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Majority of goats in India are reared in extensive system
and nutrient needs are met by grazing alone or grazing with
supplementation. But, grazing lands are shrinking due to
increased demand of food and forage under the increasing
population pressure, urbanization and industrialization.
Therefore, goat production is transforming from extensive
system to intensive system in urban and peri urban area.
The cost of feed ingredients like groundnut cake and
soybean have more than doubled over the past few years.
The high cost of feed is largely due to the exorbitant price
and scarcity of conventional feed ingredients. In the light
of this, it is very much important to search and adopt some
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ABSTRACT

Present study was conducted to examine the effect of replacing concentrate mixture with sun-dried azolla on
growth, nutrient utilization, blood and rumen metabolites in growing Barbari goats in completely randomized
design. Male Barbari goats (12) were divided into 2 groups, control and experimental, consisting of 6 animals in
each group. The control group was fed with complete pellet feed having Bengal gram straw and concentrate mixture
in 60:40 ratio, experimental group was fed with complete pellet feed in which 25% of concentrate mixture was
replaced with sun-dried azolla. The duration of experimental feeding was 8 weeks. Weekly body weights were
recorded to assess growth rate of goats. After 6 weeks of experimental feeding a metabolism trial of 6 days duration
was conducted to determine nutrients digestibility and nitrogen balance. Blood and rumen liquor samples were
collected at the end of experimental feeding. The average daily gain (g) of control group (56.60) and experimental
group (78.12) was statistically similar. The goat of control and experimental group had statistically similar daily
dry matter intake. The digestibility (%) of dry matter, organic matter, ether extract and total carbohydrate was
statistically similar to control and experimental group of goat (52.41, 55.46, 69.72 and 57.46 respectively). Crude
protein digestibility was significantly higher in treatment group (77.43) as compared to control (71.14) group of
goats. The digestibility (%) of different fibre fractions (neutral detergent fibre, acid detergent fibre), cellulose and
hemicellulose were similar in treatment group. Animals of both the groups were in positive balance of nitrogen.
There was no statistically significant effect replacement of concentrate mixture with sun-dried azolla on hematology
and blood biochemical metabolites (hemoglobin, total protein, albumin, globulin, triglycerides and total cholesterol)
of goats. The pH of rumen fluid was 6.30 for control group and 6.25 for experimental group of goats. Total volatile
fatty acids (mmol/100ml) were statistically similar in control (15.46) and treatment (16.70) groups of goats. There
was no significant difference in nitrogenous fractions (mg/dl), total nitrogen, TCA-ppt nitrogen and non protein
nitrogen of rumen fluid collected at the end of experimental feeding of control and treatment group of goats. From
present study it can be concluded that sun-dried azolla can replace 25% of concentrate mixture in the complete
pellet feed of growing Barbari goats without any adverse effect on growth, nutrient utilization, blood and rumen
fermentation parameters.
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new feed resources, which can help in overcoming the feed
shortage with enhancing goat productivity for the food
security of huge population of the country. Azolla (Azolla
microphylla) a free-floating aquatic fern seems to hold the
solution for this gloomy situation. Azolla fixes atmospheric
nitrogen in association with nitrogen fixing blue green alga
Anabaena azollae, making it an excellent source of protein
for livestock. This can be used as a part of complete pellet
feed in the ration of goats. Azolla in the complete feed can
reduce the cost of feed of goat there by increasing the profits
from goat rearing to the farmers. Azolla is used as a feed
for pigs and ducks in South-East Asia, for cattle, fish and
poultry in Vietnam and for pigs in Singapore and Taiwan
(FAO 2011). With this background in view, the present study
was conducted to evaluate the effect of partial replacement
of concentrate mixture with azolla meal on growth, nutrient
utilization, rumen fermentation pattern and blood
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biochemical parameters in goats.

MATERIALS AND METHODS

Animal management and rations: Barbari male goats
(12), approximately 3–4 months of age and weighing
between 9–13 kg (Avg b. wt. 11.31 kg), were divided into 2
groups (Control, Gr A and treatment Gr B) consisting of 6
goats in each group. All the goats were kept under uniform
management conditions by housing them in well ventilated
sheds. All the goats were fed with complete pellet feed
having concentrate mixture and Bengal gram straw in 40:60
ratio to meet their nutrient requirement for the body weight
gain of 50–100 g/day. Two types of complete pellet feed
was formulated, control (C) and treatment (T).Composition
of control pellet was gram straw 60%, barley 22.8%, ground
nut cake 12%, wheat bran 4%, mineral mixture 0.8% and
salt 0.4%. In case of experimental group, 25% of the
ingredients used in the concentrate mixture were replaced
with azolla meal on weight basis.

