International Journal of Scientific & Engineering Research, Volume 6, Issue 2, February-2015
ISSN 2229-5518

Enhancement In Nutritive Value And
iInvitroDigestability Of Keratinse Treated
Feather Meal

P.Jeevana Lakshmi and V.V.Lakshmi

ABSTRACT:Feather is produced in bulk quantity as a by-product of poultry industry. Feather meal produced by traditional means has
disadvantage of low nutritional value as well as low digestibility. Improving the nutritive value and digestibility by adopting novel biological
techniques can result in high quality feed supplement from feather waste. Earlier studies in our laboratory resulted in isolation and
characterization of four improved Bacillus sps. - MBF11, MBF20, MBF21 and MBF45 whichproduced keratinaseenzyme that could degrade
feather completely. Keratinasetreated feather meal (KTF) wasanalyzed for the invitro-digestibility and compared with feather meal produced by
traditional methods like heat treated, acid treated and trypsin digested feather. Total nitrogen, non-protein nitrogen, total free amino acids and
essential aminoacids were estimated for all the treatments. Non- protein nitrogen increased four folds upto ~3.5-4fold with keratinase hydrolysis
where as heat and acid treatments resulted in low free nitrogen of a maximum of ~2.The invitro digestibility of untreated feather powder was
24% where as for KTF it increased to ~61-72%. The digestibility of the traditionally treated samples was around 27-32%. There was ~2-3 fold
increase in amino acids like proline and glycine, ~2 fold increase in lysine andcystine methionine and histidine content in KTF as compared to
controls.Thus, feather meal prepared by keratinase treatment was significantlybetter than the feather meal produced by traditional methods and
this could be an important technique to convert feather waste into value added product.

Index terms:Application potential, Bacillus, feed, keratinase treated feather
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1INTRODUCTION: Hence, bulk of feather produced is underutilized and or
wasted. Feather meal produced by biological treatment
Feather is generated in bulk quantities as a by- was found to be significantly superior in nutritive value
product of poultry industry. It is estimated that 400 compared to ones produced by traditional means thus
million chickens are processed every week. Typically as increasing their economic value [2],[3],[4]. Application
each bird has upto 125gms of feather, the weekly of keratinase to feather processing has several benefits.
worldwide production of feather waste is about 3000 Bioconversion using keratinase results in production of
tons. Elemental composition analysis of feather show structurally modified feather keratin that is less resistant
that it is constituted of 45% carbon, 14% Nitrogen, to attack by other digestive enzymes. Secondly,
2.9gkg-1, phosphorus, 1.5gkg-1potassium and 0.8gkg-1 significant nutritional enrichment of the feather meal is
magnesium. Traditionally feather is processed by heat achieved due to the addition of microbial protein
and acid treatment. These processes result in a low biomass, which serves as complementary additive
value. Thirdly, further increased levels of feed- grade
nutritive value feed supplement thereby undermining lysine and other amino acids can be targeted in
the product value [1]. Feathers and the meal derived biologically treated feather meal by supplementing with
from it are poorly digested by animals, mainly due to additional microorganisms that can produce amino acid
poor and limited degradation of the highly ordered by fermentation also. Biological conversion of feather
structure of keratins by digestive enzymes. Further the into feather meal is thus now seriously considered as a
traditional feather meal produced barely covers the cost source for production of high value dietary proteins [5].
to its production at best and is not in good demand. Keratinases are considered to have definite advantage
as enzyme supplements in feed along with other
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optimization of parameters of fermentation were
selected for producing feather meal. These were
analyzed invitrodigestability and nutritional parameters
to evaluate the application potential as feed
supplement.

2MATERIALS AND METHODS:

Application potential of the keratinase from the
MBF isolates was analyzed by comparing the
digestibility of the keratinase treatment ball milled
feather with the traditional methods of feather meal
production like treatments like acid (6N hydrochloric
acid for 12 hours) and heat adopting method of
Papadopoluset al. [6]. The activity was also compared
with commercial available feather meal (CFM) and
commercial trypsin (1.6mgml-1) treatment for 12 hours.
The nutritional value of the various feather meals was
compared by estimating the amount of total nitrogen,
free nitrogen and protein nitrogen of the feather meal
obtained from the various treatments adopting Micro-
Kjeldahl method of nitrogen estimation [7].

2.1Estimation of nitrogen by Micro-Kjeldahl
estimation of Nitrogen:

To treated and control samples in digestion
flask, potassium sulphate, mercuric oxide and
concentrated H2504 were added. The samples were
digested after addition of glass beads in the digestion
flasks. The digests were cooled and the volume made
up with ammonia free water. The sample was
transferred to distillation apparatus along with sodium
hydroxide-sodium thiosulphate solution. The samples
were distilled and the ammonia released was collected
conical flask containing boric acid and few drops of
methyl red - methylene blue indicator. The resulting
boric acid was titrated against the 0.02N HCl until the
first appearance of violet colour (the end point). The
nitrogen content in NgKg-1of the sample was calculated
using the formula [7].

The non- protein nitrogen 100mg of test sample
was extracted with 10ml of 10% TCA. The precipitate
was washed once with TCA. The pooled supernatant
was made upto 25ml and the sample was distilled as
given procedure described above. The non-protein
nitrogen (NgKg-1)content was calculated using the
formula [7]. Protein nitrogen was calculated by
deducting the non-protein nitrogen from the total
nitrogen and then multiplied with the factor 6.25.

