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INTRODUCTION

Abstract

The experiment was carried out to evaluate the effect of Azolla on the quality and
cholesterol content of chicken eggs. A total of 240 eggs from different dietary groups
of D; (control), D, (diet with 4% Azolla), D; (diet with 8% Azolla) and D,
(commercial farming eggs) at different ages of the birds; A; (168 days), A, (196 days),
Aj (224 days), A4 (252 days) and A; (308 days) having 12 eggs/ diet/ age group were
collected from an ongoing project “Using Azolla in the diet of laying hen”,
Bangabandhu Sheikh Mujibur Rahman Agricultural University and commercial
farms to measure egg quality traits. Accordingly, 32 and 8 eggs were collected to
measure the dry matter and cholesterol content of eggs, respectively. The highest egg
weight, albumen weight, yolk height and yolk width but the lowest eggshell weight
and eggshell thickness were observed in Dy, followed by D;, D, and D, respectively.
Diet D; and D, showed higher albumen height, eggshell weight and eggshell thickness
compared to D; and D,.Of the two diets, D; performed better than D, in terms of
albumen height, eggshell weight and eggshell thickness. The deepest egg yolk color
was observed in Dj, followed by D,, D, and D,, respectively. Egg weight, albumen
width, albumen height, yolk weight, yolk width, yolk height, eggshell thickness and
yolk color were increased with the increase of the age of the birds (p<0.001), but
decreased eggshell weight and egg yolk-albumen ratio with the increase of the age of
the birds (p<0.01). Azolla increased dry matter (DM) but decreased moisture content
of egg (p<0.01). The highest cholesterol was measured in D, and the lowest in D; and
D,, and intermediate in D;. Hence, a lower level of cholesterol was observed in D3
compared to D,. Therefore, 8% Azolla increased the quality and dry matter and yolk
color of the egg as well as reduced cholesterol content in egg yolk.
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Poultry is one of the most important and profitable
sectors of agriculture, which provides valuable animal
protein source feed items; meat and egg essential for
human consumption which is produced within the
shortest possible time. Quality meat and egg production
depend on quality feed. The quality feed with a
reasonable price is a key factor for successful poultry
operation (Basak et al., 2002). Feed cost accounts for
about 65-70% of the total poultry production cost (Ahmed
et al., 2012). There is constant competition between
humans and poultry for feed ingredients. Hence, there is

a necessity to find out the possibility of using alternate
unconventional feed ingredients in the diet of poultry.
Azolla (Azolla pinnata) is one of the cheapest and
abundant unconventional plant protein source feed
ingredients that can improve feed conversion efficiency,
energy efficiency, and economic performance without any
deleterious effects on birds, as well as, on the human
body. Azolla is a small aquatic fern that flows on the
water surface. It is grown abundantly in marshy lands
particularly ponds, roadside ditches, lakes, fellow land
and low-lying paddy fields with almost no agronomic care



in the tropical and sub-tropical regions. As it has rapid
growth, Azolla can produce double biomass within a
week (3-5 days) under suitable environmental conditions
(Gopal, 1967). It forms a symbiotic relationship with the
blue-green algae Anaebena azollae located in the cavity
of Azolla leaf that can assimilate atmospheric nitrogen
and convert it to plant protein. It contains essential amino
acids (lysine, leucine, arginine and valine), vita-A, vita-
B2, vita-B12, minerals (calcium, phosphorus, magne-
sium, potassium, iron, copper, manganese, zinc, sodium,
etc.), carotene, Beta carotene, lutein, and zeaxanthin.
This is why, it is rich in protein, vitamins, minerals,
chlorophyll and carotenoid (Ali and Leeson, 1995; Pillai et
al., 2005). Although the efficiency of leaf meals for broiler
skin pigmentation has given less emphasis, it has been
recognized for a long time for egg yolk pigmentation
(Osei et al., 1990). Inclusion of aquatic plants at a lower
level in the poultry diet showed better performance,
especially when used as a source of protein or as a
source of pigmentation for egg yolk and broiler skin
(Maurice et al., 1984). Several studies have been done
using Azolla meal (AZM) in the diet of broiler chickens,
ducks and pigs by (Islam and Nishibori, 2017; Becerra et
al., 1995 and Becerra et al., 1990). But limited works
using Azolla in the diet of laying hens. Alalade et al.
(2007) suggested using 15% Azolla in the diet of growing
pullets without jeopardizing health, and subsequent
laying performance and egg quality (eggshell thickness,
eggshell and albumen) except for yolk weight. Egg yolk
color is one of the most important traits of egg qualities
preferred by consumers. Yolk color is not only the color
preference but it has also a nutritional value. De-Groote
(1970) and Fletcher (1999) reported that the egg yolk
color is a major concern to consumers that affect their
purchasing behavior (increasing attractiveness for egg
yolk color and the presence of antioxidant). Egg yolk
pigmentation is responsible for having an anti-oxidant
(Vita-E, vita-C and beta- carotene) that can improve the
immune modulator (system). Carotenoid pigments are
potent natural antioxidants (Cho et al., 2013). They can
neutralize the free radicals in the body that can help to
protect the serious problem like cancer and cataracts,
improve skin quality, etc. Nowadays, consumers are so
alert to take safe and healthy foods which are enriched in
carotene, omega-3 fatty acid and conjugated fatty acid
that can reduce cholesterol in the body of human beings.
Most of the consumers or processors of liquid, frozen and
dried egg products desire to buy deep yellow yolk eggs
(North and Bell, 1990). Pigmentation of egg yolk is
influenced mostly by layer diet. It solely depends on the
fat-soluble pigments present in the feed ingredients taken
by birds. Few works have been done using Azolla in the
diet of laying hens to assess the quality of the egg. No
work was found in Bangladesh to assess the effect of
Azolla on yolk color and cholesterol content of egg yolk.
Therefore, the present study was planned to assess
the effect of Azolla on the quality and cholesterol content
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of chicken eggs to produce safe, quality and natural anti-
oxidant-rich eggs required for human beings.

MATERIALS AND METHODS

Animal care and data collection procedures for the
present study were approved by the Institutional
Committee on Animal Care and Use in Research
(ICACUR) of Bangabandhu Sheikh Mujibur Rahman
Agricultural University (No.BSMRAU/DEAN/FVMAS/25/
ICACUR/19). EU standards are followed for the
protection of animals used for scientific purposes.

The experiment was carried out at the lab of the
Department of Dairy and Poultry Science, Bangabandhu
Sheikh Mujibur Rahman Agricultural University, and at
the lab of the Bangladesh Council of Scientific and
Industrial Research (BCSIR), Dhaka.

Egg quality traits

A total of 240 eggs from 4 dietary groups; D (Control= 60
eggs); D, (4% Azolla = 60 eggs); Ds (8% Azolla = 60
eggs), and D, (Commercial farm= 60 eggs) having 12
eggs/hen were collected from the research project “Using
Azolla in the diet of laying hens” funded by RMC,
Bangabandhu Sheikh Mujibur Rahman Agricultural
University, Gazipur, Bangladesh to determine egg quality
traits.

Data recording

The egg quality traits were measured using digital
devices. Egg, albumen, yolk and egg shell weight were
measured by using a digital balance. Yolk color was
determined by comparing it with the DSM Yolk Color Fan.
Albumen and yolk width were measured using digital
slide calipers. Then albumen and yolk height were
recorded with the help of a digital spherometer. Eggshell
thickness was measured using a digital eggshell
thickness meter/gauge. Finaly, the yolk-albumen ratio
was calculated from yolk and albumen weight.

Determination of dry matter content of eggs

A total of 32 eggs from experimental dietary groups and
commercial farms were taken to determine the dry matter
content of eggs.

Cholesterol content of egg yolk

A total of 8 eggs from experimental dietary groups; D;
(Control), D, (4% Azolla), Ds; (8% Azolla) and Commercial
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farm (D,) were taken to determine the cholesterol content
of eggs. The cholesterol content of egg yolk (mg/100 Q)
was measured by using the UV-Spectrophotometer
method at the Lab of BCSIR, Dhaka.

Statistical Analysis

The collected data of egg quality traits and dry matter
content of egg were analyzed in 4 diets X 5 age groups
factorial design using the Statistix10 computer package
program. The data of cholesterol content of egg yolk was
subjected to t-test.

Statistical model for egg quality traits and dry matter
content of egg

Yijk = y+ Di + A]+ (D X A)l] + eijk

Where, ¥ ;s the observation of k™ replication of the i"
dietary group and the | age group.

M is the overall mean.

