Egypt. J. Agric. Res. , 71 (2), 1993. 513

UTILIZATION OF POULTRY FEATHERS IN FOOD AND
FEED:
1 - CHEMICAL COMPOSITION AND AMINO ACID PROFILE
OF FEATHERS AND HYDROLIZED FEATHER MEAL (HFM).

MOHAMED KH. IBRAHIM' , NABILA Y. EL-SANAFIRY2
AND ADEL A. ABD EL - MOATY

1 Department of Animal Production, Faculty of Agriculture , Moshtohor, Zagzig
University.
2 Food Technology of Research Institute, Agricultural Research Centre, Giza, Egypt.

(Manuscript received 22 May 1990)

Abstract

Feathers and hydrolyzed feather meals (HFM) of chickens, geese
and ducks were evaluated. HFM were prepared by alkaline hydrolysis with
KOH (Treatment 1) or Na OH (Tratment 2) , while acid hydrolysis was
carried out using HCL (Treatment 3) or H3PO4 (Treatment 4). Heating
with catalyst ( alkali or acid) took place at atmospheric presseur. After
hydrolysis, neutralization was done , followed by vacuum drying.

Untreated feathers were rich in protein which composed 93.54 -
95.95% of the dry matter ( 82.21 - 83.77% of the wet sample ) .
Chicken feathers had the highest level of protein. Feathers protein were
markedly rich in cystine, serine , proline valine, leucine and methionine +
cystine, but as compared with FAO reference protein and caluclation of
amino acid scores (A.S) Proteins of feathers were deficient in lysine and
tryptophan.

Alkaline hydrolsis , particulary with NaOH (Treatment 2) was less
damaging for EAA (essential amino acids ) than the acid hydrolysis ,
which seems to destory the tryptophan completely. HFM of treatment 2
» showed highest protein and energy and less ash. In case of chicken
feathers , this treatment gave best HFM due to highest protein content
(71.52%) and energy value 321.90 Cal . /100g) the yield was about
115% of original feathers weights. Chicken HFM of treatment 2, showed
also best EAA composition as indicated by A. S. values. Concentrations
of EAA for HFM were the highest.
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INTRODUCTION

It is now geneally recognized that high quality protein production in developing
countries was found to fall behind population growth despite all current efforts to
reverse this trend. For this reason, developing countries are encouraging chicken
production because of their high efficiency to convert the diet into meat and eggs,
and due to the faster production period of chickens than that of cattle. As a result of
this practice, chicken feathers might be easily collected in relatively great amounts
paralel to the expanding chicken producetion; the latter activity might be also faced
by the problem of chickens feed shortage in many developing countries. Horns,
hooves, feather and some other slaughter house wastes as hair are rich in protein
called keratin which do not respond to digestion enzymes unless it is firstly pro-
cessed by hydrolysis because of large number of cystine bridges in the protein
molecule (Liberman and Pertrovski 1973) . Chicken feathers had 82% protein (Lillie
et al . 1956 while on dry weight basis geese feathers at 4-7 week of age showed
about 90% protein. Keratin raw materials were processed using several procedures
such as alkaline and acid hydrolysis Sayevoy et al 1974 and Dulard et al. 1975 as
well as autoclaving (without catalyst ) as reported by Burgos et al/ . 1974, Steiner
et al 1983 and Papadopulos et al. 1985. According to these authors , hydrolyzed
feather meal (HFM) could be successfully used in ruminants and chickens rations as a
source of protein and essential amino acids. Ghoneim et a/ 1982 used hydrolyzed
keratin of buffalo hooves as a meat substitute in beef sausages.

This work was conducted to study the influnence of differnt methods of kera-
tin hydrolysis on the composition and amino acid profile of chicken , goose and duck
feathers. The obtained HFM products are intended to be used in food and feed.

MATERIALS AND METHODS

Feathers

Chicken (Habbard) feathers were obtained from aﬁtomatized slaughter house
at khanka district (Kalyobia Governorate). while duck and geese feathers were ob-
tained from a poultry private shop at Cairo . For cleaning, feathers were soaked
about 4 hours in water, thoroughly washed with rumning water, air dried then cut
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into small pieces.

Feathers were soaked in 4% NaOH solution for 2-4 days at room temperature
, then heated (in same soaking solution ) at 100 ©C for 6-8 hours for NaOh alkaline
hydrolysis. Neutralization was carried out by 15% HCL solution to pH 7.0 , followed
by vacuum drying ( 500 mm ) at 100 ©C to obtain Na OH- HFM . KOH-HFM was pre-
pared using 4% KOH solution and neutralization was carried out wjth orthophosphor-
ic acid (70%) according to Darwiesh 1981 . Acid hydrolysis using 6N HC1 followed
by nuetralization with NaOH Solution 30% , or using 9N orthophosphoric cvid, fol-
lowed by neutralization with 13% KOH, was carried out according to Yatsishin et al .
(1970) to obtain HCl - or HPO 4 - HFM.

Analytical methods

Moisture, protein (N x 6.25, Kjeldahl method), fat (hexane solvent , Soxhlet
apparatus ) and total phosphorus contents,were determined according to the methods
recommended by the }\.O.A.C. 1980 . Calcium was determined using the method of
Vogel 1951 . Carbohydrates were calculated by difference . Energe value was es-
timed by multiplying protein and carbohydrates by 4.0 and fat by 9.0. Amino acid
composition after HCl hydrolysis was determined by paper chromatography method
as described by Block 1958 while tryptophan was dertermind colorimetrically after
alkaline hydrolysis using the method of Blauth et al. 1963 . Amino acids scores
(A.S.) were calculated using FAO reference protein (FAO/WHO 1973 ) by dividing
concentration of individual amino acid in i)rotein of sample by corresponding content
same amino acid of the pattern.

RESULTS AND DISCUSSION

1. Proximate and amino acids composition of feathers
a - proximate composition

Data presented in Table 1 showed that on dry weight basis (DW) chicken feath-
ers had the highest protein percentage. followed by goose and duck feathers, howev-
er differences in protein were actually slight. Moreover, protein composed about
94-96 % of the dry matter , in contrast to fat ( about 2% ) Water birds had higher
fat (50% and 36.18%) increas for duck and goose feathers resp. respectively in
feathers than in the case of chickens . High fat was also reported by Khlebnikov
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Table 1. Chemical composition of chicken, goose, and duck feathers on wet and dry
weight basis (g/100g)

Chicken Goose Duck
Components feather feather feather

ww 12.69 10.36 12.11

Miosture bW b2 : = —

Protein ww 83.77 84.87 82.21
DW 95.95 94.68 93.54

Fat ww 1.33 2.04 1.82
DW 1.52 2.28 2.07

Ash ww 1.03 1.33 2.40
DW 1.18 1.48 2.73

Carbohydrates ww 1.18 1.40 1.46
DW 1.35 1.56 1.66

Energy value ww 351.77 363.44 351.06
(Cal /100 g) DW 402.88 405.48 399.43

WW : Wet weight basis
DW : Dry weight basis
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1973 for feathers of swimming birsd. Ash and carbohydrates were highest for duck
feathers. Assuming that protein of feathers is digestible , the evergy value showed
no difference when calulated for the three studied feathers.

Because feathers are considerably rich in protein, it is of the atmost impor-
tance to find out suitable methods of using feathers as source of protein for both an-
imal feeding and human consumption. ’

b- Amino acid composition

Although unhydrolyzed keratin is markedly not available by animals due to nu-
merous cystine bridges ( Liberman and Petrovski 1973), amino acids scores (A.S.),
were calculted for comparison Tabel 2. Variable levels of individual amino acids
were found in feathers of different poultries. Feathers protein of the three kinds of
poultry were rich in leucine, valine proline, alanine+glutamic , glycine + aspartic,
serine and cystine. As indicated by A. S. value. the protein of all studied feathers
were deficient in lysine and tryptophan, which was in accordance with the results of
Liberman and Petrovski 1973 and Nistan et al. 1981

2 . Hydrolyzed feather meals (HFM)
a . Proximate composition

Data of Table 3. show the chemical composition of HFM prepared by alkaline
hydrolysis (with KOH or NaOH followed by neutralization with HCI or H3z PO4 resp.)
and acid hydrolysis ( with HCI or H3 PO4 followed by neutralization with NaOH or
KOH resp.) On DW (and on most cases for WW) it was found that HFM of treatment 2 -
(NaOH- HCI) was the best due to the high protein and low ash percentage , while the
yield (due to less ash ) was somewhat lower. Highest energy value (but lowest fat)
was also calculated for NaOH-HCI HFM. These differences were found in case of HFM
of three kinds of poultry.

In general, alkaline hydrolysis gave HFM of higher protein and energy value
(DW) when compared with acid hydrolysis , It might be indicated that the loss in
protein (by breakdown during heating followed by volatilization, possibly as ammo-
nia, Darwiesh 1981) was probably lower for alkaline hydrolysis and particularly for
treatment 2 when compared with acid hydrolysis.

When differences due to kind of poultry were considered it could be observed
(Tables 1 and 3 ) that feathers and HFM (DW) of chickens were highest in protein and
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Table 4. Means("') of the chemical analysis of the chickens , geese and ducks feath-
ers treated by NaOH 4%

Chemical Wet weight Dry weight
Composition|  chicken Geese Ducks chicken Geese Ducks
feather feather feather feather feather feather
meal meal meal meal meal meal
Number of
replicates 5 5 5 5 5 5
Moisture 8.93 7.96 8.64 LA ol S
protein 65.13 52.75 48.79 71.52 57.12 43.40
Fat 0.75 0.93 0.84 0.82 1.01 0.92
Ash 18.63 32.15 34.88 20.55 34.81 38.18
Carbohydrate§  6.56 6.52 6.85 7.11 7.06 75

(+) All Mean squares of ANOVA are highly significant (P< 0.01)

lowest in ash. Differences between perocentages of HFM components were signifi-
cant as indicated by statistical analysis given in Table 4.

As HFM of chicken of treatment 2 is the most important, calcium and phos-
phorus were determined in such meal Table 5. The mentioned HFM had 0.28% Ca and
0.49 P. These percentages are somewhat lesss than the analyzed FM as given by
NRC.

b - Amino acid composition

Table 5. Calcium and phosphorus contents (%) of HFM prepared of chicken feather by
NaOH HCI treatment.

Minerals %

Calcium 0.28

Phosphorus 0.49
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The nutritional value , based on the contents of the essential amino acid (EAA)
composition of HFM of chicken goose and duck prepared by the four methods of hy-
drolysis Table 6 confirmed the superiority of second treatment which followed by
the first, third and finally the fourth treatment . The influence of feather source on
amino acids concentration was the same as checked before and after hydrolysis For
example leucine (9m/16 g N), before and after hydrolysis was highest for chicken ,
followed by duck and goose Table 2 and 6.

Hydrolysis is indispensable to digestibility of keration (Liberman and Petrov-
ski 1973) but it caused marked damage of amino acid, being less when using alka-
lines ( and particulary NaOH) than the acids Table 6. The acid hydrolysis seems to
destroy tryptophan completely. When compared with the FAO pattern, untreated
feathers Table 2 were low in two amino acids (AA) only , i.e. tryptophan (first li-
miting AA) and lysine (second limiting AA). But after hydrolysis, as inidcated by the
A. S. value , the protein of HFM was deficient in 6 to 8 EAA. For KOH, HCl and
H3PO4 (Treatments 1,3 and 4 resp.) the protein was deficient in all EAA (8 acids) .
In the case of NaOH hydrolysis (Treatment 2) the protein was deficient in 8 acids for
ducks HFM and 7 acids for geese HFM but for chicken HFM, protein was low in 6 ac-
ids only . For the latter HFM, first limiting, second limting and third limiting amino
acids were lysine, threonine and tryptophan resp. A.S. value were highest for Na OH
chickens HFM, when compared with similar products of geese and ducks feathers
(only phenylalanine + tyrosine showd same A. S. value). Therefore, NaOH hydrolysis
(Treatment 2) particularly when chicken HFM was concerend , was the best treat-
ment from the nutritional value view's point.

Finally , it might be concluded that because of high protein content , high ener- .
gy and best amino acid compostion, treatment 2 (NaOH hydrolysis), especially when
using chicken feathers was the best method for obtaining HFM of high nutritional val-
ue as possible. Fortunately feathers are more available because of raising more
chicken than geese or ducks in Egypt , and distribution of automatized slaugther
houses for chicken is a real fact in the last decade.
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