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1. Introduction

Leather processing is one of the chemically and energetically intensive process which converts the
putrefiable collagen ratrices into nonputrescible one (Saravanabhavan et al. 2006). Wide variation
in pH during conventional leather processing results unfavorable consequences to the environment
due to the generation of extensive amount of liquid, solid and gaseous wastengDuretanning
operations, a number of unit operations such as lirileiming are initiated which alone contribute

1


mailto:sanjoy85@hotmail.com

to maximum pollution load and (Saravanabhavan et al. 2008), leading to deleterious health hazards
for human life and aquatic biota.

Delimingprocess using ammonium salts is aimed to reduce pH from 12.5 to 8 by the removal of lime.
This reduces swelling and prepares the matrices for enzymatic treatment. Usage of ammonium salt
becomes a biggest environmental trepidation due to ammoniacal nitr@gereration in the effluent
(Covington)l YR NBf St asS 2 Fhis compeksyitle  alterBdtivle green approaches by
revamping this individual processing step. Although a great deal of research has been initiated into
overhauling the whole or part of leath processing steps, but very few attempts have been made to
replace ammonium salt in a techno commera&abnomic viable manner.

In the current study, an ammonium salts free deliming process has been attempted in order to
develop a greener leather procesg. Sodium bicarbonate has been selected to neutralize the
alkaline lime liquor. It is an alkaline salt. The extent of neutralization of lime liquor has been assessed
from both the control and experimental processes by pH meter and chromatographicadiyngd
economic feasibility of the developed recipe has also been discussed.

2. Materials and methods

Ammonium chloride, Sodium bicarbonate (NaHC&hd calcium hydroxide (Ca(QHER grade have

been procured from Merck, India. All chemicals used for tRjgeament were of analytical grade.

aAfft ALRNS INIRS 461 GSNI oNBaAadlyOS mydun Ko gl & dzi
filtration process.

Neutralization of 0.1 g of lime mixed with 50 mL of millipore water was achieved with the addfition
Sodium bicarbonate salt at 30° C. Three beakers each containing required amount of lime and water
were kept at 30° C. Variable amount of sodium bicarbonate salt (1g, 2 g, 3 g) was added in each
beaker for neutralization of lime solution. After compteti of the neutralization process, pH of the
solution was measured through pH meter. Subsequently, each solution was filtered for
chromatographic analysis.

Ammonium chloride was used as a standard. Average value has been reported from triplicate
measuremenbf each experiment.

3. Result and discussion

Involvement of lime and sodium sulfide in the conventional unhairing and fiber opening processes
with the removal of interfibrillary unwanted cementing protein contributes towards depletion of
water resources, leading to increase of pH up tel2%5. Incrase in pH induces osmotic swelling and
plumping of hide and skin, which in turn causes a hydrostatic pressure inside the matrix. The practice
of liming claims to follow deliming process where ammonium salts are used for neutralization of
lime. This is aimek in order to avoid the deposition of insoluble calcium salt on the skin matrix and
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loss of tanning materials. The challenges of unhairing process such as liberation of toxic ammonia
gas, generation of huge solid waste, resource depletion and threats uati@gbiodiversity, energy
securities require a paradigm shift in leather production. This study explores the possible usage of an
alkaline based salt NaHg&s a substituent of acidic ammonium chloride or ammonium sulphate in
order to prevent the generatin of ammoniacal nitrogen and ammonia gas. Nat@rs the pH of

the solution due to neutralization of lime. A comprehensive irputput analysis of the
neutralization process using ammonium chloride and NaH&(3 carried out for the conventional

and eperimental deliming process. The inputitput assessment in deliming process evaluates the
environmental impact of the developed process as against the existing process.

The proposed neutralization scheme by NakliS@iven by equation (1¢quation (5)

Ca(OH)+ NaHC@= CaCo+ HO 1)
Ca(OH)=C&" + 2 (OH (2)
NaHC@= Na' + (HC®) (3)
(HC@)+ (OH)= (C@)+ HO (4)
(HCQ@) + HO = HCQ + (OH) (5)

The comprehensivecalculated values ofnput-output analysisfor neutralizing 0.012 M of are
tabulated in Table 1.

Molar concentration of lime in the solution is calculated by equation (6)
0 — (6)

Now, solubility and molecular weight of limedi® g/ L and 74, respectively (Vogel et al 1978).
So, D T@§ X T TBIp

From equation (2), itis evidentth@ «0 'O k ¢ 0 O

Molar concentration of hydroxyl ion in the solution is calculated as

. . aéaqQi o
0 cz 0 chﬁtpr g aé ami

Equation (4) reflects thatl mole of Okacts with 1 mole of HGQo give 1 mole of CO. So,
concentration of [CgJ] is 0.024 M.

Molar concentration of HCQOs calculated using equation (7)



00 0 (7)
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Where, W $ amount of NaHCOMW is the molecular weight of NaHE® is the volume of the
sample solution, respectively.

Concentration of HCQOn the solution is denoted as [HE[G=y M (8)
Amount of unreacted HGOs calculated as follows/pe equation here.
[HCQI=(yc [CQ*]) M 9)

The alteration in pH of the solution is calculated usingHendegidasselbalch equation (equation

(10))

nonu a¢&Q—— (10)
TABLE 1. Neutralization processomprehensivénput-output analysis of the
NH,CI NaHCQ@
Amount Molar
of Salt concentrat Remaining
. Calculated | Observ
added | pH TSS (g) ion of | [CQ?] | unreacted oH ed pH TSS (9
(9) HCQ [HCQ] (M)
(y) M
1 9 0.048 | 0.23 0.206 9.36 9.18 0.1869
2 8.5 |[0.103 |0.4761 0.024 0.4521 9.0 8.77 0.258
3 8.2 |0.134 |0.7142 0.6902 8.84 8.63 0.285

pH reduction profile of the conventional as well as experimental neutralization process is shown in
Fig. 1. It is clearly evident that sodium bicarbonate mediated neutralization process follows similar
trend of pH reduction as compared to the conventionabgess i.e. ammonium chloride mediated
neutralization process. The observed pH of the neutralized solution mediated by N&HG@ood
accordance with the theoretical pH. Generation of TSS in the experimental process and the
conventional process as tabtdal in table 1. It has been manifested that there is a significant
increase in the experimental process compared to the conventional process. The postulated
mechanism of this process is similar to that of an akkalldl alkali neutralization process.



Fig.1. pH reduction profile of neutralization process at temperature 30°C.
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Environmental impactAmmoniacal nitrogen generation during conventional deliming process is one
of the major environmental concerns. Fabrication of deliming recipe wsaitium bicarbonate will
pave a way towards an ecofriendly leather processing.

Economic Perspectivedtilization of a cheapeasily available chemical in the industry satisfies
technical feasibility and cosfffectiveness. Employment of sodium bicarbonate the newly
developed recipe fulfills the economical feasibility. The total cost consumption for conventional and
experimental deliming process is very much similar.

4. Conclusions

This study explores the utilization of NaHG@ deliming, an important getanning operation in
leather manufacturing process. Sodium bicarbonate mediated athifdi alkali neutralization process
could offer advantages in terms of waste minimization. Use of NaH&ems an innovative
addendum in the ecofriendly process. Gertam of huge amount of TSS in the experimental process
might be a stumbling block of the developed recipe for tanners due to the stringent environmental
concerns.
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In recent years, biotechnology has got more and mattention in leather industry due to its high

efficiency and cleanness. Compared withemicatlegradation biodegradation usually has more

milder reaction conditions. Bacteria, fungi, and their enzyme can be used to treat CTLS since they

have proved to be effective in the process. However, most of enzymesleactivated by heavy

metals. The chromium used in leather tanning process results in loss of collagenase acitivity in the
wasted NB I G YSyd 2F [/ ¢[{ RAALRAlIE® Ly 2NRSNI (2 azf¢
chromium tolerance of microorganisor enzyme which are used in leather wastes disposal.

Ly GKA& LI LISNE I A4GNFXAYy Aazfl i BrmyboiReMciedsind/ y S NE Q3
named as TCCC11319, which produced Gdléilant fermentation broth with collagenase as the

major canponent. Besides, there are alkaline protease, neutral protease and keratinase in the
fermentation broth. All the proteases are significant for the degradation of wastes produced in

leather production. Thus the strain can be applied for chromtanmed ledher shavings(CTLS)

treatment. Furthermore, characteristics of collagenase in fermentation broth were analyzed. Under
optimized conditions of inoculum 5%, pH 8 and temperatur€’G7the collagenase activity of the

crude broth reached 900 U/mL and exhitite NBf | § A @St & KAIK (G2f SNI yOS
strain has the potential application value for solid waste disposal of leather industry or other

chromium contaminated industries.

Keywordschromiumtanned leather shavings, biodegradatidhamyloligiefaciens Cr(lIBtolerance,
collagenase.
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1.Introduction

With the growth of leather industry, the effort of disposing wastes has unable to keep pace with the
increasing amount of waste materials. This has often resulted in environment pollutidmaois,

200kg of final chromeontaining leather product,and 250kg of chrofoentaining tanned waste
were generated when processing on metric ton of raw hide(Huffer et al., 2004), namely, 25% of raw
hides are converted into chromiutanned leather shaving§CTLS).By previous studies, most of
tanned wastes are treated through landfill or incineration processes but also with economic and
environmental losses (Mu et al., 2003;. Pati et al., 2014)

Biotechnology include gene function, gene function, gene expmresgirotein interactions has
developed rapidly and be widely used in medicine, food, breeding, aquaculture industries in these
years(Mclaren et al., 2005). So far, biotechnology has got more and more attention in leather
industry due to its high efficienagnd cleanness(Bajza et al., 1998;. Bachate et al., 2013). However,
chemical agents play the main roles in traditional leather process. Even though there are many
NBaSINOKSaE 2F oA20SOKy2tz23esx AGQa 2dzad 4G GKS

Biodegradabn usually has more milder reaction conditions than chemical treatment. Bacteria, fungi,
and their enzyme can be used to treat CTLS since they have proved to be effective in the process.In
this paper, a new chromiustolerant bacterial strain was isolategith gelatin plates from tannery, as

well as the enzyme in fermentative broth produced by the strain were analyzed. Furthermore, the
effects of CTLS hydrolysis by are evaluated to understand the application values of
B.amyloliquefacien§CCC 11319.
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2.Materials and methods
2.1 Preliminary Screeningnd classificatiorof Cr(lIl) tolerant Bacteria strain

CTLS (chromiwtanned leather shavings) and soil samples were collected from tannery. The new
chromiumtolerant bacteria were isolated from soil m@les by dilution plate technique method.

After incubation, the colony morphologies were observed on plates through Gram straining method
as described by Bailey and Scott(1996), and the species identification of the isolated chromium
tolerant bacteria stran was analyzed by 16S rRNA gene sequencing. Purified the genomic DNA of
strain by the Wizard Genomic DNA Purification Kit (Promega, Madison, Wi, USA), and then that was
used as a template for PCR amplification (30cycle¥ $&r 45 s denaturation, 56 br 30 s primer
annealing, and 7°Z for 1.5min extension). Respectively, evaluated the PCR products on 0.8% agarose
gel via amplification on Primus 25 Advanced PCR machine (Peqglab Biotechnologie, GmbH, Germany).
Compared with the homologous sequences, the gene sequences of strain were identified by BLAST
technique(Altschul et al., 1997).

2.2 Enzymatic evaluation

Enzyme production was optimized using the following parameters: Inoculum radios of 1%, 2%, 5%,
7%, 10%v/v), culture temperatures at range of 3@5°C and pH 4.0 with fermentation time 32h.

The optimum conditions were determined according to the collagenase acitivity. All experiments
were carried out in triplicates.

The enzyme component was analyzedlude collagenase, keratinase, neutral protease, alkaline
protease. Crude enzyme extract was concentrated using a centrifuge (Eppendorf, 5480R, American)
at 8000r/min for 10 mins. The collagenase activity was determined by ninhydrin colorimetric analysis
for amino acids (Moore et al., 1954), and one unit of collagenase was defined as the amount of
enzyme that released peptides from collagen equivalent in color intensity determined
spectrophotometrically using 1ug of glycine in 1 min at pH 7.5 and temperafl8€C (Zhang et al.,
HAMoOUOU® ¢KS (SNIGAYIlas F QG AQGAGE gl a RSGSNXYAYSR
paper(Letourneau et al., 1998). One unit of keratinase activity is the amount of enzyme producing an
absorbance change of 0.01 units($gyp Furthemore, the neutral protease and alkaline protease
activity assay were based on the method described by Huang et al(Hwang et al., 2002). One unit of
protease activity was defined as the amount of enzyme which releases 1ug of tyrsine per minute at
40°C, pH 1 for alkaline protease and 3D pH 7.5 for neutral protease respectively.

3.Results and discussions

3.1 Classification of Cr(lll) tolerant bacteria isolated from tannery

CNRBY (KS {FyySNERQa az2Af &l YLX Sa> | ydegikadafidnbfi S & i N
CTLS and numbered TCCC 11319 due to its Cr(lll) tolerance property. It found that the characteristics

of aerobic, Granpositive and roeshape of this strain as shown in Fig.1, and the strain is identified to
9



be a member of the genus Bacdlluaccording to its morphphysiological and biochemical
characterizations. From 16S rRNA gene sequencing and phylogenetic analysis, the strain TCCC 11319
showed 99% sequence identity witBacillus amyloliquefacienstrain when searched in Genbank
nucleotice database (Fig.2).

V%
Fig.1 Individual morphology of bacterial strain TCCC 113190*10

TCCC11319
Bacillus amyloliquefaciens subsp. plantarum strain FZB42

Bacillus amyloliquefaciens strain ZSY-1

Bacillus methylotrophicus strain CBMB205

Bacillus amyloliquefaciens strain MPA 1034

Bacillus siamensis strain PD-A10
Bacillus atrophaeus strain NBRC 15539
Bacillus vallismortis strain DSM 11031

—— Bacillus subtilis strain 168

52 Bacillus tequilensis strain 10b

74 4|1Bacillus axarquiensis strain LMG 22476
66 Bacillus mojavensis strain NBRC 15718

——i
0.0005

Fig.2 Phylogenetic analysis based on the 16SrDNA sequence of the strain TCCC11319

3.2 Enzyme properties

A summary of the crude enzyme from the culture mediumBaimyloliquefacien§CCC 11319 is
presented in Table 1. In the crude brdgtie type of protease can be listed at least four main
components- collagenase, alkaline protease, neutral protease, keratinase. As known, the main
component of CTLS is collagerc@mt for more than 70%. The collagenase of the enzyme plays a
major role on degradation process. After ttigle helix structures of collagenous domain of CTLS are
digested by collagenase, the alkaline protease and neutral protease will be helpful therfur
hydrolysis to gelatin. Moreover, the keratinase can act on the hair in the solid waste simultaneously.
In summary, b the componets of the enzyme are useful in leather wastes treatment. TCCC 11319
strain has potential value for the possible utilizatiin leather industry.
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Table 1The components dB.amyloliquefacien§CCC11319 crude enzyme

Enzyme species Enzyme acitivity U/mL
Collagenase 919.72

Alkaline protease 142.19

Neutral protease 90.33

Keratinase 53.47

The growth response curve &.amyloliquefaciens TCCC113t&in at various concentrations of
Cr(111)(200 mg/L, 200 mg/L, 300 mg/L, 400 mg/L, 500 mg/L) showed that the optical density attained
by the strains depended on the concentration of Cr(lll) in the solution (Fig.4a) . AA@eg@L Cr(lll)
concentration and above, the maximal bacteria density reduced about 40% compared with initial
amount of bacteria. At the 400 mg/L and 500 mg/L concentration of Cr(llIB dmayloliquefaciens
TCCC1131&train could not grow on media obvisly. Besides, there was a continuous research for
Collagenase activity over a wide range of Cr(lll). Thus, chromium sulfate was used as the substrate to
determine the inhibitory effect of Cr(lll) on collagenase activity. Cr(lll) at a concentration of 1000
mg/L exhibited 80% inhibition to collagenase. The inhibition increase with increase of Cr(lll)
concentration and at 600 mg/L inhibition was obviously. The collagenase was inactivated when the
Cr(lll) concentration was over 1200 mg/L. Therefore, the swaiB.amyloliquefaciens TCCC11319
has higher Cr(lll) tolerance than other chromium tolerance bacteria presented so far.

—a— Blank Sample
2.2¢ - 01(gl)
20} —a—0.2(g/L)
—v— 0.3(g/L)
[ —<-0.4(g/L)
r —»—0.5(g/L)

@ o (b)

500 -\ﬁ\i

400t E\

300¢

ODGOO
=
o

200t

100

Collagenase activity U/mL

Ok . . . . . »
0. 02 04 06 08 10 12 14

Cr(l11)(mg/mL)

Fig.3 (a) Tolerance curve Bfamyloliquefacien3CCC11319 for Cr (lll) concentrationTblerance
curve of collagenase fcCr (11l) concentration
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4.Conclusion

The strain oB.amyloliquefacien§CCC11319 exhibited high Cr(lll) tolerance, and productegses
include collagenase, alkaline protease, neutral protease and keratinase. The fermentation broth had
the ability to tolerate 900mg/L Cr(lll) concentration. The collagenase was significant for the
degradation of leather shavings. Therefore, the pradnding has the potential application value for
solid waste disposal of leather industry or other chromium contaminated industries.
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Global concerns about environmental impact of leather industry have been forcing the tanneries to
adopt cleaner leather processing technologies. Brezypased leather processing methods have the
potential to substantially reduce the pollution, toxicity and also improve leather quality. One such
greener process option is the use of proteases in dehairing of skins and hides. But the important
criterion inchoosing enzymes for dehairing is the specificity towards the targeted biomolecules on
skins. As the skin itself is a proteinous substance, use abpedific proteases might degrade other

skin proteins and cause damage to resultant leather. The preserit deals with the comparative
study on the specificity of a dehairing and rdehairing protease isolated in our laboratory. Two
proteases producing bacteri@acillus cereu¥ITSNO4 an@acillus megateriunVITSNO2 were used

in this study. Studies on thefficacy of enzymes to dehair goat skins revedBedereusprotease
exhibited potent dehairing efficacy whereas protease fr&megateriumdid not. Dehairing and
non-dehairing enzyme was identified as serine and metalloprotease respectively and optiraatipH
temperature for activity were also determined. The activity Bicereusenzyme to unhair was
evaluated at its specificity level using protein substrates such as keratin, collagen and compared with
B.megateriumprotease. The results showed that the @defing enzyme was nekeratinolytic and

non collagenolytic. The SEM studies on the cross section of skin dehaired enzyme showed good fiber
opening which could probably due to specific degradation of proteoglycanby the enzyme. This is yet
to be confirmed umg proteoglycan as substrate. The non dehairing protease had degraded keratin
substrate but not collagen. This preliminarystudy signifies the importance of screening proteases for
specificity before employing the enzyme for dehairing process.

Keywords: Potease, dehairing, nodehairing,Bacillus
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1. Introduction

g LINBaSyid:z RSIANAYYOXWE ©B®Y | R2LIGSR 08 -Ylye
friendly methods in order to reduce the environmental impacts of industrial pollutants. In this
contex, enzymes are considered as the major asset for cleaner technologies by acting as alternates
to chemical processes and performing reactions with high specificity. One such enzyme is proteases
which are been used in dehairing process of leather industry.dccounted for 685% of total sales

in world market and microbial source have become the choice for industrial use, rather than
proteases obtained from the plant and animal sources (Genckal and Tari 2006). Proteases from
Bacillussp. are the best comercial sources available to date (Singh et al. 2@BHairing is one of

the single largest constrained process involving the use of lime and sulphide, being the actual
pollutants in tannery waste. During the process of unhairing, lime causes swelling skins,
disassociation of proteoglycans bound to collagen fibril matrix and sulphide breaks the disulphide
linkages of keratin together all leads the loosening of fibrilar matrix and removal of hairs. The enzyme
action upon the skin and skin components &ffective dehairing is not known till date. Though many
proteases are been continuously produced from different miarganisms and used for various
LI AOIF GA2yazr AGQa yz2id GKS alkyYS GKS LINRGSI &S
screered for dehairing efficacy but not all kind of enzyme possesses the specificity to dehair animal
skins. In the present study, an attempt has been made to evaluate dehairing efficacy of two
proteases from micrarganisms isolated from same environment, aminparatively study the type

of protease they belong to and its specificity towards skin proteins.

2. Material and methods
2.1. Micraorganisms

Protease producing bacteriBacillus cereu¥ITSN04 (Sundararajan et al., 2011)and strain lisolated
from soilsamples collected near protein rich site, Vellore, India were used in the study.Morphology
and Gram characteristics of strain 1 were studied. Molecular characterization was further studied by
16S rRNA gene sequencing method. DNA was isolated and amp)iflf@R. The primer sequences

p/ HT-AGAQTTTGATCGI® | YR WIAQGGEHRACOGTIGTTACGHCOFdre chosen from

the conserved regions previously reported for the bacterial 16S rDNA (Marchesi et al. 1998). The 16S
rRNA gene sequence similarities were sédousing NCEBLAST search.

2.2. Crude enzyme and dehairing studies

One millimeter of seed culture (1 @ahn) Was inoculated in nutrient broth and incubated at 37°C at
120rpm overnight. After 24h, the biomass was harvested by centrifugation at 8,000rpm for 10 min
and enzyme purified from extracellular supernatant by ammonium sulphate precipitation method
followed by dialysis and subjected for dehairing studies. Two halves of wet salted goat skins cut from
butt portions (dimensions of 5x5cm) were used for enzyme application trials. Crude enzymes of both
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strainswereapplied on flesh side of left and right halveg@dt skins respectively. The skins were
folded inside and left overnight. Next day the dehairing extent in the skins were assessed

2.3. Protease assay using azodye substrates

The substrate specificity of enzyme was determined by treating enzymes of bgaimisms with
azodye conjugated substrates such as azocasein (Tomarelli et al. 1949), keratin azure (Wainright
1982) and azocoll (Chavira et al. 1894). One unit of protease activity is equivalent to change in the
optical density of 0.01 per min under staard assay conditions. Standard deviation of each triplicate
data was represented as error bars.

2.4. Characterization of enzymes

The enzymes from both organisms were characterized by studying the effect of pH, temperature and
inhibitors on the proteolyticactivity. For pH study, varying buffers such as citrate buffer B), 3
TrisgHCI buffer (pH ) and GlycineNaOH buffer (pH @0) were used. Egg albumin (0.1%) and
casein (2%) were used as substrates in acidic and alkaline pH respectively. The favaratoe of

each reaction mixture was adjusted to 0.2M with above mentioned buffers. To study the effect of
temperature on proteolytic activity, reaction mixture was incubated at varying temperature ranging
from 20 to 80°C at a constant pH of 8.0. To detiee the class of proteases, the enzymes were
treated with phenylmethylsulfonyl fluoride (PMSF), ethylenediaminetetraaceticacid (EDTA), 1,10
phenanthroline, iodoacetate and pepstatin A protease inhibitors (5 mM). The proteolytic activity was
determined ugng casein as substrate (Kunitz 1947).

2.5. SEM studies

B.cereu¥ITSNO4 protease treated leather was subjected for scanning electron microscope studies.
The sample was sputt@oated with gold (Edwards-#6) and examined using Fglanta 200
microscope atn accelerating voltage of 5kV.

3. Results and Discussion
3.1. Protease producing bacteria

Two highest protease producing bacteria isolated from soil sample collected milk vending shop were
chosen for the study. One organism was identified earlidBadlus cereus/ITSNO4 (Sundararajan et
al. 2011) and other organism (strain 1) was found to be-gioaped, Gram positive and aerobic
bacterium. Based on 16S rRNA gene sequencing analysis it was identifid8acihis
megateriunVVITSNOZhel6S rDNgequence of B.megateriunWITSNO2 has been deposited in
Genbank database with accession numB€)406847. The phylogenetic tree (Fig. 1) was constructed
by neighbogoining method using Clustal W software.
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3.15 Bacillus megaterium AC46b1 (AJ717381)

0.69
0.43 —|I8acillus megaterium PREY (EU880506)

5.10

0.46 - Bacillus megaterium HDDMGO02 (EU723818)
>0 Bacillus megaterium VITSNO2 (GQ406847)
1.43 L2 Bacillus megaterium MO31 (AY553118)
Al Bacillus sp. $21032 (D84570)
3.88

1.17 —|:Bacillus sp. R-16769 (AJ748259)
0.46 531 Bacillus sp. CNJ778 (DQ448758)
Fig. 1.Relationships betweeBacillus megateumVITSNO2 (GQ406847) and members of the
Bacilluspon rooted neighbaejoining tree based on 16S rDNA sequences.

3.2. Dehairing studies

The proteases from microrganismsB.megateriunvITSNO2and B.cereu¥ITSNO4) isolated

from the same environment were tested for dehairing efficacy. The study on treatment of enzymes
on goat skins revealed (Fig.2) thiacereu¥ITSNO4 protease possesses good dehairing property (Fig.
2B) as reported earlier (Sundararajan el., 2011) whereas the enzyme frorBacillus
megateriunVITSNO2 did not cause removal of hairs (Fig.2A) suggesting that the enzyme might lack
specificity to initiate dehairingSeveral proteases with dehairing function fra@acillusspecies (Briki

et al. 20B6; Anandharaj et al. 2016; Aravindhan et al. 2017) have been researched but details on the

substrate specificity is still lacking.

Fig.2. Dehairing of goat skins using enzyme (A) fBamillusmegateriuITSNO2and (B) from
Bacilluscereu¥ITSNO4
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3.3. Characterization of enzymes

The characteristics of enzymes from both organisms were studied in terms of pH and temperature
optima for proteolytic activity and the class of the protease they belong to. The study on
theinfluence of pH and teperature on enzyme activity revealed that the optimal pH for maximal
proteolytic activity for B.cereusenzyme andB.megateriumenzyme was 8.0 and the optimum
temperature was 30 and 40 °C, respectively. Inhibition studies revealed (Fig.B.teatusnzyme

was completely inhibited by PMSF aBdmegateriumenzyme by 1,10phenanthroline and EDTA
indicating the first one to be of the serine and the later a metalloprotease. Most of the dehairing
enzymes are found to be serine alkaline proteases (Zhao etHd; ¥dang et al. 2016)

120
HB.cereusVITSNO4 protease & B.megateriumVITSNO2 protease
100 -
80 -
60 -
40 A
20 T i
O = T T T T T T ﬂ
> < 2 ) ol w S
& &S & & . S S
& &S & &S N
& @@\ F
Q»\
Q
S
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Fig.3. Effect of protease inhibitors &icereugnzyme and.megateriumrenzyme
3.4. Substrate specificity of enzymes

As skin itself is a proteinous substance, use of-syecific proteases might degrade skin and cause
damage to lather. The suitability of proteases to act upon skin proteins viz., keratin and collagenwas
evaluated using chromogenic protein substrates such as azocasein, keratin azure and azocoll. The
treatment of both enzymes on azodye substrates showed that (Flgghgst proteolytic activitywas
observed with azocasein, since it is a non specific substrate and hence considered as common
substrate for proteases (Barrett et al. 201Racillus megateriumV/ITSNO2 degraded keratin azure
suggesting the enzyme to be keratinolytic probably by cleawvigo8Snd of soluble keratin but not

that of intact keratin of skin as evidenced (no dehairing) by intact hair Fig.1. The enzymes showed
negligible activity for zocoll indicating bothstrain VITSNO2 and VITSNO4 proteases lack
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collagenolytic activity. Overall, dehairing protease should be of acodlagenolytic to produce good
leather. Several researches are found the dehairing enzyme to beoltagenolytic in ature (Rao
et al. 2016; Wang et al. 2016)

400
® Bacillus cereusVITSNO4 protease
350 -
i Bacillus megateriumVITSNO2
2 300 - protease

==

250 ~
200 -
150 -

Enzyme activity U/m

100 A

Azocasein Keratin-azure Azocoll

Fig.4. Hydrolysis of azodye conjugated protein substrate®.ogreusnzyme andB.megaterium

enzyme
3.5.SEM analysis

The SEM analysis was carried out to check the effect of the enzyme on the firmndagegnity of

the skin. Fig.5. depicts the cross section of leather treated with dehairing enzyme. The fibre bundles
are well separated suggesting enzyme caused opening up of collagen fibre bundle at macro level may
be due to disruption of proteoglycans vehi are bound to collagen fibril surface ultimately leading to
loosening of ECM and removal of hairs.
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Fig.5. Scanning electron microscepess section of dehairing enzymB.¢ereu¥ITSNO4) treated
leather

3. Conclusion

Among two proteass, one fromBacillus cereu¥ITSN0O4 was found to be effective in dehairing and
other enzyme fromBacillus megateriuMITSNO2 does not possess such property. On further
characterization of these enzymes, the optimal pH for both the enzymes was to be @Bt
temperature 30 and 40 °C the strain VITSNO4 and VITSNO2 protease showed maximum proteolytic
activity respectively. The dehairing protease was a serine type of protease withatlagenolytic

and nonkeratinolytic property whereas noedehairing enzsne is a metalloprotease with nen
collgenolytic property and keratinolytic on soluble keratins. Further studies with other constituent
proteins in the skin such as proteoglycans as substrates would possibly indicate the screening
procedure to be followed iisolating an efficient organism that can be employed commercially. This
study gives a preliminary understanding of the specificity characteristics of dehairing proteases.
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Collagen type |, which is the main componehtte skin is found to have several biological roles in
addition to structural role. Collagen is now well known to function by interaction with specific cell
receptors like integrins and promote cell adhesion and proliferation. Hence use of collageregeptid
and hydrolysates in therapeutics has increased tremendously. The aim of the present study was to
determine the cell adhesion and proliferative property of short amino acid sequences in type |
collagen. In earlier study, a larger peptide was isolatechflmvine Achilles tendon collagen which
showed cell adhesion in HeLa (epithelial) cell. Probable integrin binding sequences were identified
from the larger peptide using bioinformatics tool. The activity of the identified small sequence was
confirmed inHeLa cell line. The peptides were coated onto sterile cell culture microtiter plates at
different concentrations and incubated for 6h for adhesion and 48h for proliferation assay. Bovine
tendon collagen coated dishes were used as positive control. Theoceit increased with increasing
concentration of peptide when compared with uncoated surface. MTT assay also showed similar
results. Proliferation assay was recorded as images, which showed effective proliferation of the cells
in peptide coated surface vém compared to uncoated surface. Fluorescent staining of the cell
nucleus with Hoechst 53328 exhibited no visible DNA fragmentation and active dividing cells were
also observed. The cell adhesion and proliferation assay was performed with fibrobladt1(3T3
cells), keratinocytes (HaCaT) and compared with epithelial (HeLa) cell line. The concentration of
peptides with highest cell adhesive and proliferative activity was determined. This basic study on
bioactive collagen peptides would provide informationr falevelopment of biocompatible
biomaterials and scaffolds.
Keywords: Bovine tendon collagen, Peptide, cell adhesion, Cancer cell lines
Introduction
Collagen is a main component of the ECM, constituting abot852b6 of the whole of the body
proteins in maimals, Collagen is a family of proteins containing about 28 types of collagen
molecules classified into fibrillar and ndibrillar type. Type | collagen is the most prevalent fibrillary
form. The other types are present in lower proportions in variousugs and organs having
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characteristic function in the particular organ or tissue [1, 2] Recently the focus on peptides within
the parent protein is gaining popularity in finding novel peptides with diverse physiological and
functional role, and such pep&s are termed as cryptic peptides. Novel peptides from extracellular
matrix proteins are being studied for the diverse functional role on cell signaling and interaction [3, 4,
5]. The highest number of novel peptides so far discovered are from ECM prfditéence the
information on cryptic peptides from ECM proteins paves way to explore unidentified peptides from
type | collagen.

