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ABSTRACT

Raw feather is a favorable material for processingp feed rich in proteins convenient for nutritiarfi certain
animals species. Since proteins of raw featherspmarly digested, the improved digestibility of fgias may be
achieved by hydrothermal processing of raw feathbrshis study the effect of water quantity at foydermal
feathers treatment in industrial processing comufi§ on the nutritive value of hydrolysed featheraimsas
investigated. By these technological conditionsvitno digestibility of protein in hydrolysed featheneal was
significantly increased in relation to digestibylibf raw feathers. Hydrolysis contributes to therdase of protein
nitrogen content, whereas contents of non-proteimogen, ammonia and:-amino nitrogen were increased.
Significant decrease of cystine content in the ginst of hydrolysates was noticed: 3.81, 4.07 arid 4/100 g
protein, depending on the technological treatmevith the moisture content in raw feathers of 50966and 68%,
respectively.
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INTRODUCTION

Nowadays, the main concern worldwide is growingiliest for problems solving regarding to the wast¢enials.
Currently waste materials present a great dangetalincreasing environmental pollution, and thgrebdangering
the health of people and animals [1].

On the other hand, it is a required alternativeuto waste materials into raw materials which cdeltl to reduce
amount of the waste and in the same time, it wbeldbtained new useful products [2, 3].

In industrial poultry slaughterhouses significantoaunts of by-products are created (38.29% in watatd the live
mass before slaughtering). The largest part oflaiste (17.36%) represent moist feathers (non gedgefollowed
by an intestines with the spleen and gizzard (7)7 7fgs (5.29%), head (3.23%), blood (3.05%He@a and crow
with esophagus (0.92%), cloacae (0.49%) and cutidth gizzard (12.28%) [4]. Inedible by-productsorin
slaughtering represent a meaningful source of pretdats and minerals, which can be used for tioelyction of
high-protein feed for pigs, fish and pets [5, 6, Hbwever, proteins of raw feathers (keratins) goerly digested,
and even inert in the digestive tract of animalseo presence of strong disulfide bonds betwedyppptide
chains, keratin is resistant to the activity ofeditive enzymes (trypsin, pepsin) and therefore peorly digestible
[8, 9]. This characteristic of keratin requirestttiee cystine-disulfide bonds in keratin complexdoeken so that the
proteins from feathers become digestible, and thgimo acids biologically active. Cleavage of aystdisulfide
bonds in keratin complex is achieved by hydrolyalgaline, enzymatic, microbial and hydrotherm@&illermo et
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al. [10] processed poultry feathers by combinedhog{thermo-chemical treatment) in order to obtaporridge of
feathers rich in amino acids and polypeptides,nida for animal nutrition. In this case, keratinfeathers was
treated with calcium hydroxide. In the organisnrarhinants, the production of ammonia from the slgl&eratin
was similar to that from soybean or cottonseed nwdaich is much lower than from urea. This is adiéation that
the ammonia released from the body of cattle, whiehfed with soluble keratin, is not toxic [10]ta@ziotinet al
[11] applied microbiological treatment to producgdivlsates of feathers. Hydrolysate of feather ginst was
obtained using keratolytic bactenébrio sp. strain kr2. Bacterial hydrolysate of feathems be used as feed for
animals or as an organic fertilizer. Bertsch ane@lfoq12] examined the possibility of biotechnologii processing
of poultry feathers with the aim of recycling feats into feed for animals. Hydrolysis of raw feathevas
performed using aerobic keratolytic bacteiacuria roseaLPB 3. Bacterial cells produced carotenoids during
fermentation. The meal made from feathers enriokitd Kocuria roseamay be useful in animal feeding as a
source of proteins and pigments. Enzymatic hydisligsachieved using an enzyme mixture consistinyateases,
lipases and amylases.

