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The poultry industry, both in our country and in other 
countries, is one of the most important sectors in sup-
plying valuable foods such as meat and eggs to human 
nutrition. Feed supply is one of the most expensive 
materials in poultry production, and nowadays, provid-
ing energy and protein rich ingredients for animal pro-
duction is not only difficult but also costly. Therefore, 
the use of low-priced, safe and non-conventional feed 
supplements to achieve optimum animal production 
have been considered in recent years (22).

Azolla is a floating aquatic macrophyte algae that 
belongs to Azollaceae (41). Dried Azolla powder 

contains 22.56% crude protein, 15.08% crude fiber, 
3.37% ether extract, 15.88% total ash (30). Azolla 
also contains flavonoids, steroids, alkaloids, phenols, 
triterpenoids, amino acids and fatty acids (27). In 
Azolla, it was reported that leucine, isoleucine lysine, 
arginine, phenylalanine, glycine and valine were the 
predominant essential amino acids, whereas sulfur-
containing amino acids were found in lower amounts 
(15). Azolla pinnata can be successfully used as a feed 
additive in broilers and laying hens (34). Recent stud-
ies have shown different results regarding the use of 
Azolla in poultry diets. Kamel & Hamed (21) reported 
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Summary

This study was carried out to investigate the effects of Azolla pinnata supplementation on growth performance 
and intestinal histomorphometric parameters in broilers. A total of 480 day-old male broiler chicks (BW = 38.85 
± 0.16 g) were assigned to four groups for eight replicates (15 chicks for each). Chicks in the control group 
were fed basal diet, and experimental groups were fed diets containing Azolla (AZL) at a rate of 3% (AZL3), 
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group had significantly higher body weight than the control and other experimental groups. A significant 
decrease in body weight values was found when the amount of Azolla in the diets increased above 3%. No 
significant difference between the control and AZL3 group for average daily gain between days 0-21, but AZL4 
and AZL5 groups had a significantly lower average daily gain compared to these two groups. Compared to the 
other experimental groups and the control group, the feed conversion rate significantly improved in the AZL3 
group. According to histomorphometric data of duodenum, jejunum and ileum tissue samples obtained from 
the groups at the end of the experiment, it was determined that AZL3 had significantly higher villus height, 
villus width, villus surface area, villus height to crypt depth ratio, thickness of Tunica muscularis and Tunica 
mucosa, and lower crypt depth than the control and other experimental groups. As a result of this sudy, Azolla 
supplementation exceeding 3% to broiler diets had no significant advantage on both performance and intestinal 
histomorphometric parameters.

Keywords: Azolla, broiler, growth performance, intestinal histomorphology

https://orcid.org/0000-0001-8380-5549
https://orcid.org/0000-0001-5370-961X
https://orcid.org/0009-0009-1587-8434
https://orcid.org/0000-0003-2850-6452
https://orcid.org/0000-0001-7258-6862
https://orcid.org/0000-0002-3751-0106


Med. Weter. 2025, 81 (4), 185-192186

that with Azolla supplementation up to 12% in the 
diet, growth performance improved in broilers; Arram 
et al. (9) stated that the best performance in broilers 
was obtained with 5 and 10% Azolla supplementa-
tion, whereas Abdelatty et al. (1) and Yadav et al. (45) 
reported that the best performance was obtained with 
5% Azolla supplementation, while Rengma et al. (33) 
concluded that the addition of Azolla to the diet at 5%, 
10% and 15% had no positive effect on performance.

In addition to growth performance, significant his-
tomorphological results obtained in studies are also 
important to evaluate the efficiency of the feed or feed 
additive used in the experiment. Among the experi-
mental groups in which 5% and 10% Azolla was added 
to the broiler diet, jejunum villus length was signifi-
cantly higher and ileum villus length was significantly 
lower only in the group given 5% Azolla, and it was 
reported that all ameliorative effects of Azolla, includ-
ing performance, were the result of its positive effects 
on intestinal morphology and function (1). However, 
Ara et al. (8) observed that the addition of Azolla to 
the diet did not cause a significant difference between 
the experimental groups in terms of intestinal villus 
height, crypt depth and villus/crypt ratio, but there 
was a decline in villus heights due to the addition of 
Azolla to the diet compared to the control group, and 
they also stated that the decrease in weight gain due 
to high levels of Azolla may be attributed to reduced 
nutrient absorption as a result of decreased villus height 
in the small intestine.

It was noteworthy that the majority of the studies 
investigating the effects of Azolla were related to levels 
of Azolla at 5% and above in broiler diets, whereas 
there were few trials at levels below 5%. In some stud-
ies, although there are data on growth performance 
between 0-21 days, there are almost no intestinal 
histomorphological data for this period. In addition, 
the majority of the studies were 35-42 day trials. In 
this context, the growth performance and intestinal 
histomorphometric effects of Azolla levels below 5% 
in a short feeding program such as 21 days in broilers 
raised a question mark; however, considering the short 
feeding period, it was predicted that levels below 3% 
would not cause significant effects, and to investigate 
the effects of dietary Azolla in broilers at 3%, 4% 
and 5% levels were targeted in this study. Therefore, 
in this study, it was aimed to investigate whether the 
addition of low levels of Azolla, which is thought to 
be an economical and safe alternative feed additive in 
addition to traditional feed additives, to broiler diets 
would show its possible effects on growth performance 
and intestinal histomorphometric parameters in a short 
feeding program such as 21 days. In this context, it 
was thought that the results obtained would contribute 
both to filling the scientific gap in this direction and to 
sustainable animal production.

Material and methods
Azolla plant. The azolla plants (Azolla pinnata) were 

dried in air circulation dryer oven at 40°C until they reached 
a constant dry weight and became crispy while retaining 
their greenish coloration. Next, the dried material was 
ground to a particle size of 1 mm in a mill, packed in air tight 
bags and stored in a deep freezer at –18°C until further use.

Animals and diets. All experimental protocols were 
approved by Istanbul University Local Ethical Commit-
tee for Animal Experiments. A total of 480 day-old male 
broiler chicks (Cobb500) weighed individually (BW = 38.85 
± 0.16 g) and then randomly distributed into 4 treatment 
groups each having 8 replicates with 15 chicks per replicate. 
A corn-soybean meal basal diet was formulated, ensuring 
adequacy in all nutrients according to NRC (31). Ingre-
dients of basal diet were presented in Table 1. Diets were 
supplemented with Azolla at a rate of 3%, 4% and 5% for 

Tab. 1. Composition of diets and nutrient levels
Control AZL3 AZL4 AZL5

Ingredients,%

Maize 56.30 54.00 53.00 52.18

Soybean meal (48% CP) 35.40 33.88 33.88 33.00

Vegetable oil  3.20  4.00  4.30  4.50

Wheat bran  1.40  1.40  1.10  1.60

Azolla –  3.00  4.00  5.00

Dicalcium phosphate  1.70  1.70  1.70  1.70

Limestone  1.00  1.00  1.00  1.00

DL-Methionine  0.28  0.28  0.28  0.28

L-Lysine  0.12  0.12  0.12  0.12

L-Threonine  0.02  0.02  0.02  0.02

Sodium chloride  0.30  0.30  0.30  0.30

Vitamin-mineral premix*  0.30  0.30  0.30  0.30

Chemical composition (calculated)

Metabolizable energy, Kcal kg–1 3075 3085 3088 3093

Crude protein, g kg–1 220.0 218.0 217.0 218.0

Crude fat, g kg–1  49.6  56.8  59.4  61.3

Crude fiber, g kg–1  27.3  34.5  36.9  40.1

Crude ash, g kg–1  61.6  62.6  63.1  63.7

Calcium, g kg–1   9.0   9.1   9.1   9.1

Available Phosphorus, g kg–1   4.6   4.5   4.5   4.6

Methionine + Cysteine, g kg–1  10.1  10.1  10.2  10.1

Lysine, g kg–1  13.0  12.8  12.8  12.7

Threonine, g kg–1   8.5   8.5   8.5   8.5

Explanations: * Provided per kg of diet: vitamin A – 1204 µg; 
cholecalciferol – 25 µg; vitamin E – 4.5 mg; riboflavin – 
2.25 mg; niacin – 15.0 mg; d-pantothenic acid – 4.0 mg; folic 
acid – 0.25 mg; vitamin B12 – 5 µg; choline chloride – 200 mg; 
thiamine – 0.5 mg; biotin – 25 µg; ethoxyquin – 12.5 mg; mena-
dione sodium bisulfite – 1.25 mg; pyridoxine – 0.5 mg; manga-
nese – 24.9 mg; zinc – 22 mg; iodine – 0.2 µg; iron – 13.6 mg; 
copper – 1.6 mg; AZL3 – group fed diet supplemented with 3% 
Azolla, AZL4 – group fed diet supplemented with 4% Azolla, 
AZL5 – group fed diet supplemented with 5% Azolla.
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experimental groups AZL3, AZL4 and AZL5, respectively. 
The experimental period was 21 d, and 24-h constant light 
and ventilation were ensured during the entire experimental 
period. Temperature and relative humidity of 22 to 30°C 
and 40 to 60%, respectively, were maintained at all times. 
Chicks were provided ad libitum access to feed and water.

Collection of data for performance assessment. Chicks 
were weighed at the begining of the study to record initial 
body weights. On d 7, 14 and 21, broilers were fasted 12 h 
and then weighed. Amounts of offered and refused feeds 
were also recorded daily during the study to calculate feed 
consumption. For the statistical performance analysis, data 
on body weight (BW), average daily gain (ADG), average 
daily feed intake (ADFI) and feed conversion rate (FCR) 
were used.

Sample collection and analysis procedures. Chemical 
analysis of diet and Azolla samples for dry matter (DM), 
crude protein (CP), ether extract (EE), crude fiber (CF), 
crude ash (CA), calcium (Ca), phosphorus (P) and amino 
acid contents were performed according to 934.01, 978.04, 
920.39, 962.09, 942.05, 927.02, 965.17 and 994.12 of Asso-
ciation of Official Analytical Chemists (5). DM determined 
by drying in an oven at 105°C for 10 h. For CP contents, 
total nitrogen (N) was determined by using semi-automatic 
Kjeldahl device (Gerhardt Vapodest VAP30, Germany) and 
the amount of N was multiplied by 6.25. EE was determined 
by using Soxhlet Extraction System (Soxtherm Gerhardt, 
Germany). Neutral detergent fiber (NDF) and acid detergent 
fiber (ADF) content of Azolla were determined according 
to Van Soest et al. (39) by using an Ankom 2000 Fiber Ana-
lyzer (Ankom Technology Corporation, Fairport, NY, USA). 
Ca and P contents of diets and Azolla were determined as 
colorimetric and spectrophotometric values, respectively. 
Amino acid analysis was performed by using HPLC (Agi-
lent 1100). Analyzed and calculated nutrient levels of diets 
were presented in Table 1. Chemical composition of dried 
Azolla was presented in Table 2.

For histomorphometric analysis of intestinal tissues, 16 
broilers randomly selected from each main group (2 broil-
ers from each replicated pens) were killed by decapitation 
and 2 cm thick tissue samples were taken from the middle 
regions of the duodenum, jejunum and ileum. The tissues 
were transferred to Istanbul University Cerrahpaşa Fac-
ulty of Veterinary Medicine, Department of Histology and 

Embryology Research Laboratory for histologic evalua-
tions. The tissues were blocked in paraffin after passing 
through graded alcohols and xylene. 5-6 µm thick sections 
were taken from the blocks and stained with hematoxylin 
and eosin (10). The preparations were examined and visu-
alized with a light microscope (Leica DM 4000B) with 
a digital camera (MBF Bioscience). Subsequently, mea-
surements were made using the Stereo Investigator pro-
gram compatible with this microscope. Histomorphometric 
measurements guidance for villus height (VH), villus width 
(VW), crypt depth (CD), thickness of Tunica mucosa (McT) 
and thickness of Tunica muscularis (MsT) were presented 
in Figure 1. Histomorphometric analyses were performed 
on 10 randomly determined villi and crypts of each animal 
section. For this purpose; VH (from the tip of the villus 
to the beginning of the crypts), CD (from the beginning 
of invagination in the region between the villi to the end 
of the Lieberkühn’s glands), VW (from the widest part of 
the villi), McT (from the tip of the villus to the muscularis 
mucosae) and MsT (from the inner surface of the circular 
muscle layer at the junction with the Tunica submucosa 
to the outer surface of the longitudinal muscle layer at the 
junction with the Tunica serosa) were measured (6). The 
ratio of villus height to crypt depth (VH/CD) was calcu-
lated by dividing villus height by crypt depth. The villus 
area (mm2) was calculated by fitting the values obtained 
from the measurement procedures to a geometric model  
[(2π × VH × (VW/2)] (35).

Statistical analysis. The data obtained were statistically 
analyzed by using package software (SPSS for Windows, 
Standard version 16.0, 2007). The normality of the data 
distribution was assessed by using the Shapiro-Wilk test, 
and the homogeneity of variances was tested by using the 
Levene’s test. One way analysis of variance (ANOVA) 
was conducted for each experiment and mean differences 
were evaluated by Tukey’s multiple comparison test. Sig-
nificant differences between groups were determined at 
a significance level of P ≤ 0.05, corresponding to a 95% 
confidence interval.

Tab. 2. Chemical composition (g kg–1) of dried Azolla
Dry matter (air dried)
Dry matter (fresh)

904.9
 79.6

Dry matter basis

Crude protein 214.6 Arginine 11.6

Ether extract  30.2 Histidine  2.9

Crude fiber 130.3 Isoleucine  6.8

NDF 396.9 Leucine 17.3

ADF 281.2 Lysine 10.3

Crude ash 138.0 Methionine  2.0

Calcium  19.7 Tryptophan 10.5

Total Phosphorus   6.1 Threonine  6.9

Valine  7.0

Fig. 1. Histomorphometric measurements guidance (Stained 
with hematoxylin and eosin, Bar: 500 µm)
Explanations: A – villus height; B – villus width; C – crypt 
depth; D – thickness of Tunica mucosa; E – thickness of Tunica 
muscularis
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Results and discussion
As shown in Table 2, the DM ratio of the Azolla was 

determined as 904.9 g kg–1and this value was compa-
rable to the values reported by Khursheed et al. (23) 
i.e. 90.03%, Mishra et al. (29) i.e. 90.00%, Munnarwar 
et al. (30) i.e. 89.91% for Azolla. In this study, the CP 
content of Azolla was determined as 214.6 g kg–1, and 
it was observed that this CP content was similar to the 
CP contents reported by Alalade & Iyayi (4), Alagbe 
& Soares (3) and Munnarwar et al. (30), and lower 
than the CP content reported by Bhattacharyya et al. 
(12), Joysowal et al. (20), Hassen et al. (17), Mishra 
et al. (29), Shambhvi et al. (37) Yadav et al. (45) and 
Munnarwar et al. (30). The EE content detected was 
30.2 g kg–1, which was higher than the EE contents re-
ported by Kumar et al. (24), Lakshmi et al. (28), Mishra 
et al. (29), Shambhvi et al. (37) and Yadav et al. (45), 
lower than the EE contents reported by Ara et al. (7), 
Joysowal et al. (20), Hassen et al. (17), and comparable 
to the EE contents reported by Bhattacharyya et al. 
(12), Alagbe & Soares (3), Gupta et al. (16), Sharma et 
al. (38), Munnarwar et al. (30). The CF content (130.3 
g kg–1) was similar to that reported by Alalade & Iyayi 
(4), Alagbe & Soares (3) and Sharma et al. (38) but low-
er than that reported by Joysowal et al. (20), Khursheed 
et al. (23), Hassen et al. (17), Shambhvi et al. (37) and 
Munnarwar et al. (30), and higher than that reported 
by Kumar et al. (24) and Kumar et al., (25), Mishra et 
al. (29) and Yadav et al. (45). In this study, NDF and 
ADF contents of Azolla were determined as 396.9 g 
kg–1and 281.2 g kg–1, respectively. These levels were 
close to the levels determined by Kumari et al. (26) 
and Sharma et al. (38), and 
lower than the levels reported 
by Bhattacharyya et al. (12) 
and Gupta et al. (16). The CA 
content obtained in this study 
(138.0 g kg–1) was comparable 
to the ash level determined by 
Sharma et al. (38) and Adzman 
et al. (2). The detected Ca and 
P contents for Azolla used in 
this sudy were 19.7 g kg–1 and 
6.1 g kg–1, respectively, and 
these values were comparable 
to the contents reported by 
Ara et al. (7), Joysowal et al. 
(20), Alagbe & Soares (3) and 
Lakshmi et al. (28). Regarding 
the amino acid composition, 
it was reported that all Azolla 
strains contained essential and 
non-essential amino acids, and 
that leucine, isoleucine ly-
sine, arginine, phenylalanine, 
glycine and valine were the 

predominant essential amino acids, whereas sulfur-
containing amino acids (methionine and cystine) were 
found in lower amounts (15). Similarly, it is noteworthy 
that arginine, leucine, lysine and tryptophan amino 
acids are predominant in the amino acid contents 
detected in the Azolla used in this study. Except for 
tryptophan, this dominant situation for arginine, lysine 
and leucine was similar to the situation reported by 
Alalade & Iyayi (4) for the same amino acids and the 
values obtained for the other amino acids were almost 
at similar levels. These differences in the nutrient 
content of Azolla are most likely due to differences in 
Azolla strains as reported by Sharma et al. (38) and 
Mishra et al. (29), cultivation and methods, collection 
and processing methods, environmental conditions 
such as temperature, humidity, wind speed and light 
intensity, as well as soil and water composition, which 
can affect the growth morphology and nutrient com-
position of Azolla plants.

