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ABSTRACT

Leather making process necessitates the effectiveation of potential waste from the meat
industry through tanning. This results in the gatien of solid wastes leading to serious
environmental concerns. Fleshing waste is congiderde one of the major solid wastes, which
contains proteins and fat. The current disposalhots of fleshing wastes have various
challenges and limitations. In order to overconeséhdrawbacks/limitations, we propose a novel
approach for converting fleshing waste into a valdded material for acoustics application.
Herein, protein hydrolysate was prepared from thshing waste through acid hydrolysis and
was blended with polyvinyl (alcohol) (PVA) to prachinanofibers through the electrospinning
process by optimizing the electrospinning paramset&cid hydrolysis was done at varying
conditions and its effect on the properties of tlenofibers was studied. Nanofibers were
characterized using scanning electron microscoM)S differential scanning calorimetry
(DSC) and x-ray diffraction (XRD) studies. The exp®ental observations indicated that the
nanofibers produced with fleshing hydrolysate- P$Aowed enhanced thermal stability than
neat PVA nanofibers. The prepared nanofibrous mangmas placed on the natural sound
absorbing material coir and the sound absorbingergia of this bilayer material was
characterized. The sound absorption studies redélade the bilayer material, which consisted of
fleshing hydrolysate- PVA nanofibers with coir disas better sound absorbing potential in the
lower frequencies when compared to pure coir and P¥nofibers with coir material. This
gives new insights into the potential use of flaghivaste derived nanofibers as sound absorbing

layer in acoustic applications.
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1.0INTRODUCTION

Leather making process involves the conversionmimal hides/skin to a non-putrescible
material called leather by subjecting them to uasiohemical and mechanical processes. Leather
industry plays a significant role in the global eomy because of the higher need for leather due
to its fascinating properties over synthetic malsriwhich also helps in employing the weaker
section of the society. However, the industry gatesy substantial quantities of solid and liquid
wastes, which pose a serious threat to the envieohnProcessing of one metric ton of wet
salted cow hide yields 200 kg of finished leathiengside 250 kg of tanned, 350 kg of non-
tanned solid wastes with the loss of 200 kg of evast waste water and they are currently
unutilized (Cabeza et al., 1998). The majoritylt#de solid wastes are generated in pre-tanning
operations like pre-fleshing, fleshing, shaving amenming (kler et al., 2010). Global
production estimate of hides and skins comes arduf@ million tonnes per annum. It is
interesting to note that India processes 70000@e&®rcontributing around 70000 tonnes to
100000 tonnes of fleshing waste (Buljan, 1999; FR(Q16). These waste consist of water (80
%), collagen (8%), salts (8%) and fats (4%) (Niskathima et al., 2014). The current disposal
method for fleshing waste is landfilling, which ine more labor cost and results in severe land
pollution.

Components of fleshing waste can be utilized toldyieew value-added products for
sustainable technologies. Valorization of wast@rmduce a value-added product will not only
reduce the complications of waste management bilitalgo have a positive and significant

impact on the economy (Catalina et al., 2012).



There are several reports available in the liteeata utilize fleshing waste for the preparation
of value-added products. Fleshing waste has bekzedtas a potential adsorbent to remove the
dyes and chromium (VI) from waste water (Fathimalet2011, 2005). The potent usage of fat
content from the fleshing waste has resulted ipgmagion of biodiesglAlptekin et al., 2012;
Ozglnay et al., 2007) Yuvaraj et al. prepared atdiy carbon by the pyrolysis of fleshing waste
with the effective employment of activated carbanam adsorbent for chromium (VI) from
waste water (Palani et al.,, 2017; Yuvaraj et abl18). They have also been anaerobically
digested for the preparation of biog&anmugam and Horan, 2009). In addition, theshithg
wastes have been vermin composted to the nutrieidhed product byEisenia foetida
(Ravindran et al., 2008)

