = 25)

Digestibility Blood serum Bone
Treatments® Calcium Phosphorus Calcium Phosphorus Crude ash Calcium Phosphorus
NC 53.76 3591 26.71 4.10° 53.02 14.53 9.03
PC 57.76 2529 24.46 8.012 54.73 14.79 954
NC+OA 54.93 33.18 27.22 37 52.30 13.82 9.01
NC+P 58.63 38.92 24.67 7.86° 53.11 14.54 9.14
NC+POA 58.24 34.43 25.35 7.99° 52.96 13.81 9.10
SEM 2,616 3.599 2182 0.894 0.745 0.438 0.147
P 0.6189 0.1499 0.8784 0.0010 0.2253 0.3760 0.0825
Contrasts
NC x NC+OA NS NS NS NS NS NS NS
PC x NC+OA NS NS NS ** * NS *
NC x NC+P NS NS NS ** NS NS NS
PC x NC+P NS * NS NS NS NS 0.0561
NC x NC+POA NS NS NS * NS NS NS
PC x NC+POA NS * NS NS * NS >

absMeans within a treatment and column with different superscripts differ significantly (p<0.05).

NS: Not significant at p>0.05; *p<0.05, *p<0.01.**p<0.001.

"Treatments: NC = Negative Control; PC = Positive Control; NC+OA = Negative Control + Organic Acids; NC+P = Negative Control +

Phytase; NC+POA = Megative Control + Phytase and Organic Acids

experimental period. Moreover, dietary phytase
supplementation reduced mortality rate significantly
(Table 2). This result is in consistent with the previous
findings (mortality rates of 125, 55, 22, 24%
respectively) of Gordon and Roland (1997), Punna and
Roland (1999), Boling et af (2000b), Jalal and
Scheideler (2001) and Keshavarz (2003) which was
suggested that high mortality rates in low Pa treatments
(0.10%) ameliorated with dietary phytase
supplementation in laying hens. Because of high
mortality rate at initial laying period (21 wk) some
studies were terminated at 39 (Punna and Roland,
1999) or 42 wk (Boling et al., 2000b) of age.

Dietary DCP and phytase inclusion to NC diet had
positive effects on egg performance (p<0.001), FI
(p<0.001) and FCR (p<0.05) (Takle 3). These results are
in agreement with the previous studies which reported
that dietary phytase supplementation improve eqg
performance (Gordon and Roland, 1997; Van Der Klis et
al., 1997, Punna and Roland, 1999; Boling et af., 2000b;
Boling et af., 2000c; Keshavarz, 2000; Keshavarz, 2003)
and Fl (Gordon and Roland, 1998; Van Der Klis et al.,
1997; Punna and Roland, 1999; Keshavarz, 2003) of
hens in early laying period.

Egg performance, Fl and FCR were similar in NC and
NC+OA treatments with equal Pa levels. Dietary OA
supplementation did not ameliorate the negative effects
of low Pa level in diets. Similar to this, Boling et al.
(2000a) also reported that citric acid supplementation to
laying hen diets did not affect egg performance and
FCR. This result was confirmed by other researchers
(Vogt et al., 1981; Yalcin ef af,, 2000; Park et af., 2002;
Yesilbag, 2003) that dietary OA addition had no
additional effect on egg performance, FI and FCR in
treatments with sufficient Pav level.
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Inclusion of phytase and OA improved egg performance,
Fl and FCR when compared to NC treatment (p<0.001).
Besides, similar results were gathered from PC and
NC+POA treatments. Dietary phytase or phytase plus OA
improved egg performance, Fl and FCR. Furthermore,
this positive effect was more clear in treatments with
phytase plus OA.

Decrease in egg performance of NC treatment formed
an irregular reducement curve in the study (Fig. 1). The
results for egg performance of NC at 37-42 wks is
similar to findings of Punna and Roland (1999) and Van
Der Klis et al. (1997). The egg performance curve for
NC+OA treatment with same Pav level was more
regular. Difference for egg performance curve between
NC and NC+OA treatments might be due to difference in
number of birds from same treatment which was
caused by sudden deaths or cage layer fatigue like
symptoms of hens exposed to P deficiency.

