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Abstract

The high requirement of the broiler to protein in the diet needs more knowledge about protein quality,
availability of amino acids, prices or cost, the minimum concentration of anti-nutritional factors (ANFs) and
gastrointestinal tract (GIT) health. Azolla is a floating fern with high protein content, vitamins (Vit B12, Vit A,
and growth promoters), essential amino acids, and minerals (phosphor, calcium, ferrous and potassium). Azolla
can fix nitrogen from the atmosphere through the presence of blue-green algae (Anabaena azollae) in their
leaves cavities. This study investigated the physiological and production effect of including different levels of
Azolla in broiler feed. Four hundred broiler Ross chicks were randomly divided into four equal groups (n=100).
The Control group received a regular diet without any supplementation. Animals in the treatment 1 group (T1)
received 15% Azolla in their regular diet formulation, the treatment 2 group (T2) received 30% Azolla in their
diet formulation, and the treatment 3 group (T3) received 45% Azolla. The animals had ad libitum access to
food and water. Body weights and food conversion ratio (FCR) were monitored weekly, and blood samples
were collected at the end of the experiment for assessment of lipid profile (cholesterol, triglyceride, HDL, LDL
and VLDL), blood proteins (total protein and albumin) and activity of liver enzymes (GOT, GPT and ALP). The
results showed an increasing body weight significantly (P<0.5) in the T3 group compared with the control along
with a significant decrease in FCR at an exact quantity of feed for each group (3 Kg). The results showed no
change in physiological parameters (lipid profile, blood protein and liver enzymes activity) except for the levels
of GOT, which decreased significantly (P<0.5). In conclusion, the inclusion of Azolla at 15, 30 and 45% in
broiler feed has a good effect on body weight and FCR, with no adverse effect on the normal physiology of
broilers. Also, supplementation of Azolla can decrease production costs in the broiler industry by more than
30%.
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1. Introduction

Around the world, the animal feed industry depends
on the supply of dietary protein sources from a limited
number of the country that is dominant in highly
protein-content seed production (soybean, rapeseed,
sunflower, peanuts, cottonseed and palm kernels).
Therefore, the transport, demand, location, and
fluctuation in currency exchange play an essential role
in the prices of this seed Iji, Toghyani (1).
Researchers give dietary protein the largest attention

because it constitutes a major biologically active
component in broilers' physiology. Proteins participate
in living bodies as enzymes and hormones, which
control the performance and production of every
living organism. The high requirement of the broiler
to protein in the diet needs more knowledge about
protein quality, availability of amino acids, prices or
cost, the minimum concentration of anti-nutritional
factors (ANFs) and gastrointestinal tract (GIT)
health (2).
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In broiler farms, the farmers spend about 65-75% of
the total production cost to produce a complete diet
formulation. Protein sources in the diet are considered
the significant expansive portion of the broilers' diet
formulation; with increased demand for protein
sources, the cost also rises, and the necessity to find a
new, cost-effective source of dietary protein is
necessary very important (3).

Azolla is a floating fern with high protein content,
vitamins (Vit B12, Vit A, and growth promoters),
essential amino acids, and minerals (phosphor, calcium,
ferrous and potassium). Azolla can fix nitrogen from
the atmosphere through the presence of blue-green
algae (Anabaena azollae) in their leaves cavities (4).
Furthermore, it can bio-fertilizer in rice farms and
produce biomass rapidly due to its relatively high
growth rate with low cost. Therefore, it integrates
animal production and agriculture (5, 6).

The increased level of Azolla in the ratio does not
affect the protein digestibility, crude fibre and crude
fat; broilers can readily digest crud fibre in Azolla, so
when it is used in the diet, digestibility is not a limiting
factor. The availability of essential amino acids in the
Azolla protein makes it a very important source in
animal feed and can be considered an excellent
unconventional source of protein in broiler diets over
20% (7).

Therefore, this study aimed to investigate the
physiological and production impact of Azolla
inclusion in broiler diet formulation at different levels.

