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Abstract

The leather industry uses a chemical dehairingga®d¢hat produces alkaline
wastewater and hair as solid waste. A cleaner psoisgproposed in this work to reduce
these environmental impacts. It consists on therization of hair waste together with
sludge from wastewater treatment by a solid-statenéntation process to obtain
proteases that can be used in an enzymatic defpgirotess. SSF was undertaken in
4.5 L scale reactors. Neither sterilization of tmaterials nor inoculation of pure
microorganisms was necessary for the developmenltefprocess, whereas aeration
was provided during the assay to ensure the pneslef aerobic conditions. Alkaline
proteases were produced as a consequence of thaddegn of hair. The highest
activity of the alkaline protease in crude extrastss determined at 14 days of the
process (56270 + 2632 activity units/g dry sampédder the thermophilic stage. The
final organic matter showed a stability degree imio that of compost in terms of
respiration activity. Potential application of tlee&tracted proteases in dehairing cow
hides was successfully proved as an alternativbéachemical dehairing process. The
results in the efficiency of the dehairing processe similar to those obtained with the
chemical process, thus avoiding the need of chémé&sgents and strong chemical
conditions. The entire process permits the sultsituof the chemical process of
dehairing by an environmentally friendly enzymairocess, closing the organic matter

cycle.

Keywords: hair waste; solid-state fermentation; microbiabpplations; alkaline

proteases; sustainable dehairing.



1. Introduction

The leather manufacturing industry has been fabigp demands for process
optimization and for reducing environmental impaatshe past decades (Kanth et al.,
2009). Due to recent regulations, the adoption af-fave unhairