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ABSTRACT

The objective of this study was to evaluate the physical and chemical properties of the broiler feather
concentrate (BFC) in different hydrolysis processes. The raw materials in the form of broiler feather waste
(BFW) were hydrolyzed into broiler feather concentrate (BFC) products in the form of feather meal. A total
of 1000 g of dry feather samples were used in this study. The study was designed up to 4 treatments with 5
repetitions. Each treatment unit requires 50 g of dry feather samples. The repetition of the sample was the
number of times the hydrolysis process. The sample was hydrolyzed using NaOH or HCI. The treatments
were applied, namely: H-1) without hydrolysis; H-2) 1M-NaOH 20% (b/v); H-3) IM-HC1 20% (v/v); H-4)
IM-NaOH 10% (b/v) + IM-HCI 10% (v/v) (the treatment in H-4 was carried out sequentially). The results
showed that the application of chemical processes to produce amino acid profiles of BFW was similar to
BFC. The microstructure of the broiler feather differs in each chemical process. The composition of the
BFC products was dominated by the compounds of SO3, SiO,, and Al,O;. An application of the chemical
hydrolysis process to the BFC increases the value of the water and the ash content, but it decreases the fat
and fiber content. The process of chemical hydrolysis using the H-2 treatment 1M-NaOH (20% (b/v) is the
best hydrolysis process compared to other treatments.

LA [01:05] broiler, chemical, concentrate, feather, hydrolysis.

poultry feather meal in pigs did not affect on the growth

INTRODUCTION

There is a growing increase in the production of feather
waste in the world arising from the poultry industry sector.
Chicken feather is one waste that has a large number of
keratin protein components (Darah et al. 2013). Keratin is
classified into a biopolymer. This biopolymer has enormous
potential in the world (Amieva et al. 2014; Cao et al. 2012).
Feather has a series of disulfide (S-S) bonds that makeup
keratin proteins. This bond is a strong bond so the feathers
have a very low digestibility (Pruekvimolphan et al. 2011).
Van-Heughten and Van-Kempen (2002) have conducted a
series of studies by processing poultry feathers as pig feed.
The results of the study concluded that the use of 8%

performance and carcass quality. Liu et al. (2014) have also
used poultry feather meal which is capable of replacing
63.46% of protein from pig feed needs. A series of studies
have been conducted by Campos et al. (2017) to evaluate
the effect of using hydrolyzed feather flour to replace fish
meal in feed, growth performance and muscle fatty acid
composition of European seabass (Dicentrarchus labrax).
Results were further evaluated for 18 weeks. The results
obtained showed that 12.5% of feather flour was able to
replace 76% of protein from fish meal without damaging
feed intake, growth, immune response or eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) levels in the
muscle.
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Gang et al. (2013) developed a second biotechnology
process using Bacillus licheniformis S6 as a simple and
economical procedure but significantly increased the
nutritional value of feather flour. Compared to feather and
concentrate raw materials, feather meal products fermented
with Bacillus licheniformis S6 enzymatically have a
significant increase on the in vitro digestion, oligopeptides
and soluble proteins. The use of enzymatic method is one of
the other methods that can be developed in the process of
feather hydrolysis.

Feather is one of the feed ingredients in poultry. Keratin
is a type of protein that makes up the composition of
feather. Feathers can be hydrolyzed using heat steam.
Keratin of protein is rich in digestible cystine amino acids
up to 75%. Keratin has major amino acids such as glycine,
serine,  threonine, arginine, isoleucine,  leucine,
phenylalanine and valine. Feather meal is a good source of
protein and can be used to replace other protein sources,
especially in monogastric animals. Amino acid profiles in
feather meal are similar to fishmeal (Sarmwatanakul and
Bamrongtum, 2000). The substitution of fish meal with
feather meal in feed does not reduce performance, carcass
or cause death in broiler chickens. The use of feather meal
can reduce the use of feed costs. Feather meal can be
replace 100% of fish meal in feed intake without showing a
negative effect on the broiler performance (Hasni et al.
2014).

Feathers in poultry comprise about 10% of the total
weight of bird (Lasekan et al. 2013). Feather waste has
been used as a source of protein and is also one of the most
important and inexpensive elements in the production of
keratinase enzymes (Balakumar et al. 2013). Various ways
have been done to improve the quality of feather waste as
animal feed. One is to employ use the role of
microorganisms through the fermentation process (Reddy et
al. 2017). In edible parts obtained after processing of
chicken account for approximately one-third of the chicken
body weight. On this amount, certainly, it produces
millions of more tons of chicken feather waste in each year
throughout the world (Daroit et al. 2011). The poultry
slaughtering industry is one of the feather-waste producers
(Darah et al. 2013). Keratin from feather wastes has been
developed in to feed ingredients as well as bioplastic
ingredients. It is based on the nature of the chicken feathers
that are biodegradable and non-burning hydrophilic
(Ramakrishnan et al. 2018). The utilization of livestock
wastes, especially feather waste, has not been done
optimally. An increase in livestock slaughter has an impact
on the amount of waste produced. Increased chicken meat
production encourages the increased production of feather
waste (Zhang et al. 2014a; Cedrola et al. 2012).
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The feathers consist of 50-70 g/kg of alive livestock
weight and contain 900 g/kg of crude protein in particular
feathers originate from adult chickens (Zhang et al. 2014b).
In addition, the use of animal by-products as a source of
animal protein, the use of plant products has also started to
develop lately. An example of the development of
vegetable products is the use of green concentrated
Indigofera plants (Hutapea et al. 2018).

Utilization of by-product livestock such as feathers has
been widely applied, using both physical and chemical
treatment. The enzyme used is a keratinolytic enzyme pro-
duced by the bacteria Flavobacterium sp. combined with
the heating process at the initial stage (Riffel and Brandelli,
2002). Physical and chemical treatments are expensive.
They are also potentially damaging nutrient components
such as amino acids (Queiroga et al. 2012). In addition, the
use of other by-products in the form of cattle skin has also
been developed as a raw material of gelatin. The production
process also uses chemical processes using Ca(OH), (Said
etal. 2011; Said et al. 2015).

Broiler feather waste (BFW) is one of the livestock
wastes which can be produced into broiler feather
concentrate (BFC). To produce the BFC from the BFW, it
is required special treatment, for example hydrolysis
process.

Chemical hydrolysis process is a process which is
considered to be better than other processes (Said et al.
2018). In the process of chemical hydrolysis, the use of
chemicals must be appropriate, because it can affect the
livestock and the environment. Therefore, it is necessary to
combine the right formula. The objective of this study was
to evaluate the chemical and nutritive properties of broiler’s
feather concentrate produced through different chemical
processes.

MATERIALS AND METHODS

The samples of the study were using broiler feather waste
(BFW) obtain from poultry slaughterhouse (PSH) of Daya
village, Makassar City, South Sulawesi, Indonesia. BFW is
a waste coming from the process of removing broiler
feathers (defeathering) without other waste from PSH.
Supporting materials include distilled water aquadest, 1 M-
NaOH; 1 M-HCI. The amino acid profile was analyzed
using near infrared (NIR) (NIRFlex Solids Buchi),

microstructure and morphology of broiler feather (SEM-
Tescan Vega 3SB), composition of broiler feather (EDS-
Tescan Vega 3SB), oven (Memmert), grinder (Hitachi),
analytical scales (Sartorius), beaker glass (pyrex), erlen
mayer (pyrex), measuring glass (pyrex) and the volume

pipette (pyrex).
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Preparation of samples

A total of 3 kg of wet feather waste samples were taken
from the waste disposal of chicken slaughterhouse at Daya,
Makassar city, South Sulawesi province, Indonesia. The
feather waste was selected from base on fresh feather waste
category (one day after slaughtered of poultry). Sources of
the feather raw materials were obtained from broilers
chicken with mixed sexing, 45 day slaughter age, strain
Cobb. The samples were put into high density polyethylene
(HDPE) plastic bags and then taken to the laboratory for
further preparation. The samples were washed with running
water to remove any residual dirt, blood and fat. Later on,
the samples were dried in an oven at 60 °C for 60 mins
(Said et al. 2018). The dried feather samples were prepared
to be treated using chemical treatment. (the process of
drying feather waste decreased the feather weight about
50% after the oven process).