Experimental procedure: An experimental feeding on
both the groups of goats was carried out for 8 weeks.
Weighed quantities of respective pellet were offered to
different group of goats at 08:00AM and 2.00 PM, daily in a
completely randomized design (CRD). Ad lib. water was
provided and was changed twice daily throughout the
experimental period. Pellet offered and residues were
sampled weekly for subsequent analysis of DM to determine
DM intake. Body weight of each goat before feeding was
recorded at weekly intervals to observe live weight changes
and average growth rate throughout the experimental period.
Blood was collected from the jugular vein of all
experimental animals in last week of experimental feeding.
Whole blood was used for hematology and serum was
extracted for estimation of different metabolites like protein,
its fractions, triglycerides and cholesterol. The serum was
preserved at –4° C till further analysis. Rumen fluid was
also collected in last week of experimental feeding from
each animal using stomach tube to study the effect of feeding
different types of pellet on rumen metabolites.

To determine the digestibility of nutrients and nitrogen
utilization, a metabolism trial was conducted after 6 weeks
of experimental feeding for 6 days. Metabolism trial was
conducted in metabolic cages having facility for individual
feeding and separate collection of faeces and urine.
Representative samples of pellet offered and remnants were
taken daily in previously tared trays and kept in a hot air
oven at 100±2°C overnight for DM estimation. The dried
material obtained during the trial period was pooled, ground
and stored for proximate and fibre analysis.

The faeces voided in 24 h by the individual animal were
collected in a previously weighed container. After weighing
the faecal container, the faeces were thoroughly mixed and
a representative sample from each animal was taken in a
previously labeled polythene bags. From the sample a
suitable aliquot (10%) of faeces was kept for drying at
100±2°C in a hot air oven for dry matter determination.
The dried faecal sample obtained daily was pooled, ground

and used for chemical analysis. Another portion of aliquot
(1% of fresh faeces) was thoroughly mixed with 10 ml of
1:4 sulphuric acid and kept for nitrogen estimation. Urine
collected was measured at the end of the 24 h period in
order to assess the daily output. A suitable aliquot (2% v/v)
of daily urine from individual animals was kept in Kjeldahl
flasks containing 40 ml of laboratory grade sulphuric acid.

Laboratory and statistical analysis:  Nutrient
composition of feed, residue, urine and faeces were analysed
using the protocol described by AOAC (1995). Neutral
detergent fiber (NDF), acid detergent fiber (ADF) and
hemicellulose (HC) were determined as per Robertson and
Van Soest (1981).

The whole blood was tested for hematological
parameters using hematology analyzer standardized for
goats. Total protein content of serum was determined by
Biuret method (Wotton 1964). Albumin level in serum was
quantified by using bromocresol green dye (BCG), as per
Doumas et al. (1971). Globulin values were obtained by
subtracting the value of albumin from that of total protein.
Triglycerides and cholesterol were analyzed by GPO-PAP
End point Assay and CHOD-PAP enzymatic method
respectively. All the blood metabolites were estimated using
diagnostic kits.

The pH of rumen liquor was determined immediately
after collection, with an electronic pH meter calibrated
against standard buffer solution. The ammonia nitrogen
(NH3-N) in rumen liquor was estimated by distillation
method. Total nitrogen and trichloro acetic acid (TCA)
precipitated nitrogen was estimated by micro Kjeldahl’s
method as described by AOAC (1995). Non-protein
nitrogen of rumen liquor was calculated by subtracting the
TCA precipitated nitrogen from total nitrogen content of
rumen liquor.

The data of growth, metabolic trial and other estimated
metabolites were analyzed by independent sample t-test as
described by Snedecor and Cochran (1989).