2. Materials and Methods

2.1. Diet Preparation

Azolla was collected from local rivers surrounding
Al-Refaa city and dried, weighed, and mixed with
broiler diet ingredients according to the proposed
percentages in the experiment; the whole diet was
prepared as a pellet and kept until used in the
experiment. The nutritional facts of Azolla are
tabulated in table 1. The chemical composition of the
diet was 22-23% crude protein and 3010 Kcal for the
starter, 21-22 crude protein and 3100 Kcal for the

grower and finisher. The diet comprises soybean meal,
wheat, corn, vegetable oil and premix (amino acids,
minerals, multivitamins, choline chloride, calcium di-
phosphate).

Table 1. Chemical composition of Azolla meal (8)

Constituents %
Crude fibre 15.7

Dry matter 10
E. extract 3.47
Total ash 15.05

N. free extract 30
Crude protein 25.78

2.2. Animals

400 (as-hatched) Ross 308 broiler chicks were
randomly divided into four groups (100 per each),
every 25 chicks were allocated a special cage
(120*100*40) feed, and water was ad-libitum. The
temperature was controlled according to age using a
thermostat and electrical heater. All birds were
vaccinated against many viral diseases according to the
epidemiological condition of the region (infectious
bursal d., Newcastle d., infectious bronchitis d. and
influenza).

2.3. Experimental Design

The first group served as control and fed the
commercial diet throughout the experimental period;
the treatment 1 group (T1) was fed 15% Azolla and
85% commercial feed, treatment 2 group (T2) was fed
30% Azolla and 70% commercial feed, and treatment 3
group (T3) fed 45% Azolla and 55% commercial feed.

The experimental period was extended for 39 days.
The control group consumed 3 kg at 35 days, while
other groups were extended to the 39" day; chicks were
weighed at the beginning of the experiment; the weekly
weigh recordings were performed until the end of the
experiment. The feed conversion and vitality ratio were
calculated. Blood samples were collected from the
jugular vein, and serum was separated for assessment
of lipid profile (cholesterol, triglyceride, high-density
lipoprotein HDL, low-density lipoprotein LDL and
very low-density lipoprotein VLDL (9, 10) activity of
liver enzymes (serum glutamic  oxaloacetic
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transaminase  GOT, serum glutamic  pyruvic
transaminase GPT and alkaline phosphatase ALK)
(11), total blood protein and serum albumen,
concentration and activity were assessed by
spectrophotometric method.
2.4, Statistical Analysis

Statistical analysis was carried out using a one-way
variation analysis, and the Friedman test was used to
compare experimental groups. The results were
expressed as mean £SD, and the difference at level
P<0.05 was considered significant. These results were
obtained using GraphPad prism-version 5 (GraphPad,
software., Inc. California, USA).

3. Results

3.1. Body Weight

The findings of initial, weekly and final body weight
are illustrated in table 2. The recorded data showed
insignificant ~ (P>0.5) among  the
experimental groups during the first week, while, after
the second and third weeks, the control group recorded
a significant (P<0.5) increase compared with that of 2"
group. The final weight of the experiment clarifies a
significant (P<0.5) increase in the body weight of T3
compared with the control group. Table 3 clarifies the
result of the feed conversion ratio (FCR) and vitality
ratio. The results showed a significant (P<0.5) decrease
in the FCR of T3 compared with that of the control and
other groups of the present study. On the other hand,
the results clarified insignificant (P>0.5) differences
among the experiment groups in vitality ratio
throughout the experiment.

Table 2. Impact of Azolla inclusion in broiler feed on

differences

Table 3. Impact of Azolla inclusion in broiler feed on FCR
and vitality ratio

Groups FCR Vitality r.

control 1.5152 98%?
T1 1.622 10092
T2 1.5152 99%*°
T3 1.42° 100%*

Numbers refer to mean+SD (n=100 broiler chicks), and letters
refer to significant differences (P<0.5)

3.2. Lipid Profile

Results of blood analysis showed insignificant
(P>0.5) differences among experimental groups in
the case of blood lipid profile (Table 4). The results
recorded a decrease in cholesterol, triglyceride,
HDL and VLDL concentration, while a slight
increase was recorded in LDL levels in the T1 and
T2 groups but still not significant (P>0.5). The
results showed that cholesterol and HDL
concentration increased in the T3 group (P>0.5)
compared with other groups.

Table 4. Effect of Azolla feeding on lipid profile

Groups  Cholesterol  Triglyceride HDL LDL VLDL

control  131.0+8% 75.0£108  86.3£19% 29.0+3% 15.0+2°2
T1 116.5+32 52.5+32 71.01+6% 35.0£4% 11.0+1%@
T2 118.5+52 60.0+22 73.5+1*  33.0£52 12.0+12
T3 133.5+72 75.0£32 97.0+32  30.0+42 15.0+1%

body weight
Age per control T1 T2 T3
week
Initial weight 43+2 4143 4245 43+4

1 175+52 172+42 176452 175+6°
2 483+10°  409+15%  380+15°°  435+20%
3 8194307  730+25% 700420  750+18%
4 1680+45%  1410+50® 1450+35* 1470+29°
5 1980+85%  1790+60% 1750465  1760+50°

39 days 1980485 1850+80° 1980+71%  2100+407

Numbers refer to mean+SD (n=100 broiler chicks), and letters
refer to significant differences (P<0.5)

3.3. Activity of Liver Enzymes and Blood Protein

The recorded data in the case of liver enzymes
activity measurement registered a significant (P<0.5)
decrease in GOT activity in T2 and T3 groups
compared with the control group (Table 5). While GOT
and ALK were insignificant, (P>0.5) decreased
compared to the control group. Table 6 shows the
results of total blood protein and albumin
concentrations in different groups of the experiment,
which recorded insignificant (P>0.5) differences
among the experiment groups.
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Table 5. Effect of Azolla feeding on the activity of liver

enzymes

Groups GOT GPT ALK
Control 70.3+1? 3.5+0.72 1325+1332
T1 62+4.2% 1.5+0.72 710£1202
T2 37x4% 45+2.12 769+130°
T3 32+3P 4.5+0.72 840+115°

Numbers refer to mean+SD (n=100 broiler chicks), and letters
refer to significant differences (P<0.5)

Table 6. Effect of Azolla feeding on blood protein
concentration

Groups T. protein Albumen

control 3.45+0.07° 1.9+0.18
T1 3.3+0.142 1.7+0.282
T2 3.5+0.142 2+0.142
T3 3.2+0.282 1.85+0.212

Numbers refer to mean +SD (n=100 broiler chicks), and
letters refer to significant differences (P<0.5)

4. Discussion

The present study investigated Azolla
supplementation in broiler diet formulation at different
concentrations. In the previously published works,
researchers concluded that Azolla could be used in
poultry feed over 5% without any side effects on
growth performance and productivity (12, 13). Azolla,
with up to 15% inclusion in poultry feed, can enhance
performance and growth (14); Ara, Adil (15) found that
feeding Azolla over 20% does not have an adverse
effect on the carcass. The use of Azolla as a fresh fern
or sun-dried and ground makes it a big size; for this
reason, the percentage of Azolla inclusion in broiler
feed is low; in our study, the compress of whole feed
after sun-dried Azolla as pellet makes the size of feed is
normal and give us the permitting to increase the
percentage. Moreover, production feed costs
considerably reduce with increased Azolla inclusion in
broiler feed (16).

The finding of our study was registered fluctuation
in body weight among experimental groups, which
started with significant (P<0.05) elevation in body
weight of the control group, and gradually this

increase subsided, and the difference became
insignificant (P>0.05), on day 39 of the study T3 was
elevated significantly (P<0.05). These results were
due to feed consumption in treated groups which
needed 39 days to consume three Kg compared with
the control group (35 days). The increasing percentage
of Azolla in broiler feed will negatively affect the
birds' appetite, and the growth will consequently
reduce; this result was due to high fibre content in a
high concentration of Azolla in feed (17).

Feed conversion ratio (FCR) was significantly
(P<0.05) decreased in T3 (45% Azolla) compared to
that of other groups, this finding was agreed with other
researchers (17-20), which concluded that the FCR in
broiler improved with increase Azolla in diet, while
Sharma, Pathak (21) reported insignificant (P>0.05)
difference in FCR among experimental groups, this
finding may be due to the negative effect of Azolla on
appetite and the groups were not consumed the same
guantity of feed.

Lipid profile measurement recorded insignificant
(P>0.05) differences among groups; this finding agreed
with that of Mishra, Roy (22) and Shukla,
Bhattacharyya (23), who found the lipid profile of
broiler chick unchanged after feeding Azolla included
diet. Also, liver enzymes activity measurements were
insignificantly (P>0.05) different, except that of T3,
which reported a significant (P<0.05) decrease in the
activity of GOT compared with the control group, this
result was asymmetric with that of Mishra, Roy (22)
who find GOD increase in the treated group compared
with that of control, this may be due to liver enzyme in
birds originated from different organs muscles, skeletal
and heart, and as a second order from the liver,
therefore, its limitation is variable (24). Blood protein
concentrations were similar in all groups of the
experiment, and this result agreed with that of Shukla,
Bhattacharyya (23).

From the present finding, it may be inferred that
increasing Azolla inclusion in broiler diet to 45%
improves the feed conversion ratio without any adverse
effect on the normal physiology of the birds.



AL-Shwilly / Archives of Razi Institute, Vol. 77, No. 6 (2022) 2175-2180 2179

Authors' Contribution

Study concept and design: H. A. J. A.

Acquisition of data: H. A. J. A.

Analysis and interpretation of data: H. A. J. A.

Drafting of the manuscript: H. A. J. A.

Critical revision of the manuscript for important
intellectual content: H. A. J. A.

Statistical analysis: H. A. J. A.

Administrative, technical, and material support: H. A.
J A

Ethics

The study design was approved by the ethics
committee University of Sumer, Rifai Dhi Qar, Irag.

Conflict of Interest

The authors declare that they have no conflict of
interest.

Acknowledgment

The author is grateful to the department of animal
production / College of the Agriculture / University of
Sumer for providing the necessary equipment, facilities
and animal house for carrying out this study.

References

1. lji PA, Toghyani M, Ahiwe EU, Omede AA,
Applegate T. Alternative sources of protein for poultry
nutrition. Achieving sustainable production of poultry
meat. 2017;2:237-69.

2. Beski SS, Swick RA, lji PA. Specialized protein
products in broiler chicken nutrition: A review. Anim Nutr.
2015;1(2):47-53.

3. El-Deek AA, Abdel-Wareth AA, Osman M, El-
Shafey M, Khalifah AM, Elkomy AE, et al. Alternative
feed ingredients in the finisher diets for sustainable broiler
production. Sci Rep. 2020;10(1):1-9.

4, Paudel DR, Dhakal P, Timsina KP, Dahal A. Azolla
as an economic substitute to soybean based feed for
poultry. Int J Appl Sci Biotechnol. 2015;3(4):619-25.

5. Adhikari K, Bhandari S, Acharya S. An Overview
of Azolla in Rice Production: A Review. J Sci Food Agric.
2021;2(1):4-8.

6. Lakshmanan A, Kumar K, Latha P. Azolla-a low
cost and effective feed supplement to poultry birds. Int J
Curr Microbiol App Sci. 2017;6(8):3622-7.

7. Joysowal M, Aziz A, Mondal A, Singh S, Boda S,
Chirwatkar B, et al. Effect of Azolla (Azolla pinnata) feed
on the growth of broiler chicken. J Entomol Zool Stud.
2018;6(3):391-3.

8. Basak B, Pramanik MAH, Rahman MS, Tarafdar
SU, Roy BC. Azolla (Azolla pinnata) as a feed ingredient
in broiler ration. Int J Poult Sci. 2002;1(1):29-34.

9. Fowler A. Book Review: Tietz Fundamentals of
Clinical Chemistry, 4th Edn. SAGE Publications Sage UK:
London, England; 1998.

10. Harold V. Practical clinical biochemistry: Gulab;
1975.
11. Dryer R, Tietz N. Fundamentals of clinical

chemistry. WA Saunders Company, Hagerstown, Md.
1970.

12. Abdelatty A, Mandouh M, Al-Mokaddem A,
Mansour H, Khalil H, Elolimy A, et al. Influence of level of
inclusion of Azolla leaf meal on growth performance, meat
quality and skeletal muscle p70S6 kinase o abundance in
broiler chickens. animal. 2020;14(11):2423-32.

13. Seth N, Pradhan C, Mishra S, Pati P, Panda S.
Performance of Vanaraja chicken fed fresh Azolla as a
protein substitute. MV Sc: Thesis Submitted to Orissa
University of Agriculture and Technology; 2013.

14. Samad FA, Idris LH, Abu Hassim H, Goh YM, Loh
TC. Effects of Azolla spp. as feed ingredient on the growth
performance and nutrient digestibility of broiler chicken. J
Anim Physiol Anim Nutr. 2020;104(6):1704-11.

15. Ara S, Adil S, Banday M, Khan M. Feeding
potential of aquatic fern-azolla in broiler chicken ration. J
poult sc technol. 2015;3(1):15-9.

16. Kumar M, Dhuria R, Jain D, Sharma T, Nehra R,
Prajapat U. Effect of feeding Azolla pinnata on the growth
and performance of broiler chicks. Int J Chem Stud.
2018;6(3):3284-90.

17. Saikia N, Sapcota D, Hazarika R. Effect of feeding
Azolla (Azolla pinnata) meal to broilers: A field study in
Assam. Indian J Poult Sci. 2014;49(1):113-4.

18. Parthasarathy R, Kadirvel R, Kathaperumal V.
Azolla as a partial replacement for fish meal in broiler
rations. Indian Vet J. 2002;79(2):144-6.

19. Alalade O, lyayi E. Chemical composition and the
feeding value of Azolla (Azolla pinnata) meal for egg-type
chicks. Int J Poult Sci. 2006;5(2):137-41.



2180 AL-Shwilly / Archives of Razi Institute, Vol. 77, No. 6 (2022) 2175-2180

20. Dhumal M, Siddiqui M, Siddiqui M, Avari P.
Performance of broilers fed on different levels of Azolla
meal. Indian J Poult Sci. 2009;44(1):65-8.

21. Sharma RK, Pathak A, Sharma R, Sharma N.
Azolla cultivation to produce sustainable feed
ingredient: Chemical composition and its impact on
performance of broiler chickens. J Anim Res.
2020;10(6):1067-75.

22. Mishra DB, Roy D, Kumar V, Bhattacharyya A,
Kumar M, Kushwaha R, et al. Effect of feeding different
levels of Azolla pinnata on blood biochemicals,

hematology and immunocompetence traits of Chabro
chicken. Vet World. 2016;9(2):192.

23. Shukla M, Bhattacharyya A, Shukla PK, Roy D,
Yadav B, Sirohi R. Effect of Azolla feeding on the growth,
feed conversion ratio, blood biochemical attributes and
immune competence traits of growing turkeys. Vet World.
2018;11(4):459.

24. Brugere-Picoux J, Brugere H, Basset I, Sayad N,
Vaast J, Michaux J. Clinical biochemistry in avian
pathology advantages and limits of enzymatic dosages in
fowl. Rec Med Vet Ec Alfort. 1987.