D;is the fixed effect of the i™ dietary groups ( i= 1--------
4).
Ajis the effect of the i age groups (j= 1--------- 5).

(D x A);; is the interaction effect of the i dietary group
and the j™ age group.

e;jx is the random error.

RESULTS
Egg quality traits

The dietary groups (D= Control, D,= diet with 4% Azolla,
Ds= diet with 8% Azolla, and D,= commercial farming
egqg) were significantly different for egg weight (p<0.001),
albumen weight (p<0.05), albumen height (p<0.001), yolk
width (p<0.05), yolk height (p<0.001), egg shell with
membrane weight (p<0.001), egg shell with membrane
thickness (p<0.001), egg shell thickness (p<0.001), yolk
color (p<0.001) (Table 1). Albumen width, yolk weight
and yolk albumen ratio were statistically similar among
the dietary groups (p>0.05).The highest egg weight and
albumen weight was observed in D, moderate in D3, D,
and the lowest in Dy. Evidently but not significantly, the
lowest yolk weight was observed in Dy, followed by D3, D,
and Dq, respectively. The highest albumen height was
observed in D,, followed by D3, D; and D,, respectively.
However, D, showed the highest yolk height followed by
D,, D3 and Dy, respectively. Diet D, showed a lower yolk
width compared to D,, D3, and Dy The lower eggshell
weight and eggshell thickness were observed in Dy
compared to D3, D, and D4.The value of eggshell weight
and eggshell thickness were almost similar among the
diets of D3, D, and Dy. Of the three diets; D3 performed

better than D, and D,in terms of egg weight and eggshell
thickness. The deepest egg yolk color was observed in
Dj, followed by D,, D, and D, respectively. Therefore,
Azolla increased the egg yolk color. No significant
difference was observed among dietary groups for
albumen width, yolk weight and yolk albumen ratio
(p>0.05).

Egg quality traits differed significantly among the age
groups, except for albumen weight. Egg weight, albumen
width, albumen height, yolk weight, yolk width, yolk
height, egg shell thickness and yolk color were increased
with the increase of the age of the bird(p<0.001). But egg
shell weight and egg yolk-albumen ratio were decreased
with the increase of the age of the bird (p<0.01). The
alboumen weight was almost similar among the age
groups (p>0.05). Diet and age interacted for the traits of
egg weight, albumen weight, albumen width, albumen
height, yolk weight, yolk width, yolk height, yolk albumen
ratio, egg shell with membrane thickness, egg shell
thickness and yolk color (p<0.001), except for eggshell
with  membrane weight. There was no interaction
between diet and age for eggshell with membrane weight
(p>0.05).

Dry matter content of egg

Fresh egg weight, fresh albumen weight, dry egg weight,
moisture and dry yolk weight differed significantly among
the dietary groups. However, fresh yolk weight, fresh egg
shell weight, dry albumen weight and dry eggshell weight
were almost similar among the dietary groups (p> 0.05)
(Table 2).There was no effect of age, and interaction of
age and diet on the dry matter content of the egg
(p>0.05).The highest dry matter but the lowest moisture
content of the egg was estimated in D,, followed by D3, D
and Dy, respectively. Similar trend was observed in case
of the dry yolk weight (%). Therefore, Azolla increased
the dry matter content of the egg.

Cholesterol content of egg yolk

The cholesterol content of the egg yolk differed
significantly among dietary groups (p<0.001) (Table 3).
The highest amount of cholesterol was measured in the
D,, followed by D4, D, and Dj, respectively. Therefore,
Azolla reduced the cholesterol level in the egg yolk.

DISCUSSION
Egg quality traits
Few works were found on the egg quality traits of laying

hens affected by Azolla. In the present study, Azolla
performed the best in terms of albumen height, yolk
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Table 1. Egg quality traits of experimental and commercial farming eggs of laying hens at different ages of the bird

