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Abstract: This study was performed to evaluate the effect of dietary citric
acid on some productive and reproductive performances in Matrough laying
hens. A total number of 144 chickens at the middle production
season(10month of age) were equally divided into four groups each group
contain 36 birds (30femals and 6 males). Birds in group one fed the basal
diet (T}). However birds in groups fed diet containing 0.3% citric acid (T>),
the 3"'group_/2'd diet containing 0.6% citric acid (Ty). And the 4" group fed
diet containing 0.9% citric acid (Ty). All birds were kept on floor and raised
under the same environmental conditions. The experiment was continu Jor 3
months of age. Obtained results indicated that addition 0.9% citric acid to
Matrough diets improved(p< 0.05) egg number, egg mass, egg production
rate, egg weight, hatchability percent, immune response, economic
efficiency, feed conversion and reduced (p<o.05) mortality rate. While
slightly improved egg (p>0.05) in surface area, yolk weight%, albumen
index specific gravity, shell density, SWUSA, egg shell volume and Haugh
unit was recorded for birds fed dietary 0.09% citric acid as compared to the
all other treatments.

This study recommended use 0.9% citric acid as Jeed addition to
improved increase the layer productive and reproductive performance.

INTRODUCTION

Growth promoters for poultry'are classified in to three main groups:
Probiotics, pre-probiotics and pro-probiotics. Probiotics are divided into
three ways.

Micorbial probiotics: (Strains, lanctobacilli, Streptococci and Bacilli,
and products: Lacto- Sace, Lactifrom, Paciflor... / (Marionnet and Lebas.
1990 and De Blas et al., 1991). Acidifiers: Organic acids: Citric, fumaric,
acetic, propionic acids and compound products: Acid-pak4-way (Karmauner
1994), Yecast culture: strains: Sacchromyces and candida and products: yea-

-
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Sacc, thepax, Baker and Brewer (Lyons. 1992 and Gerendia et al, 1992).
Sakomura et al, (1998 reported that, therc was no effect on laying
performance due to fumaric acid inclusion into layer diets. Falkowski and
Aherne (1984), and Radecki et al, (1988) reported that, feed intake was
depressed by high inclusion levels of citric acid. Furuse and Okumura
(1989) showed that, feed intake can be depressed as a result of low
palatability of acidic diets due to organic acid inclusions,

Burnell et al, (1988) reported that, citric acid supplementation
lowered the pH value of coron-soy diet. Lower dietary pH, tended to
decrease pH value in small intestine.

Haddading et al, (1996) who suggested that, increasing lactic acid
concentration in the thickness, egg shell strength clearly increased by
feeding different levels of dietary citric acid. The effect of organic acid as
growth stimulants for chicken has been reported by (Genetesse et al, (1994))
found that, calcium metabolizability increased by adding citric acid into
broiler diets. Similar results were obtained by Ibardo laza et al, (1993) who
found that, feeding dietary propionic acid increased calcium absorption.

Moreover Afifi and Alaily (2001) indicated that, there were non-
significant improvement in egg production percentage and feed conversion
ratio due to feeding 0.8% 1.2% and 1.6% dietary citric acid containing diet.
Average egg weight and daily feed consumption were not affected by
feeding different levels of citric acid except for 1.6% level which reducded
average egg weight and feed consumption compared to other treatments.
Both of calcium retetion percentage and serum calcium significantly
increased by feeding dietary citric acid. Egg shell quality in terms of egg
shell percentage, egg shell thickness and egg shell strength was significantly
improved by feeding different levels of citric acid. Afifi et al, (2001)
showed that feeding dietary citric acid led to increasing average body gain
and no significant effects was noted on feed consumption or feed efficiency
ratio, total proteins, total lipids or cholesterol level, bursa or spleen weight,
small intestine thickness and relative weight of liver. Feeding dietary citric
acid led to sharp reduction in ileal content of coliforms bacteria and
bacterial total count, but, the number of lactobacilli bacteria was slightly
increased. Patten and Waldroup (1988) observed significant improvements
in performance of broilers fed diets supplemented with fumaric acid; also
the same results were obtained with proponic acid (vogt et al., 1981). Brown
and lee (1985) found that 1% addition of citric acid did not affect rate of
feed efficiency. Jin et al., (1997) stated that, organic acids inhibit the growth
of bacteria and their action depends on reducing gut pH value.
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Therefore the objective of this study was aimed to evaluate the effect
of dietary citric acid (0.3,0.6,and 0.9%) on the layer performance, and egg
parameters for Matrough hens under upper Egypt climatic,

