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Abstract
Attempts were made to recycle poultry feathers in
the formulation of diet for fish. Hydrolyzed poultry
feather meal (PFM) was fermented with the help of
a microbial suspension of keratinolytic bacteria. The
completion of fermentation was determined by pH,
total organic carbon and total nitrogen content of the
fermented product. Four experimental diets were
prepared with fermented PFM replacing 25, 50, 75
and 100% of the fishmeal (FM). The reference diet
was prepared with fishmeal as the major source of
protein. All the diets were isonitrogenous with 30%
protein. A 90 days trial was conducted with
fingerlings of Indian major carp Catla catla under
laboratory conditions. The results reveled that all
the experimental diets were as effective as the
reference diets. Deposition of crude protein in the
whole body was also significantly higher in the diet
with 30% PFM and 10% FM, as compared to the
other experimental diets. It was concluded from the
study that the diet with 30 % PFM and 10 % FM,
replacing 75% of FM if hydrolyzed PFM was
processed appropriately through fermentation.
Keywords: Organic wastes; Carp; Fermentation;
Recycling.

1. Introduction
Fishmeal is one of the primary proteins used in fish
diet. There has been a considerable research effort
towards utilization of less expensive renewable
ingredients in fish diet formulations to alleviate
problems related to shortage of quality fishmeal [1].
In order to sustain aquafeed industry, a great part of
nutritional research has been focused on the search
for alternative proteins. One of the most promising
alternatives is poultry by-product meal (PBM). Huge
quantities of different types of poultry wastes are
generated daily in the retail markets mainly from the
dressing of poultry birds [2]. Careless disposal of
these wastes results in pollution of environment and
loss of enormous quantities of nutrients contained in
the wastes. Poultry-feather meal has been included
up to 10% level in the concentrates for dairy cattle
[3]. PBM consists of ground rendered clean parts of
the carcass of slaughtered poultry such as necks,
feet, undeveloped eggs and intestines, exclusive of
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feathers, except in the amounts as might occur
unavoidably in good processing practices [4]. Byproducts of the poultry processing industry are high
in protein and contain favorable profiles of
indispensable amino acids (IAA) for fish production
[5]. Poultry feathers are one of the commonly
available by-products which is rich in protein. It has
also been used as protein source in the diets for
rainbow trout (Oncorhynchus mykiss) [6], coho
salmon (0. kisutch) [7], chinook salmon (0.
tshawytscha) [8] and gilthead sea bream Sparus
aurata [9].
Hydrolyzed PFM has been used previously as
protein resource in fish diet formulations [2], but
hydrolyzed PFM results in considerable loss of the
nutrients. In the present study an attempt was made
to evaluate if PFM could be fermented and used to
replace fishmeal (FM) in the preparation of
formulated fish diet. The process of fermentation
improves nutritional quality of animal product also.
Mondal et al. [10] observed that fermnted fish offal
was nutritionally superior to untreated fish offal meal
or fishmeal. Collection of these wastes from the
urban and suburban markets, treating them suitably
to preserve their nutrients and finally recycling them
into fish diet production can have a significant
benefit in terms of abatement of pollution of
environment as well as reduction in the recurring
cost of fish production.
The objective of this study was to determine the
extent to which PFM could replace fishmeal in carp
(Catla catla) diet while maintaining nutritional quality
almost identical to the diet based on fishmeal and
thus be an ideal cost effective renewable alternative.

2. Materials and Methods
2.1 Hydrolysis, Fermentation and Diet
Preparation
Poultry feathers were collected from retail markets.
The feathers were hydrolyzed by cooking under
pressure at 130°C for 2.5 h. After cooking, the
material was dried at about 60°C in a thermostatic
oven and ground to pass through a 200 pm screen
[2]. Then Poultry feathers were converted into
poultry feather meal. For solid state fermentation,
the Poultry feather meal (PFM), mustard oil cake
and rice bran were mixed at proportion mentioned in
Table 1. The mixture was added to a solution of
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microbial suspension (10 cell mL ) (keratinolytic
bacteria: Bacillus cereus [11] and was fermented
anaerobically in an anaerobic fermentation chamber
under ambient temperature (27–30°C) for 4 to 6
days, depending on the proportion of PFM.
Degradation of poultry feathers sample was
determined following the method of Nagal and Jain
[11]. Based on a preliminary evaluation, 40% PFM
was determined as the maximum level for
fermentation by the microbial suspension. Samples
of fermentation mixture were taken from each level
of trial fermentation and were analyzed for aroma,
physical condition, total nitrogen and organic carbon
percentage every 2 days till the end of fermentation
[12]. The fermented mixture was mixed with
fishmeal (FM), mineral and vitamin mixture to
prepare four experimental diets: 1) T1 diet

containing 10% PFM fermented mixture and 30%
fishmeal (FM), 2) T2 diet containing 20% PFM
fermented mixture and
20% FM, 3) T3 diet
containing 30% PFM fermented mixture and 10%
FM and 4) T4 diet containing only 40% PFM
fermented mixture. The reference diet was prepared
with 40% fishmeal (FM) as the major source of
protein, without any fermentation mixture (Table 1).
The mixtures were ground and pelleted using a
hand pelletizer fitted with a 2-mm dia to prepare the
final experimental diets (Table 1). To test the
protein digestibility of the diet, 1% chromic oxide
(Cr2O3) was included in each diet separately as
non-absorbed reference substance, blended, and
pelleted with 0.5% carboxymethyl cellulose as a
binder. This was sun dried before using in the
feeding trial.

Table 1. Formulation and proximate analyses of experimental diet.
Ingredients (%)

(Reference diet)

1

Mustard oil cake
30
2
Rice bran
28
3
Poultry feather meal
-4
Fishmeal
40
5
Vitamin premix
0.5
6
Mineral premix
0.5
7
Cr2O3
1
Binding of final experimental diet
8
CMC (%)
0.5
9
Proximate composition (% dry matter basis)

T1

T2

T3

T4

30
28
10
30
0.5
0.5
1

30
28
20
20
0.5
0.5
1

30
28
30
10
0.5
0.5
1

30
28
40
-0.5
0.5
1

0.5

0.5

0.5

0.5

Dry matter
93.1
92.8
92.4
92.6
92.8
Moisture
6.9
7.2
7.6
7.4
7.2
Protein
30
30.4
30.6
30.2
30.9
Lipid
9.20
10.0
9.8
10.8
9.8
Crude Fibre
4.9
3.8
3.9
2.8
4.8
Ash
11.4
12.2
14.1
15.5
16.8
NFE
48.9
46.6
47.1
48.2
47.1
-1
Gross Energy (kJ.g )
17.91
17.91
17.95
18.43
18.02
10
P:E Ratio
16.76
16.97
17.04
16.38
17.14
1
Dry matter(DM)-88%, Crude Protein(CP)- 33.50%, Crude Lipid(CL)-6.00%, Ash-9.40%.
2
DM-95.00%, CP-13.00%, CL-4.00%, Ash-22.20%.
3
DM-88.40%, CP-79.20%, CL-6.40%, Ash-14.80%.
4
DM-90.40%, CP-66.80%, CL-9.80%, Ash-18.40%.
5
Vitamin mixture (%): (Ambiplex; Brihans Lab, Pune): Vit B1: 7.14, Vit B2: 2.55, Vit B6: 1.02, VitB12: 0.012, Biotin:0.025,
Calcium Pantothenate: 2.55, Niacin: 76.50, Cholin chloride (B4):10.20 ;Vitamin C in the form of ascorbyl polyphosphate
was added to vitamin mixture @ 100mg/kg mixture.
6
Mineral mixture (%): (Agrimin; Glaxo India Ltd, Mumbai): Copper 3.12, Cobalt:0.45, Magnesium: 21.14, Iron: 9.79,
Iodine: 1.56, Zinc: 21.30, Calcium: 30.00, Phosphorous: 8.25.
7
Used as non absorbent reference substance only in diets used in digestibility experiments.
8
Carboxymethylecellulose used as binder.
9
Number of samples per each determination = 3.
10
Protein to energy ratio in mg protein/kJ of total energy.

2.2 Experimental Design
The diets were formulated in such a way that these
contained not less than 30% crude protein. The
experiment was conducted in flow-through circular
fibre-glass tanks. Fingerlings of Catla catla (mean
initial length 6.48 ± 0.12 cm and mean initial weight
3.98 ± 0.15 g) were obtained from a local fish farm
ISSN 1860-3122