RESULTS AND DISCUSSION

Body weight changes: Weekly body weight changes in
different group of goats are presented in Fig 1. The initial
body weight (kg) in control group and treatment group was
11.19 and 11.42 which finally became 14.44 kg and 15.80
kg, respectively, after experimental feeding. Average daily
gain (g) was 56.60 and 78.12 in control and treatment
groups, respectively, and showed no significant difference
(P > 0.05). However, body weight gain was higher in
treatment group as compared to control group indicating
more nutrient retention in treatment group. The average
daily gain of goats was in agreement with 50–100 g / day
reported by Ranjhan (1998). Samanta and Tamang (1995)
studied the effect of replacement of concentrate mixture at
10, 20 and 50% level with sun-dried azolla in black Bengal
goats. They reported similar body weight gain in all the
groups. Group with 50% level of replacement was discarded
as they suffered from profuse diarrhea and became sick.
Ghodake et al. (2012) studied the effect of replacement of
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concentrate mixture with azolla meal in Osmanabadi kids.
They have 3 treatments, T1 (control), T2 (15% concentrate
was replaced with azolla meal), T3 (25% concentrate was
replaced with azolla meal). They observed significantly
(P<0.05) higher dry matter intake and body weight in T2
group. Earlier reports by Ndemanisho el al. (1998) and
Mahanta et al. (1999) and Pal et al. (2010) also found similar
body weight gain in goats where, concentrate mixture was
replaced with different combinations of leaf meal mixture.

Feed intake: There was no significant difference (P >
0.05) in the dry matter intake (g/day and g/kg W 0.75/day)
of goats fed on control and treatment pellet feed (Table 2).
The pellet feed intake expressed as a percentage of live
weight for goats was 4.41 and 4.44 in control and treatment
group respectively. Generally the feed intake in the tropical
environment ranges from 1.1 to 4.1% in growing goats
(NRC 1981, Kearl 1982, Devendra and Bums 1983).
Slightly higher intake of dry matter may be attributed to
the form of feed which is pellet in nature. The daily total
dry matter intake of goats in control and treatment group
was 568.03 and 625.81, respectively, showing no
statistically significant difference. This clearly indicated that
replacement of conventional concentrate mixture with dried
azolla meal has no adverse effect on palatability of pellet.
Samanta and Tamang (1995) also reported comparable dry
matter consumption and feed efficiency in Black Bengal
goats with 10 and 20% of concentrate mixture replacement
with sun-dried azolla. The feed conversion ratio during
whole of feeding trial was lower in treatment group (8.09)

as compared to control group (10.45) of goats.
Nutrient digestibility:  The values obtained for

digestibility of different nutrients on both the pellet feed
are shown in Table 2. The digestibility (%) of dry matter
and organic matter was statistically similar (P > 0.05) in
control (55.38, 57.89) and treatment (52.41, 55.46) group
of goats. These findings suggested that replacement of
concentrate mixture in pellet feed at 25% level have no
significant effect on digestibility. In our lab under in vitro
condition we found similar result but increasing from this
level (>25%) lead to a significant decrease in dry matter
and organic matter digestibility. Tamang and Samanta
(1993) studied the effect of replacement of concentrate
mixture at 10, 20 and 50% level with sun-dried azolla in
Black Bengal goats. They reported that digestibility
coefficients of all nutrients except NFE, ether extract,
cellulose were similar. They also reported a profuse diarrhea
at 50% replacement of concentrate mixture with sun-dried
azolla. Digestibility of crude protein was significantly
higher (P < 0.05) in treatment group of goats (77.43%) than
control group of goats (71.14%). More balancing of nitrogen
from different source might be responsible for the higher
digestibility of crude protein. Ether extract (EE) digestibility
by the goats was statistically similar in the control (73.55%)
and treatment (69.72%) groups. The digestibility of total
carbohydrate and different fibre fractions (NDF, ADF,
cellulose and hemicellulose) did not differ significantly (P
> 0.05) between the 2 pellet feeds. However, Tamang and
Samanta (1993) reported significantly lower (P<0.05)
digestibility of nitrogen free extract and cellulose at 20%
replacement of concentrate mixture with sun-dried azolla.

Nitrogen balance: Daily intake (g/animal) of nitrogen
was comparable among goats irrespective of the pellet feed
(Table 3). The excretion of nitrogen (g/d) in faeces was
significantly (P < 0.05) lower in treatment group (4.49) than
the control group (5.35) whereas, in urine it was similar in

Table 1. Chemical composition of pellet used in experimental
feeding (on DM basis)

Attributes Control pellet Treatment pellet Azolla

Organic matter 91.54 90.01 79.69
Ash 8.46 9.99 20.31
Crude protein 12.12 12.01 17.30
Ether extract 5.01 4.61 2.71
NDF 40.02 42.39 46.90
ADF 28.27 30.96 31.73
Cellulose 22.57 24.24 15.17
Total carbohydrates 66.23 66.93 59.68
Hemicellulose 11.75 11.43 12.43

Table 2. Intake and digestibility of nutrients
during metabolism trial in experimental goats