The effects of dietary Azolla supplementation on 
body weight (BW), daily body weight gain (ADG), 
feed intake (FI) and feed conversion ratio (FCR) are 
presented in Table 3. In this study, as an indication 
that the animals were homogeneously distributed 
among the groups, no statistical difference was found 
between the groups in terms of initial BWs. On d 7, 
14 and 21, the mean BW in AZL4 and AZL5 groups 
was significantly lower than the control and AZL3 
group (P < 0.05). Although BW was significantly 
lower in AZL3 group on d 7 compared to the control 
group, it increased by about 3.4% on d 14 compared 
to the control group, but the difference between these 
two groups was statistically insignificant. However, 

Tab. 3. Performance values of broilers (n = 120)
Parameters/days Control AZL3 AZL4 AZL5 SEM P-values

BW (g)
Initial
d 7
d 14
d 21

 38.73
136.56a

309.81a

690.76b

 38.75
131.81b

320.38a

720.28a

 39.11
126.06c

290.73b

645.60c

 38.81
122.97c

285.30b

606.21d

0.16
0.88
2.15
4.99

0.820
0.001
0.001
0.001

ADG (g/d)
d 0-7
d 7-14
d 14-21
d 0-21

13.98a

24.75b

 54.42ab

31.05a

13.30a

26.93a

57.13a

32.45a

12.43b

23.52b

50.69b

28.88b

12.02b

23.19b

45.84c

27.02c

0.19
0.36
1.04
0.45

0.001
0.001
0.001
0.001

ADFI (g/d)
d 0-7
d 7-14
d 14-21
d 0-21

 18.71
 33.46
114.92
 55.70

 18.95
 33.42
109.86
 54.08

 18.19
 33.69
108.53
 53.47

 19.03
 34.59
115.00
 56.21

0.17
0.19
1.16
0.45

0.329
0.121
0.230
0.170

FCR (g/g)
d 0-7
d 7-14
d 14-21
d 0-21

1.34c

1.35b

2.11b

1.79b

1.42b

1.24c

1.92c

1.67c

1.46b

 1.43ab

2.14b

1.85b

1.58a

1.49a

2.51a

2.08a

0.02
0.03
0.05
0.04

0.001
0.001
0.001
0.001

Explanations: BW – average body weight; ADG – average daily gain; ADFI – average daily 
feed intake; FCR – feed conversion ratio; AZL3 – group fed diet supplemented with 3% Azolla; 
AZL4 – group fed diet supplemented with 4% Azolla; AZL5 – group fed diet supplemented 
with 5% Azolla; SEM – standard error of mean; a, b, c, d – means within a row with different 
superscript letters indicate significant differences (P < 0.05).
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at the end of the experiment, AZL3 group was signifi-
cantly higher than the control group in terms of BW 
(P < 0.05), and the addition of 3% Azolla to diet caused 
an increase of approximately 4.3% in BW compared 
to the control group. A significant decrease in BW val-
ues was found when the amount of Azolla in the diets 
increased above 3%. Contrary to this study, in a study 
conducted by Samad et al. (36) in broilers in which 
Azolla supplementations were 0, 5, 10 and 15%, no 
significant difference was found between the groups 
for BWs at week 3. In the broiler study conducted by 
Bhattacharyya et al. (12), no significant difference was 
found between the groups in terms of BWs at week 3 
between the groups supplemented with 0, 4.5 and 
5.5% Azolla. However, when compared AZL4 and 
AZL5 groups in the present study, which were close 
to the Azolla supplementation by Bhattacharyya et al. 
(12), it was noteworthy that the AZL4 group had sig-
nificantly higher BW than the AZL5 group, but both 
experimental groups had significantly lower BW than 
the control group. In a broiler study in which 5% and 
10% Azolla was suplemented to diets by Islam (19), 
the best result for BW was recorded in the control 
group and the addition of 5% Azolla resulted in sig-
nificantly lower BW than the control group. This result 
was in line with the finding in the present study that 
the AZL5 group had significantly lower BW than the 
control group. ADG was significantly lower in AZL4 
and AZL5 groups than the AZL3 group during d 0-7, 
7-14, 14-21 and the entire duration of the experiment 
(P < 0.05). Compared to the control group, the AZL3 
group was significantly higher in terms of ADG only 
between d 7-14 (P < 0.05), and no significant differ-
ence was found between the control and AZL3 group 
in terms of ADG between the other days and during the 
whole experiment. However, while the addition of 3% 
Azolla to diet significantly increased ADG compared 
to the other experimental groups (P < 0.05), only 5% 
and 4.5% numerical increase was observed between 
d 14-21 and during the whole experimental period 
compared to the control group, respectively. The fact 
that the lowest ADG was observed in the AZL5 group 
indicates that the addition of Azolla caused a decrease 
in ADG in parallel with the increase above 3%. In con-
trast to these findings, in the study conducted by Samad 
et al. (36), no significant difference was found between 
the groups supplemented 0, 5, 10 and 15% Azolla for 
BWG between d 1-21. In the study by Kumar et al. 
(24) in which 2.5, 5.0, 7.5 and 10% Azolla was added 
to broilers, there was no significant difference in terms 
of ADG between the control and 2.5% Azolla group 
between 0-3 weeks, which is similar to the insignificant 
difference in the relevant parameter between the con-
trol and the AZL3 group in the present study. However, 
the significant difference between AZL4 and AZL5 
groups in the present study and the fact that this differ-
ence occurred due to the increase in Azolla percentage 

