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Abstract

Azolla (Azolla pinnata), an aquatic fern, has high amounts of crude protein and essential amino acids and thus could be
an economical and plentiful alternative feed source for poultry. In this study we investigated how partial replacement of
pelleted concentrate diet with fresh azolla affected growth performance, carcass quality, and oxidative stress in Thai native
crossbred chicken. A total of 600 male, six week-old native crossbred chickens (Pradu Hang dum) were randomly assigned
to six experimental groups that were for fed for four weeks with 100% commercial pelleted diet (control) or a diet having
partial replacement of the control diet with 5%, 10%, 15%, 20%, or 25% fresh azolla (FA). The feed cost per weight gain
was significantly decreased in chickens fed FA (p<0.05). No significant differences among the groups were seen in live
body weight, defeather weight, carcass percentage and some internal organs, although the 15% and 20% FA groups had
significantly lower (p<0.05) wing weight. Breast meat lightness and yellowness were significantly higher (p<0.05) for the
15% FA group, and the 25% FA group had significantly lower (p<0.05) meat redness relative to the other groups. The shear
force of the breast meat was significantly lower (p<0.05) for the 10%, 15%, and 20% FA groups compared to the other
groups. For oxidative stress parameters, the glutathione level (GSH) was similar among all the groups. The groups fed fresh
azolla all had significantly lower (p<0.05) malondialdehyde (MDA) concentrations relative to the control group, although
the MDA level in stored meat was similar among all the groups. Taken together, these results suggest that fresh azolla can be
used as an alternative feed source to lower production costs for Thai native crossbred chicken
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INTRODUCTION

In northern Thailand, rural farmers raise chickens in their backyards
as a source of both household protein and extra income. However, the cost
of feed, especially commercial diets, is a major component of overall poultry
production costs (~70% of total cost) and can constrain local poultry production
(Joysowal et al., 2018). Replacing part of commercial concentrate diets,
especially during the fattening period, can reduce production costs. Azolla
(Azolla pinnata), also known as mosquito fern, duckweed, fairy moss or water
fern (Swain et al., 2022), is an aquatic fern that freely floats on water surfaces.
Azolla plants can be inexpensively cultured in tropical habitats and used as a
feed ingredient or supplement for farm animals to reduce feed costs (Mohamed
et al., 2023). Previous studies showed that azolla has high nutritive value,
particularly in terms of protein (20.4-28.5% crude protein on a dry matter
basis), essential amino acids, and vitamins (beta-carotene and vitamin B12)
(Khursheed et al., 2019; Bhatt et al., 2020). The content of minerals like iron,
calcium, magnesium, potassium and manganese is also high in azolla, as is the
concentration of bioactive substances such as phenols, tannins and glycosides
that have natural antioxidant properties (Riaz et al., 2022).

For poultry production, diet replacement with 100 g azolla/day/bird
was associated with increased profit and average egg production (Sinha
et al., 2018). Addition of up to 15% azolla to broiler feed improved growth
performance and nutrient digestibility (Samad et al., 2020). A corn-soybean-
based diet containing 5% azolla powder improved daily weight gain and feed
conversion ratio (FCR) in broiler chickens (Naghshi et al., 2014). Addition
of azolla leaf meal to feed tended to improve body weight gain and increased
feed intake while linearly decreasing the percentage of breast meat loss during
cooking and increasing the propionate production in the cecum of broilers
(Abdelatty et al., 2020). In turkeys, choice-feeding with azolla and a basal diet
improved FCR without affecting blood biochemistry or immune competence
(Shukla et al., 2018).

Production of native crossbred chickens is popular in Thailand because
the meat has a more desirable texture and flavor while being lower in fat,
cholesterol, and triglycerides than meat from broiler chickens (Phianmongkhol
et al., 2012). Most crossbred chickens in Thailand are raised by small-scale
farmers. Azolla could a potential feed source for this type of chicken to reduce
costs and increase sustainable production. In this study we evaluated how
partial replacement of a concentrate diet with fresh azolla affected growth
performance, carcass quality, and oxidative stress of Thai native crossbred
chickens during the fattening period.

MATERIALS AND METHODS

Animal and experimental design

All experiments were conducted according to the guidelines established
for the care and use of laboratory animals, and were approved by Department of
Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University,
Thailand. The ethical approval number was AG02002/2566.
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A total of 600 male, six week-old Thai native crossbred Pradu Hang
dum chicks from Chiang Mai province were used in this study. The chicks
were weighed and assigned to treatment groups so that the different groups had
similar initial weights. The experimental design was randomized using a CRD
(completely randomized design) to include six groups, which were given 100%
commercial pelleted diet (control; corn-soy based diet, 18% protein and 2,900
kcal/kg ME) or replacement of the commercial diet with 5%, 10%, 15%, 20%,
or 25% (wt:wt) fresh azolla (FA). The chemical composition of the control diet
and diets with FA replacement is presented in Table 1. Feed and water were
supplied to all chicks ad libitum for the four-week experimental period.

Table 1 Chemical composition of control commercial pelleted diet and diet with partial replacement with
fresh azolla (Azolla pinnata) (% dry matter basis)

: - Diet
Chemical composition CON __ 5%FA__ 10%FA _ 15%FA__ 20%FA __ 25%FA
Dry matter; DM (%) 90.06 87.33 83.23 80.66 77.49 75.43
Ash (%) 9.45 10.78 11.12 12.34 14.67 15.02
Crude protein; CP (%) 18.00 17.25 16.70 15.55 14.89 14.03
Crude fiber; CF (%) 3.40 5.07 6.15 7.22 8.03 9.37
Ether extract; EE (%) 4.23 3.89 3.65 3.21 3.19 3.02
Nitrogen free extract; NFE (%) 52.06 49.79 4485 41.21 38.81 35.59
Metabolizable energy; ME (kcal/kg) 2,900 2,637 2,580 2,520 2,460 2,395

CON = control diet, 5% FA = replacement of control diet with 5% fresh azolla, 10% FA = replacement of control diet with
10% fresh azolla, 15% FA = replacement of control diet with 15% fresh azolla, 20% FA = replacement of control diet with
20% fresh azolla, and 25% FA = replacement of control diet with 25% fresh azolla.
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Growth performance and carcass quality evaluation

Feed intake (FI) was recorded daily. Body weight (BW) was measured
weekly for performance parameters, which were calculated as: weight gain
(WGQ) = final BW - initial BW, feed conversion ratio (FCR) = FI/WG, average
daily gain (ADG) = WG/day on test, and feed cost per gain (FCG) = (FI x
cost of feed)/WG (baht/kg). At the final timepoint, 10 birds were randomly
selected from each treatment and weighed before slaughter. Chickens were
slaughtered by hand using a conventional neck cut for bleeding. The carcasses
were scalded at 60 °C for 120 seconds and manually eviscerated. The hot
carcasses were processed with a Thai-style retail cut and body parts including
the skeletal frame, drumstick with thigh, wing, breast with fillet, liver, gizzard,
spleen and heart were weighed. The hot carcass percentage was calculated as a
percentage of live body weight. The percentage weight of cuts was calculated
as a percentage of the hot carcass weight (Pripwai et al., 2014).

Oxidative stress determination

Blood was collected from 10 chicks in each group at 6, 8, and 10 weeks
of age. The serum was separated to measure malondialdehyde (MDA) (Santos
et al., 1980) and glutathione (GSH) (Boyne and Ellman, 1972) levels. MDA
levels were determined by adding 0.45 ml normal saline solution (NSS), 0.2
ml thiobarbituric acid reagent (TBA) and 1 ml trichloroacetic acid reagent
(TCA) to a 0.1 ml serum sample in a test tube. The solution was boiled at 100
°C in a water bath for 30 minutes. Then, 2 ml distilled water was added and
the mixture was centrifuged at 3,000g for 10 minutes. The supernatant was
collected and absorbance was measured at 532 nm. The measured values were
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compared against an MDA standard and the amount of MDA in each sample
was calculated. GSH levels were measured by adding 1.6 ml distilled water to a
0.4 ml serum sample. After precipitation of the proteins with 3 ml precipitation
solution, the mixture was centrifuged at 2,000g for 10 minutes. Supernatants
were collected and 4 ml phosphate buffer and 0.5 ml dithiobisnitrobenzoic acid
(DTNB) was added before measurement of absorbance at 412 nm, which was
compared with a GSH standard to calculate the amount of GSH in the sample.

Statistical analysis

Data were statistically analyzed using SPSS software (SPSS Inc., Chicago, IL,
USA). A completely randomized design was assessed by analysis of variance
(ANOVA). Differences between the mean values of the treatments were
determined using a Duncan’s multiple-range test. Differences were considered
significant with P<0.05. All mean values for each parameter of the different
treatments were reported as a pooled standard error of the means (SEM).

RESULTS

The effects of partial replacement of concentrate diet with fresh azolla
on growth performance were measured for Thai native chickens fed for four
weeks with either a control diet (no replacement) or replacement with 5%,
10%, 15%, 20% and 25% fresh azolla (FA; wt:wt; Table 2). No significant
difference in any of the performance parameters relative to the control was
seen (p>0.05), except for a significant decrease in feed cost per gain (FCG)
exhibited by the 10%, 15%, 20% and 25% FA replacement groups (p<0.05).

Live body weight, defeather weight, carcass percentage and the weight
of some internal organs also showed no significant differences between
the control and FA groups (p>0.05; Table 3). The weight of the wings was
significantly lower (p<0.05) for the 15% and 20% FA groups relative to the
control group and other FA groups. The breast meat color expressed as lightness
(L*) and yellowness (b*) was significantly higher (p<0.05) for the 15% FA
group relative to the other groups, but the redness (a*) of the meat for the 25%
FA replacement group was significantly lower (p<0.05) than the other groups.
The shear force (N) of breast meat from the 10%, 15%, and 20% FA groups
was also significantly lower than the other groups.

We also measured the blood serum content of molecules related to
oxidative stress (Table 5). The malondialdehyde (MDA) concentration was
significantly lower (p<0.05) in all groups that had fresh azolla replacement
compared to the control group. However, in stored meat samples, there were no
significant differences in MDA levels among the experimental groups (p>0.05).
Glutathione (GSH) levels also showed no significant differences among any of
the groups (Table 6).
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Table 2 Growth performance parameters for Thai native crossbred chicken (Pradu Hang dum) fed commercial
pelleted diet with partial replacement by fresh azolla (4zolla pinnata).

Treatment

P t EM  P-val
arameter CON  5%FA  10%FA  I5%FA  20%FA  25%FA > value
Initial weight (g) 426.00  446.80 424.95 433.10 431.15 450.30 3.21 0.082
Final weight (g) 1,046.23 1,053.97 1,022.88 1,015.57 1,019.58 1,024.10 7.91 0.689
Weight gain; WG (g) 620.23 607.17 597.93 582.47 588.43 573.80 7.40 0.524
Average daily gain;

ADG (g/bird/day) 22.17 21.27 21.83 20.75 21.81 20.84 0.53 0.719
Average daily feed intake;

ADFI (¢/bird/day) 64.32 63.61 64.60 64.36 64.51 64.38 0.20 0.806
Feed conversion ratio; FCR 2.91 2.87 3.00 3.03 3.06 3.04 0.04 0.690
Feed cost per gain; . b b b . .

FCG" (Baht/kg) 26.88 24.35 23.37 21.85 20.37 19.07 0.58 <0.001

ab.cdifferent letters in the same row indicates significant difference in mean values (p<0.05).

SEM = pooled standard error of the mean.

CON = control diet, 5% FA = replacement of control diet with 5% fresh azolla, 10% FA = replacement of control diet with
10% fresh azolla, 15% FA = replacement of control diet with 15% fresh azolla, 20 % FA = replacement of control diet with
20% fresh azolla, and 25% FA = replacement of control diet with 25% fresh azolla.

Table 3 Carcass quality and internal organ weight of Thai native crossbred chicken (Pradu Hang dum) fed
commercial pelleted diet with fresh azolla (Azolla pinnata) replacement.

Parameter Treatment SEM  P-value
CON 5%FA  10%FA 15%FA 20%FA  25%FA
Live weight; lw (kg) 1.09 1.05 1.07 1.04 1.06 1.06 0.02 0.973
Defeather weight (kg) 0.78 0.71 0.80 0.76 0.70 0.71 0.01 0.137
Carcass percentage (%) 63.22 65.12 61.42 63.85 64.00 63.53 1.54 0.260
Inner organ (%lw) 15.89 15.71 14.64 15.03 16.31 15.89 0.22 0.253
Breast (%lw) 7.64 6.94 7.86 7.28 6.95 7.25 0.21 0.764
Thigh (%lw) 10.36 9.77 10.70 9.72 9.28 9.04 0.22 0.234
Liver (%lw) 2.69 2.35 2.71 2.46 2.53 2.50 0.07 0.610
Spleen (%olw) 0.44 0.41 0.49 0.39 0.37 0.48 0.03 0.848
Kidney (%lw) 0.83 0.66 0.75 0.66 0.67 0.64 0.02 0.127
Heart (%lw) 0.56 0.52 0.56 0.52 0.52 0.50 0.01 0.653
Proventriculus (%lw) 0.99 1.15 1.12 1.13 1.02 1.04 0.03 0.593
Gizzard (%lw) 4.62 4.50 4.51 4.21 4.69 4.86 0.12 0.734
Intestine (%olw) 6.16 6.03 5.62 6.16 5.99 6.62 0.17 0.690
Wing (%lw) 10.01® 9.70® 10.812 8.58° 8.67° 9.29% 0.22 0.024
Leg (%lw) 10.44 10.31 11.04 10.16 9.92 9.92 0.22 0.707

»bdifferent letters in the same row indicates significant difference in mean values (p<0.05).