The commercial feasibility of the above-mentionedduict is very low. Therefore, an effective
utilization of this solid waste by converting them value-added materials is the need of the
hour. Collagen, a fibrous protein is found to baratant in fleshing waste. The fibrous nature of
collagen can be employed in applications like atosiswhere the fibers enhance the sound
absorption. Noise or unwanted sound is said to ppa@latant and an environmental stressor. The
obliged noise exposure steers in hearing lossp slesturbances resulting in psychological harms
(Na et al., 2012; Stansfeld et al., 2000). Soursbdbng materials are effective solutions for this
prevalent issue. Sound absorbing materials dissipaire of the incoming sound waves and
prevent reflections. Of the different sound abswgbinaterials, porous materials have a multitude
of small openings or pores through which the soemergy is lost by viscous and thermal losses
(Bahrambeygi et al., 2013). Nanofibers have gaigesht attention as absorbing materials

because of their porosity and high surface to veluatio. When the sound wave strikes the



surface of the nanofiber membrane, there is a mewenn the membrane leading to the
conversion of sound energy to kinetic and thermatgy (Mohrova and Kalinova, 2012).

Synthetic sound absorbing materials emits greerghgases during the manufacturing process,
which led to the use of eco-friendly materials froemewable resources thereby discovering
viable alternatives for conventional materigdsenas and Crocker, 2010). Natural fibers such as
cotton, kenaf, coir, hemp, and flax have been d@isedound absorption. Use of multiple layered
sound absorption materials with these natural $ibean enhance the sound absorption
coefficient.

In the present study, extraction of protein hydsatg from limed fleshing waste and the
fabrication of fleshing hydrolysate- PVA nanofibetisrough co-electrospinning have been
attempted. Nanofibers were characterized for thteirctural, thermal and mechanical properties.
The prepared nanofibrous membrane was layeredomir diber disc. This bilayer material was
characterized for its sound absorption behavior.

2. Experimental
2.1 Materials

Polyvinyl alcohol (MW- 160000 Da) was purchasedhiréli-Media. Glacial acetic acid was
procured from Merck (98%). Acetone (Commercial gadias obtained from SRL chemicals.
Limed Fleshing waste (Cow, 25 kg) was collectednfriannery division of CSIR- CLRI. Coir
pith discs were obtained from Manidharma Biotech[Rd.

2.2 Pre-treatment of fleshing waste
Limed fleshing was washed with water to removeithgurities such as dirt and soluble lime.

The fleshings were further delimed with 5% ammonigirioride overnight followed by
degreasing with petroleum ether. The fleshings wgher dehydrated using increasing

concentrations of acetone (10 %, 20 %, 40 %, 80n%h E00 %). Dehydrated samples were

5



vacuum dried at 60°C for 3 hours followed by mgjiwith Wiley mill to prepare fine powder.
The prepared fleshing powder was stored for furtiser.
2.3 Preparation of fleshing hydrolysates

2.5 g of vacuum dried fleshing powder was takenassply in 100 mL of acetic acid in
varying molar concentrations (0.5 M, 1 M, 1.5 MM2 and 2.5 M) and stirred at 80°C for 6
hours. The solutions were centrifuged at 10000 fpm30 minutes. The supernatant was
collected and the residue was dried at 80 °C toowventhe moisture content. The hydrolysate
solution was dialyzed extensively against 0.05 Mtiacacid for 48 hours to remove the
impurities. The solution was further lyophilizeddbtain hydrolysate sponges. The experiments
were performed in triplicates and the data wereesqed as average + standard deviation.
2.4 Methods
2.4.1 Characterization studies of fleshing hydrolysate

The residual weight after the hydrolysis was esitiaand the percentage of hydrolysis was
calculated using the following formula.

Percentage of hydrolysis

_ Initial weight taken for hydrolysis — Residual weight after hydrolysisX 100

Initial weight taken for hydrolysis
Hydroxyproline content in fleshing hydrolysate sgenwas estimated by Woessner's method
(Woessner, 1961). 1 mg of fleshing hydrolysate gpowas dissolved in water (1 mg/ 10
followed by complete hydrolysis with an equal vokiwf 6N HCI at 110 °C for overnight. The
samples were dried and made up with known amoudistifled water for performing the assay.
Three samples were taken for estimation from eaclipgand the values are expressed as

average = standard deviation. Functional groupyamaivas carried out using FTIR (Jasco FTIR