Attributes Group A Group B

Body wt.(kg) 13.12±1.02 14.07±0.61
Body size (kg) 6.88±0.39 7.26±0.24
Total dry matter intake
g/animal /day 568.03±16.13 625.81±54.43
g/%live weight 4.41±0.32 4.44±0.34
g/Kg 0.75/day 83.54±4.94 86.02±6.71
Nutrient digestibility (%)
Dry matter 55.38±1.87 52.41±3.06
Organic matter 57.89±1.79 55.46±2.78
Crude protein* 71.14±0.71 77.43±2.02
Ether extract 73.55±1.94 69.72±2.04
Total carbohydrate 62.58±2.53 57.46±3.17
Neutral detergent fibre 60.78±3.10 57.26±5.54
Acid detergent fibre 51.27±3.67 52.25±5.06
Cellulose 54.47±2.50 55.86±4.34
Hemicellulose 59.60±6.36 53.13±1.91

*Differ significantly (P<0.05).

Fig. 1. Weekly body weight changes of goats during
experimental feeding.
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the control (1.61) and treatment (1.46) groups. Net balance
of N (g/d) was statistically similar (P > 0.05) in control
group (4.14) and treatment group (6.40) diet. Nitrogen
retention as % of intake N was significantly (P < 0.05) higher
in treatment group (49.68) than that in control group (37.41)
whereas nitrogen retention as % of absorbed N was
statistically similar (P > 0.05) in control (72.00) and
treatment (78.58) groups. All the animals irrespective of
the complete pellet fed had positive nitrogen balance
indicating adequate nutritional level of all the animals given
different diets. Samanta and Tamang (1995) also reported
positive nitrogen balance in the Black Bengal kids fed with
diet in which concentrate mixture was replaced with sun-
dried azolla. In both the group there was a tendency for
lower urinary nitrogen excretion, a pointer to the higher
efficiency of nitrogen as evidenced by comparatively higher
nitrogen retention in these animals probably due to the more
balanced amino acid composition and apparent biological
value of proteins in oil cake and azolla (McDonald et al.,
1995). Nitrogen retention as % of intake N was significantly
(P < 0.05) higher in treatment group (49.68) than control
group (37.41),whereas no significant difference was found
in the nitrogen retention as percentage of absorbed nitrogen
(an indicator of availability of amino acid-N at tissue level)
between both the groups. The faecal nitrogen comprises of
undigested dietary as well as metabolic faecal nitrogen and
thus depending upon the microbial N yield, apparent N
digestibility may get altered without an actual change in
available amino acid at tissue level (McDonald et al. 1995).

Blood profile: The effect of replacing concentrate
mixture with sun-dried azolla on hematology and blood
metabolites is presented in Table 4. Count of red blood cells,
white blood cells, thrombocytes and hematocrit values are
similar in both the groups. There was no significant
difference in the mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC) and red cell distribution
width (RDW) of control and treatment group of goats
indicating no anemic condition in goats. Hemoglobin (Hb)
concentration (mg/dl) was 6.18 and 6.20 in control and
treatment group, respectively, which was within the normal
range (6–12 g dl-1) as reported by Kaneko (1997). Hb is an
indicator of erythrocytic normality and general well being

of the animal (Radostits et al. 1994). Differential counting
of white blood cell indicated statistically similar % of
lymphocytes, monocytes and granulocytes in both the
group. This suggested that the general health of goats given
2 different diets remained similar. The findings are in
agreement with Tamang and Samanta (1993) who also
reported that diets containing various levels of azolla did
not produce any significant effect on haematological and
biochemical parameters.

Total serum protein (g/dl) was 7.55 and 7.39 in control
and experimental group of goats. There was no significant
difference (P > 0.05) in the level of total protein in goats
kept on different pellet. Similarly, serum albumin (g/dl),
serum globulin (g/dl) and their ratio ranged was 3.96 and
4.09, 3.59 and 3.29, 1.21 and 1.61 in control and treatment
group, respectively, and showed no significant difference
(P > 0.05) between the 2 pellets. Serum concentration of
proteins depends upon a variety of factors including extent,
duration and nature of the hepatic disorder; the
inflammatory or metabolic hepatic process and the presence
of other organ disorders (Kaneko 1997). The observed range
of total serum protein in experimental goats was within the
normal range of 6 to 7.5 g/dl (Kaneko 1997) showing no
adverse effect of replacement. Similarly, albumin, globulin
ratio also remained near to normal range (0.63–1.2) of
healthy goats (Kaneko 1997). Reddy et al. (2010) reported
no significant change in the total protein, blood glucose,
total cholesterol, BUN and creatinine in Nellore weaners
after feeding of azolla under intensive and semi-intensive
management systems. They however, found significantly
higher albumin level of weaners fed with concentrate having
replacement of groundnut cake with azolla. Pal et al. (2010)
did not report any significant change in total protein and its
fractions after replacement of concentrate mixture with leaf
meal mixture.Serum triglycerides (mg/dl) and cholesterol
(mg/dl) was 17.49 and 33.10 in control group and 16.28

Table 3. Intake and utilization of nitrogen in experimental goats

Attributes Group A Group B

Nitrogen intake (g/animal/day) 11.11±0.31 12.36±1.05
Nitrogen excretion (g/animal/day)
Fecal * 5.35±0.25 4.49±0.23
Urinary 1.61±0.10 1.46±0.15
Total* 6.96±0.34 5.96±0.12
Nitrogen absorbed (g/animal/day) 5.75±0.13 7.86±0.98
Balance (g/animal/day) 4.14±0.11 6.40±1.04
Retention
percent of intake* 37.41±1.49 49.68±5.15
Percent of absorbed 72.00±1.54 78.58±5.26

*Differ significantly (P<0.05).

Table 4. Hematology and blood metabolites of experimental goats

Attributes Group A Group B

WBC (m/mm3) 18.20±0.97 14.42±1.34
RBC (M/mm3) 13.38±0.79 13.15±0.77
HCT (%) 16.72±0.92 17.86±1.29
MCV (fl) 13.10±0.26 13.50±0.28
Hb (g/dl) 6.18±0.27 6.20±0.42
THR (m/ mm3) 751.80±50.14 700±25.10
MPV (fl) 4.8±0.13 4.63±0.07
MCHC (g/dl) 37.12±1.38 34.71±0.47
RDW 18.57±0.66 18.50±0.55
Lymphocytes (%) 64.46±1.31 64.91±2.27
Monocytes (%) 12.18±1.24 10.05±0.91
Granulocytes (%) 23.36±1.12 25.03±2.29
Total protein (g/dl) 7.55±0.46 7.39±0.82
Albumin (g/dl) 3.96±0.18 4.09±0.14
Globulin (g/dl) 3.59±0.51 3.29±0.78
AG ratio 1.21±0.18 1.61±0.33
Triglycerides (mg/dl) 17.49±3.09 16.28±4.24
Cholesterol (mg/dl) 33.10±6.39 34.33±12.16
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and 34.33 in treatment group, with no significant difference
(P > 0.05) between the 2 groups. The values were within
the normal range as suggested by Kaneko (1997).

Rumen fermentation parameters: The value for pH, total
volatile fatty acids, ammonia nitrogen, total nitrogen, TCA
precipitated nitrogen and non protein nitrogen is presented
in Table 5. The pH of the rumen liquor of control group
(6.30) was statistically similar to the treatment group (6.25)
and was within normal range (6.0–7.0) reflecting no adverse
effect of replacement. Total volatile fatty acid (mmol/
100ml) was statistically similar in control (15.46) and
treatment (16.70) group of goats. The mean ammonia
nitrogen was found to be 19.32 and 16.33 mg/100 ml of
rumen liquor in control and treatment groups respectively,
with no significant difference (P > 0.05) between the dietary
groups. The mean values for total nitrogen were 100.52mg/
100 ml in control group and 97.96.14mg/100 ml in treatment
group. There was no significant difference (P > 0.05)
between the dietary groups. The mean TCA precipitated
nitrogen was 31.08 and 21.43 mg/100 ml of rumen liquor
in control and treatment groups, respectively, which
revealed no significant difference (P > 0.05) between the
dietary groups. The mean values for non protein nitrogen
were 69.44 mg/100 ml in control group and 76.53 mg/100
ml in treatment group, with no significant difference (P >
0.05) between the dietary groups. Pal et al. (2010) also
reported no difference in pH and various nitrogen fractions
of rumen liquor of goats fed with replacement of concentrate
mixture by leaf meal mixture. Anbarasu et al. (2002) also
reported no difference of nitrogen fractions of rumen liquor
on supplementation of leaf meal mixture.

On the basis of this study, it is concluded that sun-dried
azolla can replace 25% of concentrate mixture on weight
basis in the ration of growing goats without any adverse
effect of body weight gain, nutrient utilization, blood and
rumen fermentation metabolites. So, economic complete
pellet feed can be formulated using azolla meal in the ration
of growing goats.
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