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Abstract: In this study, the citric acid and microbial phytase combination effect on the egg
quality characteristics in commercial laving hens of Hy-line (W-36) strain in 53-64 week of
age 1is studied. One hundred and ninety two of laying hens were tested. The experimental
design was completelv randomized design with a 3x2 factorial arrangement with three levels
(0, 2 and 4%) of citric acid and two levels (0.0 and 300 FTU kg ") of microbial phytase in
low available phosphorus diets with 6 treatments, 4 replicates and 8 hens in each replicate.
The measurements were specific gravity, eggshell thickness, Hough unit, eggshell weight and
egpshell ash. The results showed that interaction of citric acid and phytase had signmficant
(p<0.05) effect on specific gravity, eggshell thickness and eggshell weight. Adding of 4%
cifric acid to low available phosphorus diets decreased the Hough unit and eggshell ash in
comparison with other groups, significantly (p<0.035). 300 unit kg™ phytase addition in low
available phosphorus diets, decreased the Hough unit, significantly (p<0.05). Also, phytase
addition in low available phosphorus diets, was increased eggshell ash, significantly
(p<0.05).
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INTRODUCTION

Phosphorus 1s an essential and costly mineral material in poultry nutriion. Ammal feed
additives are rich of phosphorus and the availability of this mineral material in these foods supposed
100% approximately, while the availability of phosphorus in plant feed additives is ouly 30%
(National Research Council, 1994).

The portion of phosphorus of the grain, grain by products and plant feed additives available
phosphorus are in form of acid phytic or it's salt form (phytate) that restriet the phosphorus besides
could combine with proteins and carbohydrates and decrease digestibility and bioavailability of them
because of so many eclectic charge. There is low availability of phosphorus in phytate because of low
activity of phytase enzyme in poultry digestive system. Thus the noticeable amount of phosphorus
available in poultry foods excretes to environment. From previous studies deduced that organic acids
may increase the utilities of phosphorus. Adding the mixture of citric acid and sodium citrate in
(1:1 ratio) to rat diets with lack of calcinm and phosphorus inhibit from rickets discases (Shohl, 1937).

Pileggi er al. (1956) study is confirmed the previous studies (Shohl, 1937) and showed that the
best results of citrate is observed when the rat is feed with phytate containing diets and there is no
usefid response after adding of citrate to diets with lack of phytate. Boling ef a/. (2000a) reported that
in lying hens that feed with corn-soybean meal the citric acid didn't affect utility of phosphorus.

Snow er af. (2004) showed that there are additive effects of citric acid, phytase, 1-e-
hydroxycholecalciferol in response to tibia ash and phosphorus utility in broilers generally and
combination of citric acid with phytase and 1-e-hydroxycholecalciferol with phytase could have much
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interaction effect on phytate phosphorus utility. Therefore deduced that the citric acid may decrease
the pH of digestive juices in small intestine and prevent to phytate insoluble salts complex which resist
to interior phytase enzymes hydrolysis due to be ready of phytic acid to hydrolysis with interior and
exterior phytase enzymes (Maenz ef al., 1999; Applegate er al., 2003).

Boling et af. (2000b) hypothesized that citric acid complex with calcium and reduces the
formation of more stable calcium-phytate complexes and ready the diet phytate to endogenous
phytase. Thus the goal of this study is to detect the effects of combination of citric acid and microbial
phytase on the egg quality characteristics in laying hens.

MATERIALS AND METHODS

One hundred and ninety two, 53 week old Hy-line (W-36) laying hens were examined in this
study in age of we used 53 weeks to 64 weeks. Hens were distributed in completely randomized design
included 6 treatments with 4 replications and 8 hens in each replicates. This experiment was carried
out at December 2004. Microbial phytase, was the product of BASF company? (Natuphos® 500,
BASF Crop., Mt. Olive, NI} and including 10000 unit active phytase per gram. This product was
informed of white granules which derived from Aspergillis niger and citric acid is a monohydrated
gramuile. The citric acid used in this experiment was monohydrate 92%, which was added to the
diets after calculating purity percentage. The ME of citric acid was assumed to be 2600 Kcal kg™!
(Boling ef al., 2000b).

The 6 experimental diets were:

1} Control {C) with 0.1% available phosphorus (C), 2) C + 300 FTU kg~! of microbial phytase,
3y C + 2% citric acid, 4) C + 2% citric acid + 300 FTU kg™ of microbial phytase, 53 C + 4% citric acid
6) C + 4% citric acid + 300 FTU kg™ of microbial phytase.