spectrophotometer) by KBr pellet method and thetspavere recorded between 400- 4000 cm-
1.
2.4.2 Electrospinning of PVA- fleshing hydrolysate
Initial optimization for the formation of nanofileewas done by varying the concentrations of
PVA and fleshing hydrolysate, applied voltage apdd collector distance. PVA concentration
was varied from 6 %- 8 % whereas voltage was vdrah 10- 25 kV and the tip to collector
distance varied from 10 cm- 15 cm. It was found #i1& % and 7 % PVA concentration, beaded
nanofibers were produced whereas at 8 % the beadierooth and uniform nanofibers were
obtained. 8 % PVA and 5 % fleshing hydrolysate fiseed through the above optimizatia200
mg of hydrolysate sponge was dissolved in 4 ml binary solvent system consisting of glacial
acetic acid-water (1:1) to make 5% solution conegiun. To the above solution, PVA was
added to make 8 % solution and kept under constming for 90 minutes at 80° C. The
solution was electrospun using ESPIN-NANO electimspg apparatus (India). Briefly, the
solution was fed into 2 ml syringe attached witk4& needle. The flow rate was maintained as
0.5 ml/hr. The distance between the tip of the feetalthe collector was maintained as 10 cm.
The applied voltage was fixed at 20 kV. These arpants were performed at room temperature.
2.4.3 Characterization studies of nanofibers

Surface morphology of the electrospun nanofibers gfaracterized using a scanning electron
microscope (Hitachi S-3400N, Japan) at an accéberabltage of 5 kV. Samples were sputter
coated with gold before imaging. Average fiber disen was determined from 100 random
measurements per image using ImageJ. ATR-FTIR measnts for the nanofibers were
carried out using Jasco ATR-FTIR spectrophotomitehe region of 600-4000 chn All the

samples were scanned with the resolution of 4".cktechanical properties of the nanofibers



were determined using Instron Universal TensiletdreNanofiber mats of dimension, 10 X 50
mm were fixed between two clamps of the instrumfemttesting and the stroke rate was
maintained as 5 mm/min. Triplicates were takeneach sample. Surface area and pore size of
the nanofibers was measured by nitrogen adsorptiafY.3 K using surface analyzer (Belsorp-
mini 1, BEL, Japan). Porosity of the nanofibers smmeasured using automated humid air
porometer (Porous Materials Inc. HCFP-1100-AE).ckhess of the nanofiber membranes was
determined using micrometer screw gauge at fiveerdint places and the average value was
taken. Thermal behavior of the nanofibers was itigated using differential scanning
Calorimetry (Netzsch- DSC 204 F1 Phoenix) from terapure 25 °C- 250 °C at the heating rate
of 10 °C/min. Thermogravimetric analysis for thenabers was performed at a temperature
range of 30- 750 °C using Universal V4.4A TA Instients. The crystallinity of the nanofibers
was analyzed using Rigaku Miniflex Il desktop X-Réiffractometer with Cu K radiation {=
1.540562 A).
2.4.4 Acoustic absorbance studies

The sound absorption coefficient for the nanofiberas calculated by two microphone
impedance tube method (Bruel & Kjaer, Denmark) atiog to the ISO standard (ISO standard
10534-2, 1998). A large tube (99.5 mm) setup vezsl o measure the frequency in the range
of 100 Hz to 1600 Hz. The nanofibrous mats wer@amed with the diameter of 99.5 mm. The
mats were placed as a layer on the surface ofdindiloer disc of diameter 99.5 mm (Thickness-
15 mm) and the sound absorption was measured. Xgeziments were performed in triplicates
and the results were plotted.
3.0RESULTSAND DISCUSSIONS

3.1 Percentage of hydrolysis



Hydrolysis percentage was calculated based onesidual weight of the fleshing waste. The
process was carried out by maintaining initial ieti¢R.5 grams), time (6 hrs) and temperature
(80°C) as constant with varying concentrations adtia acid (0.5, 1, 1.5, 2 and 2.5 M). The
results are presented in table 1. It was obserkatithe concentration of acetic acid plays a
significant role in the hydrolysis process. Uponr@asing the concentration of acetic acid, the
percentage of hydrolysis was found to be increasliing increase in acetic acid concentration
attributes to the extensive breakage of amide bamdieshings, which leads to the maximum
hydrolysis.

Table 1. Percentage of hydrolysis of fleshing wagtk different acetic acid concentrations

Concentration of Acetic acid (M) Percentage of hydrolysis (%)
0.5 48+1.4
1 50.5+13.4
15 85.5+£35
2 87+28
2.5 87.5+21

3.2 Hydroxyproline Content

Hydroxyproline (HP) is one of the major amino acigeesent in the collagen protein.
Estimation of the hydroxyproline content in thesfieng hydrolysate sponge can elucidate more
information about the hydrolyzed protein sample tedestimated HP values are shown in table
2.