MATERIALS AN HOD

This study arried out at Poultry research unit Animal production
department AL-Azhar University Assiut Branch. Egypt. Laboratory work
of determining the immune response for New-Castle disease was done at the
poultry services center in Faculty of Agriculture , Cairo University.

irds and management:

One hundred and forty four Matrough layers at the middle laying
season (10 month age) were reared on floor in open side house under the
same managerial conditions. Birds were distributed into four treatments
cach 30 hens and 6 cocks. Each group contained 3 replicates (10 hens and 2
cocks as a replicate). Birds in group one were served as a control and fed
basal ditet. While birds in groups 1,2,3 and 4 were fed dietary citric acid at
levels of 0.3,0.6, and 0.9% respectively Food and water were provided ad-
libitum. The basel diet was formulated to meet the nutrient requirement of
laying hens according to NRC (1994) and reported in (Table 1). Lighting
hours were scheduled to be 16 hours per day. The experiment was started at
November and terminated at February(3month). Intial body weight at the
beginning of the experiment was recorded. The maximum and minimum
temperatures and relative humidity of chicks house were daily recorded at
the morning and afternoon throughout the experimental period and
summarized monthly in (Table 2).

Performance traits:

Egg number and egg weight (to the nearestlg) were daily recorded
by dividing total egg number or total egg weight for each replect by the total
number of hens in each cages respectively. Both egg mass and egg
production rate were calculated. Mortality number for each treatment were
recorded daily to count the mortality percent every month. Feed
consumption (hen\day) was recorded and feed conversion was calculated
every period. At the end of first,second,third months of laying period. Eggs
from cach treatment were collected throughout successive days and
incubated in an automatic incubator. Eggs were examined at 7 days of
incubation period to determine fertile and in fertile egg, fertility was
calculate as follows:

Fertility% = (Number of fertile eggs/ Number of total set eggs) x100
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Hatched chicks and unhatched eggs were counted to calculate hatchability
percentage A total hatching eggs for Matrough = 30 eggs x 4 treatments x 3
months = 360 eggs .

Hatchability % = (Number of hatched chicks / Number of fertile eggs) x 100

Birds were immunized against New Castle Disease virus (NDV)
with vaccine la Sota at the end of the experimental period. Blood samples
were collected after 10 days from immunization and the serum antibody titre
were determined by hemagglutination Inhibition (HI) test ( Hitchner et al.,
1980).

Some egg contents:

Six eggs were collected from each treatment were individually
weighed then broken out individually on a flat glass plate to calculated egg
dimensions (Length and width), diameter and height of albumen and yolk
were measured in mm using a digital caliper to calcuted the shell, albumen
and yolk weight percentage of egg weight..

Some egg quality measurements:

Then calculated the egg shape index according to Roman off and
Romanoff (1949)

Yolk and shape index % =egg width (cm) /egg length (cm) x % .

Albumen index was calculated according to Funk et al, (1958) as yolk and
albumen height divided by yolk and albumen diameter, respectively.

Haugh unit was calculation according to Eisen, et al (1962) based on
the height of a albumen determined by micrometer and egg weight .Egg
specific gravity (SP.gr) was calculated by Harms et al, (1990) using the
following equation:

SP.gr = EW/0.968 (EW.SH.W) + (0.4921 X SH.w)
Were EW = egg weight, SH.w = shell weight.
Shell quality:

Shell weight was measured to the nearest 0.1gm and shell thickness
(cm) by micrometer was recorded

Egg surface area (ESA) was calculated according to Paganel et al, (1974) by
the equation as follows:-

Egg surface area = 4.835 W %2 ¢?

where W= egg weight. in gram.
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Shell weight per unit surface arca (SWUSA)= shell weight, mg/ESAcm’
While egg shell volume was calculated according to Rahn (1981)

= ESA em? X shell thickness cm,

Morwover was shell density calculated according to Nordstrom and
Qusterhant (1982).