In practice, hydrothermal hydrolysis of keratin endpressure is widely used. The main problem with t
hydrothermal treatment of feathers is a poor théwroaductivity of dry feathers. In order to achigvetter heat
transfer to the place where thermohydrolysis oatiarshould be carried out, it is necessary toadtkr to the raw
feathers. The amount of added water affects thétadity of processing, due to the fact that tfiwal product,
hydrolysed feather meal, can contain up to 11% aistare according to the requirements of the Reguian the
quality of feed [13]. This means that the obtaihgdrolysate must be dried. In order to obtain asgadte quality
of the products, with the minimal power consumptitris necessary to investigate the parametersatiect the
thermohydrolysis of feathers and the recycling ingeful products.

The aim of this study was to investigate the inficee of water quantity, during industrial processafgfeathers
using thermohydrolysis, on nutritional value of hylgsed feathers, as feed component.

MATERIALS AND METHODS

Feathers analysis

Moist feathers from slaughtered broilers were used material for the analysis. The characteristicaw feathers
are presented in Table 1. The analysis of nut@tioralues of raw feather and hydrolysed featherIsneeere
conducted in 10 replicates (n=10).

Moisture content, crude proteins, ammonia nitroge@mino nitrogen and protein digestibility vitro were
determined according to A.O.A.C. methods [14].

Determination of the level and the share of nortginonitrogen in total nitrogen was used as théstfas the ability
of the trichloroacetic acid (TCA) to deposit proreionly. From the filtrate, after treatment with AGamount of
non-protein nitrogen was determined using Kjeldabthod.

Amino acids content was determined by ion-exchamgghod on aminoanalyzer BIOTRONIK LC 5001, and
cystine content was determined by analyzing preshjooxidized samples [15].

Table 1. Chemical composition of raw feathers (in %OM*)

. Non-protein . Ammonia .
Crude Protein nitrogen a-amino nitrogen Protein
proteins (%)| nitrogen (%) (%% nitrogen (mg/100g)| (%% digestibility (%)
89.35 14.15 0.13 0.00 0.00 18.72

*DM —dry matter.
Hydrolysis treatment
For the hydrolysis of raw feathers, a semi-contimuproduction under strictly controlled conditiowss used.
During processing of feathers, hydrolysis of rawjshfeathers and partial drying of hydrolysed niage place in a
hydrolyser with indirect heating. For final dryingcontinuous pipe dryer with recycled air was used

Starting from the basic requirements for the preices of feathers into meal for animal nutrition by
thermohydrolysis (the presence of water), influen€avater quantity of 50, 60 and 68% in raw feashen the
quality of feather meal, at a constant pressurd.®fbars, during constant time of the hydrolysi80fmin, were
examined.
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Statistical analyses

All results were expressed as an average meannofefgicates with standard deviation (£SD). Congari of

obtained values was performed by analysis of vadarwhile the statistical significance (P<0.05) then

individual averages was determined Byncaris multiple interval test. For data analysis, tbéveare package
Statistica v.12.0 [16] was used.

RESULTS AND DISCUSSION

Nitrogen fractions of hydrolysed feather flours

The influence of the water quantity in the raw fesis on the production results of hydrothermaltineat of
feathers was tested at constant pressure of 3% dmat constant duration of hydrolysis (30 min). Theisture
contents in the raw feathers were 50%, 60% and &88ults of the influence of water quantity in riaathers on
nutritional value of hydrolysed feather meals amespnted in Tables 2, 3 and 4.

The results showed that during thermohydrolysisdtwetent of protein nitrogen in the hydrolysed featflours
produced by hydrolysis at a water content in raattfers of aproximately 50 and 60% were not statiByi different
(P>0.05). On the other side, the content of protéiogen in the meal obtained with the contentnoisture in raw
feathers of 68% is significantly different (P<0.G&)m the amount in meals produced with 50 and @d%hoisture
in raw feathers (Table 2).

Table 2. Analysis of nitrogen fractions of hydrolysd feather flours (% in DM*)

Treatment Protein | Non-protein a-amino Ammonia
nitrogen (%) nitrogen nitrogen nitrogen
(%) (mg/100g) (%)
Hydrolysis with 50% waterl  13.67+0.22 0.28+0.087 | 121.20+15.5 | 0.24+0.075
Hydrolysis with 60% waterl  13.77+0.26 0.39+0.099 | 150.24+17.3 | 0.28+0.109
Hydrolysis with 68% watel  13.53+0.34 0.44+0.01% | 192.80+18.3 | 0.38x0.102

*DM —dry matter; Means with common superscript no disignificantly at P < 0.05.

Increase of the crude protein, the total nitrogad the protein nitrogen losses with increasing watmtent in
treated feathers (Table 2) are a result of a highgree of keratin hydrolysis. This fact indicaa@sincreasén vitro
digestibility of protein, increasing the moisturentent in the treated feathers. A feather is pa@mdactor of heat.
Water addition to raw feathers provided the lodsecture of treated feathers in the device andebéttat transfer
to the protein keratin. From the obtained results iobvious that a higher amount of water in thw ifeathers
improves the effect of thermohydrolysis. By redgcthe protein nitrogen content, an increase innhie-protein
nitrogen, ammonia ang-amino nitrogen was noticed. The differences inabetent of non-protein nitrogen in the
hydrolysates produced with moisture content in the feathers of 60 and 68% are not significant (B50
whereas the non-protein nitrogen content in thelmb&ined by the hydrolysis with the moisture @it of
approximately 50% is a significantly different (P&€6) from the two above mentioned meals. The gtiastof
ammonia nitrogen in the feed obtained by hydrolygéth an amount of water of approximately 50 an&6ére not
statistically different (P>0.05). The content of raomia nitrogen in feed produced by treatment widtewr content
of about 68% was significantly different (P<0.0E)rh the content in the meals produced with the arhofiwater

in raw feathers of approximately 50 and 60%. Thateots ofu-amino nitrogen in the dry matter (DM) of produced
meals from hydrolysed feathers were 121.20 mg/1(q&hg moisture content was 50%); 150.24 mg/100hg (t
moisture content was 60%) and 192.77 mg/100 grttbisture content was 68%), respectively. Differanicethe
content ofa-amino nitrogen in the produced feeds were sigaifity different (P<0.05). The raw feathers obtained
from broilers slaughterhouse, used as an initial maaterial for the hydrolysis did not contain amnuon nitrogen
anda-amino nitrogen, which indicates that is procesaeashort period from the moment of obtaining.

Crude protein and protein digestibility of hydratgsfeather meals

Applied technological mode of raw feathers proaegg{b0, 60 and 68% moisture content in the rawhieat at a
pressure of 3.5 bars for 30 min) significantly emsed then vitro digestibility of the proteins in the hydrolysed
feather meals, compared to the digestibility in thes feathers (Table 3). Analysis of the resultatesl to the
digestibility of proteins from the hydrolysed feathmeals obtained with different water contentsaw feathers,
showed that the digestibility of the proteins i tthour produced with 50% of the water is signifidg different
(P<0.05) from the digestibility of the proteinsmgals produced with moisture content of 60 to 68%e values of
protein digestibility of the meals obtained with &3 68% of moisture were no significantly differ@>0.05).
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Table 3. Crude protein and protein digestibility ofhydrolysed feather flours

Crude protein| Protein digestibility
Treatment (% in DM*) (%)
Hydrolysis with 50% water,  87.22+1.22 77.33+2.72
Hydrolysis with 60% watel  88.53+1.75 84.85+2.98
Hydrolysis with 68% wateri  87.35+0.99 85.80+3.04

*DM —dry matter; Means with common superscript no digignificantly at P < 0.05.

Results regarding to the loss of proteins in featheals is closely related to the results of Korjoaret al. [17],
who performed the thermohydrolysis at a pressurg.®fbars during a period of 40 min and with digfer water
contents in the raw feathers. The contents of cpurdéeins in the dry matter of feather meals wasreksed by
0.99%, 1.49% and 2.97%, with the moisture conteh).45%, 60.30% and 68.06%, respectively [17].