The diets had similar nutrient level except of phosphorus were regulated with National Research
Council (1994) recommendation. The ingredients of diets are showed in Table 1. The used cages had

Table 1: Ingredients and nutrient composition (g ke™!) of experimental diets during laying (53-64) week of age

Treatments
Ingredients 1 2 3 4 5 il
Com 664,40 663.80 632.70 632.10 601.10 600.50
Soybean meal (44%) 211.20 211.30 211.70 217.30 223.40 223.50
Soybean oil 12.10 12.30 15.70 19.90 19.40 16.60
Calcium carbonate 81.20 81.20 81.20 81.20 81.20 81.20
Cryster shell 20.00 20.00 20.00 20.00 20.00 20.00
Salt 1.50 1.50 1.50 1.50 1.50 1.50
Sodium bicarbonate 3.60 3.60 3.60 3.60 3.60 3.60
Premix® 5.00 500 5.00 5.00 5.00 500
DL-Methionine 1.00 1.00 1.00 1.00 1.00 1.00
Citric acid (92%) - - 21.90 21.90 43.80 43.80
Phytase® - 0.30 - 0.30 0.30
Analysis (data on dry matter)
Calculated
ME (kcalkg™) 2817.00 11.78 11.78 11.78 11.78 11.78
Cmde protein (g kg™) 150.00 150.00 150.00 150.00 150.00 150.00
Available P (g kg™) 1.00 1.00 1.00 1.00 1.00 1.00
Total P (g kg™)) 3.20 320 3.20 3.20 3.20 320
Calcium (gkg™) 38.00 38.00 38.00 38.00 38.00 38.00
Methionine+cystine (g kg™") 6.00 6.00 6.00 6.00 6.00 6.00
Lysine (gkg™) 7.40 7.40 7.40 7.40 7.40 7.40

¢ Vitamnin and mineral mix supplied kg™ diet: vitamin A, 9000 IU; vitamin D;, 2000 IU; vitamin E, 18 IU; vitamin
K, 2 mg; Vitamin By, 1.8 mg; Vitamin B,, 6.6 mg; Vitamin Bg, 4 mg; vitamin By,, 0.015 mg; Nicotinic acid, 35 mg;
folic acid, 1 mg; biotin, 0.1 mg; choline chloride, 250 mg; ethoxyquin, 0.125; Mn, 100 mg; Zn, 10 mg; cu, 100 mg;
Se, 0.22 mg; I, 1 mg; Fe, 50 mg

b: Natuphos® (BASF Crop., Mt. Olive, NJT) was used to supply 300 FTU microbial phytase per kilogram of diet
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50 cm length, 50 cm width and 50 em height. Four hens were kept in each cage and every 2 cage were
assumed as experimental unit. The experiment was done is 6 period, each 15 days sequential period.
Average temperature in all 6 periods was constant (19°C). In order to evaluate the condition of flock,
first data collecting supplied in 1 month before starting the experiment and it was found that there were
no differences in performance of treatments before the experiment. The hens fed ad libitum and
exposed to the 16 hlight and 8 h darkness during a day. In order to adaptation to new diets they were
fed during 1 week before the experiment.

In experimental period every 15 day the characteristics of egg shell such as specific gravity,
Hough units, dry shell weight, thickness and weight of eggshell ash is measured.

For measuring egg specific gravity the produced eggs from each experimental unit in 2 days before
the end of any period collected and then used floatation method in salty water solution. At first 16
salty water solution with concentration 1.05, 1.054, 1.058 1.062, 1.066, 1.70, 1.074, 1.078, 1.082,
1.086, 1.090, 1.094, 1.098, 1.102, 1.106, 1.100, 1.140 supplied. These solutions supplied with adding
comimon salt to water and adjusted by Hydrometer (an instnument to determine liquids specific
weights with desired level of differences). The eggshell thickness measured with eggshell meter
(OGAWA SEIKI Co. Ltd., 3rd Ed., OSK, 13469}, which have ability to measuring egg shell thickness
upto 1.1 mm.

For estimation weight of eggshell at first extracted the egg contents then dried the eggshell in fresh
air for 48 h and weighted and fit as percentage of egg weight. For eggshell ash measuring us put dried
eggshell into oven for 12 h with 600°C heat and changed it to ash and estimated the percentage of it
in eggshell.

Because of doing this research within 6 period of sampling we used, the period effect as an one
factor inside the model when the analysis of data done and because of no significant effects of period
the all data of 6 period pooled together and inside designed model with General Linear Models (GLM)
procedures of SAS® (SAS, 1990) software was employed and significant differences between
treatments were separated using Duncan’s (1955) multiple range test.

RESULTS AND DISCUSSION

The results showed that interaction effect of citric acid and microbial phytase on egg specific
gravity 1s significant statically (p<0.001). Comparison between means of citric acid and phytase
interaction effects showed that adding citric acid to the diets with lack of available phosphorus,
decreased egg specific gravity significantly (p<0.05). Reason of why adding citric acid to diets rich by
phytase caused decrease of egg weight, is unknown. While adding citric acid to the low available
phosphorus diets increased the egg weight in comparison with diets with no citric acid (p<0.05).