SEM = pooled standard error of the mean.

CON = control diet, 5% FA = replacement of control diet with 5% fresh azolla, 10% FA = replacement of control diet
with 10% fresh azolla, 15% FA = replacement of control diet with 15% fresh azolla, 20% FA = replacement of control
diet with 20% fresh azolla, and 25% FA = replacement of control diet with 25% fresh azolla.
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Table 4 Meat quality of Thai native crossbred chicken (Pradu Hang dum) fed commercial pelleted diet with
fresh azolla (Azolla pinnata) replacement.

Treatment
Parameter SEM  P-value
CON 5%FA 10%FA  15%FA  20%FA  25%FA

pH 45 min 5.76 5.62 5.65 5.70 5.54 5.80 0.04 0.453
pH 24 h 5.35 5.53 5.41 5.52 5.38 5.46 0.02 0.057
Breast Meat Color
Lightness (L*) 37.91° 37.39° 37.15° 42.04* 38.19° 41.92¢ 0.43 <0.001
Redness (a*) 2.6* 2.49° 2.842 2.68? 2.71° 2.20° 0.09 <0.001
Yellowness (b*) 3.23¢ 3.23¢ 2.43¢ 5.44* 3.74° 4.08° 0.23 <0.001
Water holding capacity (%)
Thawing loss 13.35 12.43 11.22 12.05 10.03 14.25 2.18 0.540
Drip loss 7.11 6.49 8.54 8.63 7.05 8.25 0.62 0.887
Shear force (N) 2.992 2.92¢ 2.85¢ 2.95b 2.894 2.94b¢ 0.01 <0.001

ab.e.dedifferent letters in the same row indicates significant difference in mean values (p<0.05).

SEM = pooled standard error of the mean.

CON = control diet, 5% FA = replacement of control diet with 5% fresh azolla, 10% FA = replacement of control diet
with 10% fresh azolla, 15% FA = replacement of control diet with 15% fresh azolla, 20% FA = replacement of control
diet with 20% fresh azolla, and 25% FA = replacement of control diet with 25% fresh azolla.

Table 5 Oxidative stress in Thai native crossbred chicken (Pradu Hang dum) fed commercial pelleted diet
with fresh azolla (4zolla pinnata) replacement.

Treatment
Parameter SEM  P-value
CON 5%FA 10%FA  15%FA 20%FA  25%FA

Malondialdehyde

(MDA (png/ml))

Week 6 18.88 14.68 14.92 10.36 17.48 12.20 1.10 0.227
Week 8 20.122 16.96° 12.88¢ 8.68¢ 16.32° 12.52¢ 1.01 0.016
Week 10 19.36 16.36 13.60 9.60 16.20 12.60 0.96 0.052

Glutathione reduced
form (GSH (ng/ml))

Week 6 97.55 90.88 99.24 82.97 87.24 86.18 1.85 0.590
Week 8 95.61 80.52 94.76 85.97 89.55 82.24 2.11 0.186
Week 10 96.58 85.70 97.00 84.47 88.39 84.21 1.86 0.126

ab.eddifferent letters in the same row indicates significant difference in mean values (p<0.05).

SEM = pooled standard error of the mean.

CON = control diet, 5% FA = replacement of control diet with 5% fresh azolla, 10% FA = replacement of control diet
with 10% fresh azolla, 15% FA = replacement of control diet with 15% fresh azolla, 20% FA = replacement of control
diet with 20% fresh azolla, and 25% FA = replacement of control diet with 25% fresh azolla.
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Table 6 Oxidation of stored meat from Thai native crossbred chicken (Pradu Hang dum) fed commercial
pelleted diet with fresh azolla (Azolla pinnata) replacement.

Treatment
Parameter SEM  P-value
CON 5%FA 10%FA  15%FA 20%FA  25%FA
Malondialdehyde
(MDA (pg/ml))

Day 1 of storage
Day 3 of storage
Day 6 of storage
Day 9 of storage

16.54 16.98 16.62 16.50 16.57 16.68 0.10 0.593
16.94 17.06 16.70 17.34 16.94 16.82 0.10 0.202
16.74 16.98 16.50 17.30 16.98 16.58 0.12 0.386
17.46 17.30 16.70 17.34 16.94 16.82 0.32 0.532

SEM = pooled standard error of the mean.