Saka et al. [6] in their research with thermohydrolysfaaw feathers at a pressure of 3.5 bar durieg2thmin and
with a water content in the raw material of 62%iacéd an increase in protein digestibility from @& to 85.73%
(protein digestibility increased 3.9 times compatedhe digestibility of proteins of raw feather¥he increase in
protein digestibility of feathers in ours study di@in digestibility increased 4.3 times in compamigo protein
digestibility of raw feathers), which is presentadlable 3, is in agreement with the results ofabeve mentioned
authors [6], due to the fact that they applied @tghn treatment period of raw feathers (20 min).

The present study reported the time extension efntbhydrolysis has a positive effect on proteinedipility of
high-protein feed produced from feathers and ingenfbr consumption by certain types and categaiemimals,
which is in accordance with statement reported bynianjos et al. [17, 18] and Saket al. [6].

Increase of the protein keratin digestibility irafieers during the thermohydrolysis of raw featliethe research of
Kormanjo$ et al. [17] is in accordance with theutessof this study. Kormanjos et al. [17], durifggtproduction of
protein porridge by thermohydrolysis of feathetsa @ressure of 3.6 bars during the period of 30 anid with the
moisture content in the raw material of 61.33%chea acidic pepsin digestibility of 83.14%. Thedditibility was
4.4 times higher than the protein digestibilitytive raw feathers (digestibility increased from B8@to 83.14%).
The similar results were obtained by Rigt al. [19] who applied the treatment of the ra@athers at a pressure of
3.5 bars for a period of 40 min with the water emtof the raw feathers of 60.82%. The protein stigdity of raw
feathers from the slaughter house of broilers meed from 19.75% to 85.91% (digestibility increadedl times
compared to the digestibility of raw feathers).

Comparison of data dn vitro protein digestibility of hydrolysed feather mept®duced with different amounts of
water in raw feathers, showed that the water imtio@ydrolysis of feathers positively affect the fgio digestibility
of obtained products.

Table 4. Amino acids in the proteins of raw and hymblysed feathers

Treatment of feathers hydrolysis

Amino acids Hydrolysis Hydrolysis Hydrolysis

Raw feathers with 50% water| with 60% water | with 68% water
Essential amino acids g/100 g protein
Histidine 0.56+0.063 | 0.59+0.04% 0.60+0.06¢ 0.64+0.079
Lysine 1.84+0.18% | 1.71+0.198 1.76+0.178 1.80+0.179
Phenyl alanine * 3.82+0.225 | 4.16x0.244 4.22+0.253 4.31+0.253
Methionine 0.59+0.071 | 0.57+0.067 0.59+0.064 0.58+0.076
Threonine 3.94+0.492 | 4.22+0.521 4.16+0.520 4.10+0.511
Leucine 7.15+0.47 7.70+0.518 7.43+0.518 7.50+0.508
Isoleucine 4.69+0.385 | 4.96+0.405% 4.89+0.400 4.93+0.397
Valine 7.18+0.265 | 7.76x0.318 7.76+0.338 7.66+0.38
Semi-essential amino acids g/100 g protein
Arginine 6.18+0.344 | 6.12+0.359 6.02+0.339 6.15+0.344
Glycine 6.23+0.304 | 6.69+0.342 7.03+0.336 7.07+0.347
Cystine 7.00+0.482 | 3.87+0.261 4.07+0.294 4.21+0.361
Tyrosine 2.52+0.73 2.18+0.209 2.18+0.187 2.26+0.258
Non-essential amino acids g/100 g protein
Asparaginic acid 6.76+0.432 | 7.10+0.468 7.27+0.477 7.16+0.459
Alanine 4.37+0.399 | 4.44+0.405 4.34+0.402 4.39+0.399
Glutaminic acid 8.25+0.366 | 8.74+0.398 8.58+0.39% 8.42+0.377
Prolyne 8.43+0.479 | 8.18+0.467 8.17+0.452 8.37+0.492
Serine 11.07+0.569| 10.56+0.559 10.39+0.543 10.23+0.529