The fibril forming type | collagen, major form found in vertebrates, provides mechanical support for
tissues and functional mroenvironment for cells [7]. Cell adhesion is an important process that
plays major role in the development of multicellular organisms. The cell adhesion process can be
categorized into two major steps: the ECM binding sites interact with the cell athe=sieptors and

the binding triggers the downstream proteins leading to cell attachment followed by remodeling of
the cytoskeletal filaments supporting the cell shape and spreading of the cell on the substratum [8].
Among the cell adhesion receptors intats are the largest family yet discovered [9]. Integrins
facilitates the interaction between collagen type | and cells, they are involved in anchorage and
bidirectional signal transfer. The whole of the signal cascade is operated through a series iof prote
signals which initiates the formation of protein aggregates, termed focal adhesion sites, these signals
link integrins to the cytoskeletal proteins and other cascade of other cellular events involved in cell
growth, development and apoptosis [10, 11}yftic peptide with a molecular weight of (2.8kDa)
gla ARSYUGATASR FTNRY (el L O02fttl3Sy h OKFAY FNR)
adhesion, and proliferation. [12, 13].

The present study hypothesizes that the peptide regulated ciieaion and proliferation of the cells

may occur through the integrin receptors which was predicted through bioinformatics tools from our
previous studies. The study focuses on identification of a smaller sequence that could have a
probable role in cell atksion and proliferative activity of the previously isolated larger peptide from
Bovine Achilles tendon collagen. The cell adhesion activity of the peptide was carried out with the
Hela, 3T&1 (murine fibroblast) and HaCaT (Keratinocyte) cell lines.

Materials and methods

Custom synthesized peptide (GKNGDDGEA) was procured from Neo Scientific, USA. Cell culture work
was carried out on Hela, 3T3 (murine fibroblast) and HaCaT (Keratinocyte) cell lines were
procured from National Centre for Cell Scien®une, India. All the cell culture work, peptide and
collagen coating was done under sterile condition in a class-Bafety cabinet (Clean Air Systems,
Chennai, India). Theflasks (Nunclon surface) were obtained from Nunc, Roskilde, Denmark and the
microtiter plates were obtained from Tarsons Products Pvt. Ltd, New Delhi, India. The culture media
DMEM was from GIBCO, antibiotic solution were obtained from HiMedia, India. Fetal bovine serum
and 10x trypsigEDTA solution were procured from SigrA&drich, St. Louis, MO, USA.

Cell maintenance
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HelLa, HaCaT and 3T3 (Keratinocyte) cell lines were maintained according to standard protocols [14].
Cells were cultured in DMEM supplemented with 10% fetal bovine serum and incubatetatr8@

5% C@humidified incubator. For experiments, cells reaching 80% confluence were detached-from T
flasks with trypsig9 5 ¢! = OSY U NRAR FdzZZSR FyR OStf ydzYoSNJ 461 &
trypan blue exclusion assay.

Peptide Coating on Microtiter Plate

The conmercial peptide was coated onto sterile disposable microtiter plates for the cell adhesion
and proliferation assay according to the standard procedures [15]. The peptide was coated with 3.2 x
10 to 1 x 18 pg in each well of microtiter plates. Initialiye peptide was diluted in PBS to desired
concentration and added to the wells and incubated for 4h inside the biosafety cabinet at sterile
condition. After the incubation process, the left over solution is removed off from the wells and the
plate is stoed under sterile condition at°€ until the experiment.

Cell Adhesion and Proliferation

Peptide were coated to the sterile cell culture microtiter plates at different concentration ranging
from 3.2 x 18 to 1 x 18 ug. For cell adhesion and proliferatimudy cells were seeded at a
concentration of 3 x 1%nd 5 x 1®per well respectively and the dishes were incubated in a 5% CO
chamber for 6h and 48h respectively. The cells number and viability was enumerated as mentioned
previously in cell maintenancgection. The proliferation of the cells was observed using an inverted
light microscope and photomicrograph at 400X magnification.

Hoechst 33258 staining

The cell lines were maintained under standard condition before the experiment. The cells were
seeded @ to peptide coated and uncoated coverslip in a 24 well cell culture plate with different
concentration previously mentioned. For the proliferation study cells were seeded at a concentration
of 5x10 per well and incubated for 48h. the coverslips were ethsvith 1x PBS and the cells were
fixed with 4% formaldehyde at room temperature for 10 min, again the coverslip was washed with 1x
PBS and stained with 1x dye solution (Hoechst 33258) diluted in PBS for 15 min at room temperature.
The coverslip was rinsegith 1x PBS and mounted onto a glass slide and imaged. The excitation light
source was a mercury lamp with blue filter. Weswox Fluorescence Research MicroscofB)FM

was used at a magnification of 100 and 400X.

Statistical analysis

The cell adhesionsaay was performed in triplicates, and the cell count was stated as mean + SD. The
results were checked for statistical significance by ANOVA and p values less than 0.05 were
considered significant.

Results and Discussion

Table 1: HelLa , HaCat and 3T3 adhesion on surface coated with peptide

Amount coated (ug)
2.5x10 1x10° 0.8x10! 3.2x10° Control

Cell count (x18) + SD
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HelLa

Peptide 12.07 £ 0.6 8.7+04 7.38+0.44 6.36+£0.48 0.8x0.04
HaCaT

Peptide 3.30+0.20 2.20£0.26 1.50 £ 0.30 0.94+0.05 0.19+0.27
373

Peptide 0.44+0.12 0.30+0.15 0.47 £0.10 0.37+0.69 0.55+0.07

Note: The peptide coating on the surface ranged from3.2 X t102.5 x 16 pg. For adhesion assay

cells were seeded at 3 x %l¢®lls per well and the adherent cells were counted after 6h of incubation.

All the assay was done in triplicates and the cell countjxt@an and + SD are given. Uncoated
wells were used as a negativontrol and the cells failed to adhere to the surface within the
observed period. The use of three different cell line sources was used to check the effectiveness of
the peptide on cell adhesion and proliferation on different cell type and its microenvieoh
Collagen positive control values (1X1@ ¢ cell count was 15.7 + 1.0 x’lglls). The cell count from

the cell adhesion assay with peptide coated and uncoated the plates showed-[jableignificant

cell adherence of HelLa cells in a concentratiepended manner whereas the HaCaT cells showed
less adherences. 3T3 cell line showed clumping of cells.

Cell Adhesion
ODHeLa @HaCaT O3T3
15.0 -
Q
£10.0 -
3
© 5.0
S
0.0 -
Control Pl Pl PIII PIV

Concentration (ug)

Fig 1:Cell count from the peptide coated dishes HelLa, HaCaT and 3T3 cell lines. The concentration
of the peptide coated is represented as PI, Plll,and PIV (3.2 x 100.8 x 14, 1 x 16and 2.5 x 10
pg/ml respectively).
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M.T.T Assay
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Fig 2:The MTT assay on HelLa. HelLa cells showed an increase in absorbance with increase in peptide
coating concentration which indicates the increased adhered and live pedsent, where as HaCaT
and 3T3 cells showed insignificant observations hence data not shown.

A

HeLa C HeLa PI HeLa PII HeLa PIII HeLa PIV

HaCaT C HaCaT PI HaCaT PII HaCaT PIII HaCaT PIV

3T3C 3T3 PI 3T3 PII 3T3 PIII 3T3 PIV
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Fig 3:Bioactivity assessment of the peptide, photomicrograph of the cell adhesianHélLa, B

HaCaT (Keratinocyte) and¢c@3T3 ( Murine Fibroblast) &ered to the peptide coated cell culture
microtiter plates incubated for 6h and cell count was performed. The peptide concentration
represented as PI, Pll, Plll and PIV are as (3.2x0® x 1, 1 x 16 and 2.5 x 1bug per well
respectively) and Cepresents uncoated control surface. The images photographed at 10x
magnification. HeLa showed a significant cell adhesion on to the peptide coated surface and HaCaT
cells showed very little adherence when compared to uncoated surface, whereas 3T3 cefiecclu

onto the surface.

Hela C Hela Pl Hela Pl Hela PIlI Hela PIV

HaCaT C HaCaT PI HaCaT PlI HaCaT PIlI HaCaT PIV

Fig 4:Photomicrograph of cell proliferation. AHeLa and B HaCaT (Keratinocyte) adhered to the
peptide coated surface, incubated for 48h and proliferation was assessed. The peptide concentration
represented as PI, PIl, Rifid PIV are as (3.2 x1®.8 x 1, 1 x 16and 2.5 x 18ug respectively) C
represents uncoated control surface. The cell proliferation of HelLa increased significantly with
increasing concentration of peptide, HaCaT cells showed some adherencdls @nce3T3 cell line

did not show any adherence to the coated and uncoated surface. The insignificant cell adhesion on to
the peptide coated surface may be due to insufficient cell seeding concentration which will be
further confirmed by future experimeations. The images were photographed at 10x magnification.
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Hela-C Hela-PI Hela-Pll Hela-Plll Hela-PIV

Fig 3:Fluorescent staining (Hoechst 33258) of HelLa cell. The peptide coating concentration is
represented as PI, PIl, Plll and PIV (3.2% a® x 10, 1 x 18 and 2.5 x 1®ug respectively) C
represents uncoated control surface. The images were photomicrographed at 10x and 40x
magnification. The fluorescent staining with Hoechst 33258 is done to identify the DNA
fragmentation and apoptosis. Clear nuclear staining and increasantber of cell with increase in
concentration of the peptides confirms the role of the peptides in proliferation in HeLa cells.
Conclusion

The peptide showed a good adhesive and proliferative property with HelLa cells but similar results
were not observedwvith HaCaT and 3T3 cells. In the case of HaCaT cells a delayed adhesion and
proliferation occurred after an extended period of time. 3T3 cells were found clumped to the coated
and uncoated surface of microtiter plates. Further studies have to be carrie @xplain the above
mentioned results.
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Mineralization ofdyes from various industrial effluents become an important issue pertaining to the
environment. Advance oxidation process based semiconductor photocatalysis is considered as an
emerging technigue to overcome this probleBraphene and its related materigl®mssesses as an
excellent electron acceptor/transport material, large surface area and can be applied as
photocatalytic materials for environmental remediation. Hence, present investigation deals with
nanolayers reduced graphene oxide/Magnocomposite 8 LJ- NBR 68 Y2RAFASR | dzY®
and solgel process. The prepared nanocomposite was characterized by XR®, FEBEM and
Raman analysis, thephotocatalytic activity was tested for the degradation of methylene blue dye
under visible light irradiationXRD results shows the pure crystalline nature of Ma@trix in
graphene oxide layers. The morphology of graphene oxide shows a sheet like form, where MoS
material were attached in between the sheets graphene oxide as layered structure. Raman analysis
shows the purity of the graphitic nature. The preliminary photocatalytic studies such as effects of
initial aqueous pH, different dye concentration and catalyst dosage were conducted. Neutral pH
showed maximum percentage of degradation and same was consiflerdde further experiments.
RGOGMoS composite achieves maximum degradation of 96% at 240 min under visible light
irradiation for MB dye moleculesThe COD analysis of the sample was done at different time
intervals.The kinetic rate constant results pesvthe photo reaction follows pseudo first order rate
eguation. The results demonstrate that RGOS could be a potential photocatalyst material for the
photodegradation of organic dye molecule undgsible light irradiation

Keywords: photocatalyst, organic dyésible light irradiation, nanocomposite.
1.Introduction

Effluents from industries such as textile, leather, paint etc., are the main sources for water pollution,
which are highly colored, undergo chemical and bimlagchanges and may affect human health as
well as aquatic life (Liu P etal. 2016). There are number of conventional methods available for the
treatment of colored effluents and are not feasible due to their inherent limitations. In the recent,
many invetigations have been carried out to degrade pollutants from aqueous phase, where
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Advanced Oxidation Process (AOP) based semiconductor photocatalyis becomes an emerging
technique for complete mineralization of effluent without byproduct formation (Dai 811996 ;

Perez M.H et al. 2006). Semiconductor photocatalystsbased on metal oxide, graphene and Ag have a
great attention on wastewater treatment due to their physical and chemical properties (Kowalska E
et al. 2015A0Y et al. 201p The traditional photocatalyst such as Ji@nO, ZnS have very low
photocatalytic activity under visible light irradiation compared to UV light irradiation, this may due to
their narrow band gamnergy, low surface area etc (Yu X et al. 2016). Research has been made on
the development of advanced photocatalytic material to overcome the limitations of above
mentioned semiconductor photocatalysts (Xiang J et al., 2012). Graphene, a zero bandccgpp en
material cannot be itself used for photocatalytic activity. Graphene as a support with other metal
oxides as composite is totally different from graphene and can be considered as newer photocatalyst
material (Min S. X et al. 2012). Graphene Oxide (@©¥luced by the oxidation of graphite, while it

is again followed by deoxygenation to yield Reduced Graphene Oxide (RGO). In recent years, sulfide
based materials such as CdS, ZnS, Mo0S2, etc, have a great attention, where it acts
asphotocatalystsas wlehs cocatalysts(Han SC et al. 2014;Li Y et al. 2009). Molybdenum disulfide
MoS, a 2D transition metal dichalcogenide similar to graphite like structure have a great potential on
wastewater treatment, where molybdenum is located in between the layeraulfides. Due to its
appreciable band gap energy and semiconducting properties, showed enhanced photo activity under
visible light irradiations (Parzinger E et al. 2015;Chhowalla, M et al. 2013). SingdadgleBme of

the unique properties such as highrface area, reactivity, good electrical carrier and higher stability

in water which can be act as photocatalyst(Laursen A. B et al. 2012).with& small band gap of

1.8 eV shows better response on visible region and exploited for photocatalytitiastidue to its

band gap of 1.22 eV as bulk material and 1.97 eV as single layer material (Splendiani, A et al.
2010;Mak K. F et al. 2010). Mo&n be prepared by various methods such as sol gel, CVD,
ultrasonication, solvothermal, hydrothermal methods etc (Bessekhouad Y et al., 2a@3, et al.,

2015). One of the major demerits of MgsSthat the recombination of electron hole pair, hence it
should be resolved by improving the surface of the material. The combination of RGO/MoS
becomes an emerging photocatalyst due to their stability, flexibility, chemical and physical
properties, et. Graphene, an electron acceptor or donor and plays an important role in the field of
photocatalysis, where it highly reduce the electron hole pair recombination and has been
incorporated with photocatlysts to increase their efficiency(Chen Y et al. Z2haBg N et al.
2011;Pan L. K et al. 2013). Thus bda8 be incorporated with graphene for enhance photo activity
under visible light irradiation, where Me@&ct as a cocatalyst with graphene (Li J et al. 2014). Thus
the graphene/Mo$g composite not only pplied in semiconductor photocatalysis but also used in
various applications such as water splitting, energy storage and organic transformation reactions etc.
RGO/Mo$% composite can be prepared by various methods like hydrothermal, microwave and

| dzY Y S Mdathod etc., Chand et al. 2011). Hence, the presentstudydeals with
nanolayersRGO/Meg I Y2 O2 YLI2Z AAGSYI GSNRAFE 068 Y2-ghphoedS8R | dzY Y.
The prepared nanocomposite was charactediZy XRD, FTIR, FESEM and Raman analysis, and its
photocatalytic activity was tested for the degradation of a model pollutantfor example, methylene
blue dye under visible light irradiations in a slurry photoreactor.

2. Materials and methods
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Natural graphite flakes,Molybdenum Oxide andClsteinewas obtained from Sigma Aldrich,
Potassium permanganate (KMnO4, 99%), Hydrochloric acid(HCI), Ethanol (C2H60), sodium chloride
(NaCl, 99.5%) were acquired from SD-fihemicals Ltd, Mumbai, India. Hydrogerrgdde (H202,

30%), Potassium chloride (KCI, 99%), Nitric acid (HNO3 68%), Sodium nitrate (NaNO3 99%) sodium
carbonate anhydrous GR ((NH4)2CO03), 99.9%) were procured from Merck, India Ltd. Magnesium
sulphate (MgS04.7H20, 99.5%), potassium dichromate (RZCI29.9%) and ferrous ammonium
sulphate ((NH4)2S04.FeS04.6H20, 99%) were obtained from Qualigens fine chemicals, India.
Concentrated sulphuric acid AR (H2S04, 98%) and Sodium hydroxide pellets (NaOH, 98%) was
received from Himedia laboratories private Ltd

2.1Synthesis of RGKA0S2 composite

wSRdAzOSR DNJI LKSYyS 2EARS 61 & LINBLI NBR o6& Y2RATASFE
technique. Natural graphite flakes were oxidized into graphite oxide followed by the exfoliation of
graphite oxide to form grapime oxide employing sonication and centrifugation. The R{®S2
nanocomposite were prepared by a solvothermal method. Typically, required quantity of graphite
oxide is dissipated in 100 ml of ethanol in 250 ml beaker. In a separate beaker mixture of 0.3g
Na2MoO4 and 0.48g ofCysteine were dissolved in 50 ml of distilled water, after that transferred
this solution into 250 ml beaker containing the graphite oxide solution.Then whole content was
ultrasounicatedfor 30 min. After that the solution is podren a Teflonlined Stainless steel Auto

clave kept it in muffle furnace at 180 °C for 6 hrs. Finally the product is washed with alcohol and
distilled water for several times. The product was dried 80 °Cat vacuum oven for 24 hrs. The Black
powder was sitered in a tubular furnace at 700°C for 2 hrs in N2 atmosphere and the RGO /MoS2
was obtained.

2.2 Characterization techniques

The crystalline phases of the synthesized R@®S2 were identified by -Kay powder diffraction
technique (PAN analyticalXI @ 5AFFNI OG2YSGSNE DSNXIFyeuv gAOK /d
H' &aO0ly Nry3aS ¢l a o0SG6SSy mnn YR T1tTnn AGK |y
current of 25 mA. Infrared transmission spectrum of the sample was obtained using a Fourier
transform infrared spectrometer (Perkin Elmer). The purity of the prepared material were confirmed

by Raman (Raman 11 System Nanophoton Corporation, Japan) instruments. The morphologies of the
RGOGMoS2nanostructures were characterized by field emissionnrsiog electron microscopy
(FESEM,). Photocatalytic activity of the synthesized catalyst was studied for the photo degradation of
MB using an annular slurry type visible photo reactor (Heber Scientific, Chennai, India) with a 500W
tungsten filament lamp. Téhabsorbance of the degraded solution was measured using-disible
spectrophotometer and its chemical oxygen demand (COD) was determined using a COD digester
(Thermo reactor HACH DRB 200).

2.3 Photocatalytic study

The photocatalytivity of the prepareBGO /MoS2wasevaluated for the degradation of methylene
blue (MB) under Visible light irradiationThe preliminary experiments were conducted in 10 ml
volume of the test solution with required concentrations of MB and irradiated under visible light for
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6 hr. Similarly the kinetic studies were performed at a volume 100 ml MB solution with different

initial dye concentrations and thephotocatalytic degradation was monitored at regular time intervals.

5 ml of the photodegraded sample was withdrawn, centrifuged analyzed for residual dye

O2yOSy iGN GA2Y 068 NBO2NRA ycHsible dpectrophotimeterc(Bhimedzud a . 0 ¢
2450). The progress of photocatalytic degradation was also monitored by COD analysis using
dichromate closed reflux method Hitachi3900 U\Lvis spectrophotometer.

P #1 . # A
PAACOAA |' 8pmm
Where, Co is the initial and Ceis residualdye concentration respectively.
3. Results and Discussion

3.1xRay diffraction (XRD) studies

The prepared RGB®IoS2was analyzed by XRD and results were shokig.1. It was observed that
(Fig.1(a)) the diffraction peaks at 14.6°, 32.6°, 39.5°, 49.8°, and 58.0° were attributed to the (002),
(100), (103), (105), and (110) crystal planes by indexing to the typical hexagonal structure of
crystalline MoS2 and regslare in accordance with that reported elsewhere (JCPDS card no. 37
1492)(Wang, X et al. 2014;Ji, H et al. 2015). All the diffraction peaks of the composite can be indexed
to the MoS2 hexagonal phase with no impurities from incomplete sulfurization. G@MdS2
composites shows the characteristic (002) reflection @tl2.2° suggesting a wedtacked, layered
structure.From the XRD patterns of RGIOS2nanocomposites, it can be said that the layered
crystallinity is retained in the composites, envisagediliy presence of diffraction peaks due to
MoS2.

3.2Fourier Transforanfra Red (FIR) analysis

In order to determine the various functional groups of the prepared RS2 nanocomposite

material, FAIR spectroscopic measurements were performed andrésailts are displayed in in Fig.

1(b). It can be clearly seen that GO shows the following characteristic absorption peaks: strong
absorption in the range 30@@ p nn (OYL M GNBIOKAY3I GAONI G X@BH a0 LIS
deformation vibrations), 1724¥L @ OF NbD 2y &f A0 NB G OKA y@OHIBendmd G A 2y &
@AONF GA2Y a0 mHoHyy RO Y bW RQOvsirgtching Qilratiens)(Weber T et al.

1996). After oxidation of GO during the solvothermal reaction, peak intensities of all exygen
contairing groups in the MoSRGO nanocomposite decrease remarkably as compared to those of

GO. TheMg{ &aUNBUOKAY3I @GAONIGA2ya OFYy o6S FaairaySR i:
around ~400r n n  @ppdan indicating that successfully deoxygenates thepmsite material.
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Figurel (a): XRD analysis; (b):IRTBpectrum; (c): Raman spectral analysis for reduced graphene
oxide
3.3 Raman analysis

The Raman spectrum of the prepared RGO are shown in Fig 1(c)e Rathan spectrum D band
indicated the extent of defects whereas G band shows the graphitic nature of GO, the D and G band
of the Raman spectrum of RGO appeared at 1338 @and 1559 cri and a slight 2D band occurs at
2671 cml, respectively. The D banésponse originating from the edges could be attributed to
either the defects or to the breakdown of translational symmetry, while G band is corresponds to the
first-order scattering of the E2g mode of sp2 hybridized cagoarbon domain of graphite.
Moreower, the relative strength of D band compared to G band depends strongly on the amount of
disorder in the graphitic materials. Presence of D band and G band confirms the formation of
graphene with lesser defects and higher crystalline nature.
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3.4 Field ensision scanning electron microscopic-&EM) analysis

The surface morphology of the prepared RMGS2 material were analyzed byfield emission
scanning electron microscope (BEM). FISEM image of the Reduced Graphene Oxide (RGO) and
RGOGMo0S2 is shown irFig. 2 (a&b) respectively. RGO nanosheets are curled, corrugated, well
defined and interlinked threglimensional Graphene sheets, forming a porous network that
resembles a thin layered sheet like structure. It is evident that the thin and aggregated fHake
stacked to each other with lateral sizes ranging from several hundred nanometers to several microns.
The FESEM image of the synthesized RMGS2composite displays the corrugated sheet like layers

of MoS2 it shows the clear evidence for the formatairRGGMo0S2.

Figure2(a) FSEM image of RGO, (b)}$EM image of RGK0S2
3.5 Preliminary photocatalyticstudies

The photocatalytic activity of the prepared and characterized f882 composite was assessed by
the degradation of MB dye under visible light irradiation in a slurry type photoreactor. Preliminary
studies on the effect of agueous phase pH, catalyst dosawl initial dye concentration were carried
out.

3.5.1 Effect of aqueous phase pH

The pH plays an important role in the degradation of the MB dye molecules. The degradation of the

dye molecules was investigated in the pH range of 2 to 12 at a fixedystatdosage and dye
concentration (Fig. 3(a)). The initial pH of the solution was controlled by the addition of HCI for acidic

and NaOH (0.1 N) for basic pH range. A catalyst dosage of 10mg/10ml was employed at each pH to
treat 10ppm solution of MB dye medule. It was observed that maximum degradation efficiency
20ASNWUSR G ySdziNIf LI ®¢KS OFiGlIfead aK2gSR KAIK
degradation at neutral pH. Thus all further reactions were carried out at neutral pH.
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3.5.2. Effect bcatalyst dosage

The loading of catalyst is significant parameter which controls the rate of photodegradation. The
catalyst dosage of the R@@0S2 nanocomposite photocatalyst on the degradation of MB dye
molecule was studied at a fixed concentration of the MB dye moleiculeutral pH under visible

light irradiation. As shown in Fig.3 (b) the REM@52 nanocomposite was carried out by varying the
photocatalyst load from 3 to 20 mg/10ml of 10 ppm dyeconcentration. In general, degradation
efficiency was increased with increagithe amount of catalyst which maybe due to the availability
of active sites and the number of electrtwole pairs generated.It was found that at minimum of 10
mg of catalyst the degradation efficiency was optimum. Thus, all further photodegradatiorstudi
were carried out with a catalyst dosage of 10mg/10 ml.
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Figure 3 (a): Effect of pH, (b): Effect of catalyst dosage, and (c): Effect of initial dye concentration
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3.5.3. Effect of initial dye concentration

The effectof initial dye concentration on the degradation efficiency was investigated by varying 5 to
50 ppm,the initial dye concentration plot as shown in Fig. 3 (c) optimized catalyst dosage of 10
mg/10ml with neutral aqueous phase pH. It was observed that, thgrattation efficiency decreased

with increasing dye concentration due to unavailability of active sites on the prepared photocatalyst.
3.6 Kinetic studies

Kinetic studies ofphotodegradation for the prepared REQS2 photocatalyst was achieved with
variousinitial concentrations of MB dye molecule under visible light irradiation, the plot wasshowed
in Fig 4 (a). The initial concentration of MB dye solution varied from 5 to 25 ppm at neutral aqueous
pH and a desired amount of catalyst dosage was kept conftaihie experiments. The sample was
irradiated under visible light with constant stirring condition. The reactions were monitored by the
withdrawal of 5 ml aliquots of sample at regular time intervals and the absorbance was measured by
using UWisible spctrophotometer.Kinetics of the photodegradation of MB was analyzed by the
pseudo first order reactions.

In(Co/Ce)=kobst

GKSNBZ /' n YR [/ SINB
is the observed pseudfirst order rate constant.
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Figure 4 (a) Kinetics; (b) Reduction in COD; (c) Pdeatorder kinetic plots
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The photodegradation of MB solution by visible light irradiation employing the prepared RGO
MoS2as the photocatalyst follved a pseuddirst order kinetics (Fig.4 (c)) and therate constants
were decreased from 3.55x minl 1.79 x 18 minl as the initial concentration of MB dye
increased from 5 ppm to 25 ppm.The reduction of COD was also determined and the results are
shown in Fig. 4 (b). It was observed that for 10 ppm, there is a reduction from 664 mg/L to below 30
mg/L, these results suggest that the prepared catalyst is highly active under visible light irradiations.
3.7 Effect of electrolytes

The effect of electrlytes on the photodegradation of MB dye molecules were also studied in the
presence MgS04, KCI, Na2CO3 and NaCl to evaluate catalyst efficiency along with inorganic anions
such as chloride (¢ nitrate (NO3), carbonate (CO33, and sulfate (SO4Rmayalso present in the

real wastewater, especially in practical effluents from the textile and dyestuff industries. The
previously optimized pH and catalyst dosage were maintained for these reactions. 10mg/ 10 ml
solutions of MB were photocatalytically degeatlin the presence of varying the concentration of
electrolytes from 1 to 7 wt %. The results were shown in Fig. 5 (a). It is observed that the presence of
the electrolytes the photo degradation of the dye molecules does not affect the efficiency of the
caalyst. Hence, the prepared R@IbS2 photocatalyst could be used to treat dye house effluents.
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Figure 5 (a): Effect of electrolytes on dye degradation and (BYisi¥le spectrum of MB dye

3.9 Analysis of photocatalytic degradation of MB dye molecules by\Wisible spectroscopy

The photodegradedMBdye samples were analysed byVid¥le spectrophotometer for the
reduction of chromophore group present in the moleculgég.5 (b) shows the lluscan UWisible
absorption spectrum of neat and photodegraded MB dye samples.samples withdrawn at regular

time intervals were scanned from 2@0800nm range The absorption maximum at 663 nm which is
responsible for the colour of the dye diminishes as the photodegradation reaction proceees.
results clearly indicate the absence of any extra peaks and the absorbance maxima corresponding
there is a gradualetrease in the absorption peak. It is observed that the 96% degradation of MB dye
occurs at 240 min of visible light irradiation.
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4. CONCLUSION

RGOMoSY I y202Y L2 aAdS ¢l a aeyikSaAl SR oeée az2f @20 KSNX
graphene oxide. Thergpared composite was characterized by various techniques such as XRD, FT
IR, FESEM, and Raman techniques. The crystallinity of the material was explained from the XRD
analysis. Theurface morphology were analyzed by the field emission scanning electicostope
(FESEM). Raman spectra confirms the presence of the G, 2D peak of RGO and its purity of graphene
confirmed by the peak intensity ratioThe photocatalytic efficiency of the prepared REOS
composite was evaluated by the degradation of MB dydar visible light irradiation. Preliminary
experiments showed maximum degradation at neutral pH with a catalyst dosage of 10mg/ 10ml.
Reduction in COD was obtained according with percentage degradation. Kinetic study shows the
photodegradation reaction téollow pseudefirst order kinetic model. The presence of electrolytes in

the reaction solution did not affect the activity of the photocatalyst.
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The effluents from dye house and process industries are hazardous to human health, aquatic life and
mainly cause enormous damages to the environment. In this study, BiOBr photocatalyst was
synthesized by hydrothermal method and characterized byIRFXRD, HFSEM, UWis DRS
spectroscopy. The XRD analysis shows the crystalline nature of the prepared material. The FTIR
analysis shows the surface functionalities present in the photocatalysSENR analysis shows that

the BiOBr photocatalyst, heartin likayered structure. Band gap energy of the prepared material
was calculated from UVisDRS data and it was found to be 2.92eV. The prepared photocatalyst was
tested with real leather wastewater under solar light irradiation The wastewater analysislaves

before and after the treatment with various parameters like Color, pH, oxidation Reduction Potential,
total nitrogen, ammonia, total hardness, total dissolved solids, total solids, total suspended solids,
chloride, total organic carbon, chromium andietnical oxygen demand analysis. The chemical
oxygen demands for the photodegraded samples and untreated samples were 7680 and 176, where
there was above 90% percentage of reduction achieved at a required time. The physico chemical
parameters of photodegded samples showed above 90 % removal with the untreated
wastewater.