The amount of hydroxyproline increases with theeasing concentration of acetic acid for
lower concentrations. However, for higher aceticidaconcentrations, the amount of
hydroxyproline in the sample decreases. At highaicentrations, hydrolysis of the peptide

bonds becomes stronger and thus the number of amimds extracted becomes higher.



However, during the dialysis, there might be a ladsamino acids, which would have
contributed to the decrease in the level of HPyuirblysatg Sompie et al., 2015).

Table 2. Amount of hydroxyproline content in flestpinydrolysate sponges

Acetic acid concentration HP Content/ mg of sponge
(M) (19)
0.5 71.98 +4.6
1 86.58 + 3.2
1.5 87.47 £ 3.7
2 77.81+5.1
2.5 66.59 + 6.4

3.3 Impact of various hydrolysis conditions on the functional groups of hydrolysates

FTIR analysis was performed to identify the impaé€thydrolysis on the functional group
changes after the hydrolysis process. FTIR spaitideshing hydrolysate prepared from the
limed fleshings are depicted in figure 1. Fleshingirolysates exhibits a less intense peak at
amide | around 1611 chwhich corresponds to C=0 stretching, high intgmsak at amide I,
which corresponds to out of phase combination oN-€retching and —NH bending and
moderate intense peak at amide Il reads for irspl@mbination of —CN stretching and —NH
bending (Barth, 2007; Kong and Yu, 2007) and thekgmositions are presented in table 3.
Amide | peak was found to be around 1608'camd showed a minor variation with different
hydrolysis conditions. Since the amide | is mones#é/e to the secondary structure of proteins,
increasing the acetic acid concentration does mytifcantly affect the conformation of the
polypeptide chains in the protein hydrolysate. Aenitipeak was found to be around 1542%m
and does not vary notably with different hydrolysenditions. Amide Ill peak was found to be
increasing towards higher wavelength with the iasheg concentration of acetic acid.
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Figure 1. FTIR spectra of fleshing hydrolysate wvdtfierent hydrolysis conditions

Table 3. Peak positions of fleshing hydrolysatenwdifferent hydrolysis conditions

Concentration of Amide | Amide Il | Amide IlI
acetic acid (M) (cm™) (cm™) (cm™)

0.5 1608 1542 1251

1 1610 1542 1247

1.5 1611 1543 1280

2 1611 1543 1278

2.5 1611 1540 1278

3.4 Characterizations of PVA and PVA- Fleshing hydrolysate nanofibers

3.4.1 Morphological analysis

It is important to prepare highly porous materfalsthe sound absorption applications, which
was obtained through electrospinning. PVA and fleglydrolysate were mixed in the ratio of
8:5 to prepare nanofibers. SEM micrographs andcctheesponding histograms for the prepared

PVA and PVA-fleshing hydrolysate nanofibers arevamin figure 2.
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Nanofibers were found to be smooth, beadless, aridrm with highly porous structures. Neat
PVA nanofibers showed the fiber diameter around 280 nm. The addition of fleshing

hydrolysate had increased the diameter of fibeygorlJaddition of hydrolysates with varied
extraction conditions yielded nanofibers with diffiet diameters. The variation in molecular
weight of the hydrolysates due to the different rojgbkis condition plays a role in the fiber
diameter variation. The variations in the viscosityl conductivity would have contributed to the
change in the diameter of the fiber. Fleshing hlydate prepared from higher acetic
concentrations forms higher diameter composite filaers with PVA (1 M, 1.5 M, 2 M, and 2.5

M) when compared to the neat PVA nanofibers, wieitha hydrolysate prepared from the
lower concentration (0.5 M) have decreased the elianof fibers.

Figure 2. SEM images and the corresponding histograf nanofibers made of PVA and
Fleshing hydrolysate — PVA. (0.5 M Fleshing hydsalte, 1 M Fleshing hydrolysate, 1.5 M

Fleshing hydrolysate, 2 M Fleshing hydrolysate,M.5leshing hydrolysate).
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3.4.2 Functional group analysis

FTIR analysis was performed to find the interacti@ween PVA and fleshing hydrolysate after
electrospinning and the spectra are representedigure 3. PVA nanofibers exhibited
characteristic peaks at 3306 ¢nwhich attributes to symmetrical —OH stretchin22 cm'
corresponds to —CHasymmetric stretching, 1427 meads for —Chlbending and 1091 cffor
C-O-C stretching.

