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Abstract

A feeding trial was conducted during 2024-25 at KVK Dhalai Pig Breeding Farm, Tripura to study the effect of dried
Azolla supplementation in the conventional concentrate ration of piglets. A total of 20 weaned piglets were randomly
allocated to five treatments in a Randomized Block Design (RBD) with four replications. The treatments were graded
levels of dried Azolla replacing concentrate feed on a protein-equivalent basis. The results showed a significant
(P<0.05) enhancement in growth performance, feed efficiency, health status, carcass traits, and economic returns
with the increasing level of Azolla supplementation. The highest final body weight (70.8 kg), total weight gain (60.5 kg)
and average daily gain (224 g/day) with the lowest feed conversion ratio (2.60) were recorded by piglets fed 900 g
concentrate + 76.5 g dried Azolla. There was a decrease in feed intake and an increase in protein intake, indicating
improved nutrient utilization. Health parameters indicated a lesser incidence of diarrhoea and respiratory problems in
the Azolla-fed groups. Economic analysis showed a marked reduction in feed cost and a higher net return (Rs.4750)
and benefit-cost ratio (1.81) in piglets fed 900 g concentrate + 76.5 g dried Azolla. Carcass characteristics also improved,
with higher dressing percentage, increased lean meat content, and reduced back fat thickness. It can be concluded
that dried Azolla can effectively replace a part of the concentrate feed in pig diets. Supplementation at 76.5 g/pig/day
was the most efficient and economical feeding strategy in farm conditions.

Keywords: Azolla; Piglets; Growth performance; Feed efficiency; Economic analysis; Carcass traits; Alternative feed;
Swine nutrition; Tripura.
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Livestock production plays a vital role in ensuring food
security, income generation, and employment oppor-
tunities in developing countries such as India. Among
various livestock species, pig farming is considered one
of the most efficient and profitable enterprises due to
its high fecundity, rapid growth rate, and superior feed
conversion efficiency [1,2]. In the North-Eastern region
of India, particularly in Tripura, pig rearing forms an in-
tegral component of rural livelihoods and contributes
significantly to the socio-economic upliftment of small
and marginal farmers [3]. Despite its importance, pig
production faces several constraints, among which the
high cost of feed is the most critical. Feed accounts for
approximately 60-70% of the total cost of pig produc-
tion [4,5]. The increasing competition between human
food and animal feed resources has further intensified
the need to identify alternative, low-cost, and sustain-
able feed ingredients [6].

In the last few years, unconventional feed resources
such as Azolla have received increasing attention for
their potential to reduce feed costs while maintaining
animal productivity. Azolla is rich in protein and nutri-
ents due to its symbiotic association with Anabaena
azollae [7,8] and it contains essential amino acids, vi-
tamins and minerals [9]. Azolla has advantages of fast
biomass production and low inputs, which make it suit-
able for smallholder farming systems [10,11]. Its use
as livestock feed has been studied extensively. Azolla
supplementation in poultry and livestock improved
growth performance and feed efficiency [12,13] and in-
creased milk productionin dairy animals [14,15]. Azolla
supplementation has given promising results in pigs.
Studies reported improved growth rate, feed efficiency
and carcass quality in pigs [16,17]. In addition, the
use of Azolla in diets improves nutrient utilization and
reduces feeding cost [18]. It contains bioactive com-
pounds that boost immunity and gut health [19,20].

However, most of the studies have been conducted on
fresh Azolla and limited information is available on the
use of dried Azolla as a protein equivalent replacement
in pig diets. The present study was carried out to evalu-
ate the effect of dried Azolla supplementation in piglets
under farm conditions.

+ High feeding cost due to expensive concentrate
ration

+ Dependence on commercial feed with limited
local alternatives

+ Poor growth performance under conventional
feeding

+ Low feed efficiency (high FCR)
« Lack of awareness on Azolla as a feed supple-
ment

« To assess the effect of dried Azolla supplemen-
tation in the concentrate ration on the growth
performance of swine.

+ To evaluate the economic feasibility of replacing
a part of concentrate protein with dried Azolla.

« To identify the optimum level of Azolla inclusion
in the swine ration under farm conditions.

The experiment was conducted during the year 2024-
25 at the KVK Dhalai Pig Breeding Farm, located in Dha-
lai District of Tripura. The study aimed to evaluate the
effect of dried Azolla supplementation in the conven-
tional concentrate ration of swine.

4.1 Experimental Animals and Management
Healthy, recently weaned piglets of similar age, breed,
and body weight were selected for the study. The ani-
mals were dewormed and vaccinated as per standard
farm practices before the start of the experiment. All
piglets were housed under uniform management con-
ditions with proper sanitation, ventilation, and access
to clean drinking water throughout the experimental
period.

4.2 Experimental Design and Treatments

The experiment was laid out in a Randomized Block
Design (RBD) with five treatments and four replications.
Piglets were grouped into blocks based on their initial
body weight to minimize variation.

Experimental details:

+ Design: Randomized Block Design (RBD)

« Number of treatments: 5

« Number of replications: 4

« Total experimental units/animals: 20 piglets

The treatment details were as follows:

+ Tp: 1000 g concentrate ration (control)

« T1: 975 g concentrate + 19.1 g dried Azolla
+ T2: 950 g concentrate + 38.3 g dried Azolla
» T3: 925 g concentrate + 57.4 g dried Azolla
+ T4:900 g concentrate + 76.5 g dried Azolla

The quantity of dried Azolla was calculated based on
protein equivalence.
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Table 1. Growth performance of piglets under different treatments

Treatment | Final BW (kg) | Total Gain (kg) | ADG (g/day) | FCR
To 58.5 48.3 179 3.20
T 60.8 50.5 187 3.05
To 63.7 53.6 198 2.90
T3 66.9 56.7 210 2.75
Ty 70.8 60.5 224 2.60
SE(m) & 1.76 1.65 6.20 0.08
CD (P=0.05) 3.84 3.60 13.52 0.17
CV (%) 5.42 5.10 5.85 420

Table 2. Feed intake and nutritional parameters

Treatment | Feed Intake (kg/day) | DMI (kg/day) | Protein Intake (g/day)
To 1.55 1.30 260
T 1.53 1.29 262
To 1.50 1.27 265
T3 1.48 1.26 268
Ty 1.45 1.24 272
SE(m) &+ 0.03 0.02 2.15
CD (P=0.05) 0.07 0.05 4.68
CV (%) 3.85 3.20 2.95

4.3 Feeding Schedule

The experimental feeding started immediately after
weaning and continued up to 9 months of age. Feed
was offered twice daily, and the respective quantities
of concentrate and dried Azolla were mixed thoroughly
before feeding. Feed intake and refusals were moni-
tored regularly to ensure accurate recording.

4.4 Production and Processing of Azolla

Azolla was grown in lined pits in farm condition using
locally available resources. The harvested Azolla was
washed, shade dried to reduce moisture content and
thenincorporated in the concentrate ration as per treat-
ment requirement.

4.5 Data Gathering

The body weight of each animal was recorded at the
beginning of the experiment and then monthly. Feed
intake, growth performance and health status were
monitored during the whole study. Economic data in-
cluding feed cost, gross return and net return were also
recorded for analysis.

4.6 Statistical Analysis

The data collected were analyzed using Analysis of Vari-
ance (ANOVA) appropriate for Randomized Block De-
sign. Treatment means were compared to evaluate the
effect of different levels of Azolla supplementation on
growth and economic performance of swine.

5.1 Growth Parameters

Initial body weight (kg), monthly body weight (kg), to-
tal live weight gain (kg), monthly weight gain (kg), av-
erage daily gain (ADG, g/day), body length (cm), heart
girth (cm), feed intake (kg/day), dry matter intake (kg/-
day), feed conversion ratio (FCR).

