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HEMICAL and bioclogical assays were carried oul to investigate

the effect of processing conditions on the nutritional quality of
hydrolyzed feather meal (HFM). Autoclaving process with four
different conditions , two steam pressures (2.3 bar of 137°C and 1.2
bar of 123°C ) each for two processing times { 60 and 30 min ) were
used in preparing samples of HFM .

Higher temperature resulted in slightly higher values for crude
protein , gross energy and amino acid recovery of the processed meals,
while their cystine contents were relatively lower .

Generally , HFM contains high levels of most of the essential
amino acids and low levels of methionine , lysine and histidine which
were the first , second and third limiting amino acid , respectively .
Processing conditions did not affect the sequence of such limiting
amino acids. True protein digestibility values (TPD) were not
significantly affected by processing conditions and were in a narrow
range from 79.2 to 82.5 %. Although , no significant differences were
detected in true metabolizable energy (TME) values among the
different processed HFM , the higher processing temperature for 60
min resulied in a slightly lower TME value than those of HFM
processed using milder conditions .

Processing conditions did affect the amino acid availability (AAA)
values of HFM. Processing temperature was the most significant factor
in reducing the mean AAA value, Considrable variation was observed
among the individual amino acids , ranging from 37% for aspartic acid
to 86% for phenylalanine. Among the critical amine acid cystine was
very sensitive to heat and the availability values of lysine , methionine
and histidine were also strongly affected by temperature and time of
processing .

Cystine centent could be used as a reasonable indicator for the
processing adequacy of HFM. Strenuous conditions resulted in HFM
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of lawer cystine content and lower mean amina acid availability values .
It could be recommended 1o vse milder processing temperature of ubout

123 °C for 30 to 60 min o produce HFM of higher AAA and TME velues.

The results indicated that the nutritonal qualtity of protein sources
must be measured on the basis of amine acid availability not on their
amino acid confent or protein digestibility values. This is sufficiently
extensive i be taken into consideration in formulating poultry rations

Key words : Feather meal, Amino acid availability, Processing | true
metzbolizable encrgy |

Keratinous proteins such as featliers have 2 high protein content hut are of fittle nutritive
value in their natural state, Because the cystine disulfide bonds within the Leratin
contribute to the insolubility and indigestibility of (his protein | they musi be destroyed
before feathier protein can be digesied by the animal. Scveral processing methods hiave
been used in an attempt (o produce 2 frisble meal valid for incorporation in pouliry
rations. Most of these technigues are hased on the method of Binkiey and Vasak {1950y
and described as a wet cooking or hydrolysis process in which feathers are subjected to
steam pressure for 2 proper time |, then dried and ground to produce z ezl designated
as hydrolyzed feather meal (HFM). Moran ef al. (1968) treaied the raw feather with
reducing agents in order o breakdown the feather keratin . For the same purpose |
Papadepoulss ¢t af. (1G85} used sodium hydroxide or protealytic enzymes then
autoclaved the wreated feather to produce HEM .

The cooking process must be sufficient to breakdown the (eather profein strecture
but not to (he extent of complete hydrolysis of the proiein. Some treatments might
inciease the amino acid content of the processed protein and at the same time reduce the
nutritional value of such protcin by changing the amino acid patiern or make some
aring acids unaveileble or partialty available 10 birds . Thus . the amino acid
compesition of a feed protein may be a good indicator of its potential notritive valne,
But, it may & times be risleading especially for protein present in heat processed [eed
ingredients . [t is therelore important to know the biological availability of aming acids
in such proteins

Research work previously carried out have shown that the quality of HEM affected
by the processing conditions used, i.e. time, pressure and temperatere (Nabar and
Morgan, 1656; Sullivan ang Stephenson, 1957: Wilder, 1972 Morris and Eailcun,
1973; Papadepoulos , 1985 and Papadopoulos ef al ., 1985). These studies have
indicaicd 5 considerable variation in amino acid availability between feather meals, bu
factors and conditions causing this variation are hardly quantified .
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The present study concerns chemical and biological experiments designed to obizin
turiher information on the effect of processing conditions on some nutritive properties
of HFM .

Materizal and Methods

Frocessing of HFM

Raw feather obizined from a poultry dressing plant was processed, using a
laboratory autoclave , under (wo various steam pressuses (2.3 and 1 .2 bar) for different
periods of times (60 and 30 min } i.c. four processed batches werc prepared , HFM a, b,
¢ and d. The temperature subsequently decreased from 137 to 123°C with decreasing the
steamn pressure, Table 1 shows the different conditions used. The process was timed
from the time of reising pressure and temperature until relcasing the pressure. It
consumed 20 min to reach the deniand pressurc and 10 min for releasing. The processed
feather was dricd at 60°C in a circuiating air oven and then ground. Thice kg of raw wet
feathers yielded about 750g dried HFM |

Chemical Methods

Dry maiier, crude protein (N x 6.25) and ash contents of the. tested mcals and excrela
were determined by methods of the Association of Official Anzlytical Chemists (1930).
Samples of [{FM and excreta were hydrolyzed for 24 hr with 6 N H Ciand analyzed for
amino acid content {Spackman er al., 1958} using autoanalyzer LKB- 4400. Mcthionine
and cysiine were determined after performic acid oxidation ( Moore , 1963 ) followed
by acid hydrolysis. The mcthod of Terpsua and De Hart (1974) was employed to
scparaic the {accal and urinary nitrogen in order 10 cstimate the digestible protein, For
the energetic parameters , an adiabatic oxygen bomb calorimeter was used to measure
the gross energy content of the tesicd IIFM and oxercla

Biclogical Methods .

The bicassays used to measure the nutritive value of the processea HFM were
mairly based on Sibbald's methodology for estimation of true metabolizable energy
(TME) (Sibbald, 197¢ and 1986). Thirly adult cockercls ISA (Semi heavy breed ) were
housed individually, starved for 24 hr and divided into 5 groups of 6 birds cach. Four
groups, each were (ed one of the four tested HFM and the fifth was kept starved to
measure the metabolic faccal and endogenavs urinary losses. The fed birds, each was
force fed 30g of ihe tested HFM using a long stem funmel, Excrotz were collected
quantitatively during the following 48 br in two Gmes of 24 hr intervals then frozen,
frecze dricd , weighed {after equilibration with the atmospheric moisture }, ground and
kept for éifferemi analyses .

Calculation Formulae
Chemica! score (CS) was coleulated 1o acertain the aming acid Himitation of HFM
according o Block and Michell (1946) using chick requirements of NRC (1984) as a

Egypi. J. Anim. Frod., 18, No .2 (1981)
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reference. True protein digestibility (TPD) , true amino acid availability (AAA) and true
metabolizable encrgy (TME) values were estimated using the following forumale .

P; - (FP;-FP,)
D: —-!'u-......__f._s X lm
P;
AA; - (AAgp - Ahgs)
AAy
E; _ (Eef- Ees)
1

x100

TME =

Where : p, = protwin input, FP; = faccal protein excreted by the fed bird, FP, = faecal
protein excreted by the starved bird, AA; =amine acid input, AA ; = aminio acid excreted
by the fed bird, AAes = amino acid excreted0 by the starved bird, E, = energy input, B ;
= energy excreted by the fed bird, E_, = energy excreted by the starved bird and I = g
feed input .

Statistical Methods

The data were statistically analyzed by a multivariate analysis of variance and the
significant differences among the means were determined using Duncan's new multiple
range test outlined by Steel and Torrie (1980).

Results and Discussion

Proximate Composition

The proximate composition (dry matier, crude protein and ash) along with the gross
energy value of the processed HFM are shown in Table 1. From the resulted and
previously reported values (Papadopoulos ef al, 1985) it could be concluded that
laboratory prepared samples are of hight protein content than those processed in pouliry
slaughterhouses. This may because raw feather used in the laboratories are usually
cleaned and freed from the foreign matiers such as feet , heads , offals and/or giblets of
the slanghtered birds. These matters contaminate the raw feather in the slaughterhouse
and reduce protein content of the processed HFM .

