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ABSTRACT  

More than 4 billion tons of chicken feathers are wasted yearly worldwide. As scientific and technological research 

is gathering each time more awareness about environmental problems, developping a sustainable solution for this situation 

becomes crucial. In order to find a commercial application of these otherwise wasted feathers, chicken feather has been 

studied by means of physical characterization. Mechanical tests such as elongation, elasticity and resistance (made by 

Instrom dynamometer), determination of the content of moisture regain and fiber density, determination of medium title 

fibers and determination of the rate of retraction have been performed. The main finding from this present research was the 

identification of the potential for the production of textile yarn, non-woven and composite reinforcements, based on their 

mechanical properties. 
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INTRODUCTION  

The textile industry and the processing industry grows in high proportions worldwide, causing companies to seek 

new and alternative materials for the production of new technologies that combine economy, sustainability and 

functionality. Over the past twenty years the world consumption of synthetic artificial textile fibers has increased while 

consumption of natural fibers decreased (REDETEC, 2011). Due to great demand for synthetic fibers, it is necessary to 

study and develop new textiles and more sustainable options, these alternatives do not come from the petroleum as 

synthetic fibers. 

Therefore, this study is based on the need to examine the possibility of identifying a new natural textile material 

from animals and, especially, one that is less aggressive to the environment. The analysed solution also benefits the poultry 

industry, which adds up to 4 bilions tons/year of wasted chicken feathers and the fabrication process is similar to the 

cotton, thus being less polluting than synthetic fibers (from synthetic polymer) or regenerated (from cellulosic polymer). 

This study proves the potential for the production of textile materials, based on their mechanical properties. 

LITERATURE REVIEW 

Textile Fiber 

According to the American Society for Testing and Materials, a textile fiber is a natural or chemical material, 

which is characterized by having a length at least 100 times the diameter or thickness (KUASNE, 2008). The classification 

is made with respect to its origins: Natural fibers: Can be as vegetable and fruit seed (cotton, coconut), stems (flax, hemp, 

ramie, mallow, jute), leaves (sisal, caroá); animal origin such as wool and by which are extracted from the fiber dermis 

(sheep, rabbit, goat, angora, mahair, cashemir) or the silk fiber is formed of secretion (cultivated silk, wild silk); mineral 

origin such as asbestos (asbestos); Chemical fibers / Synthetic: may be natural polymers including cellulosic (regenerated 

cellulose such as viscose, modal and lyocell and cellulose esters such as acetate and triacetate), alginate (alginates), 
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animals (casein) and synthetic polymers may be by polycondensation (polyester, polyamide) or addition polymerization 

(polypropylene, poliacrilnitrilo, polyurethane) (HAMLYN, 2010).  

Types and Structure Feather 

The contour feathers give the bird its rounded shape with soft characteristics and visual coloring, and provide a 

first level of defense against physical objects, wind, sun and rain (WILD BIRDS UNLIMITED NATURE, 2011). Down 

Feathers are smaller and lack the beards, moreover, they are soft. These are the types of feathers that provide most of the 

insulation from the external environment, being considered as excellent thermal insulators (FERNBANK SCIENCE 

CENTER, 2011). The most common are the Contour feather. The main function of Semiplumes is to support thermal 

insulation, since the fluff serves to trap air between the feathers and the skin of the bird and besides it provides shape and 

volume to the bird. Filoplumes feathers are very small and only have some fluff on its tip. It is believed that the Filoplumes 

have a sensorial function, causing the birds to maintain their feathers oriented and assist the birds to detect the position of 

the feathers in flight (FERNBANK SCIENCE CENTER, 2011). 

The table below shows the types and structure of feathers and how they are classified according to their 

definitions: 

 

Figure 1: (a) Contour Feathers, (b) Dow Feathers (c) Semiplume (d) Filoplume (e) Feather Structure 

(FERNBANK SCIENCE CENTER, 2011) 

Most feathers depart from a common overall structure, but there are several different types of feathers adopted for 

specialized functions in accordance with each type or function of the bird. The feathers has a basic shape consisting of a 

central hollow shaft, called hollow the vertebral column it arises from a series of short lateral branches. The side branches 

are called barbs and are connected together by a set of beards and their "aculei" sometimes called "Hamuli".  

The base of the feather - where there are side branches - is called a feather or calamus itself. Vane feather is also 

called paddle pool. The central shaft is divided into two regions: The calamus shaft is the part closest to the body of the 

bird. It is hollow and contains no rods attached to it. The distal end (removed) from the central axis is referred to as the 

spine. The rachis or shaft is solid and is defined as an area where the stems or shovels are connected to it (FERNBANK 

SCIENCE CENTER, 2011). 

The rods extend from both sides of feather. A series of parallel branches called barbs make up the edge Feather. 

From the barbs, they form a series of short sprigs called whiskers. Small spines serve to tie together the beards. This 

arrangement creates a somewhat complex structure strong, however slight, the feather (CORNELL UNIVERSITY, 2010). 

The density of this structure is 0.8 g/cm3 chicken compared with the 1.5 g/cm3 and 1.3 g/cm3 cellulosic fibers of the fiber 

wool (JONES, 1998). None of natural or synthetic fibers have a density as low as that of chicken feathers. 
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Textile Feather Fiber 

According to Yang (2007) the structure and properties of barbs of chicken feathers fibers make unique and 

preferred for many applications because the presence of hollow structures similar to the honeycomb, its low density, high 

flexibility and structural interaction can with other textile fibers is capable of providing unique properties and different 

from any other natural or synthetic fibers. 

According to Barone and Jones (2005, 1998), chicken feathers density is about 0.8 g/cm3 to 1.5 g/cm3 as 

compared to cellulose fibers and about 1.3 g/cm3 for wool. None of natural or synthetic fibers commercially available 

today have a density as low as that of chicken feathers. These properties are very interesting for many applications such as 

textile yarns and composites used, for example, for applications in the automotive industry. Besides having a unique 

structure, the barbs and therefore the feathers are cheap, abundantly available and a renewable source of fiber proteins 

(YANG, 2007). 

The fibers, although, do not have the required length to be processed in textile machines and therefore are not 

suitable for the manufacture of yarns consisting of 100% barb feathers. To produce a fiber yarn feather is necessary to 

perform a mixture with other natural or synthetic fibers (YANG, 2007). The current applications of chicken feathers 

thereby are primarily in composites and non-woven (EVAZYNAJAD, 2002). 

Find alternative sources to replace at least a portion of the 67 million tons of natural and synthetic fibers currently 

in use is important due to the reduction of the availability of resources required to produce these materials (REDDY, 

2005). 

MATERIALS AND METHODS 

Material Preparation 

 

The feathers were washed and sterilized three times using water, 5% sodium chlorite and detergent to remove 

debris and materials fastened to feathers. Barbs were separated from the rachis manually with the help of scissors. It is 

recommended that the fibers have approximately 10 to 32 mm (MENANDRO, 2010). 

Physical Testing 

To accomplish the physical tests only sterilized fibers were used, pre-treated and air-conditioned at 21 ° C and 

relative humidity of 65%. The physical tests were applied to the fibers: 

Fiber Classification 

The identification of chicken feathers as natural and animal (same classification of silk and wool), was performed 

by the standard for fiber identification (ABNT NBR 12744/92 Brazilian standard). 

Climatization of the Samples 

The material was cleaned and separated from the rachis barbs through the process of acclimatization (brand 

Mesdan. Climatest Model M250-RH, Italy) for a period of 24 hours at 21 º C and relative humidity of 65%. According to 

ABNT NBR ISO 139:2008, the material must go through the process of acclimatization previously to the physical and 

mechanical tests.  

Length 

Length is the dimension of the fiber in its natural state. The determination of the length commercial was 
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performed by using manual ruler with 20 bodies of evidence (BAYER, 2005). 

Determination of Medium Title Fibres 

The procedure suggests the use of standard ISO 1973-1995. Was made the calculation of average titer of fibers 

with length measuring these with the use of a ruler and weighing 20 fibers in analytical balance (Spinlab Instaweigh 485). 

Weighing is carried out and take fibers is the average mass of each. Calculate the average titer by the following equation:                                                              

(Eq.1)         
L

.1000M
T m
m    x 10         Tm = Medium title (dtex) 

                                                                     Mm = Mass average fiber (g) 

                                                                     L = Fiber length (m) 

Test Traction of Fibers 

From the obtained samples was carried out according to ASTM D 3 822-2001, the test for tensile properties of 

textile fibers simple, obtaining the following measurements: tensile strength, elongation and toughness. Instron 

dynamometer was used (Model 33R4204, USA) with a distance between claws of 10 mm, of the claws velocity of 50 mm / 

min and mordants claw with dimensions of 2.5 x 2.5. The apparatus provides the values of maximum load at rupture 

resistance (cN), elongation at break (%) and tenacity at break (cN / tex). 

 (Eq. 2)                           
T

F
γ                 γ = Tenacity (cN/tex) 

                                                                   F = Charge at Break (cN) 

                                                                   T = Title (tex) 

Determination of Humidity Content and Regain 

The method is adapted from the standard norm ISO / TR 6741-4: 1987. The amount of moisture was determined 

by weighing a sample conditioned (20 ° C and 65% relative humidity) on an analytical balance. Then kiln drying is 

performed with petri dish and recirculating forced air at 70 ° C until constant weight and then the sample is tared again. 

Thus, the percentage of humidity content (humidity) is defined as the weight of water calculated as a percentage of the 

original sample weight: 

     (Eq. 3)        

Percent Humidity Recovery (Regain) is defined as the weight of water calculated as a percentage of dry weight: 

     (Eq. 4)       

Calculation of Coefficient of Variation 



Chicken Feather - Study of Physical Properties of Textile Fibers for Commercial Use                                                                                       33 

 

              (Eq. 5)              

Calculation of the average   

               (Eq. 6)               

Rate Determination Retraction 

When heat-treated, the extent of shrinkage of a fiber or filament, in addition to providing a measure of quality 

control can predict in part the dimensional stability of the resulting products. This test therefore enables the retraction rate 

of fibers and filaments in the form of bundles, by subjecting them to a thermal treatment in water to the boil in an autoclave 

under the condition of free shrinkage. The standard used was ASTM D2102 - 02 (2012) for determining the rate of 

retraction in water at boil. The length of a fiber bundle conditioned in standard atmosphere (21 ° C and relative humidity of 

65%) is parallelized and evenly measured the beam being caught between two pincers and under the action of a given load. 

The ends of the bundle were joined with adhesive tape so that the material could not disperse in water. A second measure 

is performed, under identical conditions, after the beam has been submitted to a heat treatment in water at boil. The change 

in length is calculated as a percentage relative the initial measurement. For the experiment is recommended, according to 

standard test bodies 20, each fiber bundle with 1.3g since material which has up to 40 mm in length should be 1.3 g. The 

length of the beam must be as long as possible, allowing the fibrous material. 

RESULTS AND DISCUSSIONS 

For comparison parameters, was performed titration of chicken feather fiber and fiber alpaca wool. The results 

follow in Table 1. 

Table 1: Titration of Chicken Feather Fiber and Fiber of Alpaca Wool, Respectively 

 



34                                                                                            Raquel Seawright Alonso, Regina Sanches & João Paulo Pereira Marcicano 

 

 Last lines of the table translate from Portuguese into English as follows: Média = avarage; Coeficiente de 

Variação = variation coefficient; Desvio Padrão = avarage deviation; Máximo = maximum and Mínimo = minimum. 

Table 2: Titration Fiber Recognized in the Commercial Market Modified by the Author (KASWELL, 1963) 

 

Fiber Title (Average) dtex 

Feather 63,42 

Wool 2 à 30 

Silk 1,3 

Cotton 2,1 à 3,6 

Linen 2,1 

Ramie 18,4 

Polyamide 1 à 240 

Polyester 1 à 175 

 

Comparing the tables prepared by the authors, it turns out that the title of the fiber feather from among the titles of 

animal fibers (wool and silk), is the largest (63.4 dtex). 

The titration system was used Title Direct, because it represents the weight of a given length of yarn (Dtex the 

title length is set at 10,000 m). Thus the length is variable and constant weight. Therefore, the thinner the yarn, the title is 

lower. In this system the length is constant and measured the weight. Thus, the higher the value the title be the most thick 

yarn will be.  

It can be considered this way, the fiber penalty a mean titer. The applications for this type of title can be for 

various areas such as automotive, aerospace, geotextile composites, decoration, civil or even for making clothing is mixed 

with wool or cotton for example. 

Test Traction 

With the samples was conducted according to ASTM D 3 822-2001, the test for tensile properties of textile fibers 

with simple dynamometer Instron (Model 33R4204, USA) using 20 test bodies (Table 3). 

Table 3: Physical Tests of Chicken Feather Fiber Developed by the Authors 
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The tensile tests measure the behavior of the fibers when a deformation force is applied along the fiber axis in 

terms of tenacity and percent elongation. Tenacity is defined as the specific stress and corresponds to the maximum charge 

ratio of linear density (title) of fiber in a tenacity-elongation curve which a fiber can withstand before it breaks. For the 

development of the tests the distance between the claws was 10 mm, the speed of 50 mm / min and the jaw clutches with 

dimensions of 2.5 x 2.5. Comparing the different fibers has to table 4: 

Table 4: Characteristics of the Main Materials Textile (KASWELL, 1963) 

 

Fiber 
Títle (Average) 

dtex 

Elongation 

(Average) % 

Tenacity (Average) 

cN/tex 

Feather 63,42 14,54 8,07 

Wool 2 à 11 25 9,1 

Silk 1,3 15 2,73 

Cotton 2,1 à 3,6 3-7 26,5 à 43,3 

Linen 2,1 2,7 à 3,3 23 à 68 

Ramie 18,4 3 à 7 48,6 

Polyamide 6.6 1 à 240 24 à 40 40,6 à 52,1 

Polyester 1 à 175 14 à 25 38,8 à 44,1 

 