The interaction effect of citric acid and microbial phytase on thickness and eggshell weight is
significant statistically (p<0.01, p<0.001), respectively. Comparison between mean of interaction
effect showed that adding citric acid to low available phosphorus diets rich by phytase had no
significant effect on thickness and weight but adding citric acid to diets rich with phytase increased the
thickness and weight mumerically with no statistically effect. It seems that adding citric acid to diets
of hens had no effective output on microbial phytase act while adding citric acid to low available
phosphorus diets increase thickness and eggshell weight significantly (p<0.05), But there is no
significant effect between various levels of citric acid with respect to effect of citric acid on these trait
(Table 2).

Notice that measuring the specific gravity and eggshell thickness are good index for calcium
metabolism hence it seems that the increase of specific gravity, thickness and eggshell weight with
addition of citric acid to diet is depend on chelate characteristics of calcium by citric acid
(Erdman, 1979), thus decrease the banding of calcium to phytate molecule and insoluble phytate-
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Table 2: The effect of citric acid and microbial phytase on the egg quality characteristics of laying hens (53-64) at whole

period
Treatments Eggshell Eggshell Eggshell
Specitic thickness Hough weight ash

Citric acid (%) Phytase (U kg™")* gravity (mm) unit (2%) (2%)
0 0 (Control) 1.0608 0.264° 79.03® 9.62 57.65°
0 300 1070t 0.285 7633 10.63* 71.73*
2 0 1.072% 0.284° B1.9% 1077 65.62°
2 300 1.068" 0.284 73.11° 1057 66.19®
4 0 1.073* 0.28% 75,03 10.76* 62.67*
4 300 1.06¢° 0.27% 71.85° 1038 66.50®
SEM pooled 0.001 0.004 1.87 0.22 2.01
Main effects
Clitric acid 0 1.065° 0.274 7708 10,12 64.69

2 1.070 0.284 7155 10,67 65.90

4 1.07¢r 0.284° 73.44 1057 64.58
Phytase 0 1.068 0.279 7865 10.38 64.65°

300 1.068 0.282 7376 10.53 68.14*

Prohabilities
Clitric acid 0.0003 0.0094 0.0245 0.0001 0.1169
Phytase 0.8439 0.1991 0.0008 0.1388 0.0308
Citric acid=Phytase 0.0001 0.0003 0.1478 0.0001 0.1942

-: Means in columns with no commeon superscript differ significantly (p<0.05), !: Natuphos® (BASF Crop., Mt. Olive,
NIy was used to supply 300 U microbial phytase per kilogram of diet

calcium complex formation therefore it is possible to more calcium absorption from intestine and
precipitation as caleium bicarbonate on eggshell. Boling ef af. (2000b) reported that adding various level
of citric acid to the diets with 0.1% available phosphorus had no effect on egg specific gravity. This
result had no agreement with others.

The main effect of citric acid and phytase on Hough unit is significant statistically (p<0.05,
p=0.001) respectively, while there is no significant effect in interaction between them. The results
showed that adding 4% citric acid to diet, decreased Hough unit in comparison with diets containing
2% of citric acid and diets with no citric acid, but there are no significant differences between 0 and 2%
levels of citric acid statistically. Furthermore adding phytase to low available phosphorus diets
decreased Hough umit. The reason of why high level of citric acid and addition of phytase to diets
decreased Hough unit is unknown. By the way it seems that because of effect of egg height and egg
weight on Hough unit, thus as amount as the egg weight increased Hough unit decreased and also in this
studv adding citric acid and microbial phytase increased egg weight and logical result could be ascribed
this decrease to increase of egg weight.

UM and Paik (1999}, Jalal and Scheideler (2001) and Lim ef al. (2003) reported that phytase
addition to laying hens diets had no effect on Hough unit. The results of eggshell ash data analysis
showed that main effect of phytase on this trait is significant statistically (p<0.03), although the main
effect of citric acid and interaction effect of citric acid and phytase is no significant statistically. Adding
phytase to the low available phosphorus diets increased eggshell ash 5.3%. These represented that
phytase affect increase of eggshell ash with causing phosphorus to be released from phytic acid and
other minerals from phytine. This result is in agreement with Rama Rao ez af. (1999) and UM and Paik
(1999} findings.

CONCLUSION
From this study it could be deduced that:

«  Addition 2% citric acid to low available phosphorus diets improves quality characteristics such
as specific gravity, eggshell thickness, eggshell weight, eggshell ash and Hough unit.
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«  Addition cifric acid to low available phosphorus diets rich with microbial phytase couldn't affect
activity output of microbial phytase in laying hens at 53-64 week age.

«  Addition 300 FTU kg™! microbial phytase to diets containing 1% available phosphorus diets
based on com-soybean meal is enough protect of egg quality characteristics laying hens in
53-64 week age.
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