and were acclimatized to the laboratory conditions
for a week prior to start of the experiment. During
acclimatization the fish were fed, ad libitum, with a
mixture of rice bran and mustard oil cake. The
acclimatized fingerlings were randomly distributed
at the rate of 20 fish per tank for the digestibility and
growth trial. Deep tube-well (400 feet) water stored
in an overhead tank was used as test medium for all
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the tests. The tanks were laid out in a completely
randomized block design [13] so that there were
three replicates for each of the four experimental
diets. The fish were fed a ration at 5% of their body
weight per day for the entire experimental period of
90 days. The quantity of the diet given was
readjusted every 15 days after weighing the fish.
The ration was provided at 08:00 hours and the
fish were allowed to eat for 6 h. Left over diets were
collected by siphoning after 6 hours of feeding,
oven-dried, weighed and stored at –20°C. The
leaching rate of nutrients was estimated by placing
weighed diets in tank without fish for 6 h and then
recollecting, drying and re-weighing the diets. The
average leaching rate was used to calibrate the
amount of uneaten diets. Faecal samples were
collected from each tank continuously at 3 to 4 h
interval for a period of 17 h after the removal of
uneaten diets by careful siphoning method and
following the ‘‘immediate pipetting’’ method outlined
by Spyridakis et al.[14], from three replicates of
each dietary treatment. To minimize nutrient
leaching, only fresh and intact faeces were
collected and dried to a constant weight at 60°C in
an oven and weighed before preserving at –20°C.
Apparent protein digestibility (APD) of the diet was
calculated from the proportion of Cr and protein in
the diet and faeces following the methods described
by Ellestad et al. [15].
2.3 Chemical Analyses and Data Collection
Proximate
analysis
of diet ingredients,
experimental diets and faecal samples
was
performed following the AOAC [16] procedures as
follows: moisture was determined by oven drying
0
at 105 C for 24 h; crude protein (Nitrogen X 6.25)
was determined by micro Kjeldahl digestion ; lipid
was determined by extracting the residue with 400
60 C petroleum ether for 7-8 h in a Soxhlet
apparatus, crude fibre was determined as loss on
ignition of dried lipid-free residues after digestion
with 1.25% H2SO4 and 1.25% NaOH and ash was
0
determined by ignition at 550 C in a Muffle
furnace to a constant weight. Nitrogen-free extract
(NFE) was calculated by taking the sum of values
for crude protein, crude lipid, moisture and ash and
subtracting this from 100 [17]. Cr in the diet and
faecal samples were determined by acid digestion
and analyses in flame atomic absorption
spectrophotometer
(Varian
Spectra
AA240)
following the methods described by Saha and
Gilbreath [18].
2.4 Growth Trial
All fish from each tank were sampled at the end of
90 day trial; length and weight of the fish were
recorded and five sampled fish from each tank were
subjected to biochemical analyses to determine
moisture, crude protein, lipid and ash content of the
fish. Percent increase in length and weight, specific
growth rate (SGR), feed conversion ratio (FCR),
ISSN 1860-3122

protein efficiency ratio (PER) and apparent net
protein utilization (ANPU %) were calculated using
standard methods [19]. Water quality parameters
were determined by the procedures of APHA [20].
2.5 Statistical Analyses
The nature of distribution of the observations of
each response variable from both the trials was
verified by Kolmogorov-Smirnov (K-S) and ShapiroWilks (S-W) tests to ensure a Gaussian distribution.
Since all data were found normally distributed they
were subjected to Single factor ANOVA, without
any further transformation,
followed by least
significant difference (LSD) test to compare mean
between the treatments [13, 21].