draws attention as a different finding compared to the 
reports that there was no significant difference between 
all groups in the study conducted by Kumar et al. (24) 
and between 0%, 1.5%, 2.5%, 3.5%, 4.5% and 5.5% 
Azolla groups in the study conducted by Sharma et al. 
(38) for the same period. Although the AZL3 group, 
which had significantly higher values than the other 
experimental groups (AZL4 and AZL5) in terms of 
both BW and ADG, had significantly higher BW than 
the control group, the statistically insignificant differ-
ence for ADG suggests that it may also be due to the 
positive effects on carcass characteristics that were not 
evaluated in the present study. As a matter of fact, in 
a study conducted by Varadharajan et al. (42) in which 
0, 3 and 6% Azolla was added to quails, the fact that 
the 3% Azolla group was significantly higher in terms 
of giblet, back and wing weights than the control and 
6% Azolla groups is a finding that strengthens this 
possibility. On a weekly basis, in the present study, 
the AZL3 group had significantly higher ADG than the 
other experimental groups in week I (d 0-7), week II  
(d 7-14) and week III (d 14-21). Compared to the 
control group, except for week II, the AZL3 group had 
similar ADG with the control group in other weeks, 
and ADG was significantly lower in the other experi-
mental groups than the control group (P < 0.05). In 
the present study, the insignificant difference between 
the control and AZL3 group for ADG is similar to the 
stastitically insignificant difference between the control 
and Azolla group for days 1-14 and days 15-28 in the 
study conducted by Shambhvi et al. (37).

No significant difference was found for ADFI. 
Varadharajan et al. (42), Shambhvi et al. (37) and 
Samad et al. (36), reported that the addition of Azolla 
to diets did not cause a significant difference in feed 
intake, which was similar to the result of the present 
study. In this study, except for the period between d 
0-7 and during the whole experimental period, FCR 
significantly improved in AZL3 group compared to 
the other experimental groups and the control group 
(P < 0.05). Increasing the rate of Azolla to 5% resulted 
in a significant increase in FCR compared to the other 
groups (P < 0.05) and caused deterioration in feed uti-
lization. FCR is an indicator of how efficiently the feed 
is used by the animal for production. In this study, FCR, 
which shows the ratio of the average daily feed intake 
to the average daily body weight gain, was lowest in 
the AZL3 group (P < 0.05). An increase in FCR was 
also observed with the increase in the dietary Azolla 
and AZL5 group had the highest FCR (P < 0.05). FCR, 
which is known as the amount of feed consumed per 
unit body weight gain, was lowest in the AZL3 group 
(P < 0.05), indicated that the animals in this group 
exhibited higher feed utilization efficiency compared 
to other groups. Considering that there was no sig-
nificant difference in ADFI between the groups in this 
study, it is obvious that the high FCR and therefore the 
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decrease in feed efficiency in 
the other experimental groups 
given more than 3% Azolla 
was due to the decrease in 
BW and ADG due to the in-
crease in the amount of Azolla 
in the diet. It is also highly 
probable that the decrease 
in BW, ADG and hence feed 
efficiency with increasing 
Azolla content may be due to 
NDF (13) and high CF (11) 
in Azolla, which are limiting 
factors that negatively affect 
the effective feed utilization 
by monogastric animals.

The effects of dietary 
Azolla supplementation on 
histomorphometric features 
of duodenum, jejunum and 
ileum tissue samples obtained 
from the groups at the end of 
the experiment are presented 
in Table 4. Representative 
photomicrographs of trans-
verse section of the duode-
num, jejunum and ileum are 
presented in Figure 2.

