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A total of 304 mixed sex chukar partridge (Alectoris chukar) chicks were reared in an environmentally
controlled cages, which were divided into two groups, control (not supplemented) and probiotic
(PrimaLac® supplemented) treatments with four replicates per treatment. The birds were fed PrimaLac®
at the rate of 1.0 and 0.5 g/kg of feed from 1 to 3 and 4 to 40 weeks of age, respectively. At 32 weeks of
age, 64 female chukar partridges with uniform body weight were selected to determine the effects of
PrimaLac® on egg production over 33 to 40 weeks and egg quality characteristics over the last two days
of 40 weeks of age. Addition of probiotic PrimaLac® increased (P < 0.05) egg weight and specific gravity,
but concomitant decrease (P < 0.05) in egg shape index. The application of PrimaLac® also increased (P
< 0.05) egg shell thickness, egg shell weight and egg albumen weight. However, in terms of egg
production and yolk weight, no significant differences were detected in the two groups (P > 0.05),
although these values were numerically greater in probiotic treated birds.
Key words: Chukar partridge, egg production, egg quality, probiotic.
INTRODUCTION
Chukar partridge is the common name of a game bird
classified as Alectoris chukar species of the Phasianidae
family (Cetin and Kirikci, 2000). Partridges are exploited
for eggs, meat and hunting preserves. The wild partridge
population in many countries, especially the industrialized, has decreased considerably due to increase in
illegal hunting, environmental pollution, number of
predators, general use of herbicides and insecticides and
loss of habitat (Rueda et al., 1992) over the last few
decades. Thus, there is need to investigate different
aspects affecting the partridge egg production and quality
to repopulate of partridge subspecies.
The microflora in the gastrointestinal tracts of poultry
plays a key role in normal digestive processes and in
maintaining the animal’s health. Some feed additives can
substantially affect this microbial population and their
health promoting effects. Recently, concerns about some
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unwanted harmful side effects caused by antibiotics
(Botsoglou and Fletouris, 2001) has grown in many
countries, so that there is an increasing interest in finding
alternatives to antibiotics in poultry production. Some
possible alternatives are dietary supplementation of
prebiotic, probiotic, organic acids and medical plant or
their by-products (Langhout, 2000). Probiotics which
mean "for life" in Greek contain yeast cells, bacterial
cultures or both and their use has gained widespread
interest since Turtuero’s (1973). Probiotics defined as live
microbial feed supplements beneficially improve the
intestinal microbial balance in host animal (Isolauri et al.,
2001).
The proposed mode of action for the beneficial effect of
probiotics are as follows: High affinity for attachment to
the mucosal wall, adjusting to immune responses
(Patterson and Burkholder, 2003), providing digestive
enzymes, stimulating synthesis vitamins of the B-group
and enhancement of growth of nonpathogenic facultative
anaerobic and Gram positive bacteria by producing
inhibitory compounds like volatile fatty acids and hydrogen peroxide that inhibit the growth of harmful bacteria
enhancing the host’s resistance to enteric pathogens
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Table 1. The ingredients and calculated nutrient contents of the Chukar partridge starter, grower, holder and breeder control diets 1.

Ingredient (%)
Corn
Soybean meal, 44% CP
Wheat bran
Barley
Vegetable oil
Limestone
Dicalcium phosphate
Salt (NaCl)
DL-Methionine
L-Lysine
2
Vitamin mix
3
Mineral mix
Calculated nutrient contents
ME (kcal / kg)
Crude Protein (%)
Calcium (%)
Available phosphorus (%)
Methionine (%)
Lysine (%)
1

Starter
(0 to 8 weeks)
43.80
47.00
0.00
2.06
2.50
0.60
2.70
0.50
0.25
0.24
0.25
0.10

Grower
(9 to 16 weeks)
50.18
29.85
6.50
7.68
0.76
0.96
2.30
0.50
0.30
0.62
0.25
0.10

Holder
(17 to 28 weeks)
55.07
11.32
20.00
10.00
0.85
0.85
0.90
0.50
0.16
0.00
0.25
0.10

Breeder
(29 to 40 weeks)
44.50
25.40
7.72
8.00
3.60
6.50
2.30
0.50
0.33
0.80
0.25
0.10

2800
25.00
1.00
0.70
0.60
1.57

2700
20.00
1.00
0.60
0.60
1.50

2700
14.00
0.60
0.30
0.40
0.60

2700
18.00
3.10
0.60
0.60
1.50

®

Probiotic Primalac was added to the diets at the rate of 1 g per kg of feed for the first 3 weeks and thereafter 0.5 g / kg until 40 weeks of age.
Vitamin mix provided the following per kilogram of diet: vitamin A, 1.000 IU; vitamin D3, 3.500 IU; vitamin E, 100 mg; vitamin K3, 3 mg; vitamin B1,
3 mg; vitamin B2, 6 mg; vitamin B6, 5 mg; vitamin B12, 0.03 mg; niacin, 45 mg; calcium pantothenate, 15 mg; folic acid, 1 mg; biotin, 0.15 mg;
3
ethoxyquin (antioxidant), 150 mg. Trace mineral mix provided the following per kilogram of diet: iron, 60 mg; manganese, 100 mg; zinc, 60 mg;
copper, 5 mg; iodine, 2 mg; cobalt, 0.2 mg; selenium, 0.15 mg; choline chloride, 400 mg.
2

(Fuller, 1989; Jin et al., 1996; Rolf, 2000; Sun, 2005). In
line with the study of Nahashon et al. (1994) and Turtuero
and Fernandez (1995), administration of probiotic into the
diet enhances egg production and egg quality. These
results are consistent with Haddadin et al. (1996) who
reported that egg production, size and qualities were
improved by addition of probiotic. In contrary, inclusion of
the probiotic Bioplus in laying hens diet did not influence
on egg production and egg weight (Mahdavi et al., 2005).
Literature review indicates the effect of probiotics on
partridge egg production and quality has not been tested
yet and it is necessary for detailed research to reach
sufficient amount of knowledge related in this field.
Therefore, the aim of this study was to determine the
effects of dietary probiotic PrimaLac® supplementation on
egg production and some egg quality parameters of
chukar partridge (A. chukar).

MATERIALS AND METHODS
Birds, diets and management
Three hundred and four mixed sex chukar partridge chicks were
accommodated in electrically heated brooder batteries for the first 5
weeks and grower batteries till the end of 28 weeks of age. Then

they were transferred to breeding cages at 29 weeks to the end of
egg laying period. The chicks were fed diets containing 25, 20, 14
and 18% CP and 2800, 2700, 2700, 2700 kcal / kg ME from hatch
to 8, 9 to 16, 17 to 28 and 29 weeks of age to the end of egg laying
period. Formulation and composition of the starter, grower, holder
and breeder diets are presented in Table 1, according to nutrient
requirement of chukar partridge recommended by Woodard (1982)
and Ernst et al. (2007). The birds were randomly allocated to two
dietary treatments of not supplemented (control) and supplemented
(probiotic) groups in a completely randomized design considering
each treatment was replicated 4 times with 38 birds per replicate.
Then sixty four (eight per replicate), not vaccinated but healthy and
nimble, 32 weeks of age female chukar partridge (Alectoris chukar)
with uniform (P > 0.05) body weight were selected after sexed at
the same age. Every eight females were lodged in one well
ventilated cage as a replicate.
The probiotic PrimaLac® was added to the diets at the rate of 1
and 0.5 g / kg of feed for 1 to 3 and 4 to 40 weeks of age. This
commercial microbial culture (PrimaLac®) included a minimum
presence of 1.0 × 108 CFU of friendly bacteria Lactobacillus
acidophilus, Lactobacilles casei, Bifidobacterium thermophilus and
Enterococcus faecium per gram (PrimaLac®, Star Labs, St. Joseph,
MO). PrimaLac® has been shown to resist extremes in temperature
and humidity and remains stable up to a year after its container is
opened. Its unique formulation ensures that a large portion of what
is ingested actually gets into the bowel or gastrointestinal tract and
is not destroyed in the crop or stomach. Therefore, its desired effect
is achieved.
The cages were enclosed with plates at the sides, and between
two cages a space as half long as one cage length was kept empty
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Table 2. Effect of dietary probiotic Primalac® supplementation on egg production and external egg quality
parameters of chukar partridge (mean ± SE)1.

Parameter
Egg production (%)
Egg weight (g)
Specific gravity
Shape index

Treatment
®

Control
43.20 ± 2.12
b
20.99 ± 0.32
b
1.05 ± 0.03
a
77.77 ± 0.97

Primalac
44.73 ± 2.83
a
22.57 ± 0.18
a
1.07 ± 0.04
b
75.38 ± 1.12

a-b

1

Means ± SE in a column with different superscript are significantly different (P <0.05). Number of eggs = 32.

Table 3. Effect of dietary probiotic Primalac® supplementation on internal egg quality parameters of chukar
partridge (mean ± SE)1.

Parameter
Shell thickness (mm)
Shell weight (g)
Yolk weight (g)
Albumin weight (g)
Yolk color (Roch)

Treatment
Primalac®
0.223 ± 0.007a
2.30 ± 0.05a
8.09 ± 0.22
12.18 ± 0.34a
8.00 ± 0.15

Control
0.206 ± 0.009b
2.13 ± 0.07b
7.76 ± 0.20
11.10 ± 0.37b
8.00 ± 0.12

a-b

1

Means ± SE in a column with different superscript are significantly different (P <0.05). Number of eggs = 32.

to avoid undesired spreading of the bacteria. Laying of egg
commenced within 32 weeks of age in all the groups. Continuous
lighting exposure was provided during the first week of age and
afterwards the light (L): dark (D) program was followed as 20L: 4D
and 8L: 16D for weeks 2 to 16 and 17 to 28 (holding period),
respectively. Lighting was provided 12 h / day at week 29 and
increased 1 h / week, and then fixed when 16 h L / day were
reached at 33 weeks of age. The temperature was maintained at
34°C initially and reduced by 2.8°C per week until the temperature
20°C was reached. For the remainder of study, this temperature
was constant. Free access to water from nipple drinkers and feed
was provided ad libitum.

(sharp end thickness + equator thickness + blunt end thickness) / 3.
The yolks separated from the albumens and the weights of them
were recorded. Yolk color was determined with a Roche fan color.
The experimental protocols were reviewed and approved by the
Animal Care Committee of the Ferdowsi University of Mashhad.

Data collection

RESULTS AND DISCUSSION

The eggs were collected three times daily during the research
period of 33 to 40 weeks to record the egg production. 32 eggs
from each group (8 eggs / cage) were obtained to assess the egg
quality parameters at the last two days of 40 weeks of age. Eggs
were stored at room temperature during sampling. The eggs
weighed and then sampled. The specific gravity was determined by
using the formula according to the Archimet method (Hempe et al.,
1988): Specific gravity = weight in air / (weight in air − weight in
distilled water). The weight and specific gravity of eggs were
calculated at the same day they were collected.
The shape index was measured by a micrometer with the
following formula (Yannakopoulos and Tserveni-Gousi, 1986):
Shape index = (width / length) × 100. The eggs were then broken
one by one on a glass plate with a waiting period of 5 min. The
shells of the broken eggs were washed under gently flowing tap
water to release albumen residues, and were then air-dried and
weighed. Shell thickness was a mean value of measurements at 3
locations on the egg (air cell or blunt edge, equator, and sharp or
pointed edge) by using a micrometer with the following formula
(Yannakopoulos and Tserveni-Gousi, 1986): Shell thickness =