Keywords Photocatalyst, effluent, treatment, layered structure.

1. Introduction

In the modern world a humber of environmental problems are caused due to the industrial
growth and tleir activities. In recent years, most of the industries discharge large quantities of
wastewater into the water system without any treatment, which seriously affects the environment,
aguatic ecesystem and drinking water [Lahmar et al. 2012; Cavalcanat. @015; Kaur et al. 2010].

In many industries such as textile, pharmaceutical, leather industries etc., water is used in larger
guantities for most of the processes [Gutterres et al. 2008]. Leather processing is very potential
economic activity in growi countries all over the world and unrestricted release of effluents from
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tannery into the natural water streams causes damages to the environment and causes many
diseases to human and aquatic life [Sabumon 2016; Kongjao et al. 2008]. More than 90%edyes u

in leather industry are azo dyes with chromophore units [Page et al. 2001hdia, the present
annual leather processing capacity which generates neari03®illion ni volume of leather
wastewater contains significant concentration of organic compounds and hazardous pollutants
[Mandal et al. 2010]. In general the quality of the water in effluents can be characterized by some
physicachemical characteristics namely, chieal oxygen demand (COD), total organic carbon (TOC),
suspended solids (SShjological oxygen demand (BOD). The complex characteristic of the
wastewater collected from leather industry contains variety of mixed chemicals like organic,
inorganic, syntansnatural tanning agents, soaking agents [Raghava Rao et al. 2003]. The tannery
effluent contains high concentration of organic waste (COD/BOD) and inorganidsike SG7 /S*,

Cr (lll) and Chlorides [Kaul et al. 2001; Boshoff et al. 28Q#hbers of onventional methods are
available to treat the effluent generated from various industries, but they are all not facile to treat
the presence of dyes and pigments. In the recent years researchers are developing the simple and
ecofriendly process to overcoethe drawbacks in treating the colored water. Tannery wastewater
treatment includes primary treatment, chemical treatment, hydrogen sulphide removal, biological
treatment and tertiary treatment [Rodrigues et al. 2008]. But the economic feasibility theeabaid
treatment methods are require high cost for implementation and operation process [Fabbricino et
al. 2013; Gutterres et al. 2008] in the field level. Advance oxidation process among other tertiary
processes such as ozonation, fenton systems alettrochemical oxidation gained more
importance for its high removal efficiency. In general, advance oxidation process is able to oxidize
most of the organic molecules and reduce the inorganic species. Photocatalysis in AOP is sustained
due to the higrefficiency, low cost, sustainability, environment friendly, etc.

TiQ is proved as an important catalyst for the remediation of the environment. However,
some of the intrinsic limitations of Ti@naterials include its wide band gap energy, which can make
its utilization as a visible driven photocatalyst is difficult [Li et al. 2015]. Among the available
photocatalysts such as TiZnO, CdS, SpandwWQ@, etc [Devilliers 2006; Khan et al. 2014; Ansari et
al. 2014; Anandan et al. 2012], bismuth oxybromiBe&O@r) are considered as potential materials
for catalytic activities under UV and Visible light irradiations. From the literature BiOBr has become
an efficient catalyst for the control of environmental pollution [Hem et al. 2003; Zhang et al. 2008; Ai
et al 2009]. The unique features of the BiOBr material as superior photocatalyst are its excellent
electrical, optical, luminescent and magnetic properties. Moreover BiOBr -ty@epsemiconductor,
which is in layered structure and is endowed with a umeiguolarization effect. This can be helpful for
the separation of photogenerated electrdrle pair by BO, and bromine layer in the presence of
internal static electric field [Gondal et al. 2011]. In addition to that the semiconductor material has
indired medium bandgap energy, which allows it to absorb the radiation from the visible region and
also forces the excited electrons to travel a particulapkce distances and reduces the possibility
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for recombination process of the valance band holes andteck@lectrons [Gondal et al. 2011]. In

this study we successfully prepared BiOBr photocatalyst by hydrothermal technique. The prepared
photocatalyst was characterized by -, UWisDRS, XRD, FSEM analyses. The prepared
photocatalyst was tested for gt photocatalytic activity on the degradation of a dye molecule in
agueous phase.

2. Materials and Methods
2.1. Preparation of the photocatalyst

The chemicals and reagents were purchased from sigma Aldrich (Bangalore, India) with analytical
grade and usedwithout further purification for the experiments. The BiOBr was prepared by
hydrothermal technique which was already reported [Zheng et al. 2011]. In a typical synthesis,
required quantity of bismuth nitrate was dissolved in 3 ml acetic acid (HAc), théanssolution

was added to 30ml d@nized water containing 0.24 g of KBr under vigorous stirring. During the
addition to KBr solution a yellow precipitate was formed and continuously stirred for another 20 min
at room temperature. After 20 min, the suspsion was transferred to a Teflon lined stainless steel
autoclave and heated for 6 hrs at 120 °C. The resulting precipitate was centrifuged and washed with
water for several times to remove the ionic species present in the product and dried at 60 °C for
overnight and stored in an air tight containers for further use.

2.2. Analytical methods for characterization of the photocatalyst

The prepared material was characterized bya)X powder diffraction (XRD) analysis employing (X'

per PRO) instrument, AR (Rrkin Elmer 6X FIR) was used for the analysis of surface functional
groups present in the sample. The morphology of catalyst was examined using a FEI Quanta FEG 200
High Resolution Scanning Electron Microscope-$BRN). U¥VisDiffuse reflectance spectravere
recorded using shimadzu (kP450), Japan.

2.3. Characterization of dye house effluents

Total Organic Carbon analyzer (Model: SHIMADZU CORP 00291), was used to find out the organic
content present in the wastewater and other physico chemical paramsetgre analyzed according
to standard standard method (APHA, 1999).

2.4. Photocatalytic activity

The photocatalytic performance of the prepared catalyst was performed at the month of June 2016
under direct solar light irradiation. Dye house effluen{Lusgreen dark dye was used to dyeing of
leather) collected from Tannery at CLRI after dyeing operation was completed. The % of
photocatalytic degradation was calculated from the following equation.
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where G is the initial concentration of dye molecule and C is the concentration dye after solar light
irradiation.

3. Results and Discussion
3.1. Band gap Energy

The band gagnergy of the photocatalyst was analyzed by usingiBDRS analysis. The absorption
spectrum of the prepared photocatalyst was plotted against wavelength and absorbance and the
results shown in fig. 1 (i) indicate the prepared material has the absorfgti@h under UV and visible

light region. The band gap energy of the prepared photocatalyst was analyzed by using &ubelka
Munk function.
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be 2.92 eV. The results were well correlated with those of BiOBr photo catalysts as reported
elsewhere [Kong et al. 2011].

3.2. FHIR analysis

FTIR techniges were used to analyze the functional groups present in the photocatalyst and results
is shown in fig 1 (iii). The peak at 516'dmassigned to BD bond symmetric stretching vibration [Li
et al. 2012].

3.3. XRD analysis

The XRD pattern of the preparehotocatalyst with 001 facet (fig.1 (iv)) indicates the pure intense
diffraction peaks and the good crystalline nature. The tetragonal phase of the prepared material was
compared with JCPDS pattern and that were well matchdee diffraction peaks obsesd at
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Fig.1(i)) UMVisDRS absorbance spectra, (ii) Band gap energy diagram, (iii) FTIR, (iv) XRBEM) HR
(vi) HRSEM

(001), (002), (101), (102), (110), (004), (104), and (212) planes of pure tetragonal Bitdr.
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equation 3:
A Mot Alfo
Where _ denotes the wavelength of the radiation equal to ®4hm,T is the full width at half

maximum and—is the half diffraction angle.

3.4. Morphological analysis
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The HRSEM images of the prepared BiOBr material shown in fig.1 (v & vBENWRImage shows the
prepared photocatalyst in heartin like shape witm@th unique layered plates. Hence, SEM
results proved that the prepared catalyst are nanosized and may possess photocatalytic activity.

The photocatalytic efficiciency of the prepared BiOBr was evaluated for the degradation of
commercial dye moleculesnder solar light irraiation in aqueous pahse. Preliminary photocatalytic
studies were carried out for the optimization of initial ageuous phase pH, catalyst dosage and initial
dye concentrations.

3.5. Effect of aqueous phase pH

The effect of initial agueas pH on the degradation of the dye molecule was studied in the range of

2 to 12. The pH solutions were adjusted by using 0.1 N HCI and NaOH. The test was made with 10
ml volume of each pH with dye concentration of 10 ppm using 10 mg of catalyst and gtk re
shows the maximum degradation compared to adsorption study. Moreover above 90% of
degradation was achieved at all the pH ranges under solar light irradiation shown in fig 2(i), while
the extent of adsorption was 70%. The adsorption studies of thelysitgives some more marginal
adsorption ranges in acidic pH ranges. At neutral pH, above 95% of degradation was achieved
whereas the percentage of adsorption was very low i.e., 20%. So we have fixed the neutral pH for
further experiments.

3.6. Effect ofcatalyst dosage

The photocatalytic degradation and adsorption studies of the dye molecule were analyzed with
different catalyst dosage. The result shows that by increasing the catalyst dosage, in the extent of
adsorption increases through dark reaction,ileithe maximum degradation efficiency was obtained

for very low catalyst dosage in photocatalytic process. From fig. 2 (ii) it was observed that the
maximum photedegradation of 99% achieved at 10 mg of catalyst with 10 ppm dye solution, with
increasing atalyst dosage minimum variation in the degradation was found. So we fixed the
optimum catalyst amount of 10 mg for further experiments at desired dye concentration.

3.7. Effect of initial dye concentration

The reaction was carried out with differentiial dye concentration ranges from 5 to 50 ppm with
desired amount of catalyst under solar light irradiation. The dark reaction studies were also
conducted to differentiate the photodegradation process. From the fig. 2 (iii), it was found that
photodegraddion decreased with increasing the concentration of the dye molecule. This may be
due to the lower penetration of light into the solution at increasing the concentration of the dye
molecule covered by the active sites of the photocatalyst thereby makingdton of the OH
radicals more difficult at higher concentration and decreasing the photocatalytic activity. The dark
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reaction studies show a decrease in adsorption by increasing the concentration of the dye

molecule.
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Fig.2 (i) Effect of aqueous pH, (ii) Effect of catalyst dosage, (iii) Effect of init@myentration, (iv)
Pseuddfirst-order plot, (v) Uwisible spectroscopy, (vi) Effect of electrolyte concentration

3.8. Kinetics of photodegradation

The kinetics of photodegradation of the dye house effluents carried out with different initial dye
concentrations under solar light irradiation was shown in fig 2 (iv). The kinetic rate parameters of the

degradation of the dye molecule was analyzed by using the following equation
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where, ks is the pseuddirst-order rate constant; Cis the concentration of dye molecule at time t
and G is the initial concentration at time t . The plot of time vs Ig/Q&@) gives the value ofy
From the results it is observed that the photodegradation follows psdudtorder rate and the
rate of photodegradation was decreased with increasing the concentration of the dye molecules. The
rate constants are found to be 8.73, 6.4, 3.0 and 2.3%b6 5, 10, 25 and 50 ppm concentrations

Q0

respectively.

3.9. Effect of electrolytes commtration

The effect of electrolyte concentration on the degradation of dye molecules is an important
parameter, because the real dye house effluent consists different types of inorganic salts. In this
study we have used the commonly used electrolytes nigmédaCl, KCI, MN&Q, NaHC® and

MgSQ. There was a marginal decrease in the addition of electrolytes on the photodegradation of
dye molecule. In case of all the electrolytes, above 90% of degradation was achieved and shown in
fig 2 (vi). This proves th#e catalyst will be active even in the presence of electrolytes.

3.10. Removal of COD level and W6 Spectra analyses

The reduction in the chemical oxygen demand confirms the oxidation of organic dye molecule. The
closed digestion method is used to fildit the COD value. The percentage of photodegradation
and the chemical oxygen demand was shown in fig. The complete mineralization of the sample was
monitored with UWisible spectroscopy and COD analysis. During complete degradation, the
chromophore unitwill destroyed and the result shows in fig. 2 (v).

3.11. Reusability of the photocatalyst

The chemical stability of the photocatalyst was tested with different cycles for the economic
perspective purposes. The recycling experiments were carried out feph® dye solution with
used photocatalyst. It was observed that the above 90% of degradation achieved evefl thel@

of the operation without affecting the photocatalytic activity of the photocatalyst.
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3.12.Photodegradation of Real leather dye house effluent

The activity of the catalyst was checked with real dye house effluent. The real dye house effluent

collected from tannery house in CLRI.

The collected effluent was characterized by physico

chemical analysisThe wastewater analysis was carried out befared after the treatment with

various parameters like Color, pH, Oxidation Reduction Potential, Total Nitrogen, Ammonia, Calcium,

Total Hardness, Magnesium, Total Dissolved Solids, Total Solids, Total Suspended Solids, Chloride,

Total Organic Carbon and €hical Oxygen Demand analysi¥he comparison of the real waste

water and treated water varies with the parameters. The physitemical parameters of the dye

house effluent and treated samples were listed in table 1.

Table 1. Physicochemical

photodegradation

charactics of the dye house effluent

before and after

S. No | Parameter Untreated Treated Percentage of
wastewater wastewater removal (%)

1 pH 3.47 7.85 -

2 COD 7680 176 97.70

3 TOC 2200 34.71 98.42

4 Sulphate 2151 274.89 87.22

5 Chloride 768 24.99 96.74

6 Total dissolved solids 66.186 1.204 98.18

7 Total Hardness 1320 410 68.93

8 Ammonia 65.1 0.84 98.70

9 TKN 3554 17.07 99.51

10 Chromium - 73.51 -

11 ORP +14 -20.0 -

12 Color Green Colorless -
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*All values except pH, color anercentage reduction are expressed in mg/L

The results clearly show the removal of organic and inorganic contaminants from the dye house
effluent after treatment with the BiOBr photocatalyst. This indicates the high efficiency of the
prepared photocatalysin the treatment of real leather dye house effluent.

4. Conclusion

The present study revealed that the tetragonal phase of the layered BiOBr plates has been prepared
by hydrothermal technique. The prepared photocatalyst was characterized throutfR, KRD, UV
VisDRS and HREM analyses. The obtained layered plates have band gap energy of 2.92 eV. The
BiOBr plates are highly active for phategradation of dye molecule under solar light irradiation
under neutral pH. The photocatalyst also exhibits droé stability of photodegradation organic
molecules under visible light irradiation upto 3rd cycles without affecting the catalytic performance.
The solar light active photocatalyst follows psetfutst-order rate kinetic model for the
photodegradation © organic dye molecule. The prepared BiOBr material serves as a promising
photocatalyst for the treatment of real and simulated wastewater.

5. Acknowledgement

The authors would like to acknowledge the GSIRI for providing facilities under the scheme of
INDUSMAGIC CSC0123 in™RYP for the funding.

6. References

Ai Z H, Ho WK, Lee SC, Zhang LZ, Efficient photocatalytic removal of NO in indoor air with hierarchical
bismuth oxybromide nanoplate microspheres under visible lifdriviron. Sci. Technd009, 43,
41434150.

American Public Health Association, standard method for analysis of water and wasterwater, 1999.
Anandan S, Miyauchi M, Improved photocatalytic efficiency of a 8y€tem by an efficient visible
light induced hole transfeChem. Comun. 201248, 4323; 4325.

Ansari S A, Khan M M, Ansari M O, Lee J, Cho M H, Highly photoactiv@aBo&tructures
engineered by electrochemically active biofilNgw J. Chen014,38, 2462;2469.

50



Boshoff G, Duncan J, Rose PD, Tannery effluent as ancssbrce for biological sulphate reduction.
Water Researci2004,38, 26512658.

Cavalcante RP, Dantas RF, Wender H, Bayarri B, Gonzalez O, Giménez J, Esplugasd S, Amilcar MJ,
Photocatalytic treatment of metoprolol with -Boped TiO2: effect of water matrixoxicological
evaluation and identification of intermediate&ppl. Catal. B: Enviro2015,176, 173;182.

Devilliers D, Semiconductor photocatalysis: still an active research area despite barriers to
commercializationEnergeia2006,17, 1¢6.

CrooNAROAY2 aX blFr@AatA2 . I ¢2NI2N} DI RQ!yld2yAz
and recovery from tannery wastewatel. Environ. Manag013,117, 1-6.

Gondal M A, Chang X, Ali MA, Yamani ZH, Zhou Q, Ji G, Adsorption and degpadfiticmance of
Rhodamine B over BiOBr under monochromatic 532 nm pulsed laser expdgpite Catal. A: Gen
2011,397, 192;200.

Gutterres M, Passos J, Aquim P, Severo L, Trierweiler J, Reduction of water demand and treatment
cost in tanneries through tese techniqueJ. Am. Leather Chem. Ass?808,103 138143.

Gutterres, M, Passos J, Aquim P, Severo L, Trierweiler J, Reduction of water demand and treatment
cost in tanneries through reuse technigue.Am. Leather Chem. Ass?@08,103, 13&;143.

Hem L J, Hartnik T, Roseth R, Breedveld G D, Photochemical degradation of benzalrieneieon.
Sci. Health. Part £003,38, 471c481.

Kaul S N, Tapas N, Vyas R D, Szpyrkowicz L, The Scope for Decreasing Pollution Load in Leather
Processing, UNIDOQ@0) Pollutants in tannery effluents, Regional Programme forPollution Control
in the Tanning Industryin SoutBast Asia 2001.

Kaul S N, Tapas N, Vyas R D, Szpyrkowicz L, Wastemanagement in tanneries: Experience and outlook.
J. Indian Assoc. Environ. Manag01,28, 56-76.

Kaur A, Vats S, Rekhi S, Bhardwaj A, Goel J, Goel J, Tanwar RS, Gaur-Ehétiggsitanalysis of
the industrial effluents and their impact on the soil microflorRaocedia Environ. S@010,2, 595
599.

Khan M M, Ansari S A, PradhanAnsari M O, Han DH, Lee J, Cho M H, Band gap engineered TiO
nanoparticles for visible light induced photoelectrochemical and photocatalytic studidelater.
Chem. A2014,2, 637644.

51



Kong L, Jiang Z, Xiao T, Lu L, Jones M O, Edwards P P, Exceptibelight-driven photocatalytic
activity over BIORZnFe204heterojunction€hem. Commur2011,47, 5512,5514.

Kongjao S, Damronglerd S, Hunsom M, Simultaneous removal of organic and inorganic pollutants in
tannery wastewater using electro coagutat technique Korean J. Chem. End08,25, 703709.

Lahmar, H, Kebir, M, Nasrallah N, Trari M, Photocatalytic reduction of Cr(VI) on the new hetero
system CuGD,/Zn0.J. Mol. Catal. A Cher2012,353, 74¢79.

LiDK, PeiL Z, Yang Y, Pei Y Q, Xie Y K, Zhang Q F, Synthesis and characterizations of BiDCI sheets.
Surf. Sci. Nanotechnd012,10, 161-164.

Li H, liu B, Yin S, Sato T, Wang Y, Visiblediiglen photocatalytic activity of oleic acwbated To,
nanoparticles synthesized from absolute ethanol Solutidemoscale Res. Le2015,10, 415

Mandal T, Dasgupta D, Mandal S, Datta S, Treatment of leather industry wastewater by aerobic
biological and Fenton oxidation procedsHazard. Mater2010,180, 204;11.

Page C, What are leather dyes today? The relationship between the dye structure and its
performance properties. In: XXVI IULTCS Congress Proceedings, Cape Town, 2001.

Rao J RChandrababuN KMuralidharan C,Balachandran Unni NalRao P G, RamasamiT,
Recouping the wastewater: a way forward for cleaner leather procesdinglean. Pro®003,11,
591-599.

Rodrigues MASAmado FDR, Xavier JLN, Streit KF, Bernardes AM, Ferreibppligation of
photoelectrochemicajelectrodialysis treatment for the recovery and reuse of water from tannery
effluents.J.Clean. Prod2008,16, 605611.

Sabumon P C, Perspectives on biological treatment of tannery effladdatRecycling Waste Manag.
2016,1:104 1-10.

Vyrides |, Stuckey D C, A modified method for the determination of chemical oxygen demand (COD)
for samples with high salinity and low organiBgresour Techn@009,100, 979982.

Zhang X, Ai Z H, Jia F L, Generalizegoonsynthesis, characterization, and photocatalytic activity of
hierarchical BiOX (X = Cl, Br, 1) nanoplate microsph&rBflysChem. C2008,112, 747 753.

52


http://www.sciencedirect.com/science/article/pii/S0959652602000951
http://www.sciencedirect.com/science/article/pii/S0959652602000951
http://www.sciencedirect.com/science/article/pii/S0959652602000951
http://www.sciencedirect.com/science/article/pii/S0959652602000951
http://www.sciencedirect.com/science/article/pii/S0959652602000951
http://www.sciencedirect.com/science/article/pii/S0959652602000951
http://www.sciencedirect.com/science/journal/09596526

Zheng J, Yang F{fang G D, Kong LA, Jones M O, XiacEOwWard P P, The hydrothermal synthesis of
BiOBr flakes for visiblgght-responsive photocatalytic degradation of methyl orangePhotochem.
Photobiol. A: Chen2010,212, 813.

53



FLS P20
USE OF TERNARY SOLVENT (WATERNOL ETHYL ACETATE) MEDIUM

FOR LEATHER PROCESSIRGSAIBLE PARADIGM CHANGE
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Janardhanan Sreeram, Jonnalagadda Raghava Raol and Balachandran Unni Nair
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Leather Technology Directorate, Leather ktduDevelopment Institute 24692 code 1000, Addis
Ababa Ethiopiasfessehaye@gmail.com

An attempt to replace water €20 m3/ton) in leather processing with a ternary mixture of solvents
that would have a loweboiling point than water (for easy recovery through evaporation) and also
bring about maximum solubility of conventional dyes, syntans and fatliquors is reported. The ternary
mixture (Water, ethanol ¢ ethyl acetate) reported in this study provided for gbo
solubility/dispersion of leather chemicals. Average particle size of the syntan/dye in solvent / water
remaining the same, particle size distribution of dyes and syntans was advantageous in the solvent
medium, leading to better diffusion. Amongst variotrgals, neutralization of the leathers after
tanning in solvent medium followed by use of neutralization syntans was found to be more
advantageous to obtain leather properties comparable to conventional controls. The adsorption
studies of dye used in theresent study followed Freundlich model in both solvent and water
medium indicates multilayer adsorption. Physical properties of the leathers were similar to that of
control, indicating clearly that the solvent had no adversary effect on collagen angralgded for

good diffusion and fixation of chemicals. The method thus reported in this study could provide for a
minimum change approach to leather processing with ample contribution to water saving.

Keyword: Ternary solvent, Freundlich model, diffusion

Introduction

During the last two decades, the leather industry is emerging out of its traditional practices to one
adopting best clean practices. A review of the literature would suggest that there is a basket of
technologies for each processing step, adoption of whmhld be more environmentally benign and
economically sustainable than the dependence on-efigipe treatment system alone. A look into

the historical setting of leather clusters would reveal that their locations were predominantly in
water rich zones. Mny of these zones had no inherent raw material but had to be transported in.
Today, some of these zones have gone barren or are highly polluted, leading to either close down or
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shifting of the industry from such locationhs.

The growth of material sciee has enabled human kind to understand the benefits of using leather
in some of our routines. Typical example is the case of footwear. It is slowly emerging that this
industry may not be in a position to meet all the requirements of its customers, ustese outof -

box thinking and methodologies are developed to ensure independence from water in processing.
Values such as 386 L/kg of hide/skin processed, effluent discharge of 50,08@day from Indian
leather sector alone ett? need to be those oftte past to ensure sustainable leather productfon.

During the last two years, an approach towards use of solvents for diffusion of leather chemicals into
the skin matrix has been reported. This includes use of eutectic solvents, extraction of vegetable
tanning materials and subsequent leather tanning in solvent media, ionic liquids as the fibre opening
agents et&® While most of these research works have pertained to the emission intensive processes
in pretanning and tanning stage, adoption of such neblogies in postanning is considered
challenging. This is predominantly because of a large number of specialized auxliasidsmark
products of industrial houses, which are in use to obtain customer desired properties. The common
feature of these poducts is that they have been subjected to reactions such as sulfonation that
would make them water soluble. In spite of this challenge, water consumption int@asing
cannot be ignored as the contributes to about 23% of the water consumed in leatheegsing.

Based on this background, in the initial survey leading to this publication, a set of solvents selected
from the GSK Solvent Selection Guide were evaluated for their ability to dissolve or disperse a
significant number of commercial auxilissigirawn from various classes of compourtiSuch of

those selected solvents were then tested for any adverse effect on collagen. Based on these initial
studies, two solvents, viz., ethanol (EtOH) and ethyl acetate (EtOAc) were shortlisted based on the
following considerations: a) good biodegradability and recyclability of these solvents and current use
to replace water in processes such as dry cleaning, textiles and Paintsb) have no adverse effect

on collagen? Solvents chosen in this study are moarked in the red category with respect to V&C.

One of the major considerations, during our initial studies was the manner in which the identified
solvents would interact with free water present in hides/skins or leather.

A further relook into these awsiderations led us to investigate various binary and ternary solvent
mixtures involving water for dispersing/solubilizing commercial auxiliaries. This work reports in detall
the results observed with one of the successful combinations, involving a aekitifiries employed

for the manufacture of leather.

Experimental

Materials and Methods
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A ternary mixture of water, ethyl acetate and ethanol (1:1:2) was employed in this study. The study
reported here was carried out using analytical grade solvents/tadainterference from impurities.
Auxiliaries selected for investigation were of commercial grade and those which were easily
dispersed or had good solubility in the solvent mixture investigated were chosen for the leather
trials. Wet blue goat skins weemployed for the trials.

Dynamic Light Scattering Measurements

The changes in the particle size distribution of the syntans and dyes on dispersion into the solvent
mixture was evaluated by dynamic light scattering technique using a Zetasizer NansZBl&Mérn

UK). The measurements were carried out at@%ising a 4 mW Hde laser operating at 633 nm.
Data was collected at a scattering angle of°.73

Post Tanning Experiments

The experiments were carried out in tight fitting stainless steel drumisonitany acrylic transparent
windows for observation. The speed of the drum was maintained at 15 RPM throughout the studies.
Two wet blue goat shins were used for the study. The experiments were carried out employing the
butt portion of the wet blue goatldns. Left sides were used for experiments trial, where ternary
mixture was used for post tanning and the right sides were used for control trial, where water was
used as medium. The post tanning process recipe is presented in Table I.

In order to have an understanding of the effect of neutralization on the processed leathers,
neutralization was carried out in water as well as solvent and employing mild alkali/neutralization
syntans. Scheme of work carried out is presented in Figurer ietter understanding. In all 3 trials
(marked asl ¢ 3) was carried out with corresponding water based control (marked aag 3a).
Conventional mechanical operations were carried out on the crust leathers.

Characterization of the Leathers

EmployinglUP methods for sampling and analysis, the strength parameters were determined for
both control and experimental leathef§™ Color fastness properties to and fro rubbing of the dyed
crust leathers was tested according to I1ISO 11640:1993(E) test methgdrub fastness was
measured using Giuliani Rub Fastness tester. Quantification of color was carried out by reflectance
measurements using Techkon SpectroDrive (TKSDEB) in order to know intensity of dye on grain side
of the leather surface. The CIELAB 1€316r coordinates were determined using in built software.
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Scanning Electron Microscopic (SEM) Analysis

A sample from experimentall) and control crust leatherslé) were cut from official sampling
position. All specimens were then coated with GolchgsEdwards E306m sputter coater. A Leica
Cambridge Stereoscan 440 Scanning electron microscope was used for the analysis. The micrographs
for the grain surface and cross section were obtained by operating the SEM at an accelerating
voltage of 20kVat diffemt magnification levels.

Visual Assessment

The experimental and control leathers were visually evaluated for various properties by experts
drawn from the industry. The ratings have been provided in a scalel6f Wwith 10 being the best.

Adsorption Egilibrium and Diffusion Coefficient Studies of the Dye in the Ternary Solvent
Medium

Adsorption studies of the dye on the leather in the ternary solvent medium were carried out by
contacting the leather with various initial concentrations of the dye solutThe samples for the
experiments were obtained from the official sampling position (IUP 2) from a wet blue goat skin. In a
shaker bottle, 6 g (dry weight) of the wet blue leather was weighed and 30 mL of dye solution
containing various initial dye coeutrations ranging from 167 to 1000 mg/L was added. The bottles
were placed on a mechanical shaker for 2h at room temperature. The aliquots were drawn at every
15 min interval for 2h. The amount of the dye present in the samples was quantified usiviggiy
spectrophotometer (M/s. Shimadzu kIN00) at 540nm. The absorbance was then converted into
dye concentration value using a calibration graph. The amount of dye uptake was calculated by using
the following formula

Where G and G, are the initial and quilibrium concentration of dye solution (mg/L) respectivaly,

is the equilibrium dye concentration on the leather (mg/g)isthe volume of the dye solution (L)
and W is the weight of the leather (g).

Solvent medium Neutralization Solvent medium
neutralization syntan retanning

Water medium Neutralization Solvent medium
neutralization syntan retanning

3 Solvent medium Nes}t,rnatgznailon Solvent medium
neutralization Bicarbonate retanning

Figure 1. Scheme of trials employed to test thigceency of ternary solvent mixture (Wat&thanot
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Ethyl acetate) to replace water in pastnning processes.

Results and Discussion

The selected solvents, water, ethyl acetate and ethanol were employed in the ratio of 1:1:2 and
found to be able toprovide maximum solubility of leather auxiliaries selected for this study. The
properties of this ternary system is well documented in the literaturel87Interaction of these
solvents with commercial leather auxiliaries, their performance on the leatlasrinvestigated.