Traits Diets Age (A) LSD value and level of
(D) significance +
A Az As A, As Mean D A D*A
Egg weight D; 49.50 50.88 54.29 55.26 57.03 53.39 1.563 1.747 3.495
(9) D, 48.90 52.48 54.48 57.14 56.50 53.90
Ds 49.93 52.63 53.84 58.02 57.06 54.29
D, 42.80 61.97 64.54 68.86 64.92 60.62
Mean 47.78 54.49 56.79 59.82 58.88 55.55
Albumen D; 61.41 62.09 60.74 62.11 61.88 61.64 1.201 1.343™ 2.685
weight D> 62.59 62.45 61.73 61.64 65.55 62.79
(%) D3 63.52 62.93 61.61 62.06 61.55 62.33
D, 57.41 64.74 66.47 65.18 62.66 63.29
Mean 61.23 63.05 62.64 62.74 62.91 62.52
Albumen D; 73.20 75.80 81.53 83.47 80.70 78.94 2.074™ 2.543 5.085
width (mm) D> 69.46 75.15 76.21 77.88 83.25 76.39
Ds 72.09 78.61 75.07 75.96 82.62 76.87
D4 71.40 71.12 79.71 84.10 74.35 76.14
Mean 71.54 75.17 78.13 80.35 80.23 77.08
Albumen D; 10.28 9.51 9.57 9.76 9.87 9.80 0.474 0.529 1.059
height (mm) D 11.09 10.96 11.58 11.37 10.41 11.08
Ds 9.99 10.07 11.58 11.27 10.08 10.60
Ds 5.45 10.04 10.68 9.04 8.54 8.75
Mean 9.20 10.14 10.85 10.36 9.73 10.06
Yolk weight D; 24.39 24.31 25.57 26.01 25.29 25.12 1.336"° 1.494 2.988
(%) D 23.28 23.65 24.83 2513 28.47 25.07
D3 23.22 23.18 24.74 24.78 24.99 24.18
D, 26.74 22.97 21.04 22.97 25.55 23.85
Mean 24.41 23.53 24.05 24.72 26.08 24.56
Yolk width D; 38.05 37.48 38.49 39.64 39.40 38.61 0.858 0.959 1.918
(mm) [ 36.46 36.32 39.96 39.08 37.20 37.81
D3 37.92 37.76 38.75 39.88 39.94 38.85
D, 38.24 38.16 37.64 39.16 41.37 38.91
Mean 37.67 37.43 38.71 39.44 39.48 38.55
Yolk height D; 14.35 14.73 14.24 14.69 14.83 14.57 0.269 0.301 0.602
(mm) D> 14.28 14.88 15.16 15.23 14.59 14.83
D3 14.58 14.97 15.11 14.98 14.25 14.78
D4 14.24 17.92 17.64 17.33 17.50 16.93
Mean 14.36 15.62 15.54 15.56 15.29 15.28
Yolk- D, 0.40 0.39 0.43 0.42 0.41 0.41 0.023" 0.026 0.051
Albumen D, 0.37 0.38 0.40 0.41 0.43 0.40
Ratio Ds 0.37 0.37 0.40 0.40 0.41 0.39
D4 0.47 0.36 0.32 0.35 0.41 0.38
Mean 0.40 0.38 0.39 0.40 0.41 0.40
Eggshell with D, 13.14 12.92 12.85 12.74 12.51 12.83 0.387 0.433 0.865"°
membrane D» 13.34 13.35 12.66 12.54 12.60 12.90
weight (%) Ds 12.87 12.90 13.00 12.31 12.69 12.75
D4 12.58 11.54 11.82 11.10 11.15 11.64
Mean 12.98 12.68 12.58 12.17 12.24 12.53
Eggshell with D, 0.52 0.50 0.52 0.43 0.44 0.48 0.0229 0.0256 0.0512
membrane D> 0.47 0.53 0.51 0.38 0.48 0.47
thickness Ds 0.58 0.51 0.49 0.36 0.50 0.49
(mm) Dy 0.30 0.30 0.36 0.50 0.45 0.38

Mean 0.47 0.46 0.47 0.42 0.47 0.46
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Table 1. Continue

Eggshell Dy 0.48 0.47 0.49 0.41 0.40 0.45 0.0238 0.0266 0.0532
thickness D> 0.40 0.50 0.47 0.35 0.45 0.43
(mm) Ds 0.54 0.48 0.46 0.33 0.47 0.46
D, 0.24 0.23 0.32 0.47 0.40 0.33
Mean 0.42 0.42 0.44 0.39 0.43 0.42

Yolk  color D; 575 5.00 517 7.42 6.50 597 0.4287 0.4793 0.9585
(DSM) [ 11.08 10.58 12.10 10.67 12.08 11.30
D3 10.83 13.33 14.25 12.92 14.00 13.07
D 7.33 6.25 6.67 6.50 7.00 6.75
Mean 8.75 8.79 9.54 9.38 9.86 9.27

+ NS, p> 0.05; *, p<0.05; **, p<0.01; ***, p<0.001; Di=Control diet (No Azolla); D,= Diet with 4% Azolla; Ds= Diet with 8% Azolla; Ds=
Commercial farming eggs;A=168 days; A>= 196 days; As= 224 days; As= 252 days; As= 308 days.