CON = control diet, 5% FA = replacement of control diet with 5% fresh azolla, 10% FA = replacement of control diet
with 10% fresh azolla, 15% FA = replacement of control diet with 15% fresh azolla, 20% FA = replacement of control
diet with 20% fresh azolla, and 25% FA = replacement of control diet with 25% fresh azolla.
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DISCUSSION

Fresh azolla, an aquatic fern, has high nutrient content and can be fed to
layers or broilers. Azolla plants have high levels of crude protein and all essential
amino acids, with particularly high levels of leucine and lysine (0.47-0.53%),
methionine (0.11-0.17%), threonine (0.53-0.55%) and tryptophan (0.14-015%)
(Bhatt et al., 2020). The content of the vitamin A precursor beta-carotene and
vitamin B12 (Gouri et al., 2012) in azolla is also good. The rapid growth and
minimal production cost thus make azolla a cheap and plentiful alternative
plant protein source that improves FCR, energy efficiency, and performance
without negative effects on livestock or humans (Alalade and Lyayi, 2006;
Kathirvelan et al., 2015; Anitha et al., 2016; Abd El-Ghany, 2020). A study in
India involving chickens in the growth phase concluded that fresh azolla could
replace 20% of commercial feed diets without compromising performance
(Katole et al., 2017), and another study showed that diets containing up to 7.5%
azolla were associated with improved performance and nutrient utilization
as well as reduced feed cost without any negative effects on carcass quality
(Mishra et al., 2016).

In this study, we examined the effect of diet replacement with fresh
azolla on performance parameters of Thai native crossbred chickens, which are
frequently produced by small scale farmers. We found that azolla replacement
for fattening native crossbred chickens had no effect on growth parameters
relative to control birds fed 100% pelleted commercial diet. However, the feed
cost per gain (FCG) was significantly decreased in chickens fed fresh azolla
(10%, 15%, 20%, and 25% FA replacement), particularly those fed diets with
20% and 25% FA, which contained lower amounts of commercial feed.

Other studies also noted decreased cost of production with azolla
supplementation of feed, yet observed beneficial effects in poultry performance
as evidenced by increased feed intake and tendency toward increased body
weight gain (Shukla et al., 2018; Sinha et al., 2018; Rengma et al., 2019). In
this study, the feed intake of birds in the FA groups did not differ from that of
the control group, and this result was consistent with previous studies showing
no adverse effects on feed consumption by chickens fed azolla (Mishra et al.,
2016; Samad et al., 2020)

ENCES ¥ Punyatong et al. Vet Integr Sci. 2024; 22 (3): 1019 - 1028 1025




ERINARY
ATIVE
ENCES

Abdelattly et al. (2020) reported that dietary supplementation of broiler
chicken feed with azolla leaf meal had increased activation of p70S6 kinase in
breast muscle and breast meat redness, whereas the meat lightness was within
the normal range (L* = 50-60). In our study, the breast meat redness for the
10%, 15%, and 20% FA groups was not different from that of the control,
which was similar to a report showing that the carcass components of azolla-
fed chickens were similar to that for the control group that was not fed azolla
(Hassen et al., 2019). We also found that the group with 25% FA had decreased
breast meat redness and the shear force (N) of the breast meat was lower for all
azolla groups than for the control.

The MDA concentration in blood serum was lower in all groups with
fresh azolla replacement but GSH levels were similar among the groups.
This result suggests that feed replacement with of azolla improved natural
antioxidant potency, which is consistent with a study by Kamel and Hamed
(2021) showing that dietary azolla increased catalase and glutathione in broiler
chickens. This result may be associated with the high phenolic and flavonoid
content of azolla that would act as antioxidant agents. Moreover, erythrocyte
catalase activity was reportedly higher in chickens with azolla supplementation
whereas malondialdehyde levels were not affected (Chichilichi et al., 2015).

CONCLUSIONS

In conclusion, this study showed that feeding of Thai native crossbred
chickens (Pradu Hang dum) for four weeks with a commercial pellet diet having
partial replacement with fresh azolla did not affect performance parameters
relative to the control except for a significant decrease in the feed cost per gain
(FCG) for birds fed FA diets. Some carcass and meat characteristics did differ
among the experimental groups, but the oxidative status was improved by azolla
supplementation as evidenced by decreased serum levels of malondialdehyde
(MDA). Together, these results indicate that fresh azolla can be an alternate
feed source to reduce production costs for Thai native crossbred chickens.
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