The digestive system of 
poultry is formed anatomi-
cally in the embryonic period, 
and after hatching, villus 
development is completed 
on day 7 in the duodenum 
and continues until day 14 in 
the jejunum and ileum (40). 
Therefore, in the present 
study, a 21-day experimental 
period was thought to be suf-
ficient in terms of intestinal 
histomorphology. In Table 4, 
where intestinal histomorpho-
metric data are presented, the 
first thing that draws attention 
is that the VH values of the 
duodenum are significantly 
higher than those of the jeju-
num and ileum regardless of 
the feeding method. Indeed, 
Iji et al. (18) also reported that 
the length of villi increased 
in all small intestinal parts 
between days 0-21 in broiler 
chicks and the longest villi 
were found in the duodenum 
region and therefore had 
a larger absorption surface 

Tab. 4. Histomorphometric values of duodenum, jejunum and ileum samples (n = 16)
Parts Control AZL3 AZL4 AZL5 SEM P-values

Duodenum
VH (µm)
VW (µm)
VSA (mm2)
CD (µm)
VH/CD
MsT (µm)
McT (µm)

1756.74b

 183.04b

   1.00c

 231.25a

   7.86c

 184.37b

1964.94b

1844.48a

 212.25a

   1.23a

 197.67c

   9.22a

 195.56a

2053.26a

1782.40b

 192.21b

   1.07b

 227.61a

   7.95c

 174.97b 
1979.31b

1789.57b

 193.68b

   1.08b

 214.43b

   8.44b

 177.37b

1968.18b

8.40
1.78
0.01
1.87
0.06
1.68
9.43

0.003
0.001
0.001
0.001
0.001
0.002
0.005

Jejunum
VH (µm)
VW (µm)
VSA (mm2)
CD (µm)
VH/CD
MsT (µm)
McT (µm)

750.89b

161.52c

  0.38b

171.01a

  4.60b

151.80b

916.31bc

820.62a

171.83a

  0.43a

154.97c

  5.38a

168.83a

998.26a

772.63b

168.25b

  0.39b

163.71b

  4.74b

150.30b

937.11b

738.76b

 165.85bc

  0.38b

168.92a

  4.66b

150.15b

881.60c

6.37
1.55
0.01
1.77
0.05
1.82
6.97

0.001
0.001
0.001
0.011
0.009
0.029
0.001

Ileum
VH (µm)
VW (µm)
VSA (mm2)
CD (µm)
VH/CD
MsT (µm)
McT (µm)

 608.64bc

164.37b

  0.31b

173.20a

  3.71b

187.28b

723.49b

646.96a

177.26a

  0.35a

141.88b

  4.61a

206.15a

820.57a

 638.96ab

167.03b

  0.31b

170.01a

  3.98b

177.65b

731.42b

587.08c

163.48b

  0.30b

174.58a

  3.51b

182.06b

725.76b

5.06
1.58
0.01
1.92
0.05
2.01
5.90

0.001
0.027
0.001
0.001
0.001
0.001
0.001

Explanations: VH – villus height; VW – villus width; VSA – villus surface area; CD – crypt 
depth; MsT – thickness of Tunica muscularis; McT – thickness of Tuninca mucosa; AZL3 – 
group fed diet supplemented with 3% Azolla; AZL4 – group fed diet supplemented with 4% 
Azolla; AZL5 – group fed diet supplemented with 5% Azolla; SEM – standard error of mean; 
a, b, c – means within a row with different superscript letters indicate significant differences 
(P < 0.05)

Fig. 2. Representative photomicrographs of transverse section of the duodenum, jejunum 
and ileum (Stained with hematoxylin and eosin, Bar: 500 µm)

Duodenum

Ileum

Jejunum

a: Control
b: AZL3
c: AZL4
d: AZL5
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than the jejunum and ileum regions. In the duodenum 
and jejunum sections of the small intestine, VH was 
significantly increased in AZL3 group compared to the 
other groups (P < 0.05). On the other hand, although 
there was no significant difference in terms of VH 
between AZL3 and AZL4 groups, the lowest VH was 
found in AZL5 group (P < 0.05). When compared to 
the control, jejunal VH was significantly higher (P < 
0.05) only in AZL3 group than the control group, but 
the differences between the other experimental groups 
and the control group were statistically insignificant. 
It is well known that villi and crypts in the absorp-
tive epithelium of the small intestine play a key role 
in the digestion and assimilation of nutrients (43). In 
this study, when compared with the control and other 
experimental groups, the highest VH was detected in 
the AZL3 group and this difference was statistically 
significant for duodenum and jejunum (P < 0.05). In 
ileum, the AZL3 group had significantly higher VH 
than only the control and AZL5 group (P < 0.05).