Egg weight was increased significantly with dietary
phytase supplementation when compared to NC
treatment (Table 4). Similarly, Van Der Klis ef af. (1997),
Gordon and Roland (1998) and Punna and Roland
(1999) reported an increase with dietary addition of
phytase in egg weight of hens fed diets with 0.1% P
level. On the contrary, it was also suggested that dietary
phytase supplementation to diets with low Pa. level did
not affect egg weight of laying hens at early (Gordon and
Roland, 1997; Van Der Klis ef af, 1997; Carlos and
Edwards, 1998), mid (Jalal and Scheideler, 2001) and
late (Carlos and Edwards, 1998; Scott ef al, 1999;
Boling et af., 2000b; Scott ef af., 2000) laying periods. In
addition, Keshavarz (2000) recorded an increase in egg
weight of layer hens fed diets with different Pa levels
from 54 to 66 wk of age and no effect from 30 to 42 and
42 to 54 wk of age. Our results also show that egg
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weight was not affected significantly from dietary OA
supplementation and mean egg weight in NC+OA was
lower than egg weight recorded in PC treatment
(p<0.0%). This result was confirmed with the findings of
Boling ef a/. (2000a) who pointed out that citric acid
inclusion did not affect egg weight in treatments had
0.1% Pa whereas egg weights were found higher in
treatments with 0.45% P in their study. This might be
attributed to increased egg performance in NC+POA
treatment which may be resulted in lightweight egg.
Mean egg shell weight adjusted for egg weight in NC+P
were recorded lower than egg shell weights in NC
treatment (p<0.05) (Table 4). On the contrary, phytase
supplementation to diets containing 0.1% Pav increased
(Gordon and Roland, 1998) or did not affect (Scott ef a/,
2000) mean egg shell weight. It was found that egg shell
thickness of NC was lower (p<0.05) than egg shell
thickness measured in NC+P and NC+POA treatments.
OA addition did not affect egg shell thickness among
treatments. It was previously indicated that fumaric acid
(Vogt et a/., 1981), lactic acid (Yalcin et a/.,, 2000) and
commercial OA blend supplementation (Yesilbag, 2003)
to diets did not affect egg shell thickness, whereas
propionic acid addition decreased this variable (Vogt ef
al, 1981). Nevertheless, there was no significant
difference among PC and NC+OA, NC+P, NC+POA
treatments. In similar studies, it was also noticed that
dietary phytase supplementation to diets with 0.1% Pav
had no (Van Der Klis ef al., 1997, Jalal and Scheideler,
2001; Keshavarz, 2003) or positive (Gordon and Roland,
1997, 1998; Keshavarz, 2000) effect on egg shell quality.
Different results for egg shell weight and thickness
between treatments might be arise due to low egg
performance in NC treatment.

Digestibility trial showed that phytase andf/or OA
supplementation to diets with 0.1% Pa had no
significant effect on Ca and P utilization. In parallel to
this, Van Der Klis et al. {(1997) and Carlos and Edwards
(1998) also found no significant effect on Ca and P
utilization with dietary phytase supplementation to
treatments with low Pav (0.1%).