Implementation of research

The flow chart of the overall stages of the research
implementation was presented in Figure 1. A total of 1000
g of dry feather waste samples were used in the treatment.
Each treatment unit used 50 g of dry feather samples. A
total of 20 treatment units were applied, consisting of 4
treatments with 5 replications) (20 treatment unitsx50 g=
1000 g).

A total of 4 treatment stages of the hydrolysis process
were applied, namely (1) H-1 (without hydrolysis process
as control); (2) H-2 (1 M-NaOH, 20% (w/v); (3) H-3 (1 M-
HCl, 20% (v/v) and (4) (1 M-NaOH, 10% (w/v) and (1M-
HCIL, 10% (v/v). Each hydrolysis process was carried out
for 4 days at room temperature (H-2 and H-3 treatment),
while in H-4 treatment, each hydrolysis process stages was
carried out for 2 days. The hydrolysis process in H-4
treatment was carried out in 2 stages. After the hydrolysis
processes, the samples were proceeded with washing with
running water for 1 minute. The dry feather was then
ground using a grinder and then tested.

The parameters observed in this study included: (1)
amino acid profiles (Escuredo et al. 2014), (2)
microstructure and morphology of the BFW and the BFC
(Ramakrishnan et al. 2018), (3) element composition of the
BFW and the BFC (Mishra et al. 2017), (3) proximate
analysis of the BFC (water, fat, fiber and ash content)
(AOAC, 2005). The experiment was conducted
experimentally based on the completely randomized design
pattern which is unidirectional 4 treatment and 5
repetitions. The data were analyzed using ANOVA. The
treatment showed a significant effect, then tested with
Duncan's multiple range test at 5% level (Steel and Torrie,
1991).
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Flow chart of the implementation of hydrolysis process on
broiler feather using different stage

RESULTS AND DISCUSSION

Amino acid profile

Broilers generally produce approximately 37% of by-
products from the activities of poultry slaughter houses.
This amount can no longer be consumed directly by
humans (Meeker and Hamilton, 2006). One of these
products is the feather. Feathers from broilers are one of the
broiler by-products of in the poultry slaughterhouses (Azmi
etal. 2018).
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The main constituent of feathers is protein. Based on the
amount of protein, feathers consist of 80-90% keratin type
proteins (Mazotto et al. 2017).

Amino acids are one of the compounds needed by the
livestock body. Amino acids are useful as the main source
of protein formation in the body. Approximately 75% of
amino acids are used for protein synthesis. Feather
concentrate is rich in essential amino acid compounds
(Newsome et al. 2014). The amino acid profile of the BEW
with and without hydrolysis process was presented in
Figures 2 and 3.

Based on Figure 2, it shows that the amino acid profile of
the BFW with and without the hydrolysis process has a
similar trend. This suggests that the hydrolysis process does
not significantly affect the amino acid composition. The
highest percentage of amino acid in BFW is amino acid
glutamate acid (15.85%), leucine (Leu) (11.77%) and
phenylalanine (Phe) (8.85%). The lowest percentage is the
amino acid histidine (His) (0.94%). The amino acid
concentration is lower than the fermentation feather
concentrate used in other research: glutamate acid (84.6%),
then leucine (66.9%) and phenylalanine (42.0%) (Pan et al.
2016).

The other results reported that the fermented feather
concentrate contains high oligopeptide compounds and
some important amino acids such as histidine (His) and
lysine (Lys) (Cedrola et al. 2012; Grazziotin et al. 2006).

The amino acid composition in the feather meal has a
similarity to the amino acid composition in the fish meal.
The results of the feather meal analysis of broiler amino
acids were: lysine (5.28%); arginine (2.91%); glycine
(4.28%); histidine (2.04%); isoleucine (4.70%); methionine
(2.11%); phenylalanine (6.67%) and valine (6.44%). On the
other hand, the amino acid profile of fishmeal consists of:
lysine (8.83 mg/100 g); arginine (4.56 mg/100 g; glycine
(5.82 mg/100 g); histidine (1.84 mg/100 g); isoleucine
(421 mg/100 g); methionine (1.39 mg/100 g);
phenylalanine (4.79 mg/100 g) and valine (5.24 mg/100 g)
(Prado et al. 2016).

Amino acids profile in feather meal is not very different
from blood meal, but in general, the amino acid levels are
higher in certain types.

The results of the research are related to the amino acid
profile of the blood meal obtained data, namely: lysine
(7.313%); arginine (3.801%); glycine (3.787%); histidine
(5.703%); isoleucine (0.835%); methionine (0.458%);
phenylalanine (6.219%) and valine (6.483%) (Wandita et
al. 2018).

This is what causes the feather meal has great potential to
be developed as animal feed ingredients (Arunlertaree and
Moolthongnoi, 2008).
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Increased hydrolysis process due to the chemical reaction
can cause the decrease of protein solubility. It also occurs
on the protein amino acid (Coward-Kelly et al. 2006).
Amino acid metabolism affects the body. Protein hydrolysis
is the process of breaking down the peptide bonds of
proteins into smaller components, such as peptides and
amino acids. The process of hydrolysis of peptide bonds
will cause protein denaturation which is characterized by a
change in the form of a decrease in solubility. This is due to
the appearance of secondary structural changes in the
peptide chain that which is followed by a reduced
molecular weight of proteins or polypeptides. In addition,
the hydrolysis process causes damage to the globular
structures. The denaturing process can occur due to the
influence of chemical compounds such as acids or bases.

Broiler feather concentrate (BFC) is broiler feather waste
(BFW) that has undergone a hydrolysis process, using both
acids and bases. The hydrolysis process is a process of
breaking down molecules into simpler compounds with the
help of water molecules. Protein hydrolysis is the process
of breaking down the peptide bond of the protein into a
simpler molecule. The process of hydrolysis on the peptide
bond will cause changes in the protein. The use of alkaline
solutions (NaOH) can loosen the bonds of the protein
component in the feather (Kim and Patterson, 2000). These
changes cause an increase in solubility due to the increase
in the content of NH;" and COO™ as well as the reduction in
the molecular weight of proteins or polypeptides. In
addition, this is because of the damage to the globular
structure of proteins. The hydrolysis process can occur due
to the influence of chemical compounds (acids and bases),
heat and enzymatically. Proteins consist of groups of amino
acids. Similarly, keratin protein consists of several types of
amino acids, the typical amino acids are dominated by
disulfide compounds (Riffel and Brandelli, 2006).
Hydrolysis with acids and bases can affect the structure and
profile of amino acids.

Microstructure and morphological of broiler’s feather
The appearance of microstructure and morphology of
broiler’s feather using scanning electron microscope (SEM)
was presented in Figure 4. This parameter aims to provide a
comparative micrograph of broiler feathers which with and
without hydrolysis. Feather is the by-product of broilers
composed of a number of keratin proteins.

Based on Figure 3, it can be seen that the structure of the
feather is different in the two images. Figure 4(a) shows
that the structure of the feather is still arranged regularly,
while in Figure 4(b) describes that the structure of the
feather changes significantly. The feather structure is
stretched and irregular.
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(Ala: alanine; Arg: arginine; Asp Acid: aspartate acid; Cys: cysteine; Gly: glycine; Glu Acid: glutamine acid; Pro: proline; Ser: serine and Tyr:

tyrosine)

This change is one of the phenomena of protein
denaturation process caused by the hydrolysis process. The
peptide bond structure changes the shape so that the
structure of the feathers also changes.