2.2 vitro digestibility of the feather meal:

Invitro digestibility of the treated and untreated
feather meal was compared by treating powdered
treated and untreated feather samples with pepsin

(Sigma) for 2 hours at 37° C followed by
pancreatintreatment (Sigma) additional 16 hours [6].
After digestion, samples were centrifuged and protein
concentration was determined in supernatants before
and after digestion. Protein digestibility (D) was
calculated by dividing Content of protein released after
digestion with Content of the total protein before
digestion.

2.3Amino acid analysis:

Selected amino acids were estimated in the
treated and untreated feather meal and percentage of
each amino acid in the total free amino acids was
calculated. Cystine was estimatedas per the method of
Ramakrishna et al., 1979[8] and Methionine[9]and total
free amino acidsRosen, 1957[10]respectively. Proline
was estimated by adopting the method of Bates et al.,
1973[11]. Lysine was estimated with the procedure of
Balasubramanian and Sadasivan, 1987 [12] and Tyrosine
and Histidine were estimated as per the method
adopted in Hanke, 1925[13].

3RESULTS AND DISCUSSION

The results of total nitrogen, non protein free
nitrogen, invitrodigestibility and amino acid content of
KTF, CFM and feather powder treated with traditional
methods like acid and heat. Untreated feather powder
was maintained as control. There was a significant
difference innon-protein nitrogen in thevarious
treatments. The non- protein was zero in the untreated
feather as well as incommercially procured feather meal
and in heat and acid treated controls. As majority of the
non-protein nitrogen is in the form of amino acids,
peptides and degraded nitrogen products it justifies
their absence in undegraded feather. The conventional
methods of feather treatment like heat and acid resulted
in destruction of amino acids. Very low non-protein
nitrogen indicated that harsh treatment leads to the
destruction of these aminoacids. The low non -protien
nitrogen has been observed to be the main reason for
the poor digestibility of conventionally made feather
meal (acid and heat treated).The treatment of feather
with enzymes like trypsin increased the non-protein
nitrogen to ~1.5-2g/Kg. However, the feather meal
prepared by treatment with keratinases showed
significant increase up to 4g/Kg of non-protein
nitrogen(Fig.1).The invitro digestibility of untreated
feather powder and controls like heat treated, acid
treated and commercially procured feathermeal wasin
the range of 24%-32%. In the trypsin treated feather
meal the invitodigeatibility doubled to 50% in
comparison to treatment with acid and heat.
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With keratinasetreatement the
invitrodigestibility of the feather meal increased to ~65-
80% (Fig. 2). Invitro digestibility increased by 2.5 folds in
the KTF when compared to controlwhere the
digestibility was around 24-32%.Comparison among the
digestibility of KTF prepared from keratinase produced
by the four bacillus species showed that the highest
digestibility was exhibited by MBF20 keratinase
followed by MBF11, MBF21 and MBF45.
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Fig2: Analysis of Invitro digestibility (%) content for all
the treatments

Further to assess the quality the quality of
feathermeals obtained by different treatments some of
the essential amino were estimated and the results are
shown in Fig.3.There was ~2-3 fold increase in
concentration of proline and glycine in KTF as
compared to the controls which was highly significant
(Fig. 3A), ~2 fold increase in lysine and cystine which
are important determinants of the feed quality (Fig. 3A).
Anincrease in concentration of methionine and histidine

content in KTFwas also observed though the fold
increase was slightly less as compared to other amino
acids (Fig. 3C). The overall amino acid concentration
was higher in KTF prepared from MBF 20 followed by
MBF45, MBF21 and MBF11.

Treatment of feather with protease has been
shown to influence the nitrogenavailability, invitro
digestibility and free essential amino acids in earlier
studies to limited extents by Papadopoulos et al. [6].
Trends of increased digestibility were observed with
keratinase treated feather suggesting the potential for
improving its acceptability as poultry feed or possible
fertilizer[5], [14],[15]. The chicken fed with biologically
treated feather showed significantly improved growth
rates as compared to those fed with soya bean meal. The
resulting product also had an improved overall amino
acid availability, digestibility ~and absorption
[5],[16],[17].Supplementation of poultry diets with
enzyme mixtures, containing keratinase and amylases
has produced significant improvement in growth
performance[18], [19].

The results of the present study showed that
there is a significant improvement in the nutritive value
of the K feather meal when compared to Control
treatment and commercial feather meal procured. The
increase in the nutritive value with keratinases from
MBF cultures was comparable to or much higher as
comparedto earlier studies. in terms of overall
digestibility and availability of non protein nitrogen as
well as presence of essential amino acids and thus
could be considered as a better source of dietary protein
feed supplement..
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Fig3 :Analysisofselected amino acids A) Glycine and
proline B) L ysine and cystineC) Methione and
Histidine

4CONCLUSIONS:

Estimation of various parameters of keratinase
treated feather meal in comparison to commercial
feather meal and trypsin digested and traditional
treatments of feather meal reveal that keratinase treated
feather meal has very good potential to be used as feed
supplement and organic manure. Hence, the present
work  establishes  the  application  potential
biodegradation of feather waste to environmental
friendly products of commercial importance.
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