Shell density = shell weight, mg/SSA.

Where SSA = 3.978X W0 705

W = egg weight,gm

Economic efficiency:

The total feed cost (L.E) at the end of the experiment for each
treatment, was calculated depending upon the local market prices of the
ingredients (during 2007 year) used in formulating the experimental diets.
Also, the total income (L.E) was calculated depending upon the local market
prices of 1 Kg egg weight. Economic efficiency was determined by
comparing the net revenue (L.E) and the total feed cost, for each treatment.

It was calculated as follows:
Net revenue (L.E)

Economic efficiency =

Statistical analysis: Total feed cost (L.E)

Data were statistically analyzed according to SAS (1996). Significant
differences among individual means were analyzed by Ducans multiple
range tests (Duncan 1955). Pooled standard error for each trait was
calculated.

RESULTS AND DISCUSSION

Productive performance:

The effect of dietary treatments on some Productive performances
are recorded in (Table 3 ) the data revealed that layer fed diets contain 0.9 %
citric acid increased (P<0.05) egg number, egg mass, egg production rate,
egg  weight, hatchability percentage, reduced (P<o0.05) mortality rate
improved (P<0.05) immune responses feed conversation and reduced feed
consumption as compared to the all other treatments. The improvement in
egg production «as a results of adding 0.9% citric acid to laying dietsmay be
due to increase in calcium retention and absorption associated whit high
citric acid inclusion level (EL-Afifi and Alaily (2001) Also+ organic acids
supplementation inhibited the growth of bacteria and their action depends
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are reducing gut pH value Jit et al., (1997). Moreover, Patten and Waldroup
(1988) observed significant improvements in performance of broilers fed
diets supplemented with Fumaric acid, also the similar results were obtained
with proponic acid Vogt et al,, (1981).In the present study, addition 0.6%
(Ty) citric acid to layer diet increased (P<0.05) the egg number, egg mass,
egg production rate, egg weight, hatchability percent, immune response and
reduced mortality rate and improved (P<0.05) feed conversion as compared
to the control group and treatments of 0.3% level citric acid (T2). This
finding are disagrees with those reported by Falkowsk, and Aherne (1984)
and Radecki et al., (1988) who reported that, feed intake was depressed by
high inclusion levels of citric acid, also Brown and lee (1985) found
that,1%, addition of citric acid did not affect rate of feed efficiency.
Furthermore, Furns and Okumura (1989) showed that feed intake can be
depressed as a results of low palatability of acid diets due to organic acid
inclusion,

Egg quality:

The effect of dietary citric acid on some egg quality measurements
were recorded in Table (4) that layer diets supplemented with 0.9% citric
acid increased (P>0.05) the albumen index and Haugh unit as compared to
all other treatments, while, surpassed with in specific gravity rather than
that, control or group of 0.6% citric acid. In the meanwhile level 0.3% citric
acid (T;) increased (P>0.05) yolk index and specific gravity as compared to
the other treatments. These results are in accordance with those of Afifi and
Alaily, (2001) who noticed that, average egg weight was not affected by
feeding different levels of citric acid except that of 1.6% level which
reduced average egg weight as compared to other treatments.

Egg contents:

The effect of dietary citric acid on some egg content was reported in
(Table 5) it could be noticed that layer dietary fed 0.9% citric acid increased
(P>0.05) Yolk weight%. While, 0.3% citric acid improved (P=0,05) shell
weight percent as compared to other treatments. Albumen weight % was
impaired with addition citric acid to layer diet . This may be due to its
modification effect on microblal population in lumen and enhances the
growth of lactobacilli bacteria which improves the nutrients absorption
(Haddading et al. 1996) and consequently improve feed efficiency and body
weight gain (Alder and Damassa (1980). On the contrary citric acid has
sharply reduced number of pathogenic coliforms bacteria, which was partly
responsible for the So-called melabsorption syndrome (Tortuero 1973) and
consequently related the well growing of broiler
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Egg shell quality:

The effect of citric acid on some egg shell quality was recorded in
Table (6).Results declared that supplementation layer hens by ¢ 9% citric
acid in diet improved (P=0.05) egg surface area, shell density, and egg shell
volume as compared to low levels of citric acid, improved (P>0.05) as
compared to T3 and T3, while T3 was the worst treatment. These results are
in harmony with those reported by Afifi and Alaily (2001) who found that,
egg shell quality in terms of egg shell percentage, egg shell thickness and
egg shell strength was improved significantly by feeding different levels of
citric acid, The same trend Haddading et al ., (1996) who suggested that,
increasing lactic on concentration in thickness, egg shell strength clearly
increased by feeding different levels of dietary citric acid. This may be due
to increasing  calcium metabolizability by adding citric acid in diets
(Genetesse et al., (1994).

Economic efficiencies (E.ef):

The effect of dietary citric acid on economic efficiency was reported
in Table (7) indicated that economical efficiency was 0.485,0.410,0.495 and
0.540 for dietary 0.0%,0.3%,0.6%and 0.9% citric acid, respectively. It
scems that chicks fed on 0.9% citric acid had the best F.ef compared whit
other treatments. Assuming that the relative E.ef of the control group equal
100 , the other groups recorded relatively E.ef. values of 84.52,102.06 and
11.34 for 0.3% , 0.6% and 0.9% citric acid, respectively.

The results also reveal that relative E.ef of the diet contained 0.9%
citric acid was superior compared with the other treatments.

In conclusion, the present results appeared that addition excessive
amount up to 0.9% citric acid in layer diets increased significantly egg
number, egg mass, egg production rate, egg weight, hatchability percent,
immune response, feed conversion, egg surface arca, Yolk weight %,
albumin index and Haugh unit ,
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Table (1) Ingredient composition and calculated analysis of the basal diet.,

Ingredient %
Yellow corn 68.0
Soybean meal 14.5
Layer concentrate'™ 10.0
Limestone 7.25
Layer premix"” 0.25
Total 100
Calculated analysis: (%)

Crude protein 17.36
Metabolizable energy (Kcal/Kg diet) 2831
Calcium . 3.46
Available P 0.85
Lysine 0.86
Methionine 0.37
Methionine + cystine 0.64

(ﬂ) Layer concentrate (50%) contain: crude protein 50%, fiber 2%, fat 4.28%, Ca 6%, P 2.85%< methionine
1.8% Maethionine + cystine 2.03%, Laysine 2.75% , NaCl 2.67% and ME 2300 Kc¢al / Kg.

(b)

Each 2.5 Kg of layer premix contain; Vit A, 10.000.1, U, Vit D, 2,250,000 C.LU, Vit E, 10 mg, VitK, | mg,

Vit By, | mg, By 4 mg. Be, 1.5 mg, By, 10 mg, Pantothenic acid 10 mg, Nincin 20 mg, Folic acid 1 mg,
Biotin 500 mg, Choline Chloride 500 myg, Iron 30 mg. Manganese 40 mg, Zine 45 mg, Cupper 3 mg. Cobalt
100 mg, lodine 300 mg, Selenium 100 mg and Ca COy, 10 2500 gm,

Accroding to NRC. 1994

Table (2): Measurements of temperature and humidity during the

experimental period.

330 PM

8.3 AM

Periods (month)

Humidity % Temperature C°

Humidity %

Temperature C*

48,97 24.56 84.5 12.94 0-1
47.06 19.85 89.23 9.61 1-2
48.73 19.33 88.87 9.15 2-3
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Table (5): Effect of dietary treatments

on some egg contents of

Matrough laying Hens.
Measurements YT _ 3
She'('s"(;gg;“ % A'b“"('eA“\x)'gh‘ % | Yolk weight % (YWP)
Treatments ‘
T1 (Control) O 0.112+ 0.0024 0.564+ 0.0054 0.324+ 0.0059
T2 (0.3% citric acid) 0.115+ 0.0023 0.558+0.0042 0.326+0.0034
T3 (0.6% citric acid) 0.109+ 0.0020 0.561+0.0048 0.330:0.0042
T4 (0.9% citric acid) 0.111+ 0.0024 0.554+0.0054 0.334+0.0047
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