The micrograph in the (Figure 4a) is still visible, while
the tissue morphology of the BFC in Figure 4b is irregular.
This indication suggests that there is a process of
denaturation of the keratin protein components which make
up the tissue in the hair.
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This denaturation process occurs because there are active
side reactions on the keratin amino acids with chemical
compounds used in the reaction process. The chemical
process is able to loosen the polypeptide and disulfide

bonds and dissolve the protective layer of wax found on the
feather, making it fragile and easily ground (Rahayu and
Bata, 2014). Chicken feathers have continuous tissue
structure. Chicken feathers also have long and short shapes
naturally.
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Increasing the surface area of the feather will increase
efficiency (Fathima and Balasubramanian, 2006). Feathers
consist of three parts: rachis (primary), barbs (secondary)
and barbules (tertiary). The length of rachis ranges from 1
to 15 mm while barbs and barbules are (1-45 mm) and (1-
800 mm) respectively (Tesfaye et al. 2017a). The density
level of chicken feathers and fractions ranges from 0.44-
0.91 g/cm’. This value is correlated but is lower than the
density values in animals and plants such as wool (1.31
g/em?), silk (1.27 g/em?), jute (1.3 g/em?), coir (1.2 g/em’®)
and cotton (1.5-1.6 g/cm’) (Hearle and Morton, 2008). The
keratin structure which composes the feathers is non-
burning hydrophilic and biodegradable. Therefore, the
keratin is also widely considered to be a bioplastic-making
agent through a chemical process (Ramakrishnan et al.
2018).

The composition of compounds in BFW and BFC

In general, the illustration of the compounds composition
composing the BWF and the BFC is shown in Figure 4. The
illustration is generated wusing energy dispersive
spectroscopy (EDS).

Based on Figure 6 and Table 1, it is seen that the
composition of the largest compound in the FBW products
is dominated by SOj; (44.89 wt. %). Furthermore, the SiO,
compounds (27.75 wt. %) and Al,O5 (12.80 wt. %) also
predominate. A small fraction contains K,O compounds
(4.43 wt. %) and P,05% (3.60 wt. %). When compared
with the FBW composition data on Figure 5, it is seen that
the component is still dominated by K,O compounds
(71.14 wt. %) and CaO (28.59 wt. %). The SO; compound
has a very low component (0.12 wt. %). The SO;
compounds dominate the composition of FBC. This is due
to a hydrolysis process involving a chemical compound
(NaOH).

The main component of SOj; is sulfur, formed by
disulfide bond (S-S). Feather composed of structural
protein components of keratin (>90%), rich in hydrophobic
residues and cysteine, has crosslinked the disulfide bonds
(Dou et al. 2015). Disulfide bond formation increases
strength on feathers (Garrido et al. 2018).

Water

Water content is one indicator of the feasibility of feed
ingredient. Water content becomes one of the ingredients in
feed formulation. The water content in foodstuffs greatly
affects the quality and saving of the food. Therefore, the
determination of water content of food is very important for
the processing, and distribution process gets the right
handling. The data of water content of the BFC which is
produced from several different chemical process methods
were presented in Table 2.
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The data results of ANOVA in Table 2 show that the
hydrolysis process applied to the production process of the
feather concentrate has a significant effect (P<0.05) on the
water content of BFC. The hydrolysis process using H-2
(20% (w/v) of NaOH 0.1 M) in the actual production
process improved the digestion concentration of feather
(8.49%=0.24%) compared to H-1 treatment (7.53%=0.44")
with H-3 (7.81%+0.27%) with H-4 (7.50%+0.47%). In
general, the water content varies from 7.50% to 8.49%. The
ability of chicken feathers to absorb water from the
environment has important implications for the processing,
storage, transport, and durability of composite materials.
The increase in water content may disrupt the process or
binding of the end product and increase product weight and
product damage due to microorganism contamination
(Munawar et al. 2007; Jones et al. 1998). The OH™ group of
the NaOH compound which is used as a hydrolysis agent
affects the water content in the product. The hydrolysis
process causes the exothermic reaction of NaOH into the
water and frees the heat into the air. The water
concentration of feather concentrate was lower than the
feather concentrate product which resulted from the
previous research which was 12.33% (Tesfaye et al.
2017a). Not much information is available about changes
caused by the different moisture content of hydrolyzed
feather flour. Papadopoulos et al. (1986) reporting that with
humidity levels of 50, 55, 60, 65 and 70% and processing
times of 30, 40, 50, 60 and 70 minutes, at constant pressure
436 kPa and a temperature of 146 °C indicate a linear posi-
tive effect on the amino acids sulfur, cystine and methion-
ine. He also stated that most essential amino acids and all
non-essential foods are lower in foods that contain more
water than those that are processed with lower water con-
tent.