5.2 Nutritional/Feeding Parameters

Amount of concentrate offered (kg), amount of concen-
trate consumed (kg), amount of dried Azolla offered
(kg), amount of dried Azolla consumed (kg), total feed
intake per pig, protein intake per pig, palatability score,
refusal percentage.

5.3 Health Parameters

General health score, incidence of diarrhea, incidence
of respiratory problems, skin/hair coat condition, mor-
tality (if any), deworming and vaccination record.

5.4 Economic Parameters

Cost of concentrate feed (Rs.), cost of Azolla produc-
tion/procurement (Rs.), total feed cost (Rs.), labour
cost (Rs.), veterinary cost (Rs.), miscellaneous cost (Rs.),
cost of production (Rs.), gross return (Rs.), net return
(Rs.), benefit-cost ratio.

5.5 Carcass/Market Parameters
Dressing percentage, carcass weight, back fat thick-
ness, lean meat percentage.
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6.1 Growth Performance

The results clearly demonstrated that supplementation
of dried Azolla in the diet had a pronounced positive
effect on the growth performance of piglets. A consis-
tentand progressive increase in final body weight, total
weight gain, and average daily gain (ADG) was observed
from T to T4. Piglets in the control group (Ty) recorded
the lowest growth performance, whereas those in T4
achieved the highest final body weight (70.8 kg) and
total gain (60.5 kg). The improvement in growth param-
eters can be attributed to the high protein content and
better amino acid profile of Azolla, which enhanced
nutrient availability and utilization. The ADG increased
significantly, indicating faster growth rates in Azolla-
supplemented groups.

Feed conversion ratio (FCR) showed a significant de-
creasing trend across treatments, with T, exhibiting
the lowest FCR (2.60), reflecting superior feed effi-
ciency. The differences among treatments were sta-
tistically significant (P<0.05), as the variation between
treatment means exceeded the critical difference (CD)
values. The relatively low coefficient of variation (CV%)
indicates good experimental precision and homogene-
ity among experimental units. Overall, the findings
confirm that dried Azolla supplementation, particularly
at higher levels, significantly enhances growth perfor-
mance in piglets.

6.2 Feed and Nutritional Parameters

A gradual decline in feed intake was observed with in-
creasing levels of dried Azolla supplementation. Piglets
in To consumed the highest quantity of feed (1.55 kg/-
day), while those in T4 consumed the least (1.45 kg/-
day). The reduction in feed intake was statistically sig-
nificant (P<0.05), indicating that Azolla inclusion influ-
enced feeding behavior and diet efficiency.

Despite the reduction in total feed intake, dry matter
intake (DMI) showed only a marginal decrease, suggest-
ing that the animals maintained adequate nutrient con-
sumption. More importantly, protein intake increased
progressively from T to T4 due to the high protein con-
tentof dried Azolla. This indicates that Azolla effectively
enhanced the protein density of the diet.

The improved protein intake, coupled with reduced
feed consumption, reflects better feed utilization effi-
ciency. The low CV% values further confirm the con-
sistency and reliability of the data. These results sug-
gest that Azolla supplementation improves nutritional
efficiency by providing more nutrients with less feed
intake.

ISSN: 2472-3878 | Vol 11 | Issue 1| 2026

Table 3. Health status of piglets

Treatment | Diarrhea (%) | Respiratory (%)
To 12 8

T 10 7

To 8 5

T3 6 4

Ty 4 3

SE(m) & 1.12 0.95

CD (P=0.05) 2.45 2.07

CV (%) 6.20 5.85

6.3 Health Parameters

The health status of piglets improved markedly with
increasing levels of dried Azolla supplementation. The
incidence of diarrhea decreased from 12% in the con-
trol group (Tg) to 4% in T4, while respiratory prob-
lems reduced from 8% to 3% across the same treat-
ments. These differences were statistically significant
(P<0.05).