Compatibility of Leather Auxiliaries with Ternary Solvent Mixture

The conventional leather auxiliaries are synthesized in such way to be completely soluble in water, so
as to achieve better penetration. Accordingly, as expected, thasdliaries were found to be
insoluble in neat solvents (EtOAc and EtOH). When the solvents were in combination with water, i.e.
ternary system, good solubility of the auxiliaries was observed. This has been attributed to the
appropriate matching of dieledt constant of solvent mixture to the leather auxiliaries and/or
reorientation of hydrogen bonding

Table |

Post tanning recipe (Product Shoe Upper) employed to evaluate the efficacy of ternary
solvent medium in leather processing.
Raw material: Weblue goat skins. Ternary solvent: Water:EtOAc:EtOH (1:1:2). All percentages
calculated on shaved weight of wet blue goat skins.

Time
Process Chemicals Do (minutes)  |Remarks
Washing \Water 100 [10 Drained
Ternary Solvent (Trial 1, 3) bfater (Trial 2) pH
adjusted tc
100 5.2¢5.4
or water (all controls) and batt
Neutralizatio drained
n Neutralization syntan (Trial 1 and 2) and
Neutralization washed
with
0.7 RO solvent
syntan: sodium bicarbonate 1:1 forial 3
Ternary solvent (for all trials) or water ([L50
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control)

Acrylic syntan P 20

Dye (anionic metal complex red) P 20

Lecithin based fatliquor 3 30 Dispersed
the
products
in ternary

Phenotformaldehyde condensate  bas solvents

syntan 5 (1:10
ratio) for

Melamineformaldehyde condensate bas 40 laddition

Posttanning [syntan 5

\Vegetable oil based fatliquor 3

Semisynthetic fatliquor 3 60

Synthetic fatliquor 3
Addition ir
equal
feeds
of three
10 mir

Formic acid 3 30x10+ 60 interval
followed
by 60 min

Piled over night, toggle dry, staked

between the auxiliary and the solvents in the ternary mixture. Water acts asobeent to make
auxiliaries soluble in ternary mixture. Recently the possibility of solubilisation of oils in binary
mixtures of solvents has been attributed to matching of dieleatdnstants of binary mixtures with
that of water
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Particle Size Distribution

Penetration of the dyes and syntans into the skin matrix depends on the particle size of the
dispersion in solution. Lesser the particle size of syntans and dyes in solwiter, Will be the
penetration down to the hierarchy’ It can be seen from Figure. 2 that a mono dispersed system is
observed for the dye dispersed in solvent mixture, indicating a homogeneous dispersion and thus a
uniform hue can be expected. In tune withe size distribution observed, visual assessment by
experts indicated good penetration, color uniformity, depth of shade and dry rub fastness for
leathers postanned using solvent as the dispersion medium.

The average particle size of the syntan inavais well as in solvent mixture was found to be around
260nm (Figure 3). The pores between fibre bundles in collagen is known to-b@058m so the
syntan can gently penetrate into the leather in solvent medium same as in conventional water
processing.

Characteristic Features of the Leather

The Strength properties of the leather are presented in Table Il. The physical strength values are a
measure of efficiency of tanning and fatliquoring. The leathers processed both in solvent and in
water medium are satisfying standard values. This indicalbat the process developed using the
ternary solvent medium does not deteriorating the quality of the leathers. A characteristic
observation made in this study is that the neutralization in the solvent medium followed by retanning
and fatliquoring in thesolvent medium resulted (Tridl) in leathers whose strength properties
matched well with control rather than those where neutralization was carried out in water @Jrial
This is possibly because in Tliathe free water in leather was completely raped with the solvent
medium during neutralization process. Our earlier studies (data not shown) indicated that the
solubility of alkalis such as sodium bicarbonate was minimal in the binary system ofEE@@4¢ and
hence the ability of the same to raisiee pH during neutralization was poor. However, in Trial 3, the
presence of water in the ternary system enabled the dissolution of the alkali and thus a combination
of this system could uniformly raise the pH to desired values. A complete and thorough
neutralization resulted in leathers with properties similar to that of control ()al

Proper distribution of the dye through matrix, followed by its fixation is critical to achieve the desired
levels of rub fastness. From Table Il, it could be seen Heaexperimental leathers had excellent dry
rub fastness, indicating that the fixation of the retanning and fatliquoring agents were good even in
the presence of the ternary solvent medium.

Color Coordinates

AE = \/(Ll — Lz)z + (a1 — az)z + (bl — bz)z
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Color difference calcula¢ed as

Where L, & and h are the color coordinates of trial and,la and Iy are the color coordinates of
control respectively, is presented in Table Il. It can be seen that other than in the case of fheal

n9 @I tdzsSa | NB 0 Sliezdor diffErenseyp&vie€nl-confrof amd tiaKlathers will not

be perceptible to an untrained eye. A closer look at the color coordinatesdod 1a (54.02, 20.29,

20.73 and 45.09, 21.01, 19.13, respectively for L, a* and b* of 1 and 1a) indicattsetip@rceptible
change was only in the L (lightness value). The leathers from1Tniate lighter than the control
leathers, where water has been used as dispersing medium. The color coordinates have been
obtained from the grain side of the leather.i# likely that for a given concentration of dye, the
predominant part of dye penetrated well into the matrix far A likely offshoot to this observation
could be that the solvent based dispersion medium could be advantageous for making suede
leathers. Asa whole, color measurement values depict that no major difference exists between
solvent processed and water control leathers.

Table II

Physical properties and color difference of the leathers (trial-@isis respective controls).

Percentage elongatio
ProduclTensile strength  fat Tear strength Dry rub fastness
t no
(N/mm?) Break (%) (N/mm) (scale of @ 5)
1 2.4 84.0 17.6 al
0.1
la 24.9 33.9 51.0 4
2 23.1 66.7 19.7 4/5 3.8
2a 29.0 07.1 58.1 4/5
3 18.0 7.7 33.1 al 2.9
3a 18.2 51.4 34.6 il

Visual Assessment
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Three tanners have evaluated the crust leather from both control and experimental processes. Their
evaluation in a scale ofD0, with 10 being the highest esented in Table Ill. Comparison between

1 and la reveals that the fullness for control trial is lesser by 1 unit. Deeper look at the Figure 3
would indicate that the maximum observed patrticle size when syntan in dispersed in solvent is 400
nm, while thesame is slightly more aggregated in water (600 nm). Further the number of particles in
the range of 1¢ 10 nm, is significant in the case of syntan dispersed in solvent, indicating a better
filling of the smaller pores leading to an increased grain smuedk (I unit more than control). Shade

for experimental Trial 1 was lesser by 1 unit and this commensurate with observation on color
coordinates. A further look into Figure 2, indicates that the particle size distribution of the dye
employed in this studyindicated by black line in the figure) in solvent being homogenous and mono
dispersed, a deeper penetration is expected compared to the same in water (indicated by red line in
figure).

When neutralization was carried out in water medium, penetration wabably hampered due to
aggregation of syntans at the interface of leather and solvent. This leads to a 2 unit decrease in
fullness for TriaR. Aggregated particles create inhomogeneity leading to decreased rating when
compared to control.

Except for dygenetration, softness and shade all parameters were similar betwdeand 3a. This
can be attributed to presence of neutral salts in the leather, arising from a bicarbonate
neutralization, which was not completely removed by solvent washing after naagtiain. An inter
comparison between the three trials clearly indicates that a solvent neutralization followed by

neutralization using syntans was the best way forward.
124

50 7—Red Dye In solvent mixture . Syntan in solvent mixture
|—— Black dye In Sovent mixture —— Syntan in water
[— Red dye In water 10 4
40 _—Black Dye In water
8 4
z 2 o
@ 2
3 =
€ 204 44
10 27
0 T f T 1
0 : - ! 3 0.1 1 10 100 1000
0.1 1 10 100 1000 Size (d.nm)
Size (d.nm)

Figure 2. A comparison of the particle FAyooertparison of the particle size
size distribution of dye dispersions in distribution of a commercial aromatic
syntan
water and ternary solvent mixture. in water and @rreantyrsixture
Table IlI

Visual assessment rating (scale o€ 1.0) provided for leathers prepared using conventional
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(water as diffusion medium) vis-vis experimental (solvent as diffusion medium).

Grain Dye Dye
ProductFull ness [Softness [Grain tightnessjsmoothness penetration  uniformity  [Shade
1 7 J 3 8 8 8 7
la 4] J 8 7 8 8 8
2 3) 7 7 6 7 7 8
2a 7 J 8 ¢ ¢ 0 8
3 7 6 7 7 5 7 6
3a 7 7 7 7 7 7 7

Morphological Evaluation of.eather

Morphological study ofL and 1a was carried out using scanning electron micrograph. The grain

surface and crossection of the control and experimental leathers at magnification of 30X and 500X

respectively, are depicted in Fiure 4. It has beerarbed that the grain surface is clean without any

foreign particles for both water and solvent processed leathers. This could be due to the optimal

solubilization and dispersion of post tanning auxiliaries especially syntans and fatliquors. Pores are

well opened and showed uniformity in grain pattern for both control and experimental leather. Cross

section shows compact fibres, indicating solvents were not involved in damage of fibres of collagen.
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CEG 5:00kV €4 4mmh x500 SE

Figure 4. Scanning electron microscopic images a. @rdingrainla, c. cross section df, d. cross
section ofla

Adsorption Isotherms

Adsorption studies have been carried out in order to find out the maximum uptake capacity of the
wet blue leather for the dye used in the study. The studies have baaied out both in water and

in solvent medium in order to establish the effect of solvent on the dye uptake behaviour of the wet
blue leather. Adsorption of dye to the surface of the leather is limited by the number of active-sites (

NH") available. Thesquilibrium dye uptake capacity of the wet blue leather in both water and
solvent medium at various

—=— 1665mg L’
54-e-3333mgL"’
-a—5000mg L’
|-+—6666mg L’
44—+—8322mglL"’
|—— 1000 mg L’

Time (min)

Figure 5. Trend in equilibrium dye uptake as against time in the solvent medium.
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concentration of the dye are shown in Figure 5 andeSpectively, It could be observed that the

equilibrium dye uptake capacity of the wet blue (mg/g of leather) increased with increase in initial

dye concentration, in both the medium. However, it is inferred from the data, trend in dye removal

and
Table IV
Freundlich and Langmuir constants for water and solvent medium.
Freundlich Langmuir
K n R o b R
Water (0.325 1.677 0.889 0.398 0.012 0.6141
Solvent0.0121 1.1287 0.8939 6.25 0.0015 0.737

equilibrium dye uptake has been similar in both solvent and water. Hence, it could be inferred that

the solvent does not affect the dye uptake behaviour of the wet blue leather.

The experimental data obtained has been analysed by two models namely Langmuir andiémeund

isotherm models in order to know the adsorption phenomena on the leather surface in the water

and solvent medium. Langmuir isotherm assumes that the adsorbent surface is homogenous and the

adsorbate forms a monolayer on the adsorbent surface. Therhaingonstants gand b has been

obtained from the

q, (mglg)

Time (min)

Figure 6.
(experimental)

as against time in the water medium.

Trend in equilibrium dye uptake
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linear plot of @ ge versus g which has a slope of 1{gnd an intercept of 1/gpb. The linear form of
Langmuir expression is given in the following equation.

Ce 1 C,

Ge Qob Qo

The adsorption of dye by the wet blue leather has also been analysed by Freundlich isotherm model.
This model express that the surface is heterogeneous and consists different adsorption sites. The
Freundlich constants andk were obtained from the following linear regression equation.

1
logge = logK + ;logC,.

Where n and K are Freundlich constants and can be obtained by liner plot o¢ legrsus logce
contains log K intercept and 1/n as the slope.
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Figure 8. Comparison oflo\evcaiteremiium (control Figure 9. PTII(';': t(gmd)etermine the diffusion
coefficient

) data by using Freundlich isotherms model of dye (red metal complex dye dispersed in
ternary

fit. solvent medium) on leather.

Figure 7 and 8 shows Freundlich isotherm for the solvent and water medium, respectively. The
obtained Freundlich and Langmuir constants for #wvent and water medium are presented in
Table IV. From the table, correlation coefficienf)(Ralue for water and solvent as per Freundlich
model is higher compared to Langmuir model. This observation reveals that the adsorption of dye on
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to the wet blwe leathers in both water and solvent medium are heterogeneous in nature and follows
Freundlich model.

Calculation of Diffusion Coefficient of the Dye in Solvent Medium

The process of transfer of solute from the solvent medium is studies by calculatfogiat
coefficients for the initial concentration of 0.833%1§.cm>. From the Figure 9, plot of dye uptake
versus t° the slope of the linear plot was found to be 0.16386 mg/g.min. In order to predict the
actual slow step involved, the kinetic dateedurther analyzed using Boyd kinetic expression, which
is given by’

F=1- 62 exp(-3B,)
T

and

Fal
qf

Where @ is the amount of dye adsorbed at infinite time (mg/g) andepresents the amount of dye
adsorbed at any time t (min), F represents the fraction of solute dsbat any time t and Bs a
mathematical function of F, given by:

B, = -04977 -In(1- F)
The linearity of the plot of Bt vs time is used to distinguish whether external and intraparticle
transport controls the adsorption rate. It is observed that the relation betweearil t is linear
(Average B0.991) and does not pass through origin, confirming that surface diffusion is the rate
limiting step?® ** The calculated B values are used to calculate the effective diffusion coefficient, D
(cns™) using the relation:

B=x’ 9,'—
7

Wherer represents the radius of the particle (assuming as spherical particles). The avevadgeD
was found to be 3.48 x1cnrs™.
Conclusions

The feasibility of use of green solvents in post tanning operations as alternative to water fol leather
processing was explored in this researer. The judicial choice of the solvents from GSK solvent
selection guide for the present study is of particulaportanceA The green solvents chosen to be
used as an alternative medium foe leathey processing shouln give the same or enhanced leathec
propertieerand at the same tit should noh give rise to any pollution load. Tho ptlysiuical
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properties of the post taning chemicals in the solvent medium present uniform size distribution,
leading to good penetration into the matrix. Metal complex dyes in solvent mixture were found to
have a homogenous and narrow particle size distribution compared to water medium waghlso
confirmed with respect to penetration, depth of dye and dry rub fastness on processed leather.
When it comes to the neutralising medium solvent neutralised and solvent processed samples were
having good appearance and properties. Adsorption isotls of the dye in water and solvent
medium follows same trend and fits to the Freundlich model, with multilayer adsorption being
observed. The average diffusion coefficients of the dye in solvent medium was found to be 3:48 x 10
cm’.s® and found to be comparable with water mediated diffusion. Microscopic images of the
leather treated with solvent mixture showed uniform grain pattern and compact cross section. The
physical strength measurements of solvents processed leather portrays stilaents are not
deteriorating the functional properties of collagen fibres.

This report thus opens up an opportunity to explore ternary solvent mixtures as a diffusion vehicle
for current auxiliaries, leading to water reduction in leather processindy wiinimum change.
Though not investigated as a part of the study, the boiling point of the ternary mixture being less
than that of water, a complete recovery of the solvent through evaporative methods is feasible.
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Abstract

Poly acrylate /nanoZnO composite leather finishing agent was prepared by emulsion polymerization
with Methyl Metha Acrylate, 2 Ethyl Hexcyl Acrylate, Lauryl AcrylateAanglic Acid monomers. The
synthesized ZnO was functionalizedsitu during the polymerization process. The leather finished
with ZnO incorporatedpolymer shows better color fastness to light, mechanical properties against
control.

Keywords: Leather, Znlight fastness, emulsion polymerization, polymer nanocomposite
1. Introduction

The incorporation of inorganic building blocks into organic polymers is one of the most prominent
routes in the synthesis of inorganizganic composite materials. These matésiare promising
candidates for a wide variety of applications owing to their remarkable change in mechanical,
thermal, electrical and magnetic properties (Kickelbick 2003).Aqueous acrylic dispersions have been
preferred for coating applications owing thhé advantages they offer such as low cost and good
tolerance to additives and pigments (Briggs and Jialanella 2010).Acrylate polymers and copolymers
are widely used in the leather finishing process.These polymers can take advantage of such inorganic
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nanopaticles for enhanced properties such as UV stability, fire retardancy, scratch resistance, self
cleaningetc (Fernando 2009).The properties of the produced nanocomposites depend greatly on the
functionalized nano particle and the polymerization method. &dition of OD nano particles such

as SiQ TiQ, ZnO, CdSe, ZnS,@lresults in the improvement of thermal, physical properties and
bioactivities of the latex. 1D nano materials such as carbon nanotubes alters the electrical properties
such as conductity and dielectricity whereas the addition of 2D nanofillers such as nanoclay,
graphite and mica can strengthen the barrier propéftyomas Sabu, and Gennady Zaikov 2009).

Nano ZnO being a multifunctional inorganic nanoparticle has been the subject rohitgerest as a
potential filler material for polymer nanocomposites for enhancement in various properties (Xiong et
al 2005, Li et al 2006 and Zhao et al 2006). In this article, copolymer latex of methyl methacrylate,
ethyl hexyl acrylate, lauryl acrylatand acrylic acid incorporated with nano ZnO is synthesized to be
used as a leather finishing agent which imparts light fastness to the full grain cow shoe upper
finished leather.

The preformed nano particles of ZnO are made introduced into the polyntierizaessel along with

the surfactant to allow for irsitu formation of polymer nanocomposite. This process has is
advantageous due to the fact that a poor dispersion is often encountered while attempting to
incorporate nano fillers in a polymer melt (Derat al 2006).The produced polymer nanocomposites
films were characterized by Fourier transform infrared spectroscopy (FTIR), Differential scanning
calorimetry (DSC) and Thermo gravimetric analysis(TGA). Leather samples were finished with the
base coat ofsynthesized nanocomposites which showed enhanced UV stability than the ones
finished without nanozZnO.

2. Materials and methods
2.1 Materials

Monomers Methyl Methacrylate (MMA),-Ethyl HexlyAcrylate(EHA),Lauryl Acrylate(LA), Acrylic
Acid(AA) were purchasl from Sigma Aldrich and were used without further purification. Initiator
Potassium Per Sulfate (KPS) and surfactant Sodium dodecyl sulfate (SDS) were also obtained from
Sigma Aldrich.

2.2 Synthesis of ZnOnanopatrticles

To synthesis a ZnO nanOcrystalg #malytical grade reagents were used as received without further
purification. Briefly, 10 mM of Zn(NJg6HO and 1.5 g of urea were dissolved in 40 ml deionized (DI)
water under stirring. After stirring of about 10 min, the clear solution was transdetoeT eflonrlined
stainless steel autoclave and kept in oven at 160 °C for 12 h. The solution was cooled down to room
temperature naturally and the precipitate was separated and washed with deionized (DI) water,
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ethanol and acetone consecutively. Finathe end product was dried at room temperature followed
by the calcination at 300 °C under air for 3 h.

2.3Synthesis of copolymer latex incorporated with ZnO nanoparticles

35% dispersion of MMA in combination with 2EHA, LA and AA was prepared. The movegier
ratio MMA: 2EHA: LA: AArespectively was17.76:7.35:9.84:0.25.

To start with 0.5 gm of surfactant SDS was dissolved in 50 gm of deionized water and stirred well by
vertex stirrer for 5 minutes. The monomers, MMA 17.76 gm, 2EHA 7.35 gm, LA 9.84 4 kb

gm were added to threéourth portion of the surfactant mixture and stirred well for 30 minutes.

The ZnO nanoparticles were taken in concentrations of 0.01, 0.02, 0.03, 0.04 and 0.05 wt%for each
trial and dissolved in the remaining offeurth of surfactant by sonicating for 30 minutes. 0.75 gm of
initiator, potassium per sulfate was dissolved in 20 gm ofdeionised water.

The ZnOnano particle and surfactant mixture was taken in a 250rmati8 round bottom flask fitted
with magnetic stirrer at 600RPMnd heated in silicone oil bath to €, equipped with reflex
condenser and thermometer. The initiator and monomer mixtures were added drop by drop under
nitrogen atmosphere simultaneously into the reaction vessel. At the end of the reaction,a viscous
latex was formed which was cooled andfiltered by using wattman filter paper. The nanocomposite
films shown in Figure 2.1 were fabricated under atmospheric drying condition to study the property

of the synthesized binder.

Figure 2.1 Films samples with-®01 wt % ZnO, 8.02 wt % ZnO, 0.03 wt % ZnO, 0D.04 wt %
ZnO and B.05 wt % ZnO and Control

2.4 Application in leather finishing

The synthesized nanoZnO incorporated latex was used as a base coating for the finishing of upper
leather. The coating mixte formulation consisted of water, ZnO functionalized acrylic binder,
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polyurethane, casein, wax and pigment (Bacardit et al 2010 and Olle et al 2010). Further, the season
mixturewas sprayed on the cow shoe upper leather by HVLP gun at 30 psi. The badeposéton

was 8 g/sft applied by two cross coat spray, with intermediate drying. The dried leather was pressed
at 80 °C/80 kg/crhand further subjected to spraying of two cross coatings. After drying the leather
was sprayed two cross coat of lacquer dsmon top.

2.5 ATRR, and DSC of cast films

The cast films of the ZnO functionalized acrylate polymer were characterized by attenuated total
reflection-infrared spectroscopy (ATIR), Differential scanning calorimetry (DSC) and Thermo
gravimetric analysi(TGA).

2.5 Testing of finished leather

Leather samples finished by both ZnO free polymer and ZnO functionalized composite were tested
for color fastness to light by prolonged exposure to Xenon lamp for 20hours. The color fastness to
rubbing and adhesioaof finish were determined by standards SATRA TM8 and SATRA TM408.

3. Results and discussion

3.1 IR Spectra
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Figure 3.1 ATRR SPECTRA

The ATRR spectra reveal that all the films have similar IR vibrational modes as like control. The
addition of ZnO nanoparticles does not alter the IR vibration even at high concentration of 0.05%.
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However, it can be seen that there are diminishing inignsf vibrations due to the incorporation of
ZnO.The peak at 1736Entorresponds to C=0O stretching, TheDA stretch fundamental (1134
O Y'Y, being a strong absorbance. An asymmetric stretching (CH) vibration at 2928aaah the
a2 YYSiNKO CcB)Sigraianyadl465 &tb( Sachin et al 2016)

3.2 Differential scanning calorimetry (DSC)
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Figure 3.2 DSC

The control films have a glass transition temperature at about’@5@ith broad mass flow upto
300°C. For the ZnO functionalizedrylate films show high stability upto3In particular, the lower
concentrations of ZnO exhibit better stability due to the complete incorporation of nanoparticles
within the acrylate matrix. While increasing the concentration of ZnO to greater titahvix %, the
crystallinity of the films has been changed due to the segregation of the nanoparticles. In this case,
the narrow glass transition peaks observed at%7%s shown in figure. This result indicates that the
functionalization of ZnO nanopartidewnith acrylate polymer significantly enhances the crystallinity
and functional properties.

3.3 Color fastness to light

Table 3.1 shows the color fastness rating of the crust leather, leather finished with acrylic copolymer
and the ones finished with acrgl copolymer incorporated with nanoZnO. All the leathers were
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subjected to 20 hours exposure in Xenon arc light &30 is evident that the finishing of leather
with acrylate binder as well as addition of ZnO nanoparticles imparts a positive chareggengdf
light fastness of the samples when compare to crust leather.

Sample Crust leather Leather finished with Leather  finished
acrylate with nanoZnO
functionalized
acrylate
Rating 3.0 4.0 4.0

Table 3.1 Color fastness to light of samples
3.4 Coloffastness to rubbing

The color fastness to circular rubbing of the samples shows increase due to the addition of ZnO
nanoparticles against the control sample as shown in Table 3.2.

RUB FASTNESS DRY WET
MATERIAL FELT MATERIAL FELT

CONTROL 3/4 3 3 2

A 4/5 4 4/5 4

B 4/5 4/5 4/5 3

C 4/5 4/5 4/5 4

D 4/5 4/5 4/5 4/5

E 4/5 4/5 4/5 4/5

Table 3.2 Color fastness to rubbing of samples wit® A1 wt % ZnO, B.02 wt % Zn0O,0.03 wt %
Zn0, B0.04 wt % ZnO and-&05 wt % ZnO and control

3.5 Finish filnadhesion

The adhesion of finish increases with the addition of ZnO nanoparticles as seen from the Table 3.3
upto concentrations of 0.03 wt %. The decrease in adhesion for higher concentrations could be
attributed to the agglomeration of nanopatrticles.

SAMRE DRY WET
CONTROL 2.87 2.21
A 3.17 2.5

B 3.42 2.78
C 3.48 2.44
D 2.60 1.96
E 2.49 2.34

Table 3.3 Finish film adhesion of samples witFDA1 wt % ZnO, 8.02 wt % Zn0O,0.03 wt % ZnO,
D-0.04 wt % ZnO and-&05 wt % ZnO and control
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3.6 Organoleptic Properties subjective evaluation result for ZnOnano particles coated leather

All the finished leather were assessed for following organoleptic properties assessment parameters
like gloss,covering,touch,filling.The ZnOnano composite acrylatdebicoated leather showed
better results than acrylate binder coated leather as seen from the Table 3.4

Properties | Control | AZ BZ Ccz Dz EZ

Covering 2o0r3 3or4 4 4 4 4

Gloss 20r3 3 3 ord 3or4 4 4

. Dry,slippery,| Dry,slippery,| Dry,slippery,| Dry,slippery,

Touch Dr Dry,sl

oue y y,SIppery smooth smooth smooth smooth

Filling 2o0r3 2o0r3 3 3 or4 3 or4 4

Levelness | 4 4 4 4 4 4
Table 3.40rganoleptic Properties subjective evaluation

Rating description: Excellent, 4500d, 3Medium, 2Poor, XVery Poor
4. Conclusion

In this study, an acrylate copolymer incorporated with ZnO nanoparticles was synthesized and
characterized. Further, the produced nanocomposite was used as a base coating formulation for the
finishing of upper leather. The performance testirfgtee finished leather indicated that the addition

of nanoZnO increases the color fastness to light as well as rubbing and the adhesion of finish of the
leather than that of the samples finished with acrylic polymer without ZnO nanoparticles. The
subjective evaluation properties of finished leather like covering, gloss, filing and levelness were
better in ZnO nano composite acrylic polymer coated leather than the normal acrylic polymer coated
leather.
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FLS P4

THE REDUCTION ABILITY OF THE ORGANIC ACID FOR HEXAVALENT
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The chromium (Cr) included in the leather derived from a tanning agent often changes to
harmful Cr (VI). It is evident that Cr (VI) is formed by the oxidation of the unsatufatty acid
included in fatliquoring agents or residual fat of chrome leather. Formed Cr (V1) is usually reduced to
Cr (1) under the acid condition in the presence of adsorbed water and organic substance.

In this study, we focus on the ability of orga acid to reduction for Cr (VI). Formic acid, lactic
acid, citric acid, and oxalic acid are used as organic acids which can apply to tanning processes. Propyl
gallate and quercetin was adopted as reductants to compare with the reduction ability of those
organic acids. In order to obtain reliable experimental findings, we have adopted the simple solution
system. That is, Cr (VI) and gelatin solution system was prepared. The constant concentration of Cr
(V1) and gelatin were adjusted to 50 Big/ml and 1g/100ml, respectively. By use of mineral acid, pH of
the solution was adjusted to 3:3.8. In the presence of the organic acid, the concentration of Cr (VI)
was determined at regular time intervals. The experimental results indicate that the reduction ability
of organic acids is follows;

Propyl gallate = Quercetin Lactic acid Oxalic acid Citric acid Formic acid

The lactic acid which is a mild acid practically applied to the tannage. We also studied a part of the
reduction mechanism of Cr (VI).

Keywordshexavalent chromium, reduction, organic acid, lactic acid

1. Introduction

There are great interests in prevention of aygooduction of hexavalent chromium (Cr (V1))
in tanned leather for its harmfulness.lt is evident that Cr (VI) is formed by the drdion of the
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unsaturated fatty acid included in fdiguoring agents or residual fat of chrome leatf#étOn the

other hand, in the absence of oil like unsaturated fatty acid,/iCy Wweakly adsorbed under strong
alkaline conditions easily became @r)(by air oxidation. It was found that Gi ( strongly bonded

with leather was hardly oxidized even under strong alkaline conditions. In addition, Cr (V1) is easily
reduced to Cri{ ) under lower pH condition. Unsaturated fatty acids are present in théiqabring

agent, which is susceptible to air oxidation, so it is presumed that Cr (VI) is producedigndetd
chrome leather”® Normally, produced Cr (VI) is reduced to Cr (Ill) when water and organic substance
exist under acidic conditions. In thispart, we focused on the reduction effect of organic acids, and
the reduction effect of various organic acids such as formic acid and citric acid used in the leather
process was studied.

2. Material and methods
2.1 Measurement of Cr (VI) concentration chgmin gelatin solution.

Effect of different types of organic acids compounds on the reduction of Cr (VI) was
investigated in 1% of gelatin water solution for a long incubation period. The solution was adjusted
to pH 3.53.8 with hydrochloric acid or caustsoda solution. Organic acids (formic acid, citric acid,
oxalic acid, lactic acid, propyl gallate, and quercetin) added to 0.1 M.-démendent change of Cr
(V1) concentration was measured according to IUC18 method using diphenylcarbazide.

2.2 Oxidationof lactic acid in Cr(VI) solution.

A model experiment performed in order to confirm the oxidation of lactic acid by the Cr
(IV). Equimolar potassium dichromate and lactic acid were dissolved in 50 ml of water. To measure
the oxidative product of lactic &, 5 ml of sample solution was collected in a tedie. To the
sampled solution, 5 ml of saturated solution of sodium chloride was added. Then, 10 ml of diethyl
ether was added to the tedube, and the content of the test tube was well shaken, and aldwo
stand still. The upper ether layer was collected, and 1 g of anhydrous sodium sulfate was added. The
ether solution was collected into a vial and ether was distilled off. The residue dissolved in 0.3 ml of
diethyl ether, and deposit on the K¥Scrysal surface. FTIR was measured with a Perkin Elmer
Spectrum One.

3. Results and Discussion

3.1 Measurement of Cr (VI) concentration change in gelatin solution.
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Fig.1 shows the time depended concentration change of Cr (VI) in gelatin solution with
organic acids. The test solution containing propyl gallate and quercetin decreased rapidly the
quantity of Cr (VI). Lactic acid and oxalic acid decreased relatively quickly the quantity of Cr (VI). On
the other hand, formic acid and citric acid decreased slovg tuantity of Cr (VI). These
experimental results indicate that the reduction ability of organic acids is follows;

Propyl gallate = Quercetin Lactic acid Oxalic acid Citric acid Formic acid

Fig.2 shows the time depended concentration change ofMDrif gelatin solution with
different concentration of lactic acid. The degree of decrease of Cr (VI) was proportional to the
concentration of the added lactic acid. In the presence of lactic acid, it seems that lactic acid is

oxidized, and the reductioto Cr (Ill) is occurred. Therefore, we decided to confirm that lactic acid is
oxidized in the presence of Cr (IV).
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Fig.1 Time depended concentration change of Cr (VI) in gelatin solution with organic acids (formic
acid, citric acid, oxalic acid, lacticid, propyl gallate, and quercetin).
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Fig.2 Time depended concentration change of Cr (VI) in gelatin solution with different concentration
of lactic acid.