3. Results
Completion of fermentation of hydrolyzed PFM
mixture was indicated by the generation of a
characteristic pleasant sweet aroma, which
th
appeared on the 6 day. This was further confirmed
from pH, total nitrogen, and organic carbon content;
gradually change of the percentage of total nitrogen
and organic carbon occured till the end of
fermentation, pH of the fermented mixture gradually
decreased from an initial value of 8.7–8.0 to 4.2–4.4.
The growth response and performance data of carp
fingerlings fed diets containing various inclusions of
fermented mixture of PFM are presented in Table 2.
The survival rate of the fingerlings during growth
trial in the tanks ranged from 90% to 95% and
showed no significant variation between the dietary
treatments. There was no difference in the initial
weights and lengths of fish stocked but the growth
performances differed significantly (P<0.05) in
terms of weight gain and specific growth rate (SGR).
Growth responses of carp fingerlings fed the
reference diet and T2 diets (20% fermented PFM
mixture and 20% FM) were not significantly different
but were different from fingerlings fed T1 (10%
fermented PFM mixture and 30% FM), T3 diet (30%
fermented PFM mixture and 10% FM) and T4 diet
(40% fermented PFM mixture) (Table 2). Fingerlings
reared in tanks with T3 diet showed significantly
higher growth (increase in length, weight, and
specific growth rate) than the T1, T2, T4 and
reference diet (Table 2). Apparent protein
digestibility (APD), Voluntary diet intake rate, food
conversion ratio (FCR), Protein Efficiency Ratio
(PER), and Average Net Protein Utilization (ANPU)
also showed similar trends i.e., T3 was significantly
higher than the T1, T2, T4 and reference diet (Table
2). Proximate composition of the carcass at the end
of the trial also showed significantly higher value of
crude protein and lipid in T3 as compared to T1, T2,
T4 and reference diet (Figure 1). Temperature, pH,
dissolved oxygen, free carbon dioxide, total
alkalinity and hardness of water recorded during the
trial showed values in optimum range required for
rearing carp fingerlings (Table 3).
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Table 2. Digestibility, growth performance and diet efficiency of C. catla fingerling fed experimental diets for 90 days
(n=15).
1
2
3
4
5
Diets
APD
Diet
%
%
FCR
SGR
PER
ANPU
-1
(%)
intake
Increase
Increase
(%.d )
(g/100g
in
in Weight
BW/d)
Length
Reference
86.86
3.908
60.19
165.83
1.43
1.63
2.35
37.47
diet
±
±
±
±
±
±
±
±
a
a
a
a
a
a
a
a
0.46
0.18
3.62
12.62
0.11
0.08
0.14
0.21
T1

88.33
±
b
0.90

3.737
±
a
0.07

69.75
±
b
6.72

200.62
±
b
14.29

1.14
±
b
0.09

1.88
±
b
0.08

2.63
±
b
0.19

38.67
±
b
0.39

T2

88.50
±
b
0.35

3.655
±
a
0.24

66.41
±
c
7.88

163.82
±
a
9.06

1.44
±
a
0.07

1.62
±
a
0.06

2.27
±
c
0.13

37.00
±
ca
0.29

T3

94.06
±
c
0.80

4.568
±
b
0.05

72.17
±
c
0.62

214.07
±
c
15.28

1.10
±
c
0.08

1.91
±
c
0.08

2.94
±
d
0.21

38.17
±
d
0.25

T4

92.87
3.737
65.23
187.77
1.26
1.76
2.62
34.36
±
±
±
±
±
±
±
±
d
a
d
d
d
d
b
d
0.64
0.07
7.84
12.61
0.08
0.07
0.18
0.35
Means with dissimilar superscripts in the same row indicates significant difference (LSD) between the means at 5 % level
1
APD = 100 -100 X ((% Cr in diet / % Cr in faeces ) X (% protein in faeces / % protein
in diet))
2
FCR = Dry weight of diet given / increase in weight of the fish
3
SGR = {(ln final weight – ln initial weight)/days on trial} X 100
4
PER = Wet weight gain of fish / Protein consumed .
5
ANPU = (Net increase in carcass protein / Amount of protein consumed) X100
Table 3. Selected water quality parameters (n=5) recorded during the feeding trial in tanks.
Treatment (diet)
Parameter
Reference

T1

T2

T3

T4

Temperature [ºC]

23.80 ± 0.26

23.60 ± 1.82

23.6 ± 0.28

23.53 ± 1.82

23.33 ± 0.04

pH
Dissolved
–1
oxygen[mg ·L ]

7.48 ± 0.04

7.45 ± 0.03

7.46 ± 0.06

7.45 ± 0.03

7.47 ± 0.01

8.51 ± 0.12

8.64 ± 0.44

8.71 ± 0.14

8.52 ± 0.47

7.21 ± 2.14

–1

4.41 ± 0.14

3.22 ± 0.26

4.11 ± 0.13

3.22 ± 0.26

3.24 ± 0.31

–1

169.4 ± 2.24

174.4 ± 3.32

167.4 ± 5.24

169.4 ± 7.32

184 ± 2.2

187.22 ± 5.26

Free CO2 [mg ·L ]
Alkalinity [mg ·L ]
–1

Hardness [mg ·L ]

