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ABSTRACT  

The study was conducted to evaluate the potential feeding value of Azolla by its chemical composition, 
amino acid profile, IVDMD, Insacco D M and Crude protein degradability. Azolla a potential protein 

replacement in concentrate mixture of ruminants, chemical composition of Azolla pinnata DM, CP, CF, 

EE, NFE, TA and AIA of A. pinnata were 4.23, 28.24, 22.25, 4.00, 30.71, 14.80 and 4.13, cell wall 

constituents NDF, ADF values were 72.05, 66.18. Amino acid composition Arginine, Cystine, Glycine, 
Histidine, Isoleucine, Leucine, Lysine, Methionine, Threonine, Tryptophan, Tyrosine, valine were 6.82, 

2.06, 5.42, 2.31, 5.78, 9.04, 6.41, 1.68, 4.60, 2.11, 4.10, 6.65, IVDMD % was 60.20, Insacco DM 

degradability % was 51.56, in sacco CP degradability (%) of A. pinnata was 47.15. Based on the results 
Azolla is rich protein source and has rich Amino acid profile and the result of percent of dry matter 

disappearance, degradability in vivo and in vitro studies showed the best performance of A. pinnata in 

terms of dry matter utilization in buffalo cows. In sacco crude protein degradability 55 to 60 %. Hence A. 

pinnata was recommended as a good unconventional protein supplement in the rations of ruminants and 
non ruminants.  
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INTRODUCTION  

India consists of large livestock population. The milk production reached top position in the world but the 

productivity of livestock of our country is less when compared with other countries. There is deficit of 

green and dry fodder.  

Hence, there is a need to identify and incorporate unconventional feeding resource which is most 

abundant potential source of proteins. Azolla which is most abundant nutritive value feed. According 

(Lumpkin and Plucknette, 1982, Vanhove and Lope Z 1987) the use of Azolla as a feed resource for fish, 
swine and poultry had been tested with favourable results. According (Castillo et al., 1981; Alcantara and 

Querubin, 1989). The protein content was superior when compared to different fodders. According (Pillai, 

2002). High ash content present in Azolla pinnata indicated the capacity of plant to deposit ash in the 

surface tissues and leaves.  

 

MATERIALS AND METHODS 

Samples of Azolla pinnata collected from pits were analysed for proximate principles as per AOAC 

(1990) methods. Cell wall constituents were analysed by Goering and Vansoest (1970). Amino acid 
analysis performed using an automated precolumn derivatisation with o-phthaldiadehyde (OPA) using 

reverse phase HPLC.  

In Vitro Dry Matter Digestibility: The dry matter digestibility of Azolla was determined by in vitro dry 

matter digestibility as suggested by (Tilley and Terry, 1963).  

In sacco Dry matter disappearance was carried out as per procedures outlined by (Kempton, 1980). 

 

RESULTS AND DISCUSSION 

Chemical composition of the present study of A. pinnata, the dry matter, crude protein, crude fibre, ether 
extract, nitrogen free extract, total ash, acid insoluble ash were 4.23, 28.24, 22.25, 4.00, 30.71, 14.80, 
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4.13. Cell wall constituents were NDF, ADF 72.05, 66.18 respectively. Chemical composition shown in 

Table 1. The present study dry matter content (%). A. pinnata was in accordance with the DM values 

reported by (Men, 1995) and (Bacerra et al., 1995) who reported 4.7 and 5.6 percent respectively. The 
percent crude protein value of 28.23 in the experiment comparable to crude protein values reported by 

(Faoiwara, 1947; Subudhi and Singh, 1978; Sing et al., 1983; Pillai, 2002; Basak et al., 2002; Alalade and 

Lyayi, 2006). The crude fibre content of A. pinnata in the study was higher than the values reported by 
(Parnerkar et al., 1986; Men , 1995; Tamang and Samanta, 1993; Ali and Leeson, 1995) who reported the 

values ranged from 11 to 18 %.  

Dewanji and Matai reported lowest crude fibre value of 2.8 CF value fluctuations due to late harvesting 
time. The EE value (%) reported by (Dewanji and Matai, 1991) was 9.9 which was higher than the ether 

extract value observed in the present study. The present values comparable with (Singh et al. 1983; Men, 
1995; Basak et al., 2002; Alalade and Lyayi, 2006; Buchingham et al., 1978). NFE content of present 

study was similar with values of (Bhuyan et al., 1998; Ali and Lesson, 1995; Puerubin et al., 1986; Basak 

et al., 2002) on contrary (Tamang and Samanta, 1993; Singh et al., 1983; Parnerkar et al., 1986 reported 
the higher values of 41-52 %.  

Variations in the values due to variations in the temperature, relative humidity, light intensity, harvesting 
time. The NDF and ADF levels observed in the present study were higher than the values reported by 

Singh, et al., 1983; Bacerra, et al., 1995; Dominguez et al., 1995. The study values higher than the values 

reported by (Dewanji and Matai, 1991).  

Amino acid composition of A. pinnata (g/100 g protein) Arginine, cystine, Glycine, Histidine, Isoleucine, 
Leucine, Lysine, Methionine, Threonine, Tryptophan, Tyrosine, Valine were 6.82, 2.06, 5.42, 2.31, 5.78, 

9.04, 6.41, 1.68, 4.60, 2.11, 4.10 and 6.65 g/100 g protein. The in vitro dry matter digestibility (IVDMD) 

% of Azolla pinnata shown in Table 1a. The mean + SE of three samples analysed for in vitro dry matter 
digestibility (%) was 61.20 + 0.58. 