3.2 Oxidation of lactic acid in Cr(VI) solution.

Lactic acid was oxidized in the presenc€oflV). The oxidative product was extracted with
ethyl ether. Fig.3 shows the spectra of the oxidative product. Comparing the spectra of lactic acid
(upper) and oxidative product (center), absorption in 1050'aecreased and absorption in 1080,
1220 cn increased. In the spectrum of the oxidation product, it is considered the peak of

1080, 1220 ciiis derived from pyruvic acid. It was suggested that lactic acid was oxidized by Cr (VI)
and pyruvic acid was produced.
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Fig.3 Spectra of lactaxrid, the oxidative product and pyruvic acid.

4. Conclusion

Effect of acid type on Cr (VI) concentration changewas investigated in 1% of gelatin water
solution. The lactic acid which is a mild acid practically applied to the tannage shows the reduction of
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Cr (VI). Results by R analysis of the oxidation produzt the reaction of Cr (VI) and lactic acid, it
was found that lactic acid was oxidized by Cr (VI) and pyruvic acid was formed. Then it was suggested
that lactic acid acts as a reducing agent, was found to reduce Cr (VI).
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FLS 25

BIOMIMETIC FABRICATION AND CHARACTERIZATION OF COLLAGEN/PS/NBAC

SCAFFOLD FOR BONE TISSUE ENGINEERING

TengfeiZhang, Xichan He, Yifei Chen, Fang Wang, Keyong Tang
College of Materials Science and Engineering, Zhengzhou University, Zhengzhou, Henan 450000,
China, Corresponding authomfail: kytang@zzu.edu.cn

The bone tissue engineering scaffold was developed Ioypooinded the type | collagen with the
porous scaffold of the sajel derived nandioactive glass in the system GBDs-SiQ-N&O. In the

present study, novel biomimetic composite scaffolds with similar properties to natural bone were
prepared by blendingind crosdinking with bioactive glass, type | collagen, and phosphatidylserine
(PS). Several phospholipids, especially phosphatidylserine (PS) with high affinity for calcium ions have
been shown to be an important component of them. Previous work hadvehihat PS is able to

form complexes with both Gaand R, nucleate hydroxyapatite formation. Different collagen
contents were chosen to confirm the maximum degree of collagen with the triple helix content. The
molecular weight of collagen was characted by electrophoresis, which affects the
biocompatibility.

The collagen/PS/NBaG scaffold was croslinked with genipin  (GNP) -ethykB-(3-
dimethylaminopropyl) arbodiimide (EDC) anehydiroxysuccinimide (NHS). The collagen/PS/NBaG
scaffold was preparedybusing a freezerying technique and characterized by scanning electron
microscopy (SEM) and Transmission electron microscope (TEM). Thesemtiss morphology
shows that the collagen/PS/NBaG scaffold possessed a -ttineensional (3D) interconnected
homogenous porous structure. The porosity of the collagen/PS/NBaG scaffold sample was tested
according to the Archimedes principle. The mechanical properties of the scaffolds were analyzed
using a texture analyzer. XRD analysis demonstrated the crystallognamperties of the scaffolds
which immersing them in simulated body fluids (SBF). The functional groups of composite samples
and nanaebioactive glass (NBaG) were examined by FTIR. All results demonstrated 4Bel Sol
bioactive glassype | collagerPS saffold with good biocompatibility and osteogenesis is a new ideal
scaffold for bone tissue repair and regeneration.

Keywords:collagen, bioactive glagshosphatidylserine freezedrying technique, scaffold
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FLS P6

MOLECULARLY ENGINEERED-DRHAISSLINKED HYDROGEL WITH GOOD

ELASTICITY AND TOUGHNESS

KeyongTang*,Xialian Fan, Xichan He, Keke Chen, Jingbao Huang, Pengyuan Yang,Tingting
Yan, Jie Liu, Fang Wang, Yijin Li

College of Materials Science & Engineering, Zhengzhou University, Zhengzhou 450001, China
The Fifth Affiliated Hospital of Zhengzhou Univer&hengzhou 450001, China
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Articular cartilagecoveling the end of longbones in boés with almost ndriction, bears the great
pressure from our gravity, and withstands high impulse or sheaa large range of movement.
Therefore, it is essential to develop hydrogel with good elasticity and toughness in the field of
artificial cartilage. Herein, a composite hydrogel with good elasticity and toughness was prepared,
using gelatin (Gel), oxide lkdose, and acrylamide. Firstly, Gel and oxidized cellulose were used to
form network structure though Schiff base reaction, and then, acrylamide was allowed to penetrate
into the network structure of Gel/oxidized cellulose for radical polymerization. iftegweaving of

two networks provides the hydrogel with good elasticity and strength. And then ionic
coordination (C@.F&") was chosen as the third crossling to further strengthen the Gelatin/oxidized
cellulose/pAAmM hydrogelThe hydrogel has amadvantage over each individual gels and could
simulate partly the structure of native extracellular matrix of cartilage tissue. Besides, the influence
of different forms of cellulose (microcrystalline cellulose, microfibrillated cellulose, cellulose
nanowhisker, oxidized microcrystalline cellulose, oxidized microfibrillated cellulose, and oxidized
cellulose nanowhisker) on the performance of hydrogel was investigated. The compression strength
showed that the toughness of hydrogel gradually increased witheasing the content of cellulose.

The loadingunloading test on the hydrogel showed the hydrogels are good in elasticity and able to
recover quickly soon after removing the pressure. The results suggested that the hydrogel with good
elasticity and toughngs might serve as promising scaffolds for cartilage tissue engineering.

Keywords: cartilage; hydrogel; gelatin; cellulose; acrylamide
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Introduction

Biopolymerbased hydrogels are widely used to emulate the extracellular matrix (ECM) for
controlling stemcell differentiation and tissue regeneration because of the similarity between such
hydrogels and native ECM in terms of their physical and biochemical prop@rged{, 2016;
Balakrishnan B, 2011; Van Vlierberghe S, ROHbwever, they usually do not havenough
mechanical strength due to its intrinsic structural inhomogeneity or lacking effective energy
dissipation mechanism and largely limit their application in many field$?, 2011; Gong J P, 2p10
Exploring ultrahigh strength hydrogels behavirg lnatural loaebearing soft tissue like tendon,
cartilage, muscle, and blood vessels have many application pote@@Ng(t P, 2009

To this end, designing a hudrogel that combines mechanical strength withejasiicity and
toughness is still a bichallenge. In this study, we choose the biocompatible materials gelatin and
environment friendly cellulose based on Schiff base to constitute an interpenetrating network, and
then engineered acrylamide component into a chemically crosslinked network to d#omoven
structure on which a secondary crosslinking was impoBeglte ). The ionic coordination (GIOFé)
was chosen as the third crossling to further strengthen the Gelatin/oxidized cellulose/pAAmM
hydrogel. Because the interpenetrating network oflaga/oxidized cellulose was weak and the
cellulose would shift under pressure, the woven structure was expected to be more efficient to
obtain mechanical strength with gooelasticity and toughness. Such hydrogels are robust enough to
let nutrients or cdk free in and out, support chondrogenesis of the human mesenchymal stem cells
(hMSCs) and promote cartilage regeneration.

Experiment section

Materials. Gelatin with pharmaceutical grade and acrylamide were purchased from Aladdin.
Ironchloride (FeG), sodium hydroxide (NaOH) and concentrated sulfuric acisb@) were all
supplied by Fenghuan Chemicals Science and Technology Ltd., Tianjin, China. Microcrystalline
cellulose (MCC) with pharmaceutical grade was provided by Qufu Tianli Medical Suppl€uents
Ltd., China. Sodium periodate (Ngl@as from Tianjin Yongda Chemical regent Co. Ltd., China.

Preparation of MFC and CNThe preparation of microfibrillated cellulose (MFC) was according to
referenceGuo T, 201) Briefly, 5 g MCC was dispersed @0 InL sodium hydroxide solution with
continuously stirring, the mixture was ultrasonic dispersed for 2 hours. Then the dispersion was
treated with a homogenizer (APV1000/2000, SPX Flow technology Rosisita GmbH) at a pressure of
1250 bar for 30 cycles to tdin MFC dispersion.

Cellulose nanowhisker (CNC) was prepared using the methods previously des¢ehgdN, 2015
Generally, hydrolysis was carried out with 64% (wt/wt) sulphuric acfC4Br 120 min with vigorous
stirring, followed by diluting the suspension into af0d deionised water to quench the reaction.
The suspension was then centrifuged at 5000rpm for 20 min to concentrate the cellulose and to
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remove excess aqueous acid. Thesultant precipitate was dialyzed against water for 3 days to
further eliminate the acid until a pH of.7.0 was obtained.

Sodium periodate oxidation of cellulose (MFC and CN&).aqueous mixture of MFC (or CNC) and
sodium periodate (Sodium periodate MFC (or CNC) weight ratios was 0.7:1) was stirred for 2 days
in absence of light at room temperatui2ésh R, 2093 The product was dialyzed against deionized
water for 2 days to remove the spent oxidant, and then fredded for further use.

Gelatin/oxidized cellulose/pAAmM hydrogel Fabricatioh threestep metod was used to synthesize
duakcrosslinked hydrogels. 100 mL 10% (wt) gelatin solution was prepared in deionized water, and
acrylamide was added to achieve 3 mol/L, then different weight ratiosxafized cellulose (0, 3%,

6%, 9%, weight ratio of cellulose/total) was added in the solution, the mixture solution was stirred
for 30 min. Then 1 wt% initiator KPS, 0.04mol/L chemical crosslinkeféthylenebis-acrylamide

(BIS) were added in the soiom, the mixture was deaired for 10 min with argon gas. After that; 25
accelerator TEMED was added in the solution. The resulting solution was poured into a glass mold
and placed at room temperature for 2 h to form chemically monocrosslinked hydrogeh the
chemical monocrosslinked hydrogels were immersed in;R8@I6 mol/L) solution for 16 h to form
original physically crosslined network. At last, thé"feaded hydrogels were immersed in deionized
water for 48 h to remove superfluous ¥e

Charaterization. The crossectional morphologies of the hydrogels were investigated using
the scanning electron microscopy (SEM, FEI Quanta 200, US). Compression test of the hydrogels were
conducted using the texture analyser (TA.XT Plus, UK)}skagled hydogels samples (d=10mm,
h=10mm) were made in customade molds and compressed at a fixed rate of 10mm/min to the
target strain levels.
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Figure 1.Schematic illustration of duarosslinked (chemically and physically) hydrogel: schiff base
and in situ polyrarization to form chemically crosslinked woven structure Feoordination
physically crosslinked network was formed after®Fépading (The proposed structures of
Fe*/gelatin: (1) enolization structure, (2) no enolization structure).

Result and Discussion

Articular cartilage as a complex and anisotropic material exhibits high mechanical and
viscoelastic properties with a very low friction, which can withstand millions of cycles of joint leading
unloading over decades of wehigo |, 223). Both polymeffilled voids and polymer entanglement
with voids can effectively absorb and dissipate elastic energy around the cracks either by viscous
dissipation or by large deformation of the polymer chains, preventing stress accumulation and crack
propagation to a macroscopic lev€lien Q, 2016 However, once the fracture of polymer networks
reaches irreversible damage caused by permanent bond breakage at high strain, the hydrogels will
lose most of their mechanical properties after loadings, legdim the difficulty to recover from
damage.

To overcome this problem, we present a new woven structure to improve the hydrogels with
good elasticity and toughness. Figure 2a,b are the typical sstezs curves of hydroggDMFC (1%,
3%, 6%, 9%), hydrog@INFC (1%, 3%, 6%, 9%). Figure 2c,d are the compression strength of hydrogel
OMFC (1%, 3%, 6%, 9%), hydrégeFC (1%, 3%, 6%, 9%). It is seen that the compression strength of
hydrogetl% OMFC, hydroget’> hbC/ | NB 2yfté& Fndmat |tradtidhe 6§ KS

compression strength of hydre§Pe OMFC, hydrogéPb ONFC can reach 0.4MPa, which are 4 times
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higher than hydrogel% OMFC, hydrog&Pe ONFC. This indicates that the cellulose can significantly
AYLINRGS (GKS YSOKLF YAOLFf maré WB gomprdssiof Frengte dk NBrap8l t @
ONFC (1%, 3%, 6%, 9%) is higher than hyd@geéiC (1%, 3%, 6%, 9%), and the compression
strength of hydrogeb% ONFC is obviously 2 times larger than hyd6gelOMFC. This may be the
structure of OMFC is inteponection network structure, the gelatin and OMFC could not well to
constitute an interpenetrating network, results in uneven stress. Compared with OMFC, the structure
of ONFC is short reike, the gelatin and ONFC could to constitute a well interpenigtgatetwork.
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Figure 2. a,lare the typical stresstrain curves of hydroggDMFC (1%, 3%, 6%, 9%), hydrdageFC
(1%, 3%, 6%, 9%),d are the compression strength of hydrog@MFC (1%, 3%, 6%, 9%), hydrogel
ONFC (1%, 3%, 6%, 9%).
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Figure 3.Loadingunloading test under various conditions: a) loadingoading tests of hydrogel
OMFC (1%, 3%, 6%, 9%) under different strain (20%, 40%, 60%); b)-lodo&uing tests of
hydrogetONFC (1%, 3%, 6%, 9%) under different strain (20%, 40%, 60%); c) the toaghnies
dissipated toughness of hydrog@MFC (1%, 3%, 6%, 9%) at strain of 60% calculated from the test
(a); d) the toughness and the dissipated toughness of hychOdE#IC (1%, 3%, 6%, 9%) at strain of
60% calculated from the test (b).

Figure 3shows theloadingunloading test of hydrogel under various conditions. As can be seen
in Figure 3a, the hydrog@®MFC (1%, 3%, 6%, 9%) under 20% or 40% strain all show good elasticity.
However, the hydrogel% OMFC, hydrog8Pt OMFC and hydrog&o OMFC lost mostf aheir
elastic modulus under 60% strain, but the hydreg# OMFC still keeps good elasticity. And the
Figure 3c shows the toughness and the dissipated toughness of hy@&feC (1%, 3%, 6%, 9%) at
strain of 60% calculated from the Figure 3a, it founat tthe hydrogell% OMFC, hydrog8P6 OMFC
and hydrogeb% OMFC lost most toughness to their original state under 60% strain, but the
hydroget9% OMFC almost recovered to its original state, these might the woven structure becomes
closely by increasing theontent of OMFC. Compared to the hydro@MFC (1%, 3%, 6%, 9%), the
hydrogetONFC (1%, 3%, 6%, 9%) all show good elasticity, and they still keep good elasticity even
under the condition of large deformation. The good elasticity in the hydrQd¢fFC (1%.98, 6%, 9%)
was clearly illustrated in Figure 3b,d. With increasing the OMFC or ONFC content, all the toughness of
hydrogetOMFC (1%, 3%, 6%, 9%) and hydr@d#C (1%, 3%, 6%, 9%) gradually increased. The
hydrogetOMFC and hydrog@NFC show different elasity, these might be due to the structure of
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cellulose. The structure of OMFC presents the network structure, and the ONFC presents short red
like. Because of interconnection network structure of OMFC, the gelatin molecule and OMFC could
not well to consitute an interpenetrating network, results in low toughness and elasticity. The
hydrogetOMFC shows good elasticity under low deformation, this is mainly due to polyacrylamide
molecule andthe ionic coordination (CADFE") between the gelatin moleculedhe short redike

ONFC may be easier to enter the molecules of the gelatin, this is conductive to form an
interpenetrating network and improve the elasticity of the hydrogels.

Figure 4ashows the hydrogels loaded with different concentration of'Féne hydrogels loaded
with different concentration of F& have different toughness and elasticity. Based on this
mechanism, we could prepare hydrogels with different properties to repair the damage of different
parts of our body. Figure 4bshows the interactimrchanism of hydrogel under loadiugloading, it
vivid shows the movement of molecular chain. Under the loading, the molecular chain of the gelatin
and polyacrylamide stretches along the horizontal direction, and the cellulose chain under the
traction of gelatin or polyacrylamide molecular chain to move along the vertical direction. Removal
the loading on the hydrogel, the gelatin molecular chain recovered to its original state under the
action ofthe ionic coordination (CF€'), and thepolyacrylamide molecular chain almost recovered
to its original state under low deformation or mosttbie polyacrylamide molecular chain recovered
its original state under large deformation. These might due to the sacrificing some C=C bonds to
obtain highelasticity, and these bonds could not move back to its original state after removal the
loading, and this results in the dissipated toughness of hydrogel.
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Figure 4.a)Hydrogelsloaded with different concentration of *Feb) Schematic of interaction
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Figure 5.a) Five successive loadingloading cycles of the hydrog8% ONFC; b) the toughness and
the dissipated toughness of the hydrogi¥lo ONFC calculated from the test (a).

A good elasticity was observed in the hydrogel. As depict&iimre 5awhen finishing the five
successive loadingnloading cycles test under 60% strain, the hydreéa$él ONFC almost recovered

to its original state. Figure 5bshows the toughness and thsipghted toughness of the hydrog@do
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ONFC calculated from Figure 4a. It shows the dissipated toughness of the hWaro@aNFC was
little after five successive loadiagloading cycles. And the toughness recovered to 87.7% of its
original value at the fih loadingunloading. Five successive loadingoading cycles were applied on

the hydrogel9% ONFC, such testing was aimed to make the hydrogel experience enough fatigue. As
can be seen in Figure 5a, the compression curves almost superposed togethear tbhadéve
successive loadiagnloading cycles test. Both gelatin/MFC hydrogel and DN hydrogel were prepared
with two individual components that interact with each other through weak interaction. The present
hydrogels have engineereatrylamidecomponent nto a chemically crosslinked network to form a
woven structure on which a secondary crosslinking was imposed. Andthieeionic coordination
(CQLF€) was chosen as the third crossling to further strengthen the Gelatin/oxidized
cellulose/pAAM hydrogelhe interaction mechanism in hydrogel may be clearly illustrated in Figure
4, the good elasticity of hydrogel might be due to the recorganizetion of the ionic coordination
(CQLF€") and polyacrylamide molecular chain to form tridentateShese sacrifial bonds are
homogeneously distributed in the main polymer chains at molecular level, which can provide strong,
but reversible coordination interaction to dissipate energy efficiently.

Conclusion

In summary, a novel multiplerosslinked hydrogel is prepate¢hat combines both Schiff base,
covalent crosslinking and multivalency ion pairing of*gelatin coordination. The ion paring
interaction acts as the special dynamic junction, when the external loading was applied, the
coordination bond serves as thewversible sacrificial bonds and rupture to dissipate energies. Based
on the function mechanism, good elasticity and toughness property were achieved. Moreover, the
mechanical property of the hydrogel can be easily tuned within a wide range for different
applications by varying the concentration of gelatin, cellulose of-lBading solution and so the
number of ionic interactionBecause the interpenetrating network of gelatin/oxidized cellulose was
weak and the cellulose would shift under pressumag then engineered acrylamide component into
a chemically crosslinked network to form a woven structure, the woven structure was expected to be
more efficient to obtairmechanical strength with gooeélasticity and toughness. Such hydrogels are
robust enough to dt nutrients or cells free in and out, support chondrogenesis of the human
mesenchymal stem cells (hMSCs) and promote cartilage regeneration.
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A TUNABLE BIOMATERIAL WITH GELATIN AND CARBOXYMETHYL CELLULOS

VIA TEMPLATE PRECIPITATION

Keyong TangNing Zhang, Xichan He, Tengfei Zhang, Yifei Chen, Xialian Fan, Fang Wang,

College of Materials Science and Engineering, Zhengzhou University, Zhengzhou, Henan 450000,
China,
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A new gelatin/carboxymethyl cellulose(Gel/CMC) hybrid was prepared hin aitu precipitation
method. Hydroxyapatie was precigted in Gelatin and CMC-t@mplate and crosslinking sites were
formed between the amino groups on GEL and the aldehyde groups on CMC through crosslinking
using ethy3-(3-dimethylaminopropyl) carbodiimide iodide salty/droxysuccinimide (EDC/NHS).

The gdatin/carboxymethyl cellulose/hydroxyapatite (Gel/CMC/HA) composite was successfully
prepared with different template ratios in biomimetic environment. The structure and morphology

of the composite were investigated by-ray diffraction (XRD), Fourier trsform infrared
spectroscopy (FTIR), and scanning electron microscopy (SEM). Then this novel composite material
was characterized, including mechanical properties. Moreover, biocompatibility was evaluated by 3
(4,5dimethylthiazoi2-yl)-2,5-diphenyltetrazolum bromide (MTT) test.

The results revealed that hydroxyapatite (HA) was well assembled on the surface and inside both Gel
and CMC molecular templates. Gel and CM€&plate lead to more nucleation sites and active
centers in comparison with a single IGemplate system, and affect the orientation, size, and shape

of the HA. SEM images showed that Gel/CMC/HA material had loose inner structure with irregular
macraopores, and HA crystals are almost completely cover the wall. The interconnected pores were
iy NI y3IS FNBY wmnn (G2 onn >Y Ay RAFYSGSNX® ¢KS K
exchange of oxygen, nutrients, and soluble metabolites. It also possessed good mechanical
properties and excellent biocompatibility. Based on the experimental reabbwe, it was suitable

for various clinical applications, such as cell scaffolds and tissue regeneration. Tigerfogimance
composite material was expected to be applied in fields of biomedicine as tissue guided regeneration
material.

Keywords:gelatin, carboxymethyl cellulose, hydroxyapatite
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1. Introduction

Tissue engineering material means that an ideal material is either used to induce tissue remodeling
or as a carrier or template to implant cells and other growth factors for healing safeisorbidity.
Hence, it must be notoxic, lowimmunogenic, biocompatible, biodegradable, and have a
corresponding matching mechanical property. Organarganic composite systems have great
potential in the development of biomaterials mimicking natuissties.

Collagen is an important part of bone tissues in human and other mammals, with good
biocompatibility. But its mechanical properties cannot satisfy for clinical requirements. Gelatin is an
animal protein obtained by a controlled hydrolysis of fibsdnsoluble collagen. It is easily obtained,

with relatively cheap price. Reaction conditions to get gelatin are not so hard as collagen. Moreover,
it has also been extensively explored as biomaterial for excellent properties, such as biocompatibility,
biodegradation, nortoxicity, adsorption, and so on. So far, gelatin has been widely used for
numerous biomedical applications as hard or soft capsules, hydrogels, microspheres and hydrogel
fibers.(Dash, R 2013) However, the main disadvantages of gelaticoameected with its poor
mechanical properties, which limit its applications as biomaterials. Cellulose is the most abundant
natural resource in the world and possesses excellent biocompatibility. It has been used in both hard
and soft tissue engineering.(Mer, F. A 2006) Carboxymethyl cellulose (CMC) is a linear polymer of
b-D-glucose, which is fabricated by substitution of some of the hydroxyl groups of cellulose with
carboxymethyl groups.(Muller, F. A 2006) Biomaterials based on cellulose or its isdesviahve

been widely used as hemodialysis membranes, enzymes or drug carriers and tissue repair matrices or
scaffolds.(Ma, Z 2008; Laurence, S 2005; Fundueanu, G 2005) To date, many attempts have been
made to modify the poor properties of gelatin includiblending, compounding with natural fibers.
Therefore, many researches introducing cellulose into gelatin are the effective work at the realm of
reinforcement of gelatin in order to improve the mechanical properties of composite materials.(
Martucci, J. R2010) It is known that in nature human tissue, composites mainly comprised of
hydroxyapatite (HA) nanocrystal and collagen (COL), under the micron size with excellent mechanical
properties such as bone, teeth, are synthesized throughassémbling appraches.(Cui FZ 2007) In
these structures, synergistic features are created by-asdkembly of each component, usually
comprising ordered distribution of hard segments in soft polymer matrix. A few researchers have
developed various bimimetic ways to prepre composites, in situ precipitation method for
example.

In the present work, gelatin/carboxymethyl cellulose/hydroxyapatite (Gel/CMC/HA) composites were
prepared by arnin situprecipitation method driven by collagen and cellulose template at@7Then,

such biological crodinker as ethy3-(3-dimethylaminopropyl) carbodiimide iodide salt¥N
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hydroxysuccinimide (EDC/NHS) were used to obtain Gel/lCMC/HA composiémpiites (Gel and
CMC), different ratio of two templates and EDC/NHS elinksr were enployed to investigate
different effects on preparation of the resultant composites.

2. Material and methods

The Gel/lCMC/HA composite was prepared by in situ precipitation method and lyophilization
technique. Firstly, Gel and CMC were mixed at differenghteratio(0:10, 1:9, 3.7, 5:5, 7:3, 9:1,

10:0). Then, with the quality ratio of 3:7 (Gel+CMC: HA), Ca(NO3)2 and NH4H2PO4 was sequentially
added into Gel/lCMC system as a certain amount to regulate the properties of Col/Gel/BG
composites. Biological crofisker ethyt3-(3-dimethylaminopropyl) carbodiimide iodide salt/N
hydroxysuccinimide (EDC/NHS) were used to obtain Gel/CMC/HA composite. Material was obtained
08 @I 00dzy T NBEIoB72HRGEIYp¥ILYOTECH).p n

Composition and morphology wereespectively analyzed by Fourier transformed infrared
spectroscopy (FTIR) (Nicolet iS10, USAay Xliffraction (XRD) (XBEX, CHN) and scanning electron
microscope (SEM) (Quanta200, USA). The compression performance of the composite scaffold was
tested byuniversal testing machine (CMT4104, CHN).

The biocompatibility of Gel/CMC/HA composites was determined by453limethylthiazot2-yl)-
2,5diphenyltetrazolium bromide (MTT) colorimetric method. MTT test was carried out by mouse
fibroblasts (Fbs) and géhcytotoxicity of materials was evaluted according to ISO/TC194 file.

3. Results and Discussion

Figure 1 showed that the FTIR and XRD spectra of different Gel/CMC/HA composites. The results of
FTIR and XRD indicated that carboxyl group of both Gel and@ylGerve as the deposition cite of
calcium and phosphorus ions that these ions can deposit on Gel and CMC. It confirm incorporation
well between HA and Gel or CMC template. Besides, amine grbilps(f Gel may have chelate
reaction with calcium ion (€3 of HA. The calcium/phosphate ratio of different Gel/lCMC/HA
composites were also detected, about 1.67+0.6034. Combining the calcium/phosphate ratio test,
inorganic phase of composite is similar to apatite in human bone tissue.(Clarke B 2008) After
crossinking by EDC/NHS, there has crosslinking reaction among composite material. And the
orientation of hydroxyapatite(HA) along theagis is better as well as the higher crystallinity.
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Figure 1 FTIR spectra and XRD spectra of different Cel/CMC/HA compositeantéetration for
Cel/CMC and HA is 3:7 and the temperature is separatély.37

Figure 2 SEM images of different Cel/CMC/HA composites (cross section). The ratio of Cel/CMC: a is 3.7,
b is 5:5 and c is 7:3. The concentration for Cel/CMC and HA is 3tifeaiednperature is 37C.

Figure 2 contained the section micromorphology of Cel/CMC/HA composites of different ratios. SEM
images showed Figure 2 contains the section micromorphology of Cel/CMC/HA composites of different
ratios all had irregular microposeand interior is compact. The resulting HA disperses homogeneously
within Cel/lCMC and combines with Cel/CMC durably. Composites formed an irregular and porous
structure, with the diameters of a micrometer scale, dozens of micros. With the increasingaMi@ r
organic templates, more strifike structure appeared and the deposition of HA was more compact. This
micropore internal structure is desirable for bone cell growth. Moreover, the porosities observed in
these composites suggest that they might steminductive

Stress (MPa)

105



Weight Compressive

. Weight ratio
Sample ratio strength
el: cmg) (CEEMEHA et g
Cel/CMC/HA 1:9 3.7 1.54
Cel/CMC/HA 3.7 3.7 1.86
Cel/CMC/HA 55 3.7 2.67
Cel/CMC/HA 7:3 3:7 4.53
Cel/CMC/HA 9:1 3:7 6.97
ncell
ot

Figure 3 Mechanical properties affdrent Cel/CMC/HA composites.

Compressive strength of the prepared composite materials was shown in Figure 3. It gave the data
obtained from mechanical compressive tests of composite samples and compares them with
cancdlousbone. Generally, compressive strength was increased with the induction of CMC into organic
component. Besides, to a certain extent, Crosslinking reaction should increase the compressive strength.
Phenomenon illustrated that the mechanical responseswg@nificantly affected by the proportion of
CMC in the organic system. Mechanical property played an important role in the use of tissue
engineering biomaterials. The compressive strength of all samples met the requirement of
cancellousone tissue.

In normal control group and the test materials group, cells were normal adherent growth, long spindle
shaped, with lucent cytoplasm. The optical density (OD) values at 570 nm were as shown in Table 5. The
cell relative growth rates of all Cel/lCMC/HA composite higher than 100%. According to cytotoxicity
grading standards (0 to 5) and evaluation of results specified in ISO/TC194 file, it is known that the
results for the diagnosis of grade 0, namely Mgiotoxic. The MTT assay results indicated that
Cel/lCM@HA materials exhibited nonytotoxicity and good biocompatibility.
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Table 1 OD values and RGR of MBFcell being cultured for 2, 4 and 7 days.

Groups 2d 4d 7d
score OD value RGR OD value RGR OD value RGR
(%0 %) C%)
Normal control 0.545+ 0.311+ 0.132+
0.006 0.001 0.001
50% Composite0.755+ 0.521+ 0.268+
extraction solution 153 157 122
0.075 0.005 0.019
100% Composite 0.853+ 0.636+% 0.441+
extraction solution 224 244 278
0.024 0.004 0.016
Conclusion

According to the principle of in situ precipitation method, mineralization occured on the Gel and CMC
organic templates. HA crystal are homogenously distributed inside and on the Gel/CMC as determined
by SEM and XRD analysis. The chemical interactionsebetthe inorganic component and Gel/CMC
polymer probably take place via Ca2+ ions and carboxylate groups of the polymer. Mechanical
properties of Cel/CMC/HA satisfy the requirement of biomaterial and could be changed with adding
different ratios of CMC. Ehincorporation of HA improves the biological performance of the composites.
Cel/CMC/HA materials exhibit narytotoxicity and good biocompatibility.

