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Abstract

There is tremendous increase for broiler meat consumption in the country. 
There is need to use non-conventional feed resources in poultry diet to tackle 
the gap between nutrient demand and supply especially in the developing 
countries. A research trial was planned for biological evaluation of NaOH treated 
and untreated feather meal in broiler chicks. Four different rations (A, B, C and 
D) were formulated where A was nitrogen free, B was casein based while C and 
D consist of treated and untreated feather meal respectively. All the rations were 
iso-caloric (3100 Kcal/kg) and iso-nitrogenous (crude protein 10%) except ration 
A that was nitrogen free. The feather meal was processed using NaOH before 
its inclusion in the diet. Commercial ration was offered for 1st week to 80 day-
old Hubbard chicks distributed to 20 experimental units. It was observed that 
values for feed intake, weight gain, protein efficiency ratio, net protein ratio and 
net protein utilization was significantly higher in birds feeding on casein-based 
ration followed by treated and untreated feather meal supplemented treatments. 
Feed conversion ratio was also significantly improved in birds fed with ration B 
as compared to others. It could be stated that the feather meal can be included 
in the broilers diet without any negative effect on its performance.
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protein sources are used. Traditionally protein needs of poultry ration 
are met mainly with vegetable proteins plus little amount of animal 
protein [7]. Although FM has high Crude Protein (CP) content but 
its nutritional value is low due to its keratin content [8] compared 
to other protein sources because keratin is poorly digestible. In this 
scenario NaOH treatment can play an important role to improve the 
nutritional value of FM. In addition it is a cost effective method for 
FM preparation [3].

At the present time, quality of FM is described only by its solubility 
in 0.2% pepsin solution [9]. Protein in FM must be at least 75% 
soluble, using the in vitro test. A more dilute solution (0.002% pepsin) 
has been tested as a way to more accurately differentiate among the 
qualities of FM [10]. Processing conditions affect the quality of FM. 
At low steam pressure, long hydrolysis times are needed to increase 
FM density and to improve digestibility [11,12]. At high pressures, 
there is a concern that bumping would occur [11]. Excessively 
processed FM has a decreased concentration of amino acids [13]. 
Keeping in view the above facts it is more beneficial to prepare FM 
by using NaOH treatment. As little information is known regarding 
the biological evaluation of NaOH treated FM so the present study is 
planned to assess the biological evaluation (protein efficiency ratio, 
net protein retention and net protein utilization) of NaOH treated 
FM.

Materials and Methods
The experiment was undertaken to determine the biological 

evaluation of NaOH treated feather meal in broiler chicks. The study 
was approved by the Institutional Scrutiny Committee. Treatments 
consisted of four different rations which were fed to the chicks ad 
libitum. The NaOH treated feather meal was used as a sole source of 

Introduction
The Feather Meal (FM), a by-product of the poultry industry, 

is high in crude protein (approximately 85%). Birds consist of a 
considerable fraction of the feathers. At 3rd week of age, feathers 
represent about 4% of the body weight and at 7th week of age this 
figure becomes 7% of the BW. This means that birds produce a 
tremendous amount of feathers which if used as meal yields good 
proportion of protein otherwise it goes waste [1,2].

Poultry byproduct and hydrolyzed feather meal are the products 
resulting from the rendering of all the byproducts of poultry 
eviscerating plant. Feather meal is a good source of protein but 
its utilization in the poultry ration is restricted because of its poor 
nutritional value. Poultry by product meal contains feathers, blood 
and viscera at a ratio of approximately 40:40:20 respectively [3]. 
However, the feather meal is different from poultry byproduct meal 
in the sense that it consists purely of feathers. Hydrolyzed feather 
meal is the term used for the feather meal processed in a way to make 
its nutrients available which otherwise is not considerably utilized by 
the bird [4].

Sodium hydroxide treatment is proved to be a more rapid means 
of separating feathers from the carcass [5,6]. It also increases solubility 
and pepsin digestibility of FM. Moreover, the nutritive value of 
NaOH treated FM is quite better than untreated or enzyme treated 
FM. Besides it is much cheaper and makes the processing easy as well 
as it makes the good use of dead birds instead of throwing them away.

Protein content of poultry feed is major cost determining factor. 
The best protein source used so far is mostly the soybean meal. 
However, the cost of the feed can be reduced if some alternative 
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protein for biological evaluation. The chicks were reared on cages and 
required managemental conditions were optimized.

Dead birds were collected from a local farm and treated with three 
levels of NaOH i.e. 0.3, 0.4 and 0.5 N for feather removal. Five birds 
were immersed in 1.25 liters of individual concentrations separately 
for 2 hrs at room temperature. After this, feathers from each bird 
dipped in different solutions were separated by band picking. Then 
the feathers removed from each bird were composted and further 
processed for preparation of FM separately. Feathers obtained in 
this way were autoclaved at 127°C for 90 minutes separately. After 
autoclaving, samples were dried at 60°C in hot air oven until a 
constant weight was attained. Then these samples were ground to 
powder form. One untreated sample or control FM(C-FM) was also 
included in these samples. Four rations were prepared i.e. C-FM, N- 
FM, reference ration and protein free ration.

Treated ground samples were subjected to proximate analysis 
[14]. Of these, the samples giving highest CP were used for feed 
formulation. In this way four is caloric and is nitrogenous diets were 
formulated according to recommendations of NRC [15].

House was prepared including cleaning of house, washing of 
house with detergent, washing of equipment and then rinsing with 

potassium per magnate. Sanitization and fumigation of house was 
done a week before the arrival of chicks. Any repairing of house 
was also done and brooding temperature of 950F was maintained. 
Eighty day-old Hubbard broiler chicks were procured from the 
local commercial hatchery. These chicks were weighed on the very 
first day of the experiment and were fed commercial ration for first 
week of the experiment. Then chicks were divided 4 treatments with 
each having 5 replicates. Four different rations (A, B, C and D) were 
formulated in such a way that ration A was nitrogen free, ration B was 
casein based that served as a standard. In ration C sodium hydroxide, 
treated feather meal was used as a sole source of protein, ration D was 
based on untreated feather meal, which served as a control. All the 
rations were supplemented with amino acid supplements and were 
iso-nitrogenous containing 10% crude protein except ration a having 
zero nitrogen. All the rations were iso-caloric containing 3100 kcal/
kg of metabolizable energy. Composition of commercial ration fed to 
chicks during first week and experimental rations fed to chicks during 
trial period is in Table 1 while chemical composition is given in Table 
2.

The trial continued up to 7 weeks. During the trial, the data on 
feed consumption and weight gain was obtained for determination 
of Protein Efficiency Ratio (PER), Net Protein Ratio (NPR) and Net 
Protein Utilization (NPU). At the end of the experiment the chicks 
were killed by chloroform, body cavities were opened and dried in 
hot air oven at 70°F. Then each chick was ground and analyzed to 
determine the nitrogen contents of their body and hence PER, NPR 
and NPU were calculated.

Feed conversion ratio 

The Feed Conversion Ratio (FCR) was calculated by following 
formula;

FCR= (Feed Consumed (kg))/(Weight gained (kg))

Protein efficiency ratio 

The PER was calculated by following formula;

PER= (Weight gain (grams))/ (Protein Intake (grams))

Net protein ratio 

The NPR was calculated as 

NPR= (wt.gain of TPG × wt.loss of NPG)/ (Protein consumed)

Where

TPG= Test Protein Group

NPG= Non Protein Group

Net protein utilization 

The NPU was determined by following formula,

NPU= (Bf-Bk)/l×100

Where

Bf=Carcass nitrogen of birds fed test diet.

Bk=Carcass nitrogen of birds fed on protein free diet.

L=Nitrogen intake of birds fed test diet.

Figure 1: Effect of different treatment s on feed consumption during trial.
Treatments A, B, C and D stand for protein free ration, reference ration, 
treated FM based and untreated FM based, respectively.

Figure 2: Effect of different treatments on weight gain during trial.
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Mortality

5% mortality was observed during the experimental trail.

Statistical analysis
The data thus collected regarding all the above-mentioned 

parameters were analyzed by analysis of variance in Completely 
Randomized Design and means comparison was done using Tukey’s 
test [16].

Results and Discussion
Results had shown significant differences (P<0.05) among 

different rations fed to broilers regarding various parameters. 
Highest values for feed intake, weight gain, NPU, NPR and PER were 
recorded in the birds fed ration B which was casein based and termed 
as reference ration. Moreover, birds fed reference ration had also 
shown improved FCR. While non-significant results (P>0.05) were 
observed for these parameters between birds fed treated (ration C) 
and untreated (ration D) feather meal (Figure 1-6). 

Feather meal is of great concern among scientists regarding its 
digestibility issues due to keratinous protein present in the feathers. 
However, processing makes it suitable to be included in the poultry 
diet. Its use was limited to only 3% due to low protein digestibility. 
However, studies also reported inclusion of feather meal up to 5% 

without any negative impact on feed intake [17-19]. Our results are 
in line with findings of Wang [20] and Caires [21] who also observed 
significant improvement in feed intake after inclusion of feather meal 
in the diet. Similarly, Mandubuike [18] reported a significant increase 
in feed intake on addition of feather meal in starter ration of broilers. 
The reason behind increased feed intake can be the broilers behavior 
of adjusting the protein and energy intake to fulfill their maintenance 
requirements. Furthermore, Deficiency of methionine in feather 
meal can also be the reason of improved feed intake to maintain a 
proper nutrient intake [22]. However, Ochitum [23] observed non-
significant changes in feed intake among control and supplemented 
groups. 