Previously, it was suggested that determination of
dietary phytase efficacy on Ca and P utilization is difficult
while phytase was supplemented to corn-soybean meal
based diet containing 0.1% Ps (Carlos and Edwards,
1998; Boling et al.,, 2000b; Keshavarz, 2000; Jalal and
Scheideler, 2001; Keshavarz, 2003). On the contrary,
Leske and Coon (1999) found a significant improvement
on phytate hydrolysis and total P retention with dietary
phytase addition to non-phosphorus purified diets
composed of different feedstuffs (corn, soy bean meal,
non-fat rice bran). Moreover, positive effect of phytase
supplementation is demonstrated with the increase in
Pav of diet (Um and Paik, 1999; Keshavarz, 2000; Jalal
and Scheideler, 2001; Keshavarz, 2003; Collazos ef al.,
2004).
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A number of factors including layer breed (Keshavarz,
2003), age/laying period (Leske and Coon, 1999), Ca
(Van Der Klis et af., 1997; Leske and Coon, 1999) and
Pa (Leske and Coon, 1999; Keshavarz, 2003) level of
diet, dose and composition of enzyme supplementation
(Scheurmann et al, 1988) and usage of purified diets
based on corn and soybean meal are critical on phytate
hydrolysis, P retention and excretion in laying hens.
Serum Ca level was not affected from dietary P level or
phytase and/or OA supplementetion (Table %). In
consistent with this, Carlos and Edwards (1998) noticed
that dietary phytase supplementation to 0.1% Pa diets
did not effect plasma Ca level in different laying periods.
On the other hand, Collazos et a/. (2004) found an
increase (p<0.05) in plasma Ca level with phytase
supplementation to diets containing rice and corn bran
(2.58 and 256% Ca and 035 and 034% Pa
respectively). Serum inorganic P level was increased
(p<0.01) with dietary phytase supplementation whereas
OA addition did not effect. Serum inorganic P level was
found similar in PC, NC+P and NC+POA treatments. In
parallel to this, phytase supplementation to corn
soybean meal based diets with 0.1% Ps (Carlos and
Edwards, 1998) or rice and corn bran based diets with
0.33 and 0.34% Pa (Collazos et al., 2004) increased
plasma P level significantly.

Phytase andfor OA supplementation to diets with 0.1%
Pa did not effect bone ash or bone Ca and P level. Bone
ash and P level in NC+OA treatment and P level in
NC+POA treatment was lower when compared to PC
treatment (Table 5). Several researchers (Gordon and
Roland, 1997; Van Der Klis ef af, 1997; Carlos and
Edwards, 1998; Gordon and Roland, 1998; Punna and
Roland, 1999; Boling et al,, 2000b; Keshavarz, 2003}
demonstrated positive effects on bone quality
characteristics with phytase supplementation to low P
(0.1% P=) diets. Opposite to this finding, Jalal and
Scheideler {2001) found lower bone ash level in groups
treated with phytase. They also reported that their result
might be caused by phosphorus deficiency which
resulted in higher bone phosphorus retention
(preventative mechanism). Different results among
studies may be attributed to some factors including age
and breed of hens, level of P feeding in pre-experimental
period. Commonly, it was demonstrated that bone ash
(Boling et al.,, 2000b; Keshavarz, 2000), bone mineral
content, bone density {(Gordon and Roland, 1997; Punna
and Roland, 1999) and bone strength (Gordon and
Roland, 1997) was not affected from diets with Pav level
of diets higher than 0.15% in different laying periods.
Similar to our findings, Vogt ef al. (1981) did not find any
significant difference for tibia weight and tibia ash in
group fed sufficient Pav level diets supplemented with 2%
fumaric acid.

On the basis of these results, phytase supplementation
to diets containing 0.1% Pa have positive effects on
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observed variables and combination of phytase with OA
in low Pa. diets increased this effect significantly. More,
these findings are similar to that observed with 0.45%
Pz diets recommended by NRC (1994). Synergetic effect
of phytase and OA might be a result of increased phytate
hydrolysis by OA inclusion. Further research should
focused on clarifying the mechanism of (determination
of feed and gastrointestinal pH levels in different part of
digestive system, adding different level or composition
of phytase, feeding diets with Pa level higher than 0.1%)
un-expected positive effect of OA and phytase
combination. Future work may also provide a more
economic ration formulation with prevention of P
pollution with excreta. On the other hand, it may also
ensure bio-secured production of animal protein with
prevention of residues by using natural feed additives
such as enzymes and organic acids.
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