In this study, the effects of dietary probiotic PrimaLac®
supplementation on egg production and external egg
quality (Table 2) and internal egg quality (Table 3) of
chukar partridge are presented. Incorporation of probiotic
PrimaLac® improved (P > 0.05) egg production although
not at a significant value, increased (P < 0.05) egg weight
and specific gravity, and concomitant decreased
(P < 0.05) shape index. The application of this probiotic
increased all the internal egg quality parameters except
the yolk color. This increase in shell thickness, shell
weight and albumen weight were significant (P < 0.05).
Statistically significant difference was not detected in yolk
weight (P > 0.05), though value was greater in probiotic
treated birds.
Egg production and quality are important determinations of the optimum length of a laying partridge cycle
and these are presented in Tables 2 and 3. These

Statistical analyses
All percentage data were subjected to arcsine transformation. The
results were statistically analyzed by t-test using SAS and the
significance level was set at P ≤ 0.05.
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determinations are influenced in partridge by housing
systems (Ozbey and Esen, 2007), different rates of
mating (Cetin, 2002), environmental circumstances such
as lighting program (Kirikci et al., 1999) and layer weight
(Kirikci et al., 2007).
Egg production and external egg quality
Partridges normally lay 8 to 16 eggs in natural habitat
(Turan, 1990), but breeding domesticated wild partridges
under human care is more advantageous as they
produce eggs or meat efficiently in small breeding areas
within short time and without great investments than their
wild ancestors. Chukar partridges located on the ground
have an egg production percentage of 47% and egg
weight of 19.31 g (Cetin et al., 1997). The findings show
a quadratic increase in egg production in chickens
supplemented with 0.0, 100.0 and 150.0 mg probiotic
(Lactobacillus,
Bifidobacterium,
Aspergillus,
and
Torulopsis spp. at 27 × 109 cfu / 10 g) per kilogram of
diet during the peak period (Mohan et al., 1995). This
study supports the earlier reports that suggested a
negative correlation between the egg weight and the
shape index (Poyraz, 1989; Grunder et al., 1991; Ozbey
and Esen, 2007). Egg weight is one of the main criteria of
external egg quality due to its effects on hatching rate,
hatching weight, growth and fattening performance
(Castilla et al., 2009). Song et al. (2000) indicated that
shape index of the partridge egg is 78.00. Egg shape is
critical for the egg crushing strength, but it is a hereditary
trait that is associated mainly with hen genotype and age
(Solomon, 1991).
Internal egg quality
There is a positive coefficient of correlation between egg
weight and yolk weight (Suk and Park, 2001; Hartman
and Wilhelmson, 2001; Krawezyk, 2009). Albumen and
eggshell are the main components forming the egg
(Kirikci et al., 2007) and weights of these components
increased in birds dosed with probiotic PrimaLac®, hence
the higher egg weight in these birds. By the values of the
egg yolk color in this study, there was no variation in the
yolk color of the eggs between two the groups. The
reason for this lack of variation might be due to feeding
the same amount of pigments present in the experimental
diets. It may also imply that probiotic supplementation
could not increase the normal absorption of the pigments
of the diet or its transfer into the egg yolk.
The reason for the variable effects of probiotics on
poultry might be attributed to variations in gut flora and
environmental conditions (Mahdavi et al., 2005), ability or
inability of probiotics to colonize in gastrointestinal tract
and competitively exclude the pathogenic bacteria (Jin et
al., 1997), amount of stress in flock (Lyon, 1987), strain
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and concentration of probiotic, time and method of use
(Dizaji and Pirmohammadi, 2009).
Conclusion
Addition of probiotic PrimaLac® increased (P < 0.05) egg
weight and specific gravity and decreased shape index
®
(P < 0.05). The application of probiotic PrimaLac also
increased (P < 0.05) shell thickness, shell weight and
albumen weight. Under the conditions of this study, it was
®
therefore concluded that supplementation of PrimaLac
might be a good source of probiotic to increase the
internal and external quality of chukar partridge eggs.
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