The improved health condition in Azolla-fed groups
may be attributed to the presence of essential nutri-
ents, minerals, vitamins, and bioactive compounds in
Azolla, which enhance immunity and gut health. The
reduction in digestive disorders indicates better intesti-
nal stability and microbial balance. No mortality was
observedin any treatment group, indicating that Azolla
supplementationis safe and does not exert any adverse
effects. Overall, the findings highlight the beneficial
role of Azolla in improving animal health and reducing
disease incidence under farm conditions.

6.4 Economic Parameters

Table 4. Economic analysis

Treatment | Total Cost (Rs.) | Net Return (Rs.) | B:C Ratio
To 6500 2300 1.35
T 6350 2750 1.43
To 6200 3350 1.54
T3 6050 4000 1.66
Ty 5900 4750 1.81
SE(m) £+ 150 210 0.05
CD (P=0.05) 327 458 0.11
CV (%) 4,75 7.10 5.20

Economic analysis revealed a significant improvement
in profitability with increasing levels of Azolla supple-
mentation. The total cost of production decreased
gradually from T to T4 due to the partial replacement
of costly concentrate feed with low-cost Azolla. Net
return increased substantially from Rs. 2300 in T to
Rs. 4750 in T4, indicating a nearly two-fold increase
in profitability. Similarly, the benefit-cost (B:C) ratio
improved from 1.35 to 1.81 across treatments. These
differences were statistically significant (P<0.05), con-
firming the economic advantage of Azolla inclusion.
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The higher profitability in T4 can be attributed to a com-
bination of reduced feed cost and improved growth
performance, leading to higher market weight and re-
turns. These results clearly demonstrate that Azolla
supplementation is not only biologically beneficial but
also economically viable, especially at higher inclusion
levels.

6.5 Carcass Parameters

Carcass characteristics showed significant improve-
ment with increasing levels of Azolla supplementation.
Dressing percentage increased steadily from 68.5% in
To to 72.5% in T4, indicating better carcass yield. Simi-
larly, carcass weight increased in line with body weight
gains, with T4 producing the heaviest carcass (51.3 kg).
Back fat thickness showed a decreasing trend from
22 mm in T to 18 mm in T4, suggesting reduced fat
deposition. At the same time, lean meat percentage
increased from 52% to 57%, indicating improved meat
quality. These differences were statistically significant
(P<0.05). The improvement in carcass traits may be
attributed to better protein utilization and lean tissue
development in Azolla-fed groups. Overall, the results
suggest that Azolla supplementation enhances carcass
quality by increasing lean meat yield and reducing ex-
cess fat, which is desirable from both consumer and
market perspectives.

Across all parameters—growth, nutrition, health, eco-
nomics, and carcass traits—there was a consistent and
significant improvement with increasing levels of dried
Azolla supplementation. The treatment T4 (900 g con-
centrate + 76.5 g dried Azolla) emerged as the best-
performing group in all aspects. The findings strongly
support the inclusion of dried Azolla as a cost-effective,
nutritionally rich feed supplement capable of improv-
ing productivity, profitability, and overall animal per-
formance under field conditions.

The present study demonstrated that supplementation
of dried Azolla in the conventional concentrate ration
significantly improved growth performance, feed effi-
ciency, health status, carcass characteristics, and eco-
nomic returns in piglets. The observed improvements
can be attributed to the high nutritive value of Azolla,
particularly its protein content, essential amino acids,
vitamins, and minerals.

7.1 Growth Performance

The significant improvement in final body weight, to-
tal weight gain, and average daily gain (ADG) with in-
creasing levels of Azolla supplementation observed in
the present study is in agreement with earlier findings.

ISSN: 2472-3878 | Vol 11 | Issue 1| 2026

The superior performance of T4 indicates that partial
replacement of concentrate with Azolla enhanced nutri-
ent utilization efficiency. Similar results were reported
by [16], who observed increased growth rate in pigs
supplemented with Azolla. Likewise, [17] reported im-
proved weight gain in pigs fed Azolla-based diets. The
improved growth may be due to the presence of high-
quality protein (20-25%), essential amino acids, and
better digestibility of Azolla. The reduction in feed con-
version ratio (FCR) observed in the present study is
consistent with findings of [9], who reported improved
feed efficiency in livestock due to Azolla supplementa-
tion.