In summary, the obtained Cel/lCMC/HA composites is a promising materials for bone tissue engineering.
Thisbiomaterial seems to show suitable properties to be considered as a good candidate for bone tissue
engineering.
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PRODUCTION OF SALINE TOLERANT ALKALINE LIPASE ENZYME BY USING
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This present investigation wasamly focused on the enzymatic degradation of soluble bio molecules
(lipids) present in hyper saline soak liquor discharge from tanneries. The halaph#iocisms were
isolated from different sources acclimatized with soak liquor and screened for their lipolytic activity at
saline medium. The lipase was produced from two selected halophilic microbes were isolated from soak
liquor (SL) and SL acclimatizezbd soil and named as £1Sand SO&. The biochemical characteristics

and 16SrDNA analysis were done for the identification of organisms. The optimization studies on
protease production was done and it was found to be time at 48 h; pH); 9Temperature 4TC,
substrate concentration 2% and the salinity of 4% show the maximum vyield of lipase production. The
produced lipase solution was purified by dialysis and the specific activity was evaluated. Additionally the
stability of lipase was carried out by vargipH, temperature, TDS and metal ions. The degradation was
carried out at different time interval and it was found that there was the complete degradation of lipid
content of soak liquor was obtained at 120 min. The degradation efficiency was evaluatia by
conversion of lipids into glycerol and fatty acids. The instrumental analysis such-¥sikl¥ and
fluorescence spectroscopic studies were confirmed the enzymatic degradation of lipids into their smaller
units in hyper saline soak liquor and it miayour for the effective treatment of soak liquor by further

unit operations.

Key words:soak liquor, lipase, halophilic organisms, lipids, enzymatic degradation

1. Introduction

There has been constant research on bioremediation of -fijgid wastewater, eher aerobically or
anaerobically. The treatment of lipid laden waste water is a serious problem as they reduce the BOD and
COD of the water which poses a great threat to aquatic life if not treated efficidhéigmani et al.,

2015) Enzymes have been demstrated to be efficient biocatalysts in many biomass conversion
processes and are becoming a cost effective alternative in many applications compared to the whole
microorganism (Kobayashi et al., 2001)Applications of enzymes and whole cell biocatalyers
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producing diverse types of chemical and biological substances have become a proven technology in
chemical and pharmaceutical industries because enzigased reactions usually lead to a reduction in

the process time, number of reaction steplungMin et al., 2015).In particular, enzymes provide a
more powerful way of producing enantiomeric pure compounds mainly through high chemoselectivity,
regioselectivity, and streoselectivity.

Lipases (triacylglycerol hydrolases, E.C. 3.1.1.3) have innumepgliteation significance importance

due to their wide range of reactions. Lipases are ubiquitous enzymes of considerable physiological
significance and industrial lipases catalyse the hydrolysis triglycerides to diglycerides, monoglycerides,
glycerol andatty acids In particular, lipases from thermophiles are expected to play a significant role in
industrial processes as they are thermostable and resistant to chemical denatur@tioret al., 2011;
Cammarota & Freire, 2006; Hasan et al., 200§)aseghat are produced from thermophilic bacterial
strains increase the efficiency of the lipid hydrolysis process. Halophiles have expressed greater
importance in hydrolysis of oil because of the increased miscibility of lipids and other hydrophobic
substratesin water; increased reactant mobility, higher temperature associated faster reaction rates;
and thus the efficiency of hydrolysis of lipid by halophiles was higher than the mesqiteisst: Miller,
2009).Recently, several lipases have been isolatedtifled and characterised from halophilic isolates,
mainly Pseudomonas sp. Amongst the various bacterial lipases that are researched upon, the strains
from the generaPseudomonaand Bacillus sp have distinct properties of high enantio selectivitydan

halo tolerant stability activity in broader range of pH, enabling them as catalysts of choice by most
LIKI NI OAaidas YA ONERO A(Rilis,20D3; Babtlaet 8.y1GO8NR Yy YSy G+ f Aalda

| @LISNJ altftAyS SFbdzSyida | NBE 3ISsy thidlwasewater) Bch i@ bddik 2 dza

y

2NEFYAO YFGGSNI FyR G231t RA&&2f OSSR 42t AR& 6¢5{ 0

wastewater treatment processg®Vilson et al., 2006)Jse of halophilic bacteria is required the interest

in treating that kind of wastewater is growing at a fast rate. Among the industries generating
KELISNEIfAYS STbdzSyidaz GFYyySNASAE | NBE LINRBYAYSyl
different dages of processing of hides and skins, the wastewater has complex characteristics. In this
study, tannery wastewater was collected after the soaking of hides and skins. Salt (sodium chloride
(NacCl)) is used to preserve the fresh skins from decompositiorediately after they are stripped in the
slaughterhouse, and the excess of salt has to be removed in the tannery before further processing. This

A4 R2yS o0& &211Ay3r daAy3d |+ t20 2F (SekardNEal,6 KA OK

2011;Ghtamreza & Behnam, 2009). (Karthikeyan et al., 20M1é. soak liquor is characterised by high

2NHFYAO f2FRY KAIK adz&ALISYRSR a2t AR&a oalyRXI fAYS:

AY

high salt content, this wastevater is generally ségS 31 6§ SR yR aSyd G2 a2t NJ S¢

Lipolytic strains isolated from industrial effluents show potential ability in degradation and
bioremediation (Hasan et al., 2006). The hypersaline water obtained from tannery industry act as
suitable sibstrate upon which salt tolerant lipase having various salt concentration can be used e can
effectively use to degrade the lipids present in the tannery waste water. The present investigation is
focused on the isolation and identification of halo toleranganism for the production of lipase enzyme

for the degradation of lipids present in the soak liquor.

2. Materials and methods
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2.1. Materials

All the chemicals such as Lipase enzyme (produced Rseudomonas japonicstrain), Poly
vinyl alcohol, tritonX-100, sodium chloride, calcium chloride, sodium orthophosphate, disodium
hydrogen phosphate ethanol, acetate, phenolphthalein indicator, phospho vanillin, diethyl ether
brought from Himedia chemicals.

2.2. Isolation and Screening of lipase producersatine medium

Bacterial strains were isolated from the soak liquor effluent, which was serially diluted and the higher
dilutions were plated on minimal media supplemented with 1% (v/v) and 1% sewage water incubated
overnight at 37°C. Discrete colonies wengb-cultured in the same medium and pure cultures were
obtained. They were streaked on tributyrin agar (TBA) plates to screen for lipase activity. Lipase
producers show a zone of clearance around the area of growth that is attributable to the butyric acid
released upon tributyrin hydrolysis. Based on the size of the zones in the agar plates, the lipolytic
microorganisms were selected and maintained in nutrient agar slants and stored at 4 °C. The isolated
colonies were continuously sub cultured to maint#ie viability of the cultures. These cultures were
grown on special medid@ributyrin Agar with different concentrations of salt viz. 1%, 2%, etc. till 4%. The
plates were incubated for the observation of clear zone of an individual organism in all demiffe
concentrations. Those organisms which were grown in all 4 concentrations were selected for the
production of the enzyme and also chosen for further assays.

2.3. Molecular identification

The two best isolates were identified using 16S rRNA gene segibased molecular technique.
Single colonies from freshly streaked agar plates were inoculated into nutrient broth. Sequence data
obtained were analysed and consensus sequences were generated from forward and reverse sequences
dza Ay 3 W! £ A 3 yse Bdguerices Weéras dubijeBtedl totBKAST (Basic Local Alignment Search Tool)
with NCBI (National Center for Biotechnology Information) Gen Bank database and the cultures were
identified. Phylogenetic trees were constructed using the neighbour joining methathdr studies
were restricted to the single best lipase producer (Gururaj et al., 2016).

2.4. Production extraction and purification of bacterial culture

Minimal media was prepared by the following composition with 1% dextrose as sole carbon source. The
trace elements were added in the concentration of 2mL/1000L. The media was enriched with the given
substrate animal fat at a concentration of 1% for 100mL. After the centrifugation of sample from the
production medium, acetone precipitation was carried @und it was incubated at 18°c for overnight.

The precipitate was then collected by centrifugation at 4°c and suspended in corresponding pH solution.

2.5. Optimization studies

The effect of time was estimated at different intervals viz., 12, 24, 36, 4& 72 G o T ¢/ YR
estimation of lipids, lipase activity, estimation of fatty acids and glycerol was performed after every time
of the study. The study was performed for different pH analysis ¥i® 2H and the lipase activity, lipid,
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fatty acid and glya®l were estimated under the standard conditions. The culture broth was added and
incubated at different temperature 260 C and the lipase activity, lipid, fatty acid and glycerol were
estimated under the standard conditions. The pH of the medium wasstatjuo the optimized value
and incubated at optimized time and temperature and different concentration of salt (NaCl)-6&, 1
was added to the media and the culture broth was added and further studies were carried out.

2.6. Analytical Methods
2.6.1. Deermination of lipase activity

Lipase activity was determined by using 5ml of olive oil substrate is mixed with 2ml of 0.03% Triton X
100, 2ml of 3M NaCl , 1ml of C&0In , 4ml of phosphate buffer(at pH 7) followed by 5 min shaking.
Then1lml of enzyme alution was added and kept ishaking incubator for 15 min.10ml of 1:1 Ethanol:
acetone solution and phenolphthalein indicator was addetiowed by 0.02N of sodium hydroxide
titration (NaOH). The appearance of pale pink color is the end point. This waswith reference to

(Naci & Ali, 2002)with minimal modifications. The lipids present in the soak liquor sample was
estimated by using phospho vanilin reagent (Joseph et al., 1862)fatty acid determination diethyl
ether and ethanol mixture was added the sample and blank and titrated against NaOH.For glycerol
determination sodium peroxidase & acetyl acetone reagents were used and the absorbance was taken
at 410nm. The extracted lipase enzyme was characterized by the instrumental analysis sudR,as FT
TGA and DSC analysis.

2.7. Preparation and degradation Studies for fat content of soak liquor

1 kg of animal hide soaked in 3 L of water for overnight and left it for settling for about 2 h, and
then it was taken after the primary clarification usingCh The degradation studies were carried out by
introducing the lipase enzyme derived from the microorganRseudomonas japoniday altering the
various parameters such as time, temperature and pH.

2.8. Instrumental Analysis

The lipase enzyme sampias mixed with KBr of spectroscopic grade and made in the form of pellets at

a pressure of about 1 MPa. The pellets were about 10 mm in diameter and 1 mm in thickness. The
samples were scanned in the spectral range of 4608 1 OYb mM® ¢ KS NI y&is @GN A YSl
Differential Scanning Calorimetric analysis (DSC) were carried out under nitrogen atmosphere from 30 to
ynn 6AGK | GSYLISNI ( dzNvid schmslwiere $eyoiided 2uFing m T@A Q5 Ake
degradation of soak liquor was studied by UV \esibsorption spectra using CARY S5EMISNIR
Spectrophotometer, USA. The fluorescence spectrophotometer study was carried out to determine the
SEOAGFGAZY YR SYAaarzy OKFNIOGSNAAGAOA 2F-020K &
800nm(Cary Eclipse, USA).

3. RESULTS AND DISCUSSION
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3.1. Bacterial isolation and identification for lipase activity at saline medium

The bacterial strains that were isolated from soak liquor were screened for lipase secretion by selection
on tributyrin agar plées.

€i|239829413|gb[FJ950639.1| Pseudomonas sp. c216
¢i|560723548|gb|KF641796.1| Pseudomonas sp. Y32

|284467703|gh|GU319150.1| Uncultured marine bacterium
4‘—: 4i[818212589|gb[KR063209.1| Pseudomonas sp. BS29
¢il674521660|gb|KJ851576.1| Pseud omonas sp. Al2 168
’— i932249985|gb|KT825519.1| Pseud omonas japonica NBRC 103040partial
¢i|341957672|gb/HQ018860.1| Pseudomonas putida strain GX0

€i983169375/enb|HG805697.1| Pseudomonas sp. FBF19
4‘ £i/983169397|emb|HG805719.1| Pseudomonas sp. FBF44

2i/189305222|gb[EU704811.1| Uncultured Pseud omonas

5

Fig.2. Phylogenetic tree analysis lipase producing organiBseudomonas japonica

The SOS strain that showed a larger zone of clearance arothel colony was selected for further

studies (Fig:1). Biochemical characterization revealed that the strain is aerobic, gram negative -and non
motile. The strain was confirmed &seudomonas syiFig:2) SOFby 16S rDNA sequencing which is in
accordance wk . SNASe&Qa alydadt 2F S5SGSNYAYIFIGADBS . A2f 23
concentration such as 1%, 2%, 3% and 4% was observed and the salt tolerant ability of the
microorganism was found to be effective at 4% of (49/100ml) concentration.(Fig.3ls)weEhconclude

the microorganism was able to grow in effectively at saline conditions.
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Fig.3. Salt tolerant assay at various NaCl concentrations for the sampleslS@$) and DSL(e-h)
3.2. OPTIMIZATION STUDIES

The optimum time of the lipase activityas found to be 36hrs (12.6 U/mL). Lipase activity increased

with increasing pH and peaked at pH 9 (28.5 U/mL), after which it gradually dropped. Based on this
observation, it could be inferred that the enzyme is alkaliphilic in nature. These results tieaetie

enzyme is moderately thermophilic in nature (Kim et al., 2009) .The optimum temperature for lipase
FOGAGAGeE 61 & nn e/ oO0{ySttYly = SiG If®X uHnnnd @d¢K!
and peaked at 40°C .After which it droppR®2 6y | G one/ ® 4 Kp&se was mainkainddii @ 2 F
upon preincubation at temperatures up to 50°C (Fig.6) Exposure to 60°C or higher, caused thermal
denaturation of the lipase.
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3.3. Characterization of Lipase extracted frddseudomonas japonica

The FTIR spectra of lipase enzyme were shown in FIgGBtBR. spectra showed (Fig.) a broad envelope
ranging from 3600 cbl to 3100 cnbl (centred on 3461 cisil) which corresponds to the ¢H
stretching vibrations of peptide ereas NH bending wasround 1640 crial for primary amineThe
peak at 1402 and 992 dsth corresponds to €4 bend in carboxylic acid and itsNCstretching around
1112 cmi.

The presence of pefte bond in lipase was confirmed through the amide stretching at 164Q.chGA
thermogram of extracellular lipase enzyme showed 3.01% weight loss at the temperature 245.25°C due
to the removal of moisture. Thereafter, 11.06% of weight loss occurred a¥41a, where the actual
stable compounds are degraded. After this decomposition, there was a decrease in weight loss of
21.58% was observed at 565.68°C o and the final residue of 75.89% reveals the thermal stability of the
enzyme at the end of the scan B®). The TGA of Lipase enzyme fR@&L specieshowed better
stability behaviour. The DSC spectrum of lipase shotieee thermal transitions by showing the
endothermic peaks appear at 76.Z3and 232.3
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3.4. DEGRADATION STUDIES

The optimum time for the degradation of soak liquor using the lipase enzyme was found to be at 60 min.
This can be inferred from the hydrolysis of the lipids which B&mg/L) initially converted into to their
smaller constituents such as fatty acids and glycerol which were 25(mg/L) and 20(mg/L) at the end of
the reaction. The effect of pH ¢20) on the degradation of lipids using liapse (2 mg) was studied. The
activity of lipase increased with increase in pH and it was observed that the maximum amount of formed
glycerol and fatty acids were formed at time, 60 min and pH 7.

The degradation of lipids in soak liquor effluent using lipase was active in the weaklyfbasic7oand

10 with the glycerol and fatty acids formation of about 25 (mg/L) and 20 (mg/L) respectively and thus
attained stability (Fig 6.) At other pH hydrolysis did not occur which be attribute to the loss of its
activity. It is known that changa pH always affects the activity of wide spectrum of intracellular
enzymes, and they may be involved in opposing systems that are activated or inhibited .The ideal
GSYLISNI G§dzZNB F2NJ 6KS RSAINIRFGA2Y 27F (O Eoun2dflipid KS € A L
content was found to be 30 (mg/L) which hydrolysed effectively into 15(mg/L) of glycerol and fatty acids.
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3.5. INSTRUMENTAL STUDIES FOR LIPID DEGRADATION
The degradation of fat content of soak liquor was confirmed by-Mi$ible and Fluorescence

spectroscopy studies were shown in Fig. 9(a) and Fig. 9 (b). The Uklispshbw the peaks at near
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280nm and 220nm, reason for the presence of fatty components of soak liquor. After the treatment
with different time interval from 20 min to 60 min, the intensity of the respective peaks were decreased
and also shifts in the s were observed. This was confirmed the degradation of fat content of soak
liquor.

14 900
—— Soak liquor
124 Soak liquor (SL) 8001 g+ Lipase 10 min
—— SL + Lipase (10 min) —_— i ;
—~ 104 | —— SL + Lipase (20 min) el o t'g::: 2mn \
5 1 SL + Lipase (30 min) ) ) :
C:é 0.8 4 I\ = SL + Lipase (40 min) f_U, 6001 gt : t!pase gg m!n
— \ —— SL + Lipase (60 min) ] Ipase 60 min
N > 500
206 ° £
7} @ 400
c
L 0.4 o) 300
= £
0.2 4 200+
0.0 -+ 100
T T T 0
200 250 300 350 400

200 300 400 500 600 700 800

Wavelegnth (nm) Wavelength (nm)

Fig.8. a) UWisible Spectroscopy study indicating the treatment of soak liquor with lipase enzyme b)
UV-fluorescence Spectroscopy denoting the degradation of fat contansoak liquor

4. CONCLUSIONS

SOSl wasisolated from different soil samples of CLRI, the isolates were screened for lipolytic hydrolysis
by rapid screening methods. 2 isolates were taken and streaked over TBA plates with different salt
concentration todetermine their saline tolerance. Out of these 2, 1 best organism was isolated based on
their lipolytic hydrolysis zones. This organism was taken for morphologicalchbmical and
physiological characterization. The isolates were identifieBssudomoas sp.The production of lipase

was carried out in minimal media with animal fat as substrate supplemented with carbon source
dextrose and trace elements. The results of optimization studies showed analysis of the enzyme activity
which amounted uptp 1360 Ahl .Hence this strain was selected and 16s rRNA study was performed.
The enzyme was extracted by acetone precipitation method. The lyophilized powder of the enzyme was
subjected to FTIR analysis and T@#C. The HR analyses of the extracted enzyme wgneen positive
results for the presence of lipase by analysing functional group. THR Blbsorption peak values for
lipase from the isolated culture results and the standard results were compared. The findings from the
present investigation suggest thipase produced fronPseudomonas Japonica

SOSL and the lipase produced by it are quite promising and can be used for further studies.
Pseudomonas is predominantly used in the degradation of oils and fat substances with ease compared
to the other bacteial strains producing lipase enzyme and thus this isolate consists desirable features
that could be favourably exploited for the treatment of wastewaters high in fat and oil contents. .
Purification and characterization of lipase from SO8as further reealed its industrially useful
properties such as stability at high pH values, high temperatures, and in the presence of high salinity.
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Such traits mean that the use of this enzyme could be extended to diversified industrial sectors such as
detergents prodation, thereby giving it an edge over other.
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ncreasing price of conventional raw material and absence of technology among tanners for the
conversion of alternative raw materials into leather poses a niche area. There is a geatigbdo
develop technologies for the conversion of skins from unexplored sources into leather for the tanning
industry. Leather jacket fish skin has been explored as a potential raw material due to the availability
and exotic grain pattern. Leather |aat fishes are non endangered species and consumed without the
skin. Skins of these fishes are removed and discarded as waste before being exported from fish
processing centres. Experiments were carried out to investigate the feasibility of turningfigtes&ins

to leather.

Leather jacket fish skins were explored for their aptness in leather manufacturing process as a raw
material by analyzing the physical, chemical and histological characteristics. Suitable modifications were
done in the pretanningrocess and appropriate enzymes were utilized to achieve proper fibre opening
and to remove melanin from the skin. Leather process technology was developsthatardized for

the conversion of fish skin into leatheidistological characteristics wereuslied at different stages of
processing using optical microscopic technique. Organoleptic properties and physical strength
properties of the crust leathers were analyzed.

Development of leather process technology using this explored new raw materiadl woable to make
wealth from waste.

Keywords : Leather jacket fish skin, potential raw material, exotic pattern, fibre opening, histological
characteristics, organoleptic properties.

122


mailto:venba@clri.res.in
mailto:venbakasi@yahoo.co.in

Introduction

Increasing demand of conventional raw material and absence of technology among tanners for the
conversion of alternative raw material into leather poses a niche area. There is a great potential to
develop technologies for the conversion of skins from uhangal sources into leather for the tanning
industry. Only conventional raw materials from goat, sheep, cow and buffalo are processed for leather
manufacture by tanners. The cost of these raw materials is higher and their availability is not consistent
and varies depending on the season: (UNIDO 2010). Alternate source of raw materials could offset the
cost of leather and leather product manufacture making the business more competitive and
profitable Skins of a wide variety of animals, birds and fishes eanded as raw materials for leather
processing. But the texture, pattern and usage vary depending on the type of hides or skins used for
makingleather. Hence, exploring new raw materials for leather making is continuously required to

produce new type of kether distinguished from conventional leather.

Utilization of fish skins for leather production have gained interest as an additional source of raw
material for leather productionKarthikeyan and NK Chandrababu 2000also provides an economical

and environmental solution for the fish industry to utilize the skifish skin is available in enormous
guantity as a byproduct of fish processing ceni®&dns from many variety of fishes like Saditer eel,

crap, salmon shark and ray fishes and other simitrieties have been earlier investigated by many
researchers for leather productiorKérthikeyan and NK Chandrababu 20Ramesh Duraisamy et al
HamMcT tNyYyGSySNI ! oD SG f wanmoT ! NAF¥FS /FyRIFd Si

Fig 1.Leather Jacket fish
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Fig.1 shows the image of Leather jacket fiskatherjackets derived their name due to the skin, which

has to be removed before servinghe skin is inedible and is usually discardéue scientific name of
leather jacket fish i©ligoplite Saurus and theommon names are jack fish,butter fish and trigger fish.

The fish weighs around 1.5 Kg.The thickness of the fish skin is around 0.7mm,length ranges from 30 to
70cmand width 20 to 40cniThe skin igough without scalesand has firm textureThe distinguishe

features of leather jacket fishes are prominent dorsal spine and leathery sand paper like skin.

Leather jacket fish skin is neither consumed by the people nor converted into high value products; most
of them go as a wast€reatment and conversion of wisinto value added productswould help not
only to strengthen the economy of acountry but also to protect the environment from pollution and to
improve the socieeconomic status of the people by creating employment. The leather jacket fish has
beautiful gain structure with minute tube like projections which makes it to resemble sand paper and
can be used for the production of decorative leather for ornamental gobdather jacket fish skin is

thus explored as a potential raw material for leather industng to its availability and exotic nature.

Hence to create awareness and to provide technology to the leather sector, an attempt has been made
in this study to investigate the feasibility of turning leather jacket fish skins into leather. The aptness of
leather jacket fish skin in leather manufacturing process as a raw material has been studied by analyzing
the physical, chemical and histological characteristics.Enzyme assisted liming process has been designed
according to skin characteristics and fullame and semichromeprocesses have been adopted to make

crust leathers from leather jacket fish skins.

Materials and Methods

Fresh leather jacket fish skins (200 Nos) were collected from Chennai based fish processing where the
skins are removed and are d&gded as wastes. The skin were easily removed after cutting the head
portion by peeling the skin starting from the head portion and werewashed with water for 15 minutes.
Controlled processing conditions and careful treatment is required in the beam hoys®tect the

grain texture of the leather jacket fish skins.
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Chemical Characterization of Leather jacket fish Skin

Determination of Protein Content
The protein content of the raw fish skin sample was estimated utilizing the Kjeldahl m&hads(reet

R. B1954)The protein content in percentage = % nitrogen x 6.25.

Determination of Fat Content

The fat content of the raw fish skin sample was estimated as per the standard IUC metho(H8IE; 4.

1996) The sample is continuously extracted with dicblmethane. Solvent is then evaporated from the
extract which is then dried at 16@.

Fibre Opening & pigment removal : (Enzyme assisted Method)

In 200% water, commercial grade protease enzyme 0.2%, Amylase0.2%, and xylanase 0.5% were added
to the drum and the drum was run for 60minutes under 3rpm.

Lime 3.5% was then added and the drum and was run for 10 minutes for every one hour upto 8 hours

and left overnight.

Deliming and Bating:
Deliming was done with Ammonium sulphate 1.0% in 100% float and the drum was run under 3 rpm for
45 minutes and washed with water

Tanning trials with full chrome and semi chrome process

The tanning trials werearried out as given in Table 1.

Table 1Fish skintanning trials

Full chrome process Semi chrome process
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Vegetable tanning% based on pelt weight)

(Drum rpm was controlled at 5rpm)
Partial pickling

Water 50%

Salt 5% - run for 10min

Formic acid.5%

2x10min+30min pH 4:5.0

Vegetable tanning

Pretanning syntan 3% 30min

Wattle 10%

Sulphited Veg based fatliquor 1% 1h
Wattle 10%

Sulphited Veg based fgatliquor 1% 1h
Myrobalan 5% 45min

pH adjusted to 3.€8.2.

Drained, rinsed, piled for 2 days.

Semi Chroming:

Wetting Agent 0.5% 30 min, Drain, Wash.

Water 200%

Borax 1% 60 min

Drain, Wash.

Oxalic acid 1% 30min, Drain, Wash
Water 50%

Chrome syntan 5%

Chrome tanning% based on pelt weight
(Drum rpm was controlled at 5rpm)
Pickling
Water 100%
Salt 10% - run for 10min
formic acid 1%-run for 15min
Sulphuric acid 0.5%

-run for 3x10min+60min k 2.83.0.
Chrome tanning
Drain 50% pickle water. Add
BCS powder 8% 90min
Water 50%
Sodium formate 1% 30min

Sodium bicarbonate 0.75% 3x10min +

60min

pH 3.8. Drained, rinsed and piled.
Rechroming

Water 100%

Chrome syntan 5%60 min

Sodium formate 0.5%(in 10% water)

Sodium bicarbonate 0.5% 2x10min +

45min (in 10% water)

pH 4.0 Drained, rinsed and piled overnic



Histological Studies with H & E (Hematoxylin & Eosine) Staining

The histological studies for theoaked, limedchrome and vegetable tanned fish skin leatharsre
carried out. After the completion of the above mentioned full chrome and semi chrome processes, the
samples were cut angreserved in 10% formalin for 48 Hrhe fixed samples were dehydrated in a
seriesof solutions of alcohol of different concentrations (50 to 100%) and then cleared in xylene. They
were finally embedded in paraffin wax into mouldshin sections (10um thick) were cut on a

microtome, mounted on glass slides , stained witematoxylin andcounterstained with Eosine.

Post Tanning Process

All the tanned leathers were neutralized to pH 5.6 and washed. Table 2 illustrates the post tanning

process.
Table 2 Post tanning process
Process Chemicals % Drun?[i:#gmng Remarks
Neutralization  (Water 100
Neutralizing syntan 1.0 20 min Check
Sodium formate 0.75  [3x10+30min  pH 5.0-5.5
Sodium bicarbanate 0.3 Wash/drain
Retanning Water 100
Acrylic Resin syntan 4 30 min
Dyeing and Acid Dye 2% 2 30 min Check
Fatliquoring synthetic fatliquor 3 15 min penetration
Phenolic syntan 3
Resin Syntan 3 40 min
Sulphited fish oil basedfatliquor 3
Sulphited veg oil based fatliquor 3
synthetic fatliquor 5
60 min
wattle Powder 3 30 min
Fixing Formic acid 15 3x10+30min

Drain, wash and pile over night. Next day, dry, stake by hand and trim
Physical Testing and Visual Assessment

The samples for physical testing were cut from the chrome tanned and-demine tanned crust
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leathers and conditioned at 803 and 65+4% R.H. for 48 h. The tensile strength and % elongation were
measured as per the IULTCS meth#d 6 (2000)Experienced technologists assessed the organoleptic
properties such as fullness, feel, gréghtness and general appearance and the leathers were rated on

a scale of @0 points for each functional property.
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Results and Discussion
Chemical Characterization of Leather jacket fish skin

Analytical values of moisture, total protein and fat corttenfish skin is presented in Table 3.

Table 3Chemical characteristics of leather jacket fish skin

S No Characteristics Value in % w/w
1. Nitrogen content 411

2. Protein content 25.86

3. Fat content 1.2

Fat content of leather jacket fish skin wémund to be low ie 1.2% which indicates that degreasing

process is not essential for this type of fish skins.

Histological Studies of Chicken Leg Skins with H & E Staining
The optical microphotographs taken for the soaked, limed, leather jacket skstwas in the Figures 2
to 5.

Fig 2. H & E stained optical micrographof Soaked Leather jacket fish skin

The soaked leather jacket fish skin (Fig 1) show absence of scales but has hair like projections
which indicateghe characteristic surface pattern of Leather jacket fish 3kiis.surface pattern

is found to be unique to leather jacket fish skin. The unique surface pattern or "grain" is a major

economic feature of the leather made from the skin, making it more \déua
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Fig 3. H & E stained optical micrograph of Limed Leather jacket fish skin

The enzyme assisted liming process show opened up fibre structure without destructing the

characteristic surface pattern of the leathjacket fish skin.

Effect of Tanning System on the Fibre Structure of fish skin Leather

The following are the H &E stained optical microscopic pictures of full chrome and semichrome leather

jacket fish skin leathers

Fig 4. H & E stained optical micrograph of Full chrome Leather jacket fish leather
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Fig 5. H & E stained optical micrograph of Semichrome Leather jacket fish leather

From the microscopical studies , it is cleaden that the grain pattern remained same after chrome
tanning process but the characteristic grain pattern is much affected in the case of semichrome leather.
Fibre bundles are separated well in sethrome tanned leather, and has lead to fuller leather

compared to fullchrome leather.

Strength characteristics and visual assessment

Table 4.Physical Strength Characteristics of full chrome and semi chrome tanned leathers

S No Parameter Chrome tanned Semi chrome
1. Tensile Strength N/mf 7.90 7.04

2. Elongation at break % 28.01 24.16

3. Tear Strength N/mm 47.11 43.94

Physical strength testing results presented in Table 4 reveal thatlttelarome crust leathers of leather
jacket fish skin has comparatively higher strength characteristics edodgation at break when

compared to semichrome leathers.
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Fig 6. Visual assessment on organoleptic properties

Visual assessment data of crust leathers assessed by experienced technologistsale of A0 points

for each functional property ipresentd in Fig 6. It is evident from the figure that the organoleptic
properties such as grain pattern, uniformity of colour and feel are better forckuttme leathers
whereas semichrome crust leathers show better fullness propertycompared to chrome téeetbers.