Crude fat

Fat content was measured using the soxhlet method. The
comparison of the fat content in the BFC on different
chemical hydrolysis process was presented in Table 2.

The data (Table 2) of ANOVA results showed that the
difference in the process of hydrolysis has a significant
effect (P<0.05) to the value of the fat content of the BFC.
Fat content is a collection of some fat derivatives
triglycerides, waxes, terpenes, steroids, pigments, esters,
aldehydes and other lipids. The fat content of flour products
varies from 2.42 to 3.33%. The fat content of BFC obtained
is still lower than the fat content of feather meal obtained
by Adejumo et al. (2016) (4.54-5.83%). The lower value of
fat content was caused by the production process using the
cooking process combined with pressure. It can be cause
the fat molecules to be dissolve, so that the fat content
becomes low.
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SEM HW: 5.0 kv SEM HV. 5.0 kV

EE-H*.G.'SIIIJ: sg-mm.g

Micrograph of feather of broiler before and after hydrolysis process using scanning electron microscope (SEM) (VEGA 3 TESCAN)
4(a): without hydrolysis/BFW (H-1 treatment) (Magnification 500x); 4(b): after hydrolysis (H-2 treatment) (Magnification 500x)

The arrows indicate changes in the structure of the feather tissue due to the influence of the hydrolysis process

The feather tissue looks 3(a) normal and 3(b) stretch

An arrow indicates a different structure

L]l Composite compounds of BF without (BFW) (H-1 treatment) and after hydrolysis (BFC) (H-2 treatment) process using energy-dispersive x-ray

spectroscopy (EDS)
Without hydrolysis (BFW) (H-1 treatment) (n=3) After hydrolysis (BFC) (H-2 treatment) (n=3)
Element composition C. compound C. atom (At. %) Element composition C. compound C. atom (At. %)
Sulfur SO; 0.05 Aluminium Al,O; 5.28
Chlorine - 0.03 Silikon SiO, 9.71
Potassium K,O 45.84 Phosphorus P,Os 1.07
Calcium CaO 15.47 Sulfur SO; 11.78
Oxygen - 38.56 Chlorine - 3.87
Copper - 0.02 Potassium K,O 1.98
Iron FeO 0.03 Oxygen - 66.33
Total 100.00 Total 100.00

BFW: broiler feather waste; BFC: broiler feather concentrate and C: composite.

LELEY The chemical analysis results of without (BFW) (H-1 treatment) and after hydrolysis (BFC) (H-2 treatment)'

Treatment groups (n=5)
Parameters
H-1 (BFW) H-2 (BFC) H-3 (BFC) H-4 (BFC)
Water (%) 7.53£0.44" 8.49+0.24° 7.81£0.27° 7.50+0.47°
Crude fat (%) 3.33£0.77° 2.53+0.41" 3.17£0.53" 2.42+0.34°
Dietary fiber (%) 0.54+0.19* 0.48+0.13% 0.45+0.07* 0.79+0.17°
Crude ash (%) 0.5120.06 3.3440.34° 0.2140.05* 0.1440.04°

"'H-1: without hydrolysis; H-2: IM-NaOH, 20% (w/v); H-3: 1 M-HCI, 20% (v/v) and H-4: 1 M-NaOH, 10% (w/v) + IM-HCI, 10% (v/v).

BFW: broiler feather waste and BFC: broiler feather concentrate.
The means within the same row with at least one common letter, do not have significant difference (P>0.05).
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In his research, using immersion methods in distilled
water, wood ash and NaOH were then combined with
soaking in boiling water at temperature of 150 °C for 1
hour. The process of heating without pressure has not been
able to melt fat of feather, so that the fat content is still
high. The fat content of feather meal has been reported by
El-Boushy et al. (1990) with a value of 2.5%. This result is
not much different from the fat content of feather meal
produced by chemical methods. In contrast to the results of
previous studies, Tesfaye et al. (2017b) have reported the
results of fat content of feather waste which is 0.83%.
Feather waste is not only used as feed ingredients, but also
has the potential to be used in a variety of textile, plastic,
cosmetic, pharmaceutical, biomedical and bioenergy
industries. Fats on the feather concentrate in accordance
with the needs of fats in animal feed. The recommended fat
content in feather processing is below 2% (Bateup and
Warner, 1986). Therefore, of course, the advanced process
is still needed. The results of the study have been reported
by Bertsch and Coello (2005) related to the fat content of
feather meal. The fat content from 3 types of feather meal
products has been compared, namely untreated feather
(UF), fermented feather meal (FFM) and commercial
feather meal (CFM) of 2.13%; 5.15% and 9.8%. The higher
value differences in CFM may be caused by a mixture of
other biomass such as viscera, blood or subcatounos fat. A
study result has been reported by Latshaw et al. (1994) re-
lated to the crude fat content test results in 5 types of
feather meal products which are produced using different
commercial hydrolysis process equipment.

A total of 5 types of processes have been applied, namely
3 processes using a steam pressure hydrolysis system con-
tinuously (207, 310 and 414 kPa) and 1 process using a
batch hydrolysis system (283 kPa). Test results are com-
pared with control (without process). The fat content of
each product is for controlless process (7 g/kg), 207 kPa (27
g/kg), 310 kPa (24 g/kg) and 414 kPa (44 g/kg) and 283
kPa (18 g/kg).

Dietary fiber

The dietary fiber content is a mixture of most vegetable
origin substances which are obtained as a defined digestive
residue. The results of the dietary fiber content analysis on
the different chemical hydrolysis process were presented in
Table 2 (AACC, 2000).

The results of ANOVA show that the difference in the
process method of hydrolysis has a significant effect
(P<0.05) on dietary fiber content. The dietary fiber of BFC
was produced through different chemical processes ob-
tained in the range of 0.45-0.79%. This result is lower than
the results of the dietary fiber level reported by Tesfaye et
al. (2017b) which is 2.15%.
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The results of the analysis can differ from one product to
another. This is very much related to the production proc-
ess. Fiber is a non-nutritional substance, there are two types
of fiber, namely dietary fiber and crude fiber. The main role
of fiber in food is in its ability to bind water, cellulose and
pectin. Crude fiber is a part of food that cannot be hydro-
lyzed by strong acids or bases, chemicals used to determine
the levels of crude fiber, namely sulfuric acid (1.25%
H,S0,) and sodium hydroxide (3.25% NaOH).

The composition comprises a number of cellulose and
cell wall substances and is determined using acetic acid,
nitrate, and trichloro-acetic acid (AACC, 2000). A series of
studies conducted by Latshaw et al. (1994) in the produc-
tion process of feather meal using different commercial
hydrolysis process equipment. The results of dietary fiber
tests on 5 types of feather meal products produced have
been reported. Five types of hydrolysis processes have been
applied, namely 3 processes using a steam pressure hy-
drolysis system continuously (207, 310 and 414 kPa) and 1
process using a batch hydrolysis system (283 kPa). Test
results are compared with control (without process). The
dietary fiber levels for without process/control were (12
g/kg), 207 kPa (7 g/kg), 310 kPa (10 g/kg) and 414 kPa (8
g/kg) and 283 kPa (11 g/kg). Raw feather is very difficult to
digest by livestock. The production process can be carried
out using pressures from 207-690 kPa, 6-60 minutes with
humidity of 60-70%, will break down their keratin
ingredients, produce hydrolyzed feather meal that has 70%
digestible crude protein. Processing by continuous heating,
time, pressure, humidity and agitation affect the nutritional
value of hydrolyzed feather flour. Some additions, such as
synthetic amino acids, methionine, lysine, fish meal, dry
whey powder during processing will increase the nutritional
value of this product. Hydrolyzed feather meal can be
added up to 6% of rations for broilers, 7% for layers and
5% for turkeys in balanced feed without harmful effects
(El-Boushy et al. 1990). As many as 3 types of crude fiber
content of feather meal products have been compared,
namely untreated feather (UF), fermented feather meal
(FFM) and commercial feather meal (CFM) of 0.65%;
0.42% and 1.11% (Bertsch and Coello, 2005). These results
are similar to dietary fiber of BFC produced using different
hydrolysis techniques (0.45-0.79%).