7.2 Feed and Nutritional Efficiency

The decrease in feed intake, combined with higher pro-
tein intake, indicates better feed efficiency and nutri-
ent density of the diet. This may be owing to the in-
creased digestibility and palatability of Azolla when
added in moderate quantities. These findings are in
line with [15], who reported that Azolla supplemen-
tation reduced feed consumption while maintaining
or improving growth performance in pigs. Similarly,
[12] observed that Azolla inclusion improved protein
intake and nutrient utilization in poultry and livestock.
The enhanced protein intake in T4 can be attributed
to the protein-rich nature of Azolla, which serves as a
partial substitute for conventional protein sources like
soybean meal.

7.3 Health Status

The reduction in incidence of diarrhea and respira-
tory problems in Azolla-fed groups indicates improved
health and immunity. Azolla contains bioactive com-
pounds, antioxidants, and micronutrients that con-
tribute to enhanced immune response. These findings
corroborate the observations of [14], who reported im-
proved health and reduced disease incidence in an-
imals fed Azolla. Similarly, [18] suggested that non-
conventional feed resources like Azolla can improve
gut health and microbial balance.

7.4 Economic Efficiency

The economic analysis revealed that Azolla supplemen-
tation significantly reduced feed cost and increased
net return and benefit-cost ratio. This is mainly due
to the partial replacement of expensive concentrate
feed with low-cost, farm-produced Azolla. These re-
sults are in agreement with [10], who highlighted the
economic potential of Azolla as a low-cost feed sup-
plement. More recent studies by [21] also reported
improved profitability in livestock production systems
using Azolla-based feeding strategies.

607



Public Health | NAAS Rating (2026): 5.00

ISSN: 2472-3878 | Vol 11 | Issue 1| 2026

Table 5. Carcass characteristics

Treatment | Dressing % | Carcass Weight (kg) | Back Fat (mm) | Lean Meat (%)
To 68.5 40.0 22 52

T 69.2 42.1 21 53

To 70.0 44.6 20 54

T3 71.0 47.5 19 55

Ty 72.5 51.3 18 57
SE(m) & 1.25 1.80 0.85 1.40

CD (P=0.05) 2.72 3.92 1.85 3.05

CV (%) 4.95 5.20 6.10 4.80

7.5 Carcass Characteristics

The improvement in dressing percentage, carcass
weight, and lean meat percentage, along with reduced
back fat thickness, indicates better carcass quality in
Azolla-fed piglets. This suggests that Azolla promotes
lean tissue growth rather than fat deposition. These
findings are consistent with [1], who reported that im-
proved nutrition leads to better carcass traits in live-
stock. Additionally, [17] observed improved carcass
quality in pigs supplemented with Azolla. The consis-
tent improvement across all parameters in the present
study suggests a strong positive effect of dried Azolla
supplementation in pig diets. The increasing global
emphasis on utilizing locally available unconventional
feed resources has further strengthened the impor-
tance of Azolla as an economical alternative feed ingre-
dient for sustainable pig production systems [22,23].

Based on the results and supporting literature, it can be
concluded that dried Azolla is an effective alternative
feed supplement for swine. Supplementation at higher
levels significantly enhances growth performance, feed
efficiency, health status, carcass quality, and economic
returns. Therefore, Azolla inclusion at 76.5 g per pig per
day (T4) may be recommended as an optimal feeding
strategy under field conditions.

1. Devendra C, Sevilla CC. Availability and use of
feed resources in crop-animal systems in Asia.
Agricultural Systems. 2002;71:59-73.

2. Birthal PS, Taneja VK, Thorat A. Smallholder live-
stock production in India: Opportunities and
constraints. Revue Scientifique et Technique.
2008;27(1):123-137.

3. Kumaresan A, Bujarbaruah KM, Pathak KA. Per-
formance of pigs under smallholder production
systems in North Eastern India. Tropical Animal
Health and Production. 2007;39:407-414.