Table 2. Dry matter content of experimental and commercial farming eggs of laying hens at different ages of the bird

Traits Age(A) Diet (D) LSD value and level of significance+
D4 D, D3 D4 mean D A D*A
Fresh egg weight A, 56.97 60.54 58.58 49.97 56.51 5.539 4.188™ 7.253™
(9/egg) Az 56.35 59.20 58.06 53.15 56.69
Mean 56.66 59.87 58.32 51.56 56.60
Dry egg weight (%) A 30.87 34.27 33.17 28.84 31.79 1.757 1.328™ 2.300™
A, 31.15 31.29 31.91 29.76 31.03
mean 31.01 32.78 32.54 29.30 31.41
Moisture (%) Ay 69.13 65.74 66.83 71.16 68.21 1.757 1.328"° 2.300"°
A 68.85 68.71 68.09 70.24 68.97
mean 68.99 67.22 67.46 70.70 68.59
Fresh albumen A; 62.86 61.81 61.56 67.39 63.40 2.961 2.131™ 3.876°
weight (%) Az 61.37 63.13 62.99 65.01 63.12
mean 62.11 62.47 62.27 66.20 63.26
Fresh yolk weight A, 25.48 25.61 25.49 21.97 24.64 3.062™ 2.203™ 4.009™
(%) A, 25.95 23.99 24.20 23.98 24.53
mean 25.71 24.80 24.84 22.98 24.58
Fresh egg shell A, 12.59 12.26 12.85 12.30 12.49 1.709™ 1.230"° 2.238™
weight (%) A 11.62 12.00 12.37 12.08 12.02
mean 12.11 12.11 12.61 12.19 12.25
Dry albumen weight _A; 8.23 8.66 7.76 8.55 8.30 1.180™ 0.893"° 1.546
(%) As 8.84 7.94 7.89 8.30 8.24
mean 8.53 8.30 7.82 8.42 8.27
Dry yolk weight (%)  Aq 12.99 15.82 14.77 10.24 13.46 2.246 1.698"° 2.940™
Az 12.52 13.24 13.77 11.02 12.64
mean 12.76 14.53 14.27 10.63 13.05
Dry egg shell A 9.65 9.96 10.64 10.02 10.07 1.303™ 0.985™° 1.706™°
weight (%) A 9.78 10.09 10.24 10.42 10.13
mean 9.71 10.03 10.44 10.22 10.10

+NS, p>0.05; *, p<0.05; **, p<0.01; ***, p<0.001; D1= Control-No Azolla; D2=4% Azolla; D3=8% Azolla; Ds= Commercial farming egg; A1=252
days; A>=308 days.

Table 3. Cholesterol content of the egg yolk of the experimental and commercial farming eggs of laying hens at 287 days
age of the bird.

Diets (D) Cholesterol (mg/ 1009) t- value and level of significance+
D4 237.12 16.338

D2 210.95

D3 201.93

D4 263.98

+ ***, p<0.001; D1=Control diet; D= Diet with 4% Azolla; D3= Diet with 8% Azolla; D4= Commercial farming eggs



height, eggshell weight, eggshell thickness, and yolk
color compared to the control and commercial farming
eggs. Of the two diets, D3 performed better than that of
D. for egg quality traits. Azolla increased the freshness of
egg, as well as the quality of eggs because of increasing
albumen height. Eggshell thickness is the most important
trait of laying hens which were increased using Azolla in
the diet of laying hens. It is required to form the structure
and handling of eggs. It is also effective for the
hatchability of eggs of the breeder flock. For this, Azolla
plays an important role to form the structure of the egg.
The better quality of egg was observed in the present
study when the diet was formulated using Azolla, which
performed better than the previous findings reported by
several authors (Khatun et al., 1999; Alalade et al., 2007;
Boitoi et al., 2018). The present study also showed that
the 8% of Azolla was far better than that of the 4% Azolla
in terms of egg quality traits of laying hens. Commercial
farming eggs showed the lowest quality of egg in terms of
albumen height, yolk height, eggshell thickness and egg
yolk color. The commercial farming egg was even a lower
performer than the control diet for these traits. But it had
the highest egg weight as well as the albumen weight.
Therefore, the commercial farming egg was in the
poorest grade among the dietary groups in terms of egg
quality traits, dry matter and cholesterol content of the
egg of laying hens. The yolk-albumen ratio was almost
similar among the dietary groups.

The present findings showed the highest yolk color in
D; and D, (DSM 11.3-13.1) and the lowest in D4 and D;
(DSM 5.97-6.75). Therefore, Azolla increased egg yolk
color because of the presence of vita-A, carotene, Beta
carotene in lutein and zeaxanthin located in the cavity of
Azolla leaves. This is why the highest yellow yolk color
was observed in the diet formulated using Azolla meal.
Therefore, Azolla is responsible to increase the natural
yellow color of egg yolk. This finding was supported by
(Khatun et al., 1999; Sujatha et al., 2013; Swain et al.,
2018). They reported that Azolla increased the egg yolk
color. Of the two diets, 8% of Azolla was the best
performer diet for the yolk coloration compared to the diet
containing 4% Azolla. Therefore, the commercial farming
eggs, as well as, the control diet performed the lowest for
egg yolk coloration. It was the novelty of the present
study.

Egg weight, alboumen weight and yolk weight were
increased but decreased eggshell weight and eggshell
thickness with the increase of the age of the bird. In the
present study, yolk color was increased with the increase
of the age of the bird which corroborates the findings of
Padhi et al. (2013).

Dry matter content of egg

No previous work was found on the dry matter content of
the egg from the diet containing the Azolla meal. The
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present study recorded the increased dry matter and
reduced moisture content of the egg in the diet containing
Azolla meal. The highest amount of fresh albumen, dry
albumen and yolk weight was measured in the diet of D,
and D; compared to D4 and D,. The lowest amount of dry
matter, albumen and yolk weight in commercial farming
eggs. Therefore, Azolla influenced the dry matter content
of the egg. Hence, the present findings investigated that
Azolla improved the quality and quantity of the egg of
laying hens. It was also noticeable that commercial
farming eggs were inferior in quality and quantity to the
experimental eggs especially for the eggs from the diet
included the Azolla meal.

Cholesterol content of egg yolk

No previous work was found using Azolla in the diet of
laying hen to assess the cholesterol content of egg yolk.
It has been found in the present study that the lowest
amount of cholesterol in D3 and D,is compared to that of
Dy and D,. It has also been found in the present study
that commercial farming eggs (D4) contained the highest
amount of cholesterol. Of the two diets, D; was found to
the lower in cholesterol content of the egg than the D,.
Therefore, Azolla affected reducing the cholesterol level
of the egg yolk. Moreover, Azolla with a higher level (8%)
in the diet of laying hen found a more reduction of
cholesterol in egg yolk compare to the addition of a lower
level of Azolla (4%) in the diet of laying hens. Islam and
Nishibori (2017) reported that a lower amount of total
cholesterol , triglyceride (TG), low-density lipoprotein
(LDL) and a higher amount of high-density lipoprotein
(HDL) in the blood of broiler chicken when added 5% and
7% Azolla in the diet compared to the control diet of
broiler chickens.Therefore, D; may be the most suitable
dietary group to reduce the cholesterol content of egg
yolk. This is also the novelty of the present findings.

CONCLUSION

The present study reveals that Azolla improved the
quality and dry matter (DM) of the egg, and reduced the
moisture and cholesterol content of the egg compared to
the control diet and commercial farming eggs.A higher
level of the reduction of cholesterol of egg yolk was
observed in diet D; compared to D,. The highest yolk
color was observed in D3 and D, compared to Dy and D,.
Therefore, Azolla increased egg yolk color. However, the
diet with 8% of Azolla was better than that of the diet with
4% Azolla in terms of egg yolk coloration.The addition of
8% Azolla was more beneficial to 4% Azolla in the diet of
laying hens in terms of egg quality, increasing egg yolk
color and reducing the cholesterol level in egg yolk.
Therefore, Azolla may be the most suitable and excel-
lent feed item in the diet of laying hens. However, more
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studies are needed before suggesting to use of Azolla in
the Poultry Industry.
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