Fleshing hydrolysate- PVA nanofibers showed a msituft in the —OH stretching peak of
PVA and it was found to be around 3318 trithis could be due to the formation of hydrogen
bonds between PVA and peptides in the fleshing dlydate. The amide | peak for fleshing
hydrolysate shows a positive shift in nanofibersuad 1646 cri, 1649 crii* 1644 cnit, 1649
cm*and 1649 crifor 0.5 M, 1 M, 1.5 M, 2 M and 2.5 M fleshing hydiysate- PVA nanofibers

respectively. This drastic shift in the amide | lpeaight be owing to the non-covalent
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interactions between PVA and the peptides in teghihg hydrolysate. The amide Il and amide

Il peaks showed only a narrow shift in the naneifg

2.5 M FH- PVA

2 M FH- PVA

1.5 M FH- PVA

1M FH-PVA

0.5 M FH- PVA
PVA

Transmittance (a.u.)

T T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure 3. ATR- FTIR spectra of PVA nanofibers arldskhing hydrolysates- PVA nanofibers
(0.5 M Fleshing hydrolysate, 1 M Fleshing hydrotgsal.5 M Fleshing hydrolysate, 2 M
Fleshing hydrolysate, 2.5 M Fleshing hydrolysate).

3.4.3 Porosity and thickness measurements

Specific surface area of nanofibers by BET analisishown in table 4. It was found that the
specific surface of area of PVA nanofibers is 4n11%g. However, the specific surface area of
nanofibers decreases to 2.97/gnafter the incorporation of fleshing hydrolysalée surface
area is decreased because of the higher fiber thanoé fleshing hydrolysate incorporated
nanofibers when compared to the pure PVA nanofibEngkness of the PVA nanofibers was
found to be 153 + 31 um whereas thickness of thévRfleshing hydrolysate incorporated PVA
nanofibers was found to be 261 + 38 um. These itzaroilayers were placed on the surface of
coir disc of thickness 15 mm. Pore size distributiof the PVA nanofibers and fleshing

hydrolysate- PVA nanofibers is shown in figure 4 dn It was found that the PVA nanofibers
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showed the pore size diameter between 0.1 to Om7 However, the pore size distribution
reduced between 0.12 to 0.23 um for fleshing hydaike- PVA nanofibers.
Table 4. Specific surface area of PVA nanofibersl &5 M fleshing hydrolysate- PVA

nanofibers

Material Specific surfacearea | Mean porediameter | Total porevolume

(m?/g) (nm) (cm’/g)

PVA nanofibers 419 6.26 6.56
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Figure 4. Pore size distribution of PVA nanofibers
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Figure 5. Pore size distribution of 2.5 M fleshimgdrolysate- PVA nanofibers

3.4.4 XRD analysis
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XRD analysis was performed to examine the influeoicleshing hydrolysate on the crystal
structure of PVA and XRD spectra of nanofibers ab®wn in figure 6. PVA nanofibers
exhibited a single peak around 20° C, which cowadp to (101) semi-crystalline peak of PVA.
However, the peak has broadened and it has sh@serlentensity in fleshing hydrolysate- PVA
nanofibers. The hydroxyl group in PVA side chairhédd responsible for its crystallinity (Shao
et al., 2003)in Fleshing hydrolysate- PVA nanofibers, the OHugpr® might have involved in the
hydrogen bonding with the peptides of the hydrdlysavhich have reduced the crystallinity of

the PVA contributing to the peak broadening.

2.5 M FH- PVA nanofibers
PVA nanofibers

S
(|
|

5

T T T T T T T T T T T T T T 1
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

20 (degree)

Figure 6. XRD spectra of PVA nanofibers and 2.5 [EsRking hydrolysate- PVA nanofibers

3.4.5 Thermal stability analysis
TGA and DSC analysis for nanofibers were perforteethvestigate the thermal properties and
the results are shown in figure 7 and 8.

TGA curves for both PVA and fleshing hydrolysata/APnanofibers are shown in figure 7

and the corresponding DTG curves are shown indi@umPVA nanofibers decompose in a three-
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step process, whereas for fleshing hydrolysate- PdAofibers the degradation takes place in
two steps. PVA nanofibers showed initial weightsléidl 80 °C, which could be due to the glass
transition and evaporation of moisture from the gl@nThe major decomposition occurred
during the second degradation step starts aroudd@end the nanofibers showed nearly 78%
mass loss at 334 °C, which is mainly due to theatiggion of the side chains of PVA. The third
degradation took place around 480 °C, which atteduo the degradation of the main chains of
PVA (Santos et al., 2014).

Fleshing hydrolysate- PVA nanofibers showed initiight loss till 80°C due to the moisture
loss. For 0.5 M, 1 M, 1.5 M, 2 M, 2.5 M FH- PVA rdibers, the major degradation starts at
258 °C, 274 °C, 274.5 °C, 267 °C and 260 °C respalgt The maximum degradation of PVA
occurs at 304 °C, whereas the value increased 8p$o°C for fleshing hydrolysate- PVA
nanofibers. The hydrogen bonding interactions betw— OH groups of PVA and peptides of
fleshing hydrolysate could be possible reason F@& increase in degradation temperature,

thereby it enhancing the thermal stability of tlamaofiber mats.
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Figure 7. TGA thermograms of electrospun PVA nare® and Fleshing Hydrolysate- PVA
nanofibers. (0.5 M Fleshing hydrolysate, 1 M Flaghihydrolysate, 1.5 M Fleshing hydrolysate,

2 M Fleshing hydrolysate, 2.5 M Fleshing hydrolggat

0.0

0.5 + —— 0.5 M FH-PVA

—— 1 MFH-PVA
— 1.5 M FH- PVA
——2 MFH-PVA
—— 2.5 M FH- PVA

1.0

1.5

Derivative weight (%/°C)

2.0

T T T T T T T T T . T T T T
100 200 300 400 500 600 700 800
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Figure 8. DTG thermograms of electrospun PVA nd®8 and Fleshing Hydrolysate- PVA
nanofibers. (0.5 M Fleshing hydrolysate, 1 M Fleghihydrolysate, 1.5 M Fleshing hydrolysate,

2 M Fleshing hydrolysate, 2.5 M Fleshing hydrolggat

DSC curves of PVA and Fleshing hydrolysate- PVAafdoers are shown in figure 9. PVA
nanofibers showed moisture loss along with glagssition temperature around 40 to 110°C
(Santos et al.,, 2014) In PVA- Fleshing hydrolysate composite nanofibdise addition of
fleshing hydrolysate have increased the glass itramgemperature of PVA from 54 to 66°C
varying for various hydrolysates. Pure PVA nanaBbehowed melting point at 192°C.
However, the addition of fleshing hydrolysate losvé¢he melting point of PVA from 182 to

190°C. PVA is said to be semi-crystalline polymethwhighly ordered structure. The presence
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of hydrolysate peptides might have decreased tliered association of PVA molecules, which

inturn reduces the melting temperature of the freghydrolysate- PVA nanofibers.

Exo™ —— 2.5 MFH-PVA
——— 2 M FH-PVA
—— 1.5 MFH- PVA
—— 1 MFH-PVA
—— 0.5 M FH-PVA
——PVA

Heat flow (mW/mg)

50 100 150 200 250

Temperature (°C)

Figure 9. DSC thermograms of electrospun PVA néeod and Fleshing Hydrolysate- PVA
nanofibers (0.5 M Fleshing hydrolysate, 1 M Fleghitydrolysate, 1.5 M Fleshing hydrolysate,

2 M Fleshing hydrolysate, 2.5 M Fleshing hydrolg3at

3.4.6 Mechanical strength analysis

The effect of fleshing hydrolysate on the tenstlersgth of PVA nanofibers was studied and
the results are shown in figure 10. PVA nanofitsrewed the tensile strength around 0.6 MPa.
Fleshing hydrolysate- PVA nanofibers exhibited gigantly higher tensile strength than PVA
nanofibers, which could be due to the formationhgfirogen bonding between the hydroxyl
groups of PVA and amino groups of fleshing hydratgs Among the fleshing hydrolysate —
PVA nanofibers, 0.5 M nanofibers showed better itenstrength. At 0.5 M acetic acid

concentration the extent of hydrolysis is less keoould result in higher molecular weight
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peptides, which might have contributed for the éase in tensile strength. However, when the
acid concentration gets increased, hydrolysis aswe leading to smaller peptide fragments,
which should result in lower tensile strength. But increase in tensile strength is observed
which could be due to the orientation of the pegdidlong the axis of nanofibers during the
electrospinning process and this might have caumteib for the slight enhancement in tensile

strength.

2.4 —

2.0 o

0.8

Tensile strength (N/mm®)
&
A

0.0 -
PVA 0.5 M FH-PVA 1 M FH- PVA 1.5 M FH- PVA 2 M FH- PVA 2.5 M FH-PVA

Figure 10. Tensile strength of the electrospun M&Aofibers and fleshing hydrolysate- PVA
nanofibers (0.5 M Fleshing hydrolysate, 1 M Fleghitydrolysate, 1.5 M Fleshing hydrolysate,

2 M Fleshing hydrolysate, 2.5 M Fleshing hydrolg3at
3.5 Sound absor ption coefficient of the nanofibrous matslayered on coir disc

The sound absorption coefficient of the coir diad ¢he bilayered material consisting of coir
disc and nanofibers were measured using impedaermethod and the results are shown in

figure 11. Coir showed better sound absorption @raknd 1000- 1600 Hz. However, upon the
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application of nanofibers, the sound absorptiorkkscreased towards the lower frequency viz.
1000- 1600 Hz. Whereas, the fleshing hydrolysa¥éA Ranofibers with coir showed maximum
sound absorption peak in the frequency range of 2000 Hz than the pure coir and PVA
nanofiber-coir materials. Thickness, surface aned porosity are the various factors which
affects the sound absorption efficiency (Sedded)920Thickness of the sound absorbing
material affects the sound absorption co-efficiarthe lower frequencies. Since the thickness of
the FH- PVA nanofiber mats is higher than the P\&afibers, the layering of FH incorporated
nanofibers on the surface of nanofibers might haeeeased the sound absorption co-efficient.
The nanofibers provided higher surface area forsthend waves to interact with the nanofibers
resulting in the vibration of nanofibers leadinghe energy dissipation. Nanofibers have shown
greater porosity for the sound waves to pass thrargl also they can move easily during the
interaction with the sound waves than the fiberhwiigher diameter leading to more energy
loss. For higher frequencies, the nanofibers becosflective to the sound waves, thereby
movement of sound waves interaction becomes leselilf leading to the lesser energy loss
leading to minimum sound absorpti(eddeq, 2009; Wu and Chou, 2016). So, the refkecti
nature of nanofibers might have decreased the sainsdrption of nanofibers layered coir
materials in the frequency range 1000 Hz- 1600 He sound absorption behavior of our
bilayer material is higher when compared with nee+owith polyacrylonitrile nanofibers and
non-oven with polyurethane nanofibers over thedesgy range 100 Hz- 1000 Hz reported in
the literature (Rabbi et al., 2014). Thus, thelilag hydrolysate- PVA nanofibers layered on the

coir disc is the favorable material for lower fregay noise reduction.
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Figure 11. Sound absorption efficiency of Coir, PMAnofiber - Coir and Fleshing hydrolysate-

PVA nanofibers — Coir materials

CONCLUSION

In the current study, fleshing hydrolysate was preg from limed fleshing waste and fleshing
hydrolysate- PVA nanofibers were successfully pregaby electrospinning technique.
Hydrolysis yield was found to be increasing witle timcrease in concentration of acetic acid.
FTIR and TGA studies revealed that there were gtranlecular interactions between fleshing
hydrolysates and PVA. Fleshing hydrolysate enhatioesnal stability of the PVA nanofibers
by increasing its decomposition temperature. THayer composed of fleshing hydrolysate-
PVA nanofibers and coir disc showed better sounslogdtion at lower frequencies when

compared to pure coir materials. Thus, this nowstanable technology might produce an
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excellent sound absorbing material and it will emgl the existing solid waste management

technologies in leather industry.
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Highlights

An environmental friendly and value added tannery solid waste management approach
was devel oped.

Protein hydrolysate was prepared from tannery fleshing waste and blended with poly
vinyl alcohol to form nanofibers.

The nanofibrous mat was placed as a layer on the coir fiber disc and the bilayer material
showed enhanced sound absorption in the lower frequencies (100- 1000 Hz) when
compared to coir.

This bilayer material can be an effective alternative for synthetic sound absorbing
materials.