Body weight gain was non-significant (P>0.05) when comparing 
the ration without feather meal with ration having completely 
replaced fish meal [24]. Absence in weight gain improvement may 
be attributed due to the imbalance in amino acid profile in feather 
meal as lysine, tryptophan and methionine can be inherently 
deficient in the source [17,18,23]. Likewise Wang [20] also reported 
that substitution of fish meal with feather meal can be done up to 

Figure 3: Effect of different treatments on FCR.

Figure 4: Effect of different treatments on per values.

Figure 5: Effect of different treatments on NPR.

Figure 6: Comparison of treatment effects on NPU.
Where:
A= Protein free ration
B= Reference ration
C=Treated FM based
D= Untreated FM based
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60% with non-significant (P>0.05) on live weight gain. Similarly, 
Tsang [25] investigated that after hydrolysis of feather meal using 
NaOH, it can be added up to 8% in broilers ration without any 
negative impact on weight gain. These results followed similar trend 
with findings of Mandubuike18 for substituting fish meal with 5% 
recommended inclusion in starter ration and Ahaotu and Ekenyem 
[24] who recommended 7.5% inclusion of feather meal in case of 
finisher ration without any negative impact on weight gain. Inspite 
of having improper amino acid profile, feather meal compensates 
this deficiency by having high-energy value and rich concentration of 
cysteine, arginine and threonine having prime importance in broiler 
diet [17]. 

The FCR results were non-significant among birds fed treated 
(Ration C) and untreated feather meal (Ration D). Results are in 
line with the findings of Ajayi and Iyayi [26] who found that feed 
conversion was non-significant when feather meal was offered to 
the birds. Feed utilization efficiency generally depends on energy 

Ingredients % Inclusion

Maize grain 51.50

Rice broken 8.00

Soybean meal 13.58

Corn gluten meal 60% 2.00

Sunflower meal 3.00

Canola meal 9.00

Poultry by-product meal 4.00

Fish meal 3.00

Molasses 3.00

DCP 1.09

Limestone 1.01

Premix 0.50

DL-methionine 0.12

L-lysine HCL 0.20

Total 100

Crude Protein 21.50%

Metabolizable energy 3150 Kcal/kg

Table 1: Percent composition of commercial ration.

Ingredients N-free ration (A) Reference ration 
(B) Ration (C) Ration (D)

Corn starch 39.0 67.0 40.0 39.0

Glucose 50.0 9.50 36.75 36.75

Vit. Mixture• 3.5 2.00 3.00 3.0

Min. Mixture• 3.5 1.50 2.75 2 .75

Molasses 3 0 2 .00 0 0

Cotton seed Oil 10 5.50 0.50 0.50

Casein 0 12.50 0 0

Treated FM 0 0 17.0 0

Untreated FM 0 0 0 18.0

Total 100 100 100 100

Table 2: Chemical composition of experimental rations.

level and dietary protein, as in feather meal, the protein quality is 
compensated by energy level [27] (Table 3). However, results are 
in contrast with the findings of Kirkpinar [28] who worked on the 
effect of inclusion of poultry by-product meal and enzyme prebiotic 
supplementation in grower diets on performance of broilers. Positive 
effect on feed conversion efficiency at 0 to 6 weeks was observed 
by poultry by-product meal supplemented with enzyme prebiotic. 
Moreover, Manzoor [29] also observed similar findings.

Highest PER (4.46) was observed treatment B in which birds were 
fed with casein as the only source of nitrogen while non-significant 
difference was observed between C and D containing treated FM and 
untreated FM respectively. The results of this study are in agreement 
with the findings of Wang and Parson [30] who worked out the 
effect of processing systems on protein quality of feather meals and 
hog hair meal. Non-significant differences were observed between 
different processing systems. Similarly, Kim and Patterson [31] 
observed non-significant difference PER values between enzyme and 
sodium hydroxide treated feathers from dead hens then untreated 
feathers. But the results of present study contradicted with the study 
conducted by Kim [5] who observed significant difference between 
control and treated FM.

Highest NPR (3.57) value was observed for treatment B which 
contained casein as sole source of protein. On the other hand 
treatments C and D which contained NaOH treated FM and C-FM 
were not significantly difference from each other. Results of present 
study are contradictory with the findings of Kim and Patterson [31] 
(2000) on recycling dead hens by enzyme or sodium hydroxide 
pretreatment and fermentation. They reported that NPR of control 
group were significantly higher than that of enzyme treated or sodium 
hydroxide pretreatments.

Results for NPU had shown similar trend as observed by Hegedus 
[32] who observed non-significant effect of hydrolyzed FM and C-FM 
on NPU in broilers. Similarly, Barbour [33] compared the enzyme 
treated turkey by product meal with SBM and observed that protein 
sources had no effect on NPU. 

Conclusion
It can be concluded that feather meal can be included in the 

broilers diet without any negative effect on its performance.
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