The high protein content of HFM gives it the advantage that when it is used in poul-
try tation, it takes less HFM than any other protein source to supply the same amount of
protein, taking into accoont the amino acid requirements. As a result, more comn can be
incorporated in the formula. Accordingly, the amount of added fat needed 10 supply the
same amount of energy is reduced .

Egypt. J. Anim. Prod., 28, No .2 (1991)



EFFECT OF PROCESSING CONDITIONS ON THE NUTRITIONAL ... 229

TABLE 1. Processing conditions, proximate compaosition (%dry matter),and gross energy
values of the different processed hydrolyzed feather meals.

Ttem HFM a HFMb HFM¢ HFMd
Processing condition
Pressure (bar) 23 23 1.2 1.2
Temperature(°C) 137 137 123 123
Time (min) 60 30 60 30
Proximate composition{%)
Dry matter 92.8 92.06 91.90 91.78
Crude protein 94.20 94.92 92.96 91.92
Ash 0.70 0.66 0.66 0.57
Gross energy (k cal/g) 5.63 5.63 555 5.57

Amino Acid Composition

The amino acid composition of the prepared HFM is given in Table 2. High levels of
most of the essential amino acids while fow levels of methionine, lysine and histidine
werce observed. Tryptophan was not determined but previous analytical datz would
suggest, that HFM is also poor in this amino acid (Baker et al .» 1981). There is a slight
trend for HFM that have undergone the more severe processing conditions to have
slightly higher amino acid-N recovery. However, the amino acid composition of
differcnt processed HFM with exception of cystine , did not appear to be affected
substantially by the processing conditions used, Increased processing time, temperature
and pressure do, however decrease the cystine content as a percentage from HFM
protein. This finding was in agreement with those of Davis et al. (1961), Morris and
Balloun (1973) and Papadopoulos (1985) .

The effect of processing conditions on cystine content of HFM was widely stdied.
Davis et al. (1961), Baker et al. (1581) and Papadopoulos (1984) observed the presence
of the unnatural amino acid, lanthionine, in HFM . The amount found approximated to
the loss of cystine during processing suggesting that most of the cystine lost is converied
to lanthionine. Thus the destruction of cystine may not be of a completely negative
effect since lanthionine is converted to cysline via a metabolic pathway described by
Baker et al ., (1981). Papadopoulos (1984) suggested that lanthionine is either
transformed by the intestinal flora , metabolized or retained in the organism .

The values of methionine, lysine, histidine and phenylalanine of the different
processed HFM confirmed the finding of Morris and Balloun (1973) who indicated that
there was no apparent increase destruction of methionine or lysine when more strenuous
conditions were used. On the same point of view, the chemical method of assessing the
amino acid limitation revealed that methionine » lysine and histidine were the first,

Egypt. J. Anim. Prod., 28, No.2(1991)
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sceond and thizd limiting amino acids, respectively | in the different processed HFM.
This also indicatcs that the processing condition does not affect the sequence of the
limiting amino acids. The results of limiting amino acids were similar to those
previously obtained by Maber e al., (1961), Baker ef al,, (1921) and Mohamed et al.,
(1988},

In general, the present values of aming acié compesition of the different processed
HEM were within the normal published ranges of Papadopoulos e al., (1985), Sibbald
(1986} and Mohamed (1989). Variability in amine acid composition of feedingstuf(s is
known to be mainly due o the source of raw materials , pretreatment and method of
processing used. In addition, method of determination might also be another source of
variation .

TABLE 2. Amino acid composition {g/16 g N) of the different processed hydrolyzed feather

nieals.
Ttem HF Mz HFMb HFMc HFMd
Aspartic acid 5.70 5.87 5.7¢ 5.68
Threonine 4.63 4.62 441 4.30
Serine 11.76 11.59 10.85 11.18
Giuiamic acid 10.24 10.13 10.07 9.59
Glycine 6.84 6.77 6.43 6.48
Alanine 4.19 4.16 3.87 3.89
Valine 6.42 6.71 6.80 6.42
Cystine 5.49 5.64 630 6.55
Methionine 0.46 0.44 0.46 047
Methionine+Cystine 595 6.08 6.76 7.02
Isoleucine 5.08 4.68 4.70 437
Leucine 8.07 147 7.38 7.20
Tyrosine 2.07 208 2.25 2.09
Phenylalanine 447 447 4.44 4.51
Lysine 1.712 1.80 1.71 176
Histidine 0.64 0.£1 (.59 0.63
Arginine : 6.27 €32 6.29 6.18
Recovery of amino acid-N 84.05 §3.36 2226 §1.70
{%Total N analysed)
First LAA Melthionine Methionine Methionine Methionine
Second LAA Lysine Lysine Lysine Lysine
Third LAA Histidine Histidine Hisudine Histidine

Epwpt. J. Anim. Prod., 26, Ne .2 (1991}
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Regarding the results of MacAlpine and Payne (1977) who found that at least 57%
by weight of the total sulphur amino acid requirement of broiler can be provided by
cystine , it could be concluded that the high cystine content of HFM may be considered
a useful source of sulphur amino acid and partial replacement of methionine in practical
diets. Also, while HFM is poor in lysine, methionine, histidine and tryptophan, these
amino acids, with exception of methionine, are present in adequate quantities in rations
formulated mainly from soybean meal and corn .

True Protein Digestibility

True protein digestibility values (TPD) of the processing meals (Table 3) showed no
significant differences among the different processing conditions and no consistent trend
could be related to these conditions .

Energetic Values

The energetic values of the different processed HFM measured as gross energy or
true metabolizable energy (TME) did not significantly vary due to the processing
conditions used. Regardless of time of processing, the results indicated that higher
processing temperature gave HFM of slightly higher gross energy values than those
obtained using a lower processing temperature (Table 1). Although no significant
differences in TME values detected among the different processed meals, it seemed that
higher processing temperature for a longer time of 60 min resulted in HFM 2 of 2
relatively lower TME value than those of the two lower processing temperatures and
that of higher temperature for a shorter time of 30 min. However , the present ranges of
gross energy (5.55-5.63 Kcal/g ) and TME (3.39-3.64 Kcal/g) were in general
agreement with the reported ranges (16 samples ) of Sibbald (1986) being from 5.57 to
5.93 Kcal /g as gross energy value and from 3.49 to 4.18 Kcal /g as TME value. From
the energetic results, HFM could be considered as a rich source of energy for poultry
feeding .

Amino Acid Availability

The amino acid availability values corrected for the endogenous amino acid losses of
the different prepared HFM are shown in Table 3. The results indicated that processing
conditions affected the amino acid availability of HFM. Processing temperature , was
the most significant factor in reducing the mean AAA values. Higher temperature for a
longer processing time resulted in HFM a of the lowest mean AAA value being 66.5%.
The same temperature for a shorter processing time significantly (p < 0.05) increased
the mean AAA value of HFM b 19 71.5%. Lower temperature for two processing time
(60 and 30 min ) resulted in HFM ¢ and HFM d with close values of AAA being 77 .17
and 76.17 %, respectively, being significantly (p < 0.05) higher than those processed
under higher temperature.

Egypt. J. Anim. Prod., 28, No .2 (1991)



232 M.A. MORAMED ef al,

The mean amino acid availability value was significantly (p < 0.001) affected by
lemperature of processing. On the other hand » ime of processing has no significant

was significant (p < 0,01 ). The mean amino acid availability values of HEM were
within the published ranges of El-Boushy and Roodbeen (1984), Pzpadopoulos ef al.,
(1985) and Sibbald (1986). On the other hand these values were markedly lower than
those of Burgos ef al., (1974), Kirby er al., ( 1978), Parsons et al., (1982) and El-Sherbi ny
et al,, (1988) whe obtained mean AAA values of 95.44, 94 00, 82.20 and 81.60%,

respectively ,

TABLE 3. True protein digestibility {TPD), true melabolizable energy (TME) ang amino
acld availability values of the different processed hydrolyzed feather meals and
F values! of analysis of variance.