Means with common superscript no differ signifitaat P < 0.05.
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Amino acid profile in the proteins of raw and hylgsed feathers

The analysis of the amino acid composition of thatgin of raw and hydrolysed feathers with diffaramounts of
water indicate that there has been a significattigion of cystine content in hydrolysed feathesmpared to the
content in proteins of raw feathers (Table 4). Bgrhydrolysis with approximately 50% of the waterthe raw
feathers cystine in proteins decreased from 7%8@% (the loss of cystine was around 44.71% contptrehe

content in the raw feathers). By applying waterteahin the raw feathers of 60% the loss of cysties 41.86%
(the content of cystine is reduced from 7% to 4%91n comparison to the content in the raw featheks)the

highest moisture content in raw feathers (68%)dkeest reduction of cystine in proteins of hydr@gdeather meal
(39.86 %) were observed. Using this feather-prangssechnological procedure cystine content in s

decreased from 7% to 4.21%. Decrease of the cystinéent in the produced feed compared to theirsgaraw

material was statistically significant (P<0.05) bl&4). The difference in the contents of cystiméhe proteins of
hydrolysates obtained by hydrolysis of the rawHeet at a water content of approximately 50, 60 é8&oc were
not statistically significant (P>0.05). The resulfscystine contents in proteins of raw featherd anproteins of
hydrolysed feathers meal obtained by thermohydi®lysder pressure with different water contentsain feathers
showed that water generally have positive influesheeng thermohydrolysis on the content of cystimgroteins of
derived products.

Kormanjos et al. [17] examined the effect of watentent in the raw feathers on the nutritional ealof the meals
produced from the thermohydrolysed feathers. Theyelreported the cystine reduction in proteins yafrblysed
feather meals similar to the results of curreneaesh. According to Kormanjos et al. [17] hydro$ysf feathers led
to changes in the content of cystine and some @timéno acids in the proteins of feathers and toeiasesn vitro
protein digestibility of feathers. Comparing thetadan the amino acid composition in hydrolysed Heatmeals
produced with adding different amounts of wateopto the hydrolysis, it is concluded that wates lpsitive
impact on the stability of the amino acids composit Moreover, the protein digestibility in hydresd feather
meals is improved during the thermohydrolysis pssaoey of feathers. Therefore, obtained resultscatdd the
importance of water content in raw feathers omiligitional characteristics of hydrolysed featherats.

The results of Sakaet al. [6] indicated that the thermohydrolysisrafv feathers at 3.6 bars for 30 minutes at a
moisture content of treated feathers from 61.338asing a reduction of cystine content in proteihyarolysed
feathers of 33.18%. This loss of cystine was lo{4dr.86%) compared to the loss in this study at @xiprately
same conditions during thermohydrolysis of raw lieed (pressure of 3.5 bar at the time of 30 minateswith a
moisture content in raw feathers of approximatéd9o$ obtained from the broilers slaughter house. dlserved
difference is the result of the applied regime wdrolysis. The above mentioned authors obtaineddiysates in
the moist state (moisture content 55.12%) usedlftiner investigations.

CONCLUSION

Based on the obtained results and comparative sinaty the impact of the examined technologicalcpss of
feathers thermohydrolysis on nutritional value led final products, it is concluded that the amafnivater in raw
feathers of approximately 60% is the most favorablthe processing of this material (hydrolysis€i80 minutes
and pressure of 3.5 bar).

Processing of raw feathers obtained from slaugtitbreilers gave the high protein feed with a veightcontent of
protein nitrogen (13.77% expressed in DM) and falat@in vitro protein digestibility (84.85 %).

Applied regimes of technological processing of faathers caused a significant reduction of cystingroteins of
feather meals as compared to the content in potdinaw feathers.

Regarding to the regulations of the European Conityiion harmless removal of by-products of slaugider
poultry, using technological process of featherdrblysis it is achieved nutritionally valuable fesdpplement

intended for nutrition of certain types of animaisd at the same time is significantly reducedpitablem of the

environment protection.
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