188 ± 2.4

192.22 ±5.26

154.23 ± 7.5
8
7

20

6
5

15

4
10

% of Ash

% of Crude Protein and Crude Lipid

25

180.22±5.22

3
2

5

1
0

0
Initial

Reference

T1

T2

Protein
Treatm ents Lipid

T3

T4

Ash

Figure 1. Proximate composition of carcass (% wet weight) of the experimental fish at the start and end of the 90 days
dieting trial. ( Values are Mean ±SE).
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4. Discussion
The
present
study
indicates
that
diets
supplemented by fermented PFM are accepted well
by fingerlings of Catla catla. The diet intake rate of
the fingerlings of C. catla observed in the present
investigation (3.655 to 4.568 g per 100 g BW per
day) is higher than the rate observed by Mondal et
al. [22]. Poultry feather meal previously was
considered to be an inferior source of protein for
animal because of its poor digestibility and biased
essential amino acid profile [23]. Feathers were
highly insoluble because it contains keratin, which
contains a high percentage of the amino acid
cystine [2]. Autoclaving reduces the cystine from
about 10 to 3.5%, thereby making the feathers more
soluble and digestible [3]. The quality of the product
mainly depends on the efficiency of the hydrolysis
and fermentation. In the present investigation
protein digestibility varied from 88.33 to 94.06 %
and the highest digestibility found in T3 (30%
fermented PFM and 10% FM) diet. Using practical
diets, Hasan et al. [2] observed 83.15% protein
digestibility of the reference diet for the fingerlings
of Labeo rohita. Maximum value of protein
digestibility (85.20%) was obtained by Hasan et al.
[2] when fishmeal was replaced (25%) by
hydrolyzed feather meal. However, after hydrolysis
and fermentation of feathers it becomes highly
digestible. High protein digestibility is often
correlated with high indispensable amino acid
availability [24]. The present study shows that
hydrolyzed poultry feather meal after fermentation
can be used at 30% of dietary level (i.e., 75% of
fishmeal replacement) for C. catla fingerlings
without compromising growth and diet utilization.
The results of the present study reveal that growth
of fingerlings of C. catla grew better on diets
supplemented by fermented PFM (T3) as compared
with the reference diet and other experimental diets.
This diet (T3) contained the highest level of crude
lipid (10.80 %) and low level of crude fibre (2.80%).
This could be explained as protein sparing effect of
the higher level of lipid in the diet containing
fermented PFM. Diets containing fermented fish
offal meal exhibited protein sparing effects in the
diet of L. rohita [10]. Lipid as a non-protein energy
source allows protein sparing by effectively
reducing organic matter and nitrogen losses.
Protein sparing effects of dietary lipids have been
demonstrated for common carp [25], and grass carp
[26]. Lipid as a non-protein energy source allows
protein sparing by effectively reducing organic
matter and nitrogen losses. But high level of dietary
lipid may lead to deposition of fat in the body of fish
and depression of activities of lipogenic enzymes
[27, 28]. Fish fingerlings are equipped with lipase
enzyme necessary for digesting lipid which are the
most important sources of energy and essential
fatty acids for the fish for stress resistance, securing
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high membrane fluidity for rapid cellular divisions
and growth [29, 30]. The capacity of fish fingerlings
to digest dietary lipid is therefore of great
importance for optimal nutrition in development [31,
32].
Fermentation by bacterial mass is a most effective
way of recovering nutrients from organic wastes.
Bertsch and Coello [33] used a strain of keratinolytic
bacteria to ferment poultry feather and obtained
poultry feather meal with 71 % crude protein and
improved bioavailability of some amino acids. The
present results indicated that considerable
proportion of crude protein and lipid could be
recovered from PFM when it was fermented with
suitable microbial solution. Bioavailability of the
essential amino acids to fish is not uniform and
there is marked difference in metabolism of a
particular amino acid between species of fish [34,
35]. From the better growth of C. catla fed diets
containing fermented PFM it is assumed that such
mixture renders higher amount of bioavailable
amino acids in the formulated diet.
The outcome of the study is that fermented PFM
mixture can be effectively used as a diet ingredient
to replace fishmeal partially in the diet for fingerlings
of C. catla. Hundred percent replacement of
fishmeal is possible when 40% PFM is fermented
along with MOC (30 %) and RB (28%) in diet T4 but
higher level of dietary crude fibre (4.80%) may lead
to reduction of the growth of fish than other
experimental diets. Therefore, seventy five percent
replacement of fishmeal is possible when 30% PFM
is fermented along with MOC (30 %) and RB (28%)
and is used as ingredient in the formulated diet. It is
concluded from the present study that fermentation
is a viable option to recycle poultry feather wastes
through fish diet formulation. It served dual purpose
of controlling organic pollution and serving as an
alternative source to fishmeal in fish diet
formulations.
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