F-values
Source of varlation

Item HFMz HFMb  HFMce HFMG Temperature Time Interaction
TPI(%:) MIT 8150 250 7568
TME (Kcalfg) 339 346 364 350
Amino Acid
Availability(%)
Aspartic acid 3733 49676 62.85a 66.67a  230.76%=* 3330%ue 9 33%#
Threonine 61.17c  £66Th 317 T1.00ab  38.29%ex §a4xe
Serine T21% %6506 SL17a  83.00a 715+ 10.60%+
Glutamie acid 63.00c 68.17b 75.67a 74332 63530 157
Alanine 7450 7133 .17 7183
Valine 78.00b 8250 8483 82002 10764 14.52%»
Cystine 3800 46.00b 64.17a 60.83a 132367+ 161124
Methionine 60.00c  6800bc  7033sb 7383 1236% €.26%
Isoleucine 83.00 85.00 86.17 84.67
Leucine 7833 80.17 8282 76.00
Tyrosine 66.83b .00 78.33: 76332 35.99% S.02%  15.80%ss
Phenylalanine 8033t 83.500 86.17s 84232 16067 §.04%*
Lysine 5767c  67.00b  69.50b 75178 BO.J§xes 45 1peee
Histidine 68.67¢ 79.00b  81.00eb B433a  7L66*e  4ogpser 1105
Arginine 7833 81.17 §1.23 81.17
Mear amino acid? svailability  66.50c 7156 Til7a %017 6373w 11570

1- Terms of litile significance have been omitted

2- Values present mean of € birds for each reaiment.

a- ¢ Means with the same superscribte arc not significantly different {p<0.05)
* p<0.05 ¥* p <0.0] 4 p <0.001
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Among the individual amino acids a considrable variation in AAA value was
detected in the different processed HEM, ranging from 37% for aspartic acid in HFMa o
86% for phenylalanine in HFMg, Cystine recorded the lowest availability value among
the critical amino acids through all the processed meals. Lysine, methionine and
threonine were of less availability values followed that of cystine. Isoleucine and
phenylalanine gave the highest availability values in the different processed HFM. The
most frequently limiting amino acids, methionine , lysine and histidine recorded average
values of 68. 04, 67, 34 and 78.25%, respectively, of the different processed HFM .

Regarding the sensitivity of the most critical amino acids to processing conditions
(temperature and time ), the results indicated that cystine is very sensitive to heat, while
time of processing had no effect on the availability value of cystine. This resull agreed
with the finding of Papadopoulos ef al., (1985) who demonstrated that cystine was the
most heal sensitive amino acid. The availability values of lysine and histidine were also
strongly affected by temperature and time of processing. The higher temperature and for
longer processing time the lower availability values. This means that, although the
availability of cystime was extremly affected by only processing temperature, the
availability values of lysine and histidine were strongly affected by both temperature
and time of processing. The significant effect of temperature (p < 0.01 ) and processing
tme (p < 0.03) on the availability values of methionine was lower than those of lysine
and histidine (p <0.001) .

These data indicated that temperature has a significant negative effect on the
availability values of all amino acids of HFM with the exception of arginine, leucine,
isoleucine and alanine. Time of processing significantly affected the availability values
of lysine, histidine, methionine, tyrosine, serine and aspartic acid. Cystine content could
be used as a reasonable indicator for the processing adequacy of HFM. Strenuous
conditions resulted in HFM of lower cystine content and lower mean amino acid
availability values .

From the present results it could be recommended to use a lower processing
temperature of 123°C to obtain HFM of higher amino acid availability and
metabolizable energy contents .

Considering the results of protein digestibility and true metabolizable energy which,
were not significantly varied among the different processed meals and those of amino
acid availability which were significantly different, the dietary protein must be balanced
on the basis of amino acid availability values not on the amino acid content or the
protein digestibility. This is sufficiently extensive to be taken into consideration in
formulating poultry rations.

Egypt. J. Anim. Prod., 28, No.2(1991)
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