The comfort characteristic variables can be measured by touch, vapor permeability, flex, rake and thickness, 

among others. The fiber feather has greater elongation than silk, cotton, linen and ramie, becoming in this way more easily 

flexible and, therefore, can Provide the characteristic feel and comfort to the user The tenacity of feather, namely 

maximum impact required to break the material, is also acceptable. The fiber has tubular cavities within the structure 

therefore results in a desirable strength of material without losing low density (fiber marked characteristic of the chicken 

feathers). It is believed that with the properties studied, chicken feathers, has good resilience (ability of the material has to 

return to its natural state after suffering stress), since it has good tensile strength and elongation compared to a resistance 

desirable (51.49 cN). 

Determination of Humidity Content and Regain 

It was analyzed the percentage of Humidity content (Humidity) of chicken feather fiber, other words, the 

percentage of humidity that was absorbed into the fiber at 25 ° C and 65% relative humidity, as well as the Recovery 

percent moisture (Regain) is expressed as the amount of water absorbed by the dry material under specified conditions of 

temperature and humidity (70 ° C and 65%) compared to the mass of dry material. 

Table 5: Result Percent Humidity Content and Percent Humidity Recovery of Fiber Chicken Feathers 

 

Samples 

Humidity 

Content  

Percent (%) 

Percent 

Humidity  

Recovery (%) 

1 83,3 500 

2 66,6 200 

3 33,3 50 

4 33,3 50 

5 50,0 100 

6 75,0 300 

Média 57,0 200 

DP -0,083 0 

CV -0,001 0 

 

It is observed that the moisture values (calculated on the original weight) are much smaller than the Regain 

(calculated on dry weight). Compared to Regain Alpaca wool (17%), is noted that there is a difference of 40% between 
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chicken feather fiber. This considerable difference arises because although the fibers are of animal origin, they present very 

different physical properties, since the fiber chicken feathers features pipes in its interior. These pipes provide fluid buildup 

inside. Thus the calculation of Regain is essential for the purchaser to know the quantity of liquid that absorbs the product. 

Considering this moisture retaining property of the fiber can think of several types of applications needing seizure and fluid 

retention, for example, an application in the medical field, in which a drug can enter the pipes micro fibers and with body 

heat this drug can be released slowly into the skin of the individual. The value of Regain analyzed by chicken feather fiber 

is considered very high compared to other fibers which do not exceed 20%. Probably the product from this material, the 

property will provide comfort in use. 

Test Retraction Determination Rate 

The chicken feather fiber was submitted to thermal treatment and the retraction was calculated as a percentage 

relative the original measure. 

Table 6: Result Retraction Fiber Chicken Developed by the Author 

 

Twenty samples were prepared but only ten did not break during testing. Of the ten specimens showed no 

shrinkage relative to initial length. This feature of 0% shrinkage fiber chicken provides an excellent parameter for quality 

control, ie the fiber at any temperature, either during the manufacturing process, transportation or storage, there are 

alterations, decreasing considerably, problems quality material, such as disruption due to change in temperature and 

dimensional stability of the manufactured product. 

CONCLUSIONS 

This work concerns the study of feather chicken. Mechanical tests such as elongation, elasticity and resistance 

(made by Instrom dynamometer), determination of the content of moisture regain and fiber density, determination of 

medium title fibers and of the rate of retraction were all performed.  

The perceived characteristics of the fiber were hollow tubular structure, resulting in a material of low density, 

acoustic and thermal insulating low temperatures and high temperatures resembling, however, the wool fiber. The cavities 

also provide transportation of liquid in the fiber, which possibly would result in a successful outcome of comfort and 

application of desired products in the hollow cavities, such as pharmaceuticals, deodorizers, etc. The shape of the fiber is 
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distinguished because a format "plated" together with hollow structures, the fibrous material may have the ability to 

deflection of the solar rays, giving a gloss effect in the material. Although many advantages of the chicken feather fibers 

can be observed, complete indication of its application can only be possible through physical tests of each particular fiber. 

For this purpose there is a need for further development of yarn and fabric of the chicken feathers as well, when the textile 

material shall pass through a series of new tests confirming whether or not the indications given by the structure of the 

fiber apply. 

The key findings relate to: 

 Based on its structural properties, characteristics such as brightness, comfort, softness, touch, liquid permeability, 

lightness, among other properties, are perceived, thus increasing their textile employability potential; 

 Potential for spinning and textile manufacturing for various applications. 
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