Ash
Ash content is a mixture of inorganic components or
minerals contained in a foodstuff. Ash content is a mixture

of inorganic components or minerals contained in a
foodstuff. The description of the ash content on the BFC as
shown in Table 2. Based on the data in Table 2, it can be
seen that the difference in the chemical hydrolysis process
affects the ash content.
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Foodstuffs comprise 96% of inorganic materials and
water, while the remainder is mineral elements. Ash content
varies between treatments (0.14-3.34%). The results of this
test are lower when compared with the value of ash content
in feather meal as a result of research by Adejumo et al.
(2016) (3.19-9.04%). The results of this test are likely
caused by differences in the production process. This study
only used boiling water at 150 °C for 1 hour in the pre-
soaked process. In addition, the NaOH concentration used
was lower (0.3 M) than used to hydrolyze of BFW.
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The applied treatment has not been able to hydrolyze the
feather component, so that the dry matter content which is
converted to ash produces a lower value.

The H-2 treatment yielded the highest value of the ash
content compared to the others. The value of this ash
content is not much different from the fermented feather
meal made by the others (Tesfaye et al. 2017a) (1.49%) and
0.57% (Mazotto et al. 2017). The results of the study have
been reported by Bertsch and Coello (2005) related to the
ash content of feather meal products. The ash content of 3
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types of feather meal products has been compared, namely
untreated feather (UF), fermented feather meal (FFM) and
commercial feather meal (CFM), each 0.95%; 16.7% and
4.85%. This difference may be caused by differences in the
processes and sources of raw materials. This result is
similar to the results obtained in BFC (0.14-3.34%).
Latshaw et al. (1994) have reported the results of research
on 5 types of feather meal products using different
commercial hydrolysis process equipment. Researchers
have compared 5 types of processes, namely three
processes were carried out using the pressure system of
continuous hydrolysis (207, 310 and 414 kPa) and one
process using a batch hydrolysis system (283 kPa).

Subsequent results are compared with control (without
process). The ash content of the product is then compared.
The treatment process produced ash content for without
process (control (2 g/kg), 207 kPa (19 g/kg), 310 kPa (20
g/kg) and 414 kPa (23 g/kg) and 283 kPa (19 g/kg)).

CONCLUSION

The applications of chemical process on the production of
feather waste produce the BEFW amino acid profile which is
similar to the BFC. The application of different chemical
hydrolysis processes to the BFW affects the amino acid
profile of the BFC products. The appearance of the feather
microstructure differs in the application of treatment
(control and chemical). The different stages of the
hydrolysis process using chemical compounds have a direct
effect on the tissue structure in broiler feather waste
(BFW). The process of hydrolysis actually stretches the
tissues that make up the structure of the broiler feathers
concentrate (BFC). BFC product composition is dominated
by SO;, SiO, and Al,O; compounds. The difference in the
composition of feathers is influenced by the different
hydrolysis processes. Different hydrolysis causes changes
in composition especially those related to certain
compounds. Application of chemical hydrolysis process at
the BFW increases the value of water and ash content in the
BFC, but on the contrary, it lowers the fat and fiber content.
Test results related to water, crude fat, dietary fiber and ash
show different values of each hydrolysis process applied,
but these values still have similarities. Value differences are
strongly influenced by the process methods that have been
applied. The hydrolysis process using H-2 treatment (20%
(w/v) of 1 M-NaOH is the best chemical hydrolysis process
compared to other treatments.
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