Ali and Leeson (1995) reported the higher values were due to soil nutrients. Higher values of lysine 
percent recorded in the present study indicated the optimum values of Lysine recommended by (Wang 

and Fuller, 1989).  

Amino acid value of Azolla in present study was higher than the Amino acid profile of other aquatic 
plants reported by (Ali and Leeson, 1994). Azolla would not appear to be a problem of balancing of 
Amino acid requirement in Manogastric animals and poultry in which the inclusion of the protein 

supplement in GNC, Soyabean, Fish meal etc. had the problem. The report were in accordance with 

(Sanginga and Vanhove, 1989). Certain limiting amino acids are to be added to make Azolla a complete 
source of Amino acids. 

Insacco drymatter degradability (%) of Azolla pinnata in rumen fistulated buffaloes shown in Table 2. 
The DM disappearance (%) at different hrs of incubation viz. at 12, 24, 36, 48 and 72 hrs was 49.33 + 

24.66, 56.55 + 20.28, 62.28 + 31.24, 66.15 + 33.08 and 70.06 + 35.25 respectively. The effective dry 

matter degradability (%) observed was 51.56 + 1.22 at the hrs of incubation between, 24-36. The insacco 
crude protein degradability (%) of A. pinnata in fistulated buffaloes is presented in Table 3. 

The crude protein disappearance (%) at different hrs of incubation i.e. at 3, 6, 9, 12, 15 and 24 hrs was 
29.75 + 2.84, 37.75 + 2.17, 45.33 + 0.59, 47.45 + 0.54, 52.33 + 1.03 and 57.33 + 1.03 respectively.  

The per cent of in vitro dry matter digestibility recorded in the present study was 60.20 in agreement with 
report of (Muzler et al., 1978, Preston and Murguetio, 1995), also observed the higher per cent of in vitro 
digestibility in samples of Azolla. (Dominguez et al., 1997) observed highest in vitro dry matter 

digestibility in Pigs fed with A. pinnata (Ly et al., 2002) reported the similar values of % of IVDMD in 

pigs fed with Azolla.  

Insacco crude protein degradability (%) results were in accordance with (Preston and Murgueitio, 1995; 
Dominguez et al., 1997; Ly and Preston, 2001; Ly et al., 2002). The percent of Insacco and In vivo 
digestibilities of crude protein of Azolla were comparable.  
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Table 1: Chemical composition and cell wall constituents of Azolla pinnata and Experimental diets (% DM basis) 

S.No Nutrients AzollaPin-nata Hybrid napier Paddy straw Control diet Experimental diet 

1. Chemical composition 

 DM 4.23 19.64 89.60 90.01 90.01 

 CP 28.24 7.91 4.01 19.93 17.62 

 CF 22.25 30.06 36.60 10.00 11.90 

 EE 4.00 3.42 2.53 4.33 4.64 

 NFE 30.71 43.81 45.11 41.06 57.04 

 ZA 14.80 16.00 13.80 7.70 8.80 

 AIA 4.13 6.78 8.70 5.04 5.03 

2. Cell wall constituents 

 NDF 72.05 83.10 83.60 43.2 44.2 

 ADF 66.18 62.88 89.70 19.2 20.1 

 

Table 1a: In vitro dry matter digestibility (IVDMD) (%) of Azolla pinnata (Tilley and Terry technique) 

Sample 1 59.20 

Sample 2 60.20 

Sample 3 61.20 

Mean + SE 61.20 + 0.58 

 

Table 2: In sacco DM degradability (%) of Azolla pinnata 

Hours of incubation DM disappearance (%) at different hours of incubation Constants Effective DM 

degradability (%) 12 24 36 48 72 a b c 

Dry matter 

disappearance + SE 

49.33+24.66 56.55+28.28 62.28+31.14 66.15+33.08 70.06+35.25 37.06+3.89 40.76+1.18 0.301+0.01 51.56+1.22 

 

Table 3: In sacco CP degradability (%) of Azolla pinnata 

Hours of incubation CP disappearance (%) at different hours of incubation Constants Effective protein 

degradability 

RDP UDP 

3 6 9 12 15 24 A B C 

CP disappearance + 

SE 

29.75 + 

2.84 

37.75 + 

2.17 

45.25 + 

0.59 

47.45 + 

0.54 

52.33 + 

1.03 

57.33 + 

1.03 

16.58 + 

6.10 

46.82 + 

3.04 

0.1092 + 

0.03 

47.15 + 1.50 13.32 

(47.17 %) 

14.92 

(52.83 %) 
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It was concluded that the potential feeding value of Azolla evaluated from chemical composition and cell 

wall constituents. The amino acid profile of Azolla showed that it had 56 % amino acids, 47 % of EAA 

and 53 % non EAA. Azolla pinnata was poor source of sulphur containing Amino acids i.e. Methionine, 
Cystine.  

The per cent of in vitro dry matter digestibility of A. pinnata was 60.20 and % of Insacco dry matter 

digestibility and the effective dry matter degradability (%) at the outflow rate of 0.05 / hr was 51.65 %. 
The per cent of Insacco crude protein degradability of A. pinnata in rumen fistulated buffaloes showed 

that effective % of crude protein degradability at the outflow rate of 0.05 /hr was 47.17 per cent.  

Higher values of NDF indicated better utilization of A. pinnata as a fibre source of large ruminants. The 

percent dry matter degradability had taken place during early hrs of incubation which indicated the early 
digestion and efficient utilization of dry matter in ruminants.  
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