4. Ravindran V. Feed resources and feeding strate-
gies for pigsin developing countries. Animal Feed

608

10.

11.

12.

13.

14.

15.

16.

Science and Technology. 2013;183:1-10.
National Research Council. Nutrient Require-
ments of Swine (11th ed.). Washington, DC, USA:
National Academies Press; 2012.

Food and Agriculture Organization. World Live-
stock Report. Rome, Italy: FAO; 2011.

Peters GA, Meeks JC. The Azolla-Anabaena sym-
biosis: Basic biology and application. BioScience.
1997;47:459-465.

Lumpkin TA, Plucknett DL. Azolla: Botany, phys-
iology, and use as a green manure. Economic
Botany. 1980;34:111-153.

Alalade OA, lyayi EA. Chemical composition and
feeding value of Azolla pinnata meal for poultry
and livestock. International Journal of Poultry
Science. 2006;5:137-141.

Singh PK, Subudhi BPR. Utilization of Azolla in
agriculture and livestock feeding. Indian Farm-
ing. 1978;27:19-21.

Hasan MR, Chakrabarti R. Use of Algae and
Aquatic Plants as Feed in Aquaculture (FAO Fish-
eries and Aquaculture Technical Paper No. 531).
Rome, Italy: Food and Agriculture Organization;
20009.

Basak B, Pramanik MAH, Rahman MS. Azolla pin-
nata as a feed ingredient in poultry ration. Inter-
national Journal of Poultry Science. 2002;1:29-
34.

Parashuramulu S, Nagalakshmi D, Rao DS. Effect
of Azolla on growth performance in poultry. In-
dian Journal of Animal Nutrition. 2013;30:385-
389.

Pillai PK, Premalatha S, Rajamony S. Azolla as
livestock feed supplement for improving animal
health. Indian Farming. 2002;52:17-19.
Chatterjee A, Banerjee R, Mandal A. Utilization
of Azolla in dairy cattle feeding and its effect on
performance. Indian Journal of Animal Nutrition.
2013;30:123-127.

Parthasarathy R, Kadirvel R, Kathaperumal V.
Azolla as feed supplement in pig diets. Indian
Veterinary Journal. 2002;79:144-146.



Public Health | NAAS Rating (2026): 5.00

17.

18.

19.

20.

21.

22.

23.

Indira D, Suresh J, Reddy AR. Performance of
pigs fed Azolla-based diets. Veterinary World.
2009;2:45-47.

Leterme P, Buldgen A, Estrada F. Non-
conventional feed resources for pigs and
their effect on performance. Livestock Research
for Rural Development. 2010;22:1-10.

Becerra M, Preston TR, Ogle B. Effect of Azolla
on pig performance under farm conditions. Live-
stock Research for Rural Development. 1995;7:12-
18.

Dhumal MV, Siddiqui MF, Siddiqui MBA. Azolla
as a sustainable feed supplement for livestock.
Journal of Agriculture and Biological Sciences.
2009;4:17-21.

Rathod PK, Nikam MG, Landge SM. Economic
evaluation of Azolla feeding in livestock produc-
tion systems. Indian Journal of Animal Research.
2017;51:123-127.

Food and Agriculture Organization. The State
of Food and Agriculture 2023: Revealing the
True Cost of Food to Transform Agrifood Systems.
Rome, Italy: FAO; 2023.

Sarker PK, Kapuscinski AR, Bae AY, Donaldson E,
Sitek AJ, Fitzgerald DS, Edelson OF. Toward sus-
tainable aquafeeds: Complete replacement of
fishmeal by alternative proteins including Azolla
and other plant resources. Scientific Reports.
2020;10:13081. https://doi.org/10.1038/
s41598-020-70030-7

609

ISSN: 2472-3878 | Vol 11 | Issue 1| 2026


https://doi.org/10.1038/s41598-020-70030-7
https://doi.org/10.1038/s41598-020-70030-7