Duodenal VW was highest in the AZL3 group 
(P < 0.05), jejunal VW was highest in the AZL3 and 
AZL4 groups (P < 0.05) and ileal VW was highest in 
the AZL3 group (P < 0.05). Duodenal VSA was highest 
in AZL3 group (P < 0.05) and there was no significant 
difference between AZL4 and AZL5 groups. However, 
VSA detected in the experimental groups was signifi-
cantly higher than the control group (P < 0.05). Jejunal 
and ileal VSA values were highest in AZL3 and AZL4 
groups (P < 0.05), but there was no significant differ-
ence between AZL5 and control groups. Duodenal, 
jejunal and ileal CD values were the lowest in the 
AZL3 group (P < 0.05). However, in terms of VH/
CD ratio, the AZL3 group had a higher ratio than the 
control and other experimental groups and this dif-
ference was statistically significant (P < 0.05). Since 
shorter villi offer less surface area for the absorption 
of nutrients, the simultaneous observation of short villi 
and deep crypts is considered an indicator of adverse 
intestinal development (14). In this study, the highest 
VH and lowest CD for the duodenum, jejunum and 
ileum were observed simultaneously in the AZL3 
group and therefore the highest VH/CD ratio was 
detected in this group, which indicated that the addi-
tion of 3% Azolla to diet was associated with greater 
improvement in intestinal development compared to 
the control and other experimental groups. Moreover, 
a smaller CD is desirable. Indeed, larger crypts may 
be associated with an increase in cell turn-over, which 
may lead to an increase in energy requirements for gut 
maitenance and hence the use of nutrients for diges-
tive functioning rather than growth (44). In addition, 
considering that rapid growth in chickens is directly 
related to the morphological and functional integrity 
of the digestive system (43), the higher final BW and 
feed efficiency (i.e., lower FCR) in the AZL3 group 
in this study may probably be a result of the fact that 

this group had higher values of VH, VW, VSA and 
VH/CD and lower values of CD than the control and 
other experimental groups. Also, Qaisrani et al. (32) 
observed that lower VHs and greater CDs could lead 
to poor digestion and less absorption of nutrients and 
consequently poor performance in animals. Except for 
the AZL3 group, there was no significant difference in 
duodenal, jejunal and ileal MsT among the groups, and 
the highest MsT in all three sections of the small intes-
tine was found in AZL3 group (P < 0.05). Similarly, the 
highest McT in all three sections of the small intestine 
was detected in AZL3 group (P < 0.05). There was no 
significant difference among the control, AZL4 and 
AZL5 groups in the duodenum and ileum, except for 
the jejunum section of the small intestine in terms of 
McT. In the jejunum, the lowest McT was detected in 
the AZL5 group (P < 0.05), and there was no signifi-
cant difference between the control and AZL4 group. 
It was also thought that increased thickness of the 
Tunica muscularis and the Tunica mucosa contributed 
to growth performance by improving intestinal strength 
and movement, lubrication, passage and absorption of 
nutrients in the intestine.

Based on the results of this study, the addition of 
Azolla to the diet did not cause a significant difference 
in feed intake during the experimental period, but the 
best results in terms of final body weight and FCR 
were obtained with the addition of 3% Azolla to the 
diet. In the other experimental groups supplemented 
by more than 3% Azolla, a decrease in growth perfor-
mance parameters was observed. The absence of any 
mortality during the experiment was an indication 
that the addition of Azolla to the diet did not cause 
deleterious effects on broilers. In the intestinal histo-
morphometric measurements performed at the end of 
the experiment, the best results on villus height, villus 
width, crypt depth, villus surface area, ratio of villus 
height to crypt depth, thickness of Tunica muscularis 
and Tunica mucosa were obtained with 3% Azolla ad-
dition to the diet. In conclusion, this study showed that 
the addition of Azolla exceeding 3% to broiler diets 
had no significant advantage on both performance and 
intestinal histomorphometric parameters, which are 
indicative of normal intestinal development. In other 
words, this study indicates that the optimal inclusion 
level of Azolla in broiler diets should be limited to 
3%, as exceeding this threshold offers no measurable 
improvements in growth performance or intestinal 
development parameters. Although there have been 
studies in the past years with different results on the 
effects of Azolla on growth performance in broilers, 
there are very few studies investigating the effects 
of this non-conventional feed additive on intestinal 
development and histology. In this context, there is 
a need for comprehensive studies on the effects of 
Azolla on intestinal development and histomorphology  
in poultry.
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