These results show that full chrome process is more suited for leather processing using leather jacket

fish skin raw material.

Conclusion

Leather jacket fish skin was explored as a new raw material for leather industry and the
feasibility of turning this to leather was investigatedihe technology developed for the
conversion of leather jacket fish skins into finished leather would catch attention of
commercial tanners. Enzyme assisted fibre opening and full chrome tanning process has
resulted in softleather with better strength characteristics. Microscopic analysis and visual
assessment data indicates that the characteristic grain patwf leather jacket fish skin is

maintained in leathers processed by full chrome tanning process.
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A large proportion of hides/skins especially of Asian origin lack substanceoasdss inherent defects
leading to difficulty in producing high quality leathers. In this regard eco benign, simple and cost
effective methodology has been developed to improve the substance (bulk properties) as well as surface
characteristics of leatheusing selected polymers and biegradable materials. The effect of this
treatment has been studied during various stages of leather processing. The substance improvement
has been quantified. Strength property and peiee analysis have also been studi@the results
indicate that there is up to 30% improvement in substance for different types of substrates and end

products. This methodology could be a lucrative way of upgrading low value leathers.

Keywords: Leather, Substance improvement-d&gradable Ecebenign, Value addition

Introduction

Hides and skins are most commonly apmgduct of meat, milk or wool productionThe
properties of leather vary considerably depending upon the type and quality of both the skins and the
tanning process. The advages of using biopolymers in the leather are filling the loose portions such as
belly, neck etc and impart fullness to the grain.

The objective of the present study is to improve the substance of low quality leather by using
biodegradable polymers such pslyvinyl alcohol (PVARolyvinyl Alcohol (PVA, sometimes referred to
as PVOH) is a water soluble polymer used widely in adhesives, paints, sealants, coatings, textiles, plastics
etc. PVA has excellent film forming, emulsifying and adhesive propeltiissalso resistant to oil, grease
and solvents. It is odorless and nontoxic. It has high tensile strength and flexibility, as well as high

oxygen and aroma barrier properties.
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Materials and methods

Chemicals and raw materials

Polyvinyl alcohol (grad&73) was purchased from Suraj chemicals, Chennai. The cow hide for
the experiments were taken from tannery division of GSIRI. The hide was soaked in water for the
rehydration of the skin. Then after liming (hair removal) anefldshing process the skiwas cut into
two pieces through the backbone and marked as left and right. Then the weights of hide pieces were

taken. Then the skin was processed till pickling process and stored in pickling solution.

Biopolymer preparation
The % of polyvinyl alcohd®VA) used for the treatment is based o of hide weight. The
PVA were dissolved in 100% water (with respect to hide weight) which is heated up to 70°C by

continuous mixing process. This solution was used for the treatment process.

Influence of PVA b cow hide at tanning stage

The left side piece of the cow hide was taken as control and right side was taken for experiment
process, for the treatment with selected biodegradable polymer. Both the control and experiment
process were carried out separdyein different drums. For the control process conventional tanning
process were carried out. For the tanning process 8% /#ow.r.to hide wt.) chromium sulphate was
used. First 4% (%w/w w.r.to hide wt.) was taken and added in the drum. After 1 hr o&tngent again
4% chromium sulphate was added in the drum and treated for 1 hr.

For the experiment process, polymer based (sandwich model) tanning process were carried out.
For the tanning process 4% chromium sulphaten®@ w.r.to hide wt.) was used and ta¢ed for 1 hr.
After treating with chrome, prepared 5% (@v w.r.to hide wt.) PVA solution was added in the drum
and treated the hide for 2 hrs. Then again hide is treated with 4% chrome for 2 hrs.

In control process, instead of PVA 100% water was adtted teeating with 8% chrome. After
tanning process both the control and experiment process are treated with sodium formate (1%) and
sodium bicarbonate (1%) in order to adjust the pH at 4. Then the both hides are taken out from the

drum and kept for aging6 hrs.
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Influence of PVA on cow hide at pickling stage

The left side (control) and right side (experiment) of the hide pieces were treated in separate
drums. In the control process, hide was treated with 100% pickle liquav/@v.r.to hide wt.) for 15
minutes. For the tanning of the hide 8% & w.r.to hide wt.) chromium sulphate was used. First 4%
(%ow/w w.r.to hide wt.) was taken and added in the drum. After 1 hr of treatment again 4% chromium
sulphate was added in the drum and treated for 1 hr.

For experiment process, once the hide is treated for 2hrs with 5%/{®w.r.to hide wt.) with
PVA solution the hides were tanned using 8% chrome for 2 hrs.

Basification process is carried out in order to adjust the pH of the hide at 4 for both control and
experiment process by adding 100% watem{s w.r.to hide wt.) is added to both the drums. And then
sodium formate (1%) and sodium bicarbonate (1%) was added and treated for 2 hrs. Then the both

hides are taken out from the drum and kept for aging 36 hrs

Crusting process of cow hide

During crusting process the tanned hide istaaned, dyed and lubricated. Crusting process is
begins with neutralization process, in which tanned hide is treated with sodium formate (0.5%) and
sodium bicarbonate (0.5%) mrder make the pH of the hide at 5.5. This process is necessary for the
leather in order to allow it to properly absorb the various chemicals that are used. Once the pH levels of
hides are neutralized, retanning process is done by using syntans andsldgied at this stage. Once
desired color is achieved, fat liquoring process is used to lubricate the leather fibres with wax and oils.
Formic acid (3%) is used for fixation process, in which all the chemicals used previously are either
bonded within the lather or removed from it.

During setting process, excess of water from the hide is removed and flatness of the hide is
achieved. After setting process, leather is dried and then staking process has carried out in order to
make leather softens and conditied. The thickness of the hides of control and experiment are
measured at this stage by using gauge machine and compared the results by calculating mean thickness

and standard deviation.

Calculation

Qn
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Mean(_X)ﬂf- {[’]Iii V"_
i=1

FGAz2zy 6 ° 0 T

N = total no. of values

X = each value in the population

Shrinkage temperature analysis

SATRA STD 114 shrinkage apparatus is used for the analysis. This apparatus enables shrinkage
temperature to be measured up to 115°C. When leather is slowly heated in water, a sudden shrinkage
occurs at a temperature which is characteristic loé tannage. If the shrinkage temperature is above
100°C it is necessary to use water pressure greater than atmospheric to determine its value. Tanning
aims to bring about stability against thermal and enzymatic degradation of skin matrix properties. One
of the characteristic features of skin is its dimensional change under the action of heat. Skin undergoes

length reduction at a characteristic temperature to a level of one third of its original dimension.

Strength analysis
The hides were téed for various physical properties such as tensile strength and tear strength
which are important for its application. Tensile strength was measured using Instron universal testing

machine.

Pore size Analysis

Analysis of pore structure o$kin is important to understand process of diffusion and
adsorption involved during any application of the skin matrix. Pore structure renders skin many unique
properties. Insight into the pore structure of the skin matrix is required to understand nrab$ieat
transport properties as well as fracture mechanism of material under flexural stress [2,3]. The changes

brought about in the pore structure have been studied using mercury intrusion porosimetry.
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Results and discussions

Influence of PVA on cow hide at tanning stage

Table 1 shows the mean thickness and standard deviation of the cow hides of both control and
experiment from different regions of the hides. The results shows that 0.38 mm of substance have been
increased irthe belly region of experiment when compared with control. In the backbone region of the
experiment also have 0.28 mm improvement in the substance compared to control. In case of butt
region there is no improvement. This is may be because of the buttrragialready filled there is no

empty places so the polymer can go and attach.

Tablel The mean thickness and its standard deviation in the different regions of cowhides.

EXPERIMENT CONTROL

MEAN S.D MEAN S.D

Backbone 291 0.12 2.63 0.22
Butt 3.04 0.068 3.05 0.097
Belly 2.44 0.217 2.06 0.089

Table 2 Comparative studies of strength properties polymer treated hide and control at tanning stage.

EXPERIMENT CONTROL

Along | Across | Along | Across

Tensile strength (N/mR) | 24.65 22.43 27.12 26.07

Tear strength (N/mm) | 101.83 | 107.68 101.48 | 100.77
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Shrinkage temperature analysis shows that experiment have shrinkage temperature of 101° C
GKSY O2YLI NBR (G2 O2yiGNRf 6KAOK A& wMnnc/ dredackSaS NB
any native properties of leather.

In the pore size analysis, the mean flow pore diameter of the experiment is 0.3006 microns and
the control is 0.1793 microns. This study shows that the mean flow pore diameter of experiment
increased when compacketo control. This means that the polymer has absorbed (mass transport) inside

collagen matrix of cowhide treated with PVA.

Influence of PVA on cow hide at pickling stage

The thickness in the different regions of cow hides of experiment and contrajieea in the

table 3. The results shows that there is no substance improvement in the cow hide when compared to
control.

Table 3 The mean thickness and its standard deviation of cowhides.

EXPERIMENT CONTROL
MEAN S.D MEAN S.D
Backbone 1.20 0.010 1.22 0.0089
Butt 1.36 0.0134 | 1.34 0.012
Belly 1.26 0.020 1.27 0.034
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Table 4 Strength analysis results of polymer treated cow hide and control at pickling stage.

EXPERIMENT CONTROL

Along | Across | Along | Across

Tensile strength (N/mR) 15.75 16.87 13.75 12.26

Tear strength (N/'mm) | 80.14 88.44 104.21 | 105.32

Shrinkage temperature analysis shows that polymer treated hide can withstand the
temperature up to 103°C where as control 102°C. And it also shows that the pdméry Qi NB RdzO S

native properties of tanned leather.

Conclusion

In this present study, the hides treated with PVA at tanning stage (sandwich model) have good
ddz0a G yOS AYLINROGSYSYyd ¢6KSy O2YLI NBR (2 UGNBIFGYSyi
strength properties of leather. So this sandwich method can be used for upgrading the low value
leathers. This method is simple, cost effective and-e@mdly and can be used to improve the

substance of leathers for the production of high quality leath
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Hen egg white (A) and gelatin (B) composition that was used asdef@iadablebinder was prepared

and the product is crosinked with Glutaraldehyde (C). The composition thus formed (ABC) was
standardized with tensile strength and characterized with FTIR, TGA, CD spectra. The tensile strength
test was conducted on ABC composite aaspeed of 5 mm/min and it shows an optimum tensile
strength of 40 Mpa with elongation (170%) for AB and C at the ratio of 50:1. The Circular Dichroism (CD)
spectra was performed between 185 A250 nm and the AB composite shows an helical structure that
confirms presence of peptide bond and for ABC composite an unordered random coil structure with
negative peak at 197 nm i.e. helical structure was converted into random coil that confirms the concept
of cross linking of AB composite with Glutaraldehyde. FRhER spectra of AB composite shows protein
peaks at 1654 crt (Amidel), 1561 crdl (Amidell), 1244 crdl (Amidelll) whereas for ABC composite,

the amidelll band was absent, this is due to glutaraldehyde link with amide group. Thermal gravimetric
analyss of AB composite shows 60% weight loss betweeri@3& 400C and for ABC composite it was

8% between 238 ¢ 375°C. Water absorption studies were conducted on samples and it was concluded
that the AB composite was disintegrated within an hour whereas édgposite (in the ratio AB:C =

50:1) was intact even after 24 hours and has water absorption capacity of 173%6/288%/mmi,
245%/mni, 153%/mnd after 1 hr, 2 hr, 3 hr and 24 hrs respectively. The ABC composite is tested for
peel strength by giving a coah a standard leather surface and it was found to have 4.8 N/mm on dry
condition and 3.2 N/mm on wet condition. Therefore the proposed hen egg wdstating
glutaraldehyde (ABC) composite possesses excellent characteristics and can be used as a coating age
for Leather.

Key words: hen egg white, gelatin, Glutaraldehyde, FTIR, TGA, CD, Tensile strength, water absorption
1. Introduction

Hen egg white is a viscous fluid that contains albumen, poggle, glair, proteins and water. Hen egg white
in combination wih gelatin was used as a binder [1]. The glutaraldehyde was cross linked with Bovine
serum albumin and used as bitue [2] for tissue adhesive and as a sealing agent for kidney during
partial nephrectomy. Glue was prepared using albumin and glutaraldehgda tissue adhesive for
sealing pulmonary parenchyma and bronchial anastomoses [3]. The immobilization of Lysozyme in hen
egg white was cross linked with glutaraldehyde that can be used for continuous lysis of bacterial cells.
Enhancement of Lysozyme &t by cross linking hen egg white in the presence-atbtyl glucosamine

was observed by Kamalroohk [4]. The unique property of hen egg white to form stable foam has been

141


mailto:venkateswaralu@clri.res.in

reported by Marolia [5] in developing a novel method for immaobilization of nay@iésent Lysozyme

in egg with glutaraldehyde. Kulkarni [6] has developed a new inter penetrating polymer network of
sodium alginate and gelatin with egg albumin cross linked with glutaraldehyde -fdtronrelease of
cefadroxil. Gelatin is common subst@nused extensively in pharmaceuticals, leather, food ingredient
and packing. Bigi [7] has investigated gelatijutaraldehyde films for its mechanical, thermal and
swelling properties and verified the influence of glutaraldehyde concentration on thiglisy of the

films. Tabata [8] had prepared gelatiglutaraldehyde hydrogels and implanted the same after
incorporating bFGF in the hydrogel in the rats to find out the revascularization of bFGF release from the
hydrogels. Chen [9] had prepared anticanbiodegradable and hydrophilic glutaraldehyde crlisked
microspheres and quantified the-rivo release of anticancer drugs from microspheres. Sharma [10]
studied the LASER light scattering of gelgtintaraldehyde solutions using static and dynarniser

light scattering measurements. Similar method has been studied by Kennedy [11] for the surface
mobilization and entrapping of enzymes on glutaraldehyde cross linked gelatin particles. Martucci [12]
has studied creep behavior of glutaraldehygiglatinfilms by short time flexural tests at 3D. Chemical

cross linking yields an increase in strength and decrease in viscous creep. In the present study, | have
developed hen egg whitgelatinglutaraldehyde composite and characterized it for FTIR, TGAnN€D a
Tensile strength.

2. Material and methods

2.1 Materials:

Fresh hen egg white was separated from chicken egg and used as such. Gelatin used was purchased
from MBD, Mumbai, India. Glutaraldehyde was obtained from Merck, Germany. All other reagents used
were of analytical grade.

2.2 Methods:

2.2.1 Preparation of Albumin solution (A): Egg white was separated from broken egg and kept in a
conical flask.

2.2.2 Preparation of Gelatin solution (B): 20 grams of gelatin powder was dissolved in 200 ml of water at
55°C in a water bath and stored in a flask.

2.2.3 Preparation of AB film: 5 ml of solution (A) was added to 20 ml of (B) at ration of 1:4 and stirred for
about 10 minutes to get uniform solution. It was then poured in a polythene tray and dried at room
temperature (2625°C) for about 24 hours. Then so formed film was named as (AB).

2.2.4 Preparation of ABC film: 30 ml of solution (A) was added to 120 ml of (B) and different composition
films were prepared by adding solution (C) as per concentrations shobealow tablel.

Sample ID AB (ml) C (ml)
1 25 0.25
2 25 0.50
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3 25 0.75
4 25 1.00
5 25 1.25
6 25 1.50

Tablel: Preparation of ABC composites
These six samples were dried and made into films as per procedure mentioned in section 2.2.3.
2.3 Characterization:

The AB and ABC films were characterized by using FTIR spectra, Thermo Gravimetric Analysis, Circular
Dichroism, Tensile strength and water absorption.

2.3.1Water Absorption (%)The samples were tested for water absorption capacity adogrdb the
following method. Each sample was cut in to 6 pieces of 10 mm x 10 mm in size. These six samples were
placed in a chamber which maintains at’@0and 65% RH for about 24 hours in order to get uniform
condition for all samples. Then take weiglbt feach sample individually and denote it as;)(VWWhen

place all samples in a beaker of 100 ml size and pour 50 ml of double distilled water in to the beaker.
Then take weight of each sample {Vdfter 1 hr, 2 hr, 3 hr and 24 hrs and recorded. Beforentaki
weight, the sample should be blotting with filter paper to remove unabsorbed water particles on the
surface of the sample. The water absorption was calculated in terms of percentage per unit area as
follows.

Water Absorption:E = {(W ¢ W) / W} %/mnt

2.3.2 Tensile StrengthThree samples of dumbbell shape of sized 4 mm wide and 10 mm length were
used to find tensile property using Universal Testing Machine (INSTRON Model 1405) according to
method described by Vogel [11]at elongation rate ah&/min.

2.3.3 Infrared Spectroscopyfhe concept of cross linking of AB composite with glutaraldehyde is tested
with FTIR spectra using Nicolet Impact 400using 500 mg KBr pellet contating Bf the sample.

2.3.4 CD Spectroscopythe CD measurements veerecorded using JASCG15b spectropolarimeter
(Japan). The instrument was calibrated using ammorid@®camphor sulfonic acid. The path length

used was 1 mm. The spectra were recorded with 1 nm bandwidth and 0.2 nm step resolution. This
spectrum will reord average value of 5 readings. The resulting spectra were baselirected and
smoothened. The samples AB and ABC were obtained by dissolving 0.5 ml of the sample in 10 ml of
distilled water. All the spectra were collected from 1280 nm which is théand in analyzing the
secondary structure of protein and peptides.

2.3.5 Thermal Gravimetric Analysi§he thermal stability of the substance was determined using
PerkinrElmer over temperature range of 37 to 585C at heating rate of 2€ / min under nitogen
atmosphere.
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3. Results & Discussion

3.1 Tensile Strengthtn this study AB is cross linked with varying amounts of glutaraldehyde and the
tensile strength of these components were given in T&bldased on studies [1], AB sample was
prepared at aatio of 1:4 (A: B) which gave highest tensile strength (20.9 Mpa) and hence it was used as
a standard composition in the present study. With increasing the amount of glutaraldehyde, the tensile
strength increases first and then decreases. The compositR® with 2% glutaraldehyde gives highest
tensile strength when compared to other concentration. At this concentration GTA would have been
reacted completely with NHgroups present in AB backbone as shown inlfigNith increase in
glutaraldehyde concentran, it homo polymerizes and hence decrease in tensile strength and

elongation at break was observed.

SI. No AB (ml) C (ml) Tensile  Strength Elongation  at
(Mpa) break (%)
1 25 0.00 20.9 112
2 25 0.25 33.3 129
3 25 0.50 40.0 170
4 25 0.75 36.2 143
5 25 1.00 32.1 68
6 25 1.25 28.4 45
7 25 1.50 25.2 39

Table2: Tensile Strength of hen egg whitgelatin-glutaraldehyde composite
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Fig-1: Partial Cross linking of hen egg white-gelatin composite with Glutaraldehyvde
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Fig-2: Fully cross linking of hen egg white-gelatin composite with Glutaraldehyde
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Fig-3: Homo polvmerization of Glutaraldehvde

3.2 Water AbsorptionWater absorption property of above samples is shown in below table

Sl. | Tim | Samplel Sample2 Sample3 | Sample4 | Sample5 | Sample6 | Sampl
No | e AB alone % % % % % e-7

. (hr) %

1 1 187 173 170 167 157 125

2 |2 Disintegrated | 256 233 224 219 198 148

3 |3 after 1 hour 368 245 234 228 205 156

4 |24 300 153 125 129 119 103

Table3: Water absorption of heregg-gelatin and hen eggelatin-glutaraldehyde composites

The hen egg whitgelatin composite as such was disintegrated within a hour whereas samples cross
linked with glutaraldehyde were intact even after 24 hours. With increase in glutaraldehyde
concerration, the water absorption property increases first and then decreases, this is due to
hydrophilic groups (NI COOH, OH) on the AB backbone would have contributed to dissolving
membrane in water. With the addition of glutaraldehyde, the,Nfbups on he AB would have reacted

with the ¢CHO group on glutaraldehyde and increased the hydrophobicity as shown2n ftith
further increase in concentration of glutaraldehyde, lower values of percentage water absorption were
observed due to the homo polymeation of glutaraldehyde as shown in-8g

3.3 FTIR Spectroscopythe FTIR spectra of hen eggelatin composite shows protein peaks at 1654
cm* (Amidel), 1561 crit (Amidell), 1244 crit (Amidelll) as shown in fig.
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Fig4: FTIR Spectra of Hen egdite-Gelatin composite

In the FTIR spectra of hen egelatin cross linked glutaraldehyde, the amidleband is absent; this is
due to linking of glutaraldehyde with amide groups as shown iB.fig

Fig5: FTIR spectra of Hen egg whiBelatinGlutaradehyde composite

This is an indication of cross linking of glutaraldehyde with hergetgdin composite.

146



3.4 Thermal Gravimetric Analysis (TGA)

In thermo gravimetric analysis, the loss of weight due to evolution,Gf &hd CO and evaporation of
other pyrolysis products are collectively measured as percentage of original weight. In this investigation,
AB and ABC were heated steadily fronfi@To 585C. The initial weight loss of 25.38% and 13.08% were
observed at 23%C for AB composite and ABC composéspectively. About 60% of weight loss was
observed between 23%& to 400C for AB as shown in figwhereas for ABC about 8% of weight loss was
observed between 23&¢ 375°C as shown in fig.

Fig6: TGA analysis of Hen egg whielatin composite
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Fg-7: TGA analysis of Hen egg whielatinGlutaraldehyde composite

A sudden decomposition was observed between°8#5585°C for ABC. The ABC sample was thermally
stable up to 37%C whereas gradual thermal decomposition was observed betweetC23m85°C in the

case of AB. A 100% thermal decomposition was observed in both the cases’@t B#gher value of
thermal stability in ABC composite is due to cross linking of glutaraldehyde with the functional groups in
the backbone of AB composite.

3.5 CirculaDichroism

LG osla 1y26y FTNRBY (GKS LINBJA2dza ahélidaRsructdren ®hichi K I G
confirms protein present in the composite. The far UV spectral studies (185 B&® nm) were

conducted on ABC composite and it was observed that mordered random coil structure with

negative peak at around 197 nm as shown ir8fig
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Fig8: CD spectra of Hen egg whielatin-Glutaraldehyde composite

The breakage of helical structure in AB and converted in to random coil is due to cross linking of
glutaraldehyde with AB composite.

4. Conclusion

Hen egg white which is natural food nutrient is used in making gdigmer material by cross linking

with gelatin and glutaraldehyde. This giolymeric film possesses excellent tensile strength and high
temperature withstands and hence the product can be used as a coating agent on materials to prevent
rust and thereby improving the life of the material.
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VL P38
ULTRASONIC STUDIES ON VEGETABLE TANNIN MATERIALS

U Venkateswarlu
Advanced Materials Lab, Central Leather Research Institute, Adyar, Cl&&@Q@0, India

e-mail: venkateswaralu@clri.res.in

Ultrasonic studies were performed on Myrobalan, Mangustan and soap berry tannin compounds. These
tannin materials were extracted using Proctor Method (RRY Ultra Sound (US) methods. The
properties of density, velocity, viscosity, adiabatic compressibility, acoustic impedance, absorption
coefficient, viscous relaxation time and free length were calculated at different concentrations and
temperatures usindgpoth PR & US extraction methods and their results were found to be having similar
behavior at temperatures between 20 and 88C in step of . Ultrasonic velocity of the tannins
increases with increase in temperature. Viscosity of the tannins decreases imcrease in
concentration and temperature. Adiabatic compressibility (which is a measure of molecular interactions
in binary and ternary mixtures) for tannins decreases with increase in temperature. Inter molecular free
length (which is a measure of egular association) of tannins increases with increase in temperature.
Absorption coefficient (structure dependant) for tannins decreases with temperature. Acoustic
impedance (which accesses molecular interaction between components) increases with tamged

the above mentioned ultrasonic parameters show an increase in its values with increase in their
concentrations. Finally, it was concluded from the study that the Ultrasonic method is a simple and non
destructive powerful technique in analyzingettannin materials.

Keywords: Myrobalan, Mangustan, soapberry, ultrasonic, proctor, tannin.
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1. Introduction

Myrobalan tannin [1] is a fruit of Terminalia chebula was obtained by well crystallizing substance which

gave on hydrolysis either with dilute $ufic acid or with emulsion, 1 mol. ellagic acid and 2 mol.

Glucose. Myrobalan extracts provide a light greenish yellow color to tanning liqguors and lestbers

they are used especially in the first steps of tanning sole leathers. The extracts are lavadtibin

liquid and powder form and give S| G KSNE | dzy AF2NY O2f 2NJ FyR | az2¥
sugar content, the extracts ferment easily. Ultrasonic power was used in extraction of myrobalan [2] as a
tanning agent. Mangustan is a tropicalif of the tree Garcinia mangostana and has a deep reddish

purple colored exocarp (rind) when ripe. Tannin is obtained from the bark [Abbiw]. The fruit shell
contains 713% tannin and the seeds contain 3% oil [Burkill]. The rind of the fruit containganresin

and a bitter principle called mangostin. The rind contains 5.5% of tannin, and a resin as well as a yellow
crystalline bitter principle, mangostin {8H-,0s) or mangosim isolated from the rind. Mangostin is

obtained by boiling the rind in wateland tannin is removed by exhausting by boiling in alcohol and
evaporating; resulting product is mangostin and resin; resin is precipitated by redissolving it in alcohol

and water, and evaporating the water. It occurs in small yellow scales, tastelesalp@soluble in

water, but readily soluble in alcohol and ether [3]. Soapberry was extracted and used for the prevention

of a skin infestation [4] by an organism that impairs leather quality. The berries are preferably first dried

and ground, and thendraction is carried out in an alcoholic solvent and the extract material subjected

to alkaline hydrolysis. The above tannin extracts were collected and used for our study to analyze
ultrasonic parameters. The parameters such as Ultrasonic densi}ieS(f 2 OAGAS& o0dz20X F Yy R |
are measured for the above said tannin solutions and the acoustical parameters such as adiabatic
O2YLINBaaAoAt AGR 61 0 FTNBS  Qys3 i @A a0d2%dpar NIt & 2ENLIIAA
characteristic (acousticimpedance (Z), are calculated for these solutions to study sehitent

interactions according to the method published by Venkateswarlu [6].

2. Material and methods:

2.1 Materials: Myrobalan, Mangustan, Soapberry were crushed and freed from seeds and the flesh
portion was taken for tannin extraction by (i) Procter extraction method (PR Method) and (ii) high power
ultrasound extraction method (US Method).

2.1.1 PR Method: Myrobalaruts (4g) were taken and tannins were extracted in hot water for 2 hours
using Procter extractor to obtain 1000 ml of 0.04% solution with respect to tannin concentration.

2.1.2 US Method: The crushed myrobalan nuts free from seeds (4g) were taken in adehkept in a

high power ultrasonic bath having a power output of about 150 w at a frequency of 40 kHz. Extraction
was carried out using distilled water for 30 min. at room temperature to obtain 1000 ml of 0.4% solution
with respect to tannin concentrain.

2.1.3 PR Method: Mangustan nuts (8g) were taken and tannins were extracted in hot water for 2 hours
using Procter extractor to obtain 1000 ml of 0.04% solution with respect to tannin concentration.
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2.1.4 US Method: The crushed Mangustan nuts free fseads (8g) were taken in a beaker and kept in a
high power ultrasonic bath having a power output of about 150 w at a frequency of 40 kHz. Extraction
was carried out using distilled water for 30 min. at room temperature to obtain 1000 ml of 0.4% solution
with respect to tannin concentration.

2.1.5 PR Method: Soapberry (8g) was taken and tannins were extracted in hot water for 2 hours using
Procter extractor to obtain 1000 ml of 0.04% solution with respect to tannin concentration.

2.1.6 US Method: The crush&bapberry free from seeds (8g) were taken in a beaker and kept in a high
power ultrasonic bath having a power output of about 150 w at a frequency of 40 kHz. Extraction was
carried out using distilled water for 30 min. at room temperature to obtain 100®i1®0.4% solution

with respect to tannin concentration.

2.2 Method: Tannin solutions obtained by PR and US methods were used to measure ultrasonic velocity
at different temperatures ranging from 20-90°C with an increment of ® using an ultrasonic
interferometer vibrating at a frequency of 2 MHz, Viscosity and density measurements were also carried
out for all these solutions at different temperatures.

3. Results & Discussion

Ultrasonic densities, velocities and viscosities are measured for solutioparptewith tannin materials

of (i) myrobalan (ii) Mangustan (iii) Soapberry nuts by using ultrasonic method(US) and Procter method
(PR) at temperature range Z080°C in the step of ®. The density | values of above said tannin
extracts at different temperatures and concentrations are shown in below fig.1.
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Fig.1 Density () versus temperature at different concentrations
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Ultrasonic velocity (u) against concentration for these solutions betweé@ 20d 86C are shown in
fig.2.
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Fig.2 Ultrasonic velocities (u) versus temperature at different concentrations

It indicates that the ultrasound behavior in the solutions prepared by US and PR methods depends on
structure of tannin materials and the influence ofntperature. The impact of water behavior is
observed invariably the samples extracted both (PR) and (US) methods. These observations indicate that

GKS AYOSN¥Y2tSOdzE F NJ FGGONI OdA2ya FNB &aAYAfLFN (2
concentrations was measured from 20 to 86C and was shown in fig.3.
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temperatures in solution extracted from the tannin materials amd presented in fig.4.
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It was clear from the plot that for all the solutions, the compressibility factor decreases with increase in
temperature. Inter molecular freéength (L) in a liquid system is a measure of molecular association. In
the case of binary mixtures; alues depend on the interaction between the component molecules. In
order to compare the intermolecular attraction in these solution, intermoleculee flength values are
computed from the solution extracted from the tannin materials of (i) myrobalan (iij) Mangustan (iii)
Soapberry nuts and presented in fig.5.
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It may e mentioned here that for all the solutions, the free length factor increases with increase in
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The tannin materials taken for this study are structtrdd RA FFSNBy i | Yy R) HI6tignd®S & ( dzR
may throw light on the intermolecular attraction and are shown in fig.6.
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Acoustic impedance (Z) in a liquid system can be used to assess the molecular interaction between the
components plots of Z against solutions at all paratures are given in fig.8.
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Fig.8 Acoustic impedance (Z) versus temperature at different concentrations

In general it is observed that Z values increase with increase of temperature for UL extraction than PR
method.

Finally, analysis of tannin soluti®rof myrobalan is done using PR method and US method and the
values are shown in below table It was found that the amount on tannins present per 100 g total
soluble is almost same by both the methods of extraction which gives 73.77% and 73.35% tannins p
100 g of total soluble respectively.
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CHARACTERISTICS PROCTER METHOD (PR) ULTRASONIC METHOD (US)
Moisture (%) 9.5375 9.5375

Total soluble (%) 68.5333 62.0444

Tannins (%) 50.5600 45,5111

Nonrtannins (%) 17.9733 16.5333

T/NT ratio 2.8130 2.7526

Tannins per 100 g Solublg 73.77 73.35

Tablel Analysis of Myrobalan tannin using Proctor & Ultrasonic methods
4. Conclusions

Extraction obtained by PR and US methods are comparable with respect to thermo dynamical
parameters. The extraction obtained blye US method at room temperature in shorter duration
(30minutes) has intense color which is very much suitable for tanning leather. Hence it is concluded that
the US method is more suitable than the existing PR method.
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DEVELOPMENT OF DEGREASING ENZYME (LIPASE) USING SOLID WASTE FRO
LEATHER INDUSTRY
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Leather making process involves usage of hazardous chemical inputs for the conversion of skin to
leather. Pretanning and tanning operations contribute to about-80% of the total pollution load.
Among solid wastes, hide fleshing wastes accounts fe8(B0 of wastes generated from the process.

On the other hand, conventional degreasing process of animal skins is done using surfactants and
solvents that are environmentally problematic. Fat from hide fleshing wastes was utilized for production
of lipase enzme using lipolytic bacteria sourced from putrefied animal skin. Such lipase was used for
degreasing animal skin. Five lipolytic strains were screened and selected for the study. Among all, one
strain showed maximum lipase activity when fleshing fat usefipase inducer. About 20 30 g of
fleshing lipid was obtained per kg of hide fleshing wastes. Lipase from optimized fermentation with
carbon, nitrogen and fleshing lipid yielded maximum activity of 810 U/ml and used for degreasing of
animal skins containg around 18 22% fat at the initial stage. The fat content in the skins was found to

be reduced to around 4 6% after the degreasing enzyme treatment. The current study focused on
researching the possibilities of using a skin putrefying bacteria blygase for degreasing purpose,
which was found to be more specific in its action with respect to natural grease present inside the skin
matrix. Also, the fleshing wastes generated from the leather industry was optimally utilized for the
cleaner and greengsrocessing, which promised to be a sustainable solution for the industry.

Keywords: putrefaction; lipolytic bacteria; lipase; fleshing wastes; degreasing
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1. Introduction

Leather and leather products are stilliogue in the synthetics dominated world. Nevertheless, the
leather industry is notorious for the pollution generation. The process stepstapréng and tanning
operations contributes to about 890% of the totalpollution load (Saravanabhavan et al. 2005). Hide
fleshings that accounts for 580% of total solid wastes, are disposed off with difficulty (Dayanandan et
al. 2013). Utilizing such orgasich component for fruitful innovations could lead to cleaner and
sustainable solutions. Degreasing of animal skins is one of the most important processing steps since the
consequences of inadequate degreasing can result in irreversible damage to the finished leather. The
solvents and surfactants used for this purpose @aroblematic to environment. Lipase that has the
ability to hydrolyze the lipid can be effectively utilized for degreasing purpose. Although, the strategy of
using lipase for degreasing is already known and reported. Some of the works include degréasing o
sheep skins using fungal lipases fr&hizopus nodosuéspergillus flavus, Aspergillus nig&amini et

al. 1999) and bacterial lipases frddacillus spp(Saran et al. 2013%eobacillus spgDeeya et al. 2016)

and Pseudomonas spRamani et al. 2000 But there exists an inadequacy of these lipase in meeting
the requirements, which solely calls for further developmental works in this area. The choice of micro
organisms for the production of enzymes is the key factor in obtaining efficacious liggasmtid act as
degreaser. The microrganisms associated with the degradation of natural grease during putrefaction
have been isolated and identified. Also, the medium which becomes the substrate for the organism,
could decide the efficacy of the enzyme produced. The present workwas aimed at developing an
efficacious degreasing enzyme using a microbiological production medium that would employ the lipid
extracted from tannery fleshing waste and an appropriate organism, thereby minimizing the pollution
load altogether.

2. Materials and Methods

2.1 Materials

All chemicals were procured from Sigma Aldrich Pvt. Ltd. Microbiological media components were
procured from HiMedia Pvt. Ltd. Pickled New Zealand sheep skins were used as raw materials for
degreasing.

2.2 Methods

2.2.1 lIsolation and characterization of lipolytic strains
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Five lipolytic strains were screened and selected from the set of putrefactive bacteria isolated from
putrefying goat skin. The isolates were tested on Tributyrin agar plate for lipid hydrdsisstrains
were inoculated in olive oil enriched nutrient media and incubated &C3for 24 h. The fermented
broths were centrifuged at 10,000 rpm at°@ for 10 min and the supernatant was
spectrophotometrically assayed for lipase activity usiagitpphenyl palmitate as substrate. (Winkler
and Stuckmann 1979). Protein content of the supernatant was also determined using
spectrophotometer. Bovine Serum Albumin standard was used. (Lowry et al. 1951)

2.2.2 Extraction of fleshing lipid from limed animal fleshiyrwastes

Limed fleshing wastes were pretreated using ammonium salts to remove the lime. Pretreated, washed
and thermally hydrolyzed for 120 min at PZland 15 psi. After hydrolysis, the lipid part and protein
part gets separated. Hydrolyzed wastes wdrert cooled to room temperature and lipid was collected.
The fleshing lipid was heated at®Dfor 45 min to remove the moisture and then stored for further use.

2.2.3 Optimization of enzyme production parameters

Lipase enzyme was produced using Submerged fetatien. Parameters such as inoculum size,
temperature, pH, incubation time along with carbon and nitrogen sources were optimized using OVAT
(OneVariableAt-a Time) approach (Deeya et al. 2016). Fleshing lipid was used as lipase inducer and the
concentraton of lipid was also optimized. Carbon and nitrogen sources required for the production of
enzyme were also optimized in the similar approach.

2.2.4 Characterization of crude lipase enzyme

Selected strain was inoculated in the optimized fermentation medanu the lipase was characterized

for pH and temperature stability. The molecular weight of the crude lipase was determined using SDS
PAGE electrophoresis technique (Ramani et al. 2010). The gel was stained using Silver nitrate staining
technique.
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2.2.5 Application of degreasing enzyme for skin degreasing

Pickled New Zealand sheep skins with fat content ranging aboqg228% were taken for evaluating the
efficacy of the fleshing lipid based lipase enzyme, taking commercial degreasing enzyme as control.
Talle 1 explains the processing details of degreasing.

Tablel Degreasing process of animal skin

Unit Process Input Process Parameters
Raw Material: Pickled New Zealand Sheep skins
(Weight: 1.4 kg, pH, 3.8)

Depickling (Drum) Water 1.5 L (100%) The skin piece were drummed for an hour a
Hypo 28 g (2%) pH noted till 8.0.

Degreasing Water 1.5 L (100%) Drummed for 2 hours and then pelts we
Enzyme (X) (10%) washed

Washing Water 2L (150%) Drum run at 6 rpm for 2éninutes

Then the pelts were chrome tanned conventionally after adjusting the pH

Crude lipase enzyme produced using animal fleshing lipid as lipase inducer of activity unit 810 U/mL was
used for the degreasing applicatiohhe samples were collecteafter and before degreasing and the
natural grease content was determined. The natural grease content in the pelt was determined by
Soxhlet extraction method using Petroleum ether solvent as a prescribed method of IULTCS
(Sivakumar 2009). The wet peltnsple was cut into small pieces and taken in an evaporating basin and
dried at 30C¢ 35°C for 16¢ 18 h. Then the actual weight of the pelt was recorded as™e dried pelt

was transferred to extraction thimble made out of Whatmann No.1 filter paper.ektmction flask was
cleaned and dried in an oven at P@and cooled in a desiccator and its weight along with the boiling
porcelain bits was noted as MWThe Soxhlet extraction was carried out with apparatus of 100 mL
capacity using Petroleurg Ether assolvent for 5 h and the solvent from the flask was subsequently
distilled. The extract was dried in the oven for 4 h at°@=ooled in the desiccator and the weight of
the flask was recorded. The dryiggooling¢ weighing cycle was repeated until tifference was less

than 10 mg. Then the final dried weight of the flask was noted asTWe solvent extractable from the
samples were measured using the equation
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The fat content on skins were reported as percentage solvemnaetable.

3. Results and Discussions

3.1 Identification of lipolytic strain

Among all five strains, two strains were found to be more potent in hydrolyzing the lipid. Two of the
strains were identified by 16sRNA technique. Strain No. 4.2 and Strain 3.3 were identified as
Pseudomonas mendocirand Staphylococcus xylosusspectivey. Strain No. 4.2 was selected for the
purpose of degreasing high fat content sheep skins.

Figurel Strain No. 4.2
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3.2 Extraction of fleshing lipid from limed animal fleshing wastes

Thermal hydrolysis of 1 kg of aninfldshing waste yielded 280 g of fleshing lipid. The fleshing lipid
was collected and stored till further use. Fig shows the thermal hydrolysis of animal fleshing wastes.

a) b) c) d)

Figure2 Thermal hydrolysis of limed fleshing wastes. a) pretreated washed fleshings; b) After thermal
hydrolysis; c) Separation of layers; d) Animal fleshing lipid

3.3 Optimization of enzymeproduction parameters

The fermentation conditions such as inoculum size, pH, incubation temperature, concentration of
fleshing lipid, effect of carbon and nitrogen sources were optimized for production of lipase with better
lipase activity. Fleshing lgbwas found to be the key carbon source and lipase inducer for lipase enzyme
production. The carbon and nitrogen sources were screened by replacing 1% w/v of the respective
source in the Fleshing Fhiutrient media.
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The selected strain (Strain No. 4.2pgled better activity with even very low concentration of substrate
Onow:PkP0 Fa O2YLI NBR 2 dKFG 2F htAgS 2it ol aSR
hydrolyzing the animal fat rather than the vegetable oil. This could be taken aadafdetor for

considering the strain to be a potent degreasing enzyme producer. The animal fat in the fermentation

media also acts as the prime carbon source as it is revealed by the screening test where the other
carbon sources have very little to no effeon the lipase production. The following figures are shown to
represent the optimized conditions for lipase production with animal fleshing lipid as lipase inducer. The

table below describes the optimized conditions for lipase production.

Table2 Optimized parameters for production of lipase using animal fleshing lipid

PARAMETERS OPTIMUM CONDITIONS
Inoculum (%v/v) 7

pH 9.0

Temperature {C) 37

Fleshing lipid (%v/v) 0.2

Incubation Time 48 h
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Effect of Carbon and Nitrogen source (Fleshing liiicducer)
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Figure3 Effect of carbon and nitrogen sources on lipase production

3.4 Characterization of crude lipase enzyme

The crude lipase enzyme produced using Strain No.4.2 on fleshing lipid was characterized for its thermal
(Fig) and pH stability (Fig). The crashzyme was subjected to electrophoresis (Fig) against the standard
protein marker of range 14.3 k@gd7.4 kDa (GeNei from Merck Millipore Pvt. Ltd.).
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Figure4 pH stability of lipase enzyme
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Figure5 Temperature stability of lipase enzyme
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Lane 1 Lane 2

Figure6 SDSPAGE (12%) Silver stained gel

The Fig represents a 12% SBXSGE gel that revealed resolution of lipase enzyme to give majority of
bands around 30 kDa to 97.4 kDa. LArmepresents the protein marker showing 5 bands from 20.1 kDa

¢ 97.4 kDa (bottom to top). Lane 2 represents bands for crude lipase enzyme having major bands around
27 kDa,32 kDa, 43 kDa, 59 kDa, 67 kDa and 97 kDa. The crude lipase enzyme was fourdle dte st

pH 9.0 and at a temperature around @

0Pp9@ltdd irzy 2F Syievs8Qsa FoAftAGE F2NJ&A1AY RSIAINBI

The fat content before and after degreasing were determined using Soxhlet extraction and tabulated
below.

168



The pelt after degreasing opefah were found to have a clean smooth surface and the texture of the
pelt was better than commercially degreased pelts. Fleshing lipid based lipase treatment rendered the
skin with lowered fat content ranging to about;%%. Though the solvent treated skihad the least fat
content but it was found to be harmful to environment and the quality of leather. The standalone effect
of the enzyme was better and it could be further improvised by fermentation technologies.

Table3 Efficacyof lipase enzyme for degreasing

Experiment Initial Fat Content Final Fat Content of Percentage reduction
of Skin (%) Degreased Skin (%) (%)
Commercial 18 5.1 71.6

Degreasing Enzyme

Fleshing lipid baset 21 4.2 80
Lipase enzyme

Commercial 22 2.3 89.5
Degreasingolvent

4. Conclusions

The current study focused on researching the possibilities of using a skin putrefying bacteria based
lipase for degreasing purpose, which was found to be more specific in its action with respect to natural
grease preseninside the skin matrix. Further, the fleshing wastes generated from the leather industry

was optimally utilized as raw material for the production of lipase leading to the development of cleaner

and greener degreasing process in leather manufacturing wlHstées have been put to beneficial use to

0KS alYS AYyRdzZAGNEQ&A Of SIFYySNJ LINPOS&aaAy3a fSIFERAYy3I (2
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A major contributor to the pollution from the tanning industry is conventional unhairing using sodium
sulphide and lime. After the process, a sludge containing lime polluted suiiphides and proteins
degradation products forms.

In this study, an attempt has been made to change the lime by soluble sodium aluminate. This material
has strongly alkaline properties, néoxic and good solubility in water. Also, sodium aluminate is an
important commercial inorganic chemical for various industrial technical applications.

Therefore, the investigation of the possibility to replace lime by sodium aluminate in unhairing systems
was done. There were investigated hair degradation qualitha®ur of hide tissue during unhairing
process and the influence of unhairing parameters on the process run and finished leather quality.
Keywords: hide, unhairing, collagen, sodium aluminate, enzyme.

1. INTRODUCTION

Leather technologists and chemistsuld say when chromium salts were begun to be used in tanneries;

they also could indicate the period when such materials as aniline dyes, enzymes etc. had been applied

for the leather manufacture. Herewithin all probability nobody knows when that serisuchemical
YFGSNRFEEX KFE@Ay3a GAGES af AYSazZ KIF&a 0SSy FANRG GA)N
very good known, simple, relatively cheap, not very hazardous material, which is also usable for many

other industrial purposes, and thistise main reason why till now it seems not irreplaceable for leather

makers.

Despite the facts mentioned above, attempts to eliminate the lime from leather processing technologies

are carrying out again and again. The main reason is, probably, the bad solubility of lime. On the one
hand, this property of lime is very useful foregulation of alkalinity during the liming process. On the

other hand, it is the reason why the major part of lime added for the liming is threw out afterward. As

write ¢ K YA FA@StE LYy S Ffd 6Hnnm0d GKdzZAS | Yehedayaina 2 F f .
RN} 661 0148 2F tAYSéd | SNBoAGKET (GKS ¢l aisSa INB G2
sulphur, mineral compounds, a high alkalinity and a high organic load. Cleaning process of the wastes is
expensive, complicate and lingering.
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After liming follows a deliming process. The lime which got into derma during liming must be removed
as much as it possible reaching to produce a qualitative leather. Ammonia compounds or carbon dioxide
are usually used for the deliming. The application of ammaoiampounds leads to the pollution of
wastewater by ammonia; the use of carbon dioxide requires special equipment for the process.
Accordingly, the next reason, which leads to the elimination of lime from leather technologies is an
appearance of a possibilito simplify the unhaired hide neutralization process or obviate the need of
such process overall.

Nowadays there are few methods, which investigators use reaching to develop lime free leather
manufacture processes>Mway is to use enzymes. Pure enzymatic unhairibettner et al. 2013) or
unhairing using mixtures containing enzymes with soluble alkalis (Valeika et al Tha@Ekaivelan et al.

2007, with reducers (Xu et al. 2010) or with oxidizers (Morera et al6p0an be applied for the

LINE RdzOAYy 3 2F G(GKS fSIFIKSNE ¢gKAOKI | O0O2NRAYy3 (2 AyQD
The next widely presented lime free method is a use of oxidizers. An application of such oxidizers as
hydrogen peroxide (Broncet al. 2005); magnesium peroxide (Gehring et al. 2006), calcium peroxide
(Gehring et al. 2003); chlorine dioxide or even chlorine (Krawiecky and Sabat, 1984) is proposed.

The simplest way, which allows avoiding the formation of solid lime sludge, ida@eagent of lime by

other strong alkalis soluble in water. First of such very known alkalis is, of course, sodium alkali.
Thorstensen and Dubost (1985) investigated various unhairing systems containing NaOH: NaOH with
NaHS@ NaOH with amines; NaOH withrbamide; NaOH with carbamide and NaBétc. They
concluded that sodium alkali is more effective unhairing agent comparing with lime. The strong action of
sodium hydroxide on collagen can be weakened by addition of salts: sodium chloride, sodium sulphate,
sodium formate or disodium hydro phosphate (Valeika et al. 1997). The developedrdinmethod of
unhairingdermal opening up allows diminishing of consumption of sulphides and reaching of properties
of chromium tanned leather not worse than those of leat produced using conventional method
(Valeika et al. 2000).

The next alkalinvestigated as possible substitute of lime is sodium metasilicate. Munz and Sonleitner
(2005) state thatime in the unhairing process can be substituted by sodium silicateoutithroblems.

They developed methods of unhairing applying sodium silicate as lime substitute, whicredtkeaedd
effluent loading, and so also sludge volumes from effluent treatment decreases. Saravanabhavan et al.
(2005) investigated a lime and sulphifiee unhairing process using a commercial enzyme with the
activation using sodium metasilicate. The process led to significant reduction in chemical oxygen
demand and total solids by 53 and 26%, respectiudly et al(2009)developed novel method basemh

system containingsodium silicate, enzyme, surfactant and urea. This method allows achievement an
equivalent effect on fibre opening, shrinkage temperature and mechanical properties of crust leather
compared with a conventional liming process. The emvitental factors were all superior to the
conventional liming process.

Herewith, sodium silicate like lime can be used for hair save process. It was investigated (Valeika et al.
2015) that sodium silicate acts as an effective immunization agent whoséeréfjcincreases with
increased treatment duration and treatment solution concentration. The effect was applied for a
development of new hair save unhairing method (Sirvaityte et al. 2015). The parameters of the
unhairing process have also been optimizedleating qualitative indexes of the hide during processes
and the leather obtained as well. It was established that hair removal quality and chemical and strength
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properties of the experimental leathers are comparable to those of control leathers. Aicsigif
reduction in chemical oxygen demand (COD), biochemical oxygen demand and total Kjeldahl nitrogen
were obtained in comparison with the comparative data for the conventional unhairing with hair
burning.

After the searching of other materials suitabte the replacement of lime in unhairing process, authors

of this paper have focused on one more interesting material: sodium aluminate. The material has strong
alkaline properties, good solubility in water, and, comparatively, is cheap. Furthermore,ait is
important commercial inorganic chemical for various industrial technical applications.

Possibilities to use the sodium aluminate as an alkaline agent instead of lime for hide unhairing process
were investigated. The paper briefly presents summarisedltesf the investigation.

2. MATERIAL AND METHODS
Materials

Wool of merino sheep was used for the establishment of immunization effect of alkalis. dble w
treatment by alkalis solutions was carried out pouring 100 ml of alkali solution on 1 g of tHeamao
shaking with agitation 120 rpm at 2Z2°C. Themmunization effect was evaluated basing on changes of
wool mass loss and content of nitrogen in treatment solution.

Salted cowhide after soaking and washamrording to conventional technologyere cut into pieces
10x10 cm and experimental series were prepared from these pi&aaples were soaked and washed.
Parameters of unhairing of the experimental were varied according to conditions of experiments. The
unhairing for the control samples wacarried out as follows: B 40%, temperature 282°C, Ca(OH)
2.3%, Ng5(100%) 1.2%, 1 h run continuously, Ca{@kp6, 1 h run continuously,,® 100%, 2 h run
continuously, later 5 min. every 3 h (% are based on hide weight in descriptions of unhathnggs).

Analytical sodium aluminate (NaA)ontaining NgO 4045% and AD;50-56% was used in this study.

The chemicals used for the technological processes and for the analysis were of analytical grade. Other
chemical materials used for technologlgrocesses were of commercial grade.

Enzyme preparationéEP)Erhavit LSYTFL, Germany) andilzim PRO AL(Baltijos enzimai, Lithuania)

were employed for an enzymatic process.

Evaluation of unhairing quality

The quality of unhairing was evaluated aatiog to the following scoring system:

1 ¢ the hair is affected weakly;

2 ¢ the hair is affected strongly but residuals of hair and epidermis are remained on derma and cannot
be removed mechanically;

3 ¢ residualsof hair and epidermis are remained on hide but easily can be removed mechanically;

4 ¢ hide surface is clean.

Determination of hide and leather properties
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Shrinkage temperature of hide was measured according to standard (Standard ISO 3380, 2002).

The swdling was calculated as ratio of increase in weight of hide during unhairing and soaked hide
weight, and expressed in percent.

The amount of collagen proteins removed was estimated from the amount of hydroxyproline in the
treatment solution. The amount diydroxyproline was determined using a photo colorimetric method
(Zaides et al. 1964).

Measurement of samples pH was carried out according to standard (Standard ISO 4045, 2008). The
amount of removed noitollagenous proteins was calculated as the differebedween the total
proteins and the collagen proteins in the treatment solutions. The total proteins were established by
Y2St RI Kt Q&4 LINPOSRdAz2NE 0D2f2@00SS@l SiG Ffd MpyHOd
Porosity of hide was determined according to method described in the literature (Gelavtet al.
1982). Before the evaluation of porosity, the hide samples were dehydrated with acetone (Patent USSR,
1980).

Strength properties, the amount of chrome compounds in leather, soluble matter in dichloromethane,
and volatile matter were determinedcaording to standards (Standard EN I1SO 3376, 2003; Standard 1SO
53982, 2009; Standard ISO 4048, 2008; Standard EN ISO 4684, 2006).

Shrinkage temperature of chromed leather samples was determined as described in the literature using
special equipment anceplacing the distilled water with glycerol (Golovteeva et al. 1982).

Scanning electron microscopy (SEM) of hair was carried out using scanning mictiShgpe0A (Joel,

USA). SEM parameters: 150 and 1200 tingeseleratingvoltage 25 kV, detector SHyigh vacuum
regime The samples were coated by ggldlladium using equipmerFG1110FINE COAT ION SPUTTER
(Joel USA).

The main indexes of pollution load were determined according to standard methods (Standard
ISO15705, 2002; Standard ISO 581,52003)

3. RESULTS AND DISCUSSION

Unhairing with hair immunization

The previous investigation of hide unhairing using sodium silicate (Valeika et al. 2015; Sirvaityte et al.
2015) was the basis trying to reach similar effect using sodium aluminate. Expesiomng merino

wool revealed that sodium aluminate immunization efficiency increases while prolonging treatment
duration and increasing treatment solution concentration. It was established that for appropriate
immunization of thewool should be used solatiis 23% sodium aluminate (Valeika et al. 2014). The
immunization effect lasts even when the pH is about 13. Accordingly, the sodium aluminate has been
confirmed as effective immunization agent having high immunization ability almost the same as the one
for calcium hydroxide. Photographs of the wool treated by solutions of calcium hydroxide or sodium

FEdzYAyl 68 6a2tdzirn2zyaQ O2yOSydNI GA2Y w:0 | NB LINBAS

For the investigation of the unhairing effect the hide samples were treated as folloxz160%,
temperature 2022 °C, NaAl@2% or 3%, 1 or 2 hours run continuously,$a00%) 0.9%, 2 hours run
continuously. After that the treatment solution was percolated through textile for released hair
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removal, and returned into the treatment vessel; fugthrun continuously 5 minutes every 4 hours.
Total duration of the process 24 hours.

4
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Figure 1.SEM photographsa, b¢ native wool;c, d¢ wool treated 24 hours with Ca(OH, f¢ wool

treated 24 hours with NaAldmagnificationa, ¢, e¢ 150;b, d, f¢ 1200 times).

After the treatment a quality of the obtained pelt was assessed by analysis methods and
organoleptically (Table 1).

Table 1 Data of assessement of pelt obtained by unhairing with hair immunization

Total amount  off Amount of removed : .
. .| Shrinkage Unhairing

Amount of | removed protein| collagenous proteing temperature,°C | quality, points
used materials, g/kg of hide | g/kg of hide P | quality, p
NaAlQ, % | Duration of treatment of hides biMaAlQ, hours

1 2 1 2 1 2 1 2
2 1.84 2.18 0.08 0.08 57.0 58.0 3 3
3 2.09 1.47 0.09 0.09 58.0 58.0 3 3
Control C 0.38 56.8 4
unhairing

The organoleptic estimation (Table 1) of the unhairing quality has shown that qualitative release of hair
and epidermis is not reached using thehairing with immunization. Despite the fact that residuals of

hair could be removed from hide surface using blunt knife, the patches of epidermis left on the surface
of hide even after wiping with the knife. We suppose that epidermis is immunized togstemd does

not surrender to action of sodium sulphide as a reducer.

Assessing other indexes of the pelt and the unhairing process, it can be proposed that hide tissue is
affected markedly weaker than during control process. Collagen of pelt is affectdess level,
shrinkage temperature of the pelt is higher than after the control unhailiming.

Now, the investigations of the unhairing using sodium aluminate based on the hair immunization are
stopped.

Unhairing with hair degradation
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The next step was the exploration of simultaneous action of sodium aluminate with sodium sulphide
reaching to degrade hair. The qualitative degradation of hair and epidermis was achieved using solution
containing 23% of sodium aluminate and 1135% of sdium sulphide (Sirvaityte et al. 2016) The effect

of such process on collagen is weaker than of conventional one. Increase of temperature 8@ to 30

does not lead to better hair removal but significantly enhances effect on collagen.

Qualitative derma opeing up level can be reached adding NaOH 0.5% into unhairing solution after 2
hours of the process beginning and the process continued for 22 hours. The NaOH addition leads to
better removal of norcollagen proteins.

The pelt unhaired and opened up usinglgon aluminate, sodium sulphide and sodium alkali due to the
absence of calcium compounds in the derma can be neutralized using 2% of ammonia sulphate or 3% of
boric acid (Beleska et al. 2016). The pelt after neutralizétimimg had similar properties as

conventionally neutralised one. Accordingly, after chroming these pelts were also very close in their
properties. On the other hand, the experimental leather has less chromium content comparing with
control one.

Table 2.Chemical and physical indexescatfist leather
Crust leather

Indexes .
experimental control

Moisture content, % 15.7 16.2
CrOs; content, % 5.09 5.13
Shrinkage temperaturéC 116.0 116.3
pH of leather 3.43 3.42
Amount of matter soluble in 4.49 431
dichloromethane, %

Tensilestrength, N/mnf 19.7 19.9
Grain strength, N/mrh 14.6 16.2
Relative elongation at the break, % 54.9 53.6

Industrial trials of the lime free unhairing using sodium aluminate and neutralization with reduced

amount of ammonia sulphate has shown tlmbduced leather by main qualitative indexes somewhat

yields to conventionally produced one but it absolutely meets the quality requirements for shoe upper
leathers (Table 2).

The lime free unhairing leads to less pollution of wastewater. The unhairing sdgium aluminate is

used allows decrease of pollution load by TSS, Kjeldahl nitrogen, and especially by sulphides (Table 3). By
the way, still it is not clear the reason of such low amount of sulphides in the end of the experimental
unhairing.
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Table 3 Indexes of pollution load (g/1 kg of hide) and pH of waste water after unhadengal opening
procesqSirvaityte et al. 2016)

Unhairingdermal opening up method

Index -

experimental control
Total dissolved solids 81 97
Total suspended solids 4.2 6.4
NaS 1.3 134
BOD 32.8 25.9
COD 48.0 90.7
Total Kjeldahl nitrogen 14.8 19.9
pH 12.46 12.52

Enzyme assisted unhairing with hair degradation

Experiments to explore the simultaneous action of sodium aluminate, sodium sulphide and proteolytic
enzymes were done as well.

The experiments have shown that addition of 0.1%/iE&Em PRO Aldf 0.2% ofErhavit LS@llows
decreasing the initial concentration of pgdown to 9 g/l simultaneously reaching qualitative
degradation of hair during the process (other conditiongd H00%; NaAK2%, temperature 225°C,
duration 24 h).

The unhaired hide obtained using ERim PRO AlLias processed (subsequent processes were carried
out according to conventional technology) getting chromed leather. The indexes of hide during the
subsequent processes are presented in Table 4.

Table 4.Indexes of hide unhaired using syst&R+NaAl@NaS during processes

Unhairing method
Index .
experimental | control

After unhairing:
Shrinkage temperaturéC 57.5 52.0
Amount of removed collagenous proteins, g/kg of hide 0.60 0.39

After neutralization (delimingpating:

Shrinkage temperaturéC 64.0 62.0
Amount of removed collagenous proteins, g/kg of hide 0.22 0.22

After chroming:
Shrinkage temperaturéC 114.0 116.5
Cr0; content, % 4.43 5.46

The markedly higher amount of removed collagenous proteins during unhairing process allows
proposition about overmuch strong effect of enzyme on collagen. Despite the fact that high shrinkage
temperature was achieved during chroming process, the experiaiéeather has less amount of

chromium. Furthermore, it has shrunk grain. Accordingly, these faults again indicate too strong effect on
hide during processing.

The investigation of enzyreluminate unhairing now is in progress.
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4. CONCLUSIONS

Sodium alurimate was confirmed as effective hair immunization agent. The treatment by solution
containing 20 g/l of sodium silicate during 3 h allows reaching high immunization ability almost same as
of calcium hydroxide in presented conditions. The immunizationceeays when the pH is about 13.
The unhairing of hides when they at first are treated by sodium aluminate during 2 hours, and,
afterward, are treated with sodium sulphide (total process duration 24 hours) does not release
epidermis completelyPresumably the epidermis is immunized to strong, and does not surrender to
action of sodium sulphide as a reducer.

The gualitative removal of hair is achieved using solution containifg f sodium aluminate and 1.3

1.5% of sodium sulphide. The effect of suchcgess on collagen is weaker than of conventional one.
Qualitative derma opening up level can be reached adding NaOH 0.5% into unhairing solution after 2
hours of the process beginning and the process continued for 22 hours. The NaOH addition leads to
better removal of norcollagen proteins. The unhaired hide due to the absence of calcium compounds in
the derma can be neutralized using 2 % of ammonia sulphate or 3% of boric acid. After chroming the
experimental leather has very close properties comparing sathventional one.

The addition of enzymes into system containing sodium aluminate and sodium sulphide leads to
decrease of sodium sulphide consumption reaching qualitative unhairing with hair degradation.
Herewith, the use of ERilzim PRO Aldkaracteries by stronger action on the hide. Due to this, the
chromed leather with lower quality is processed from the hide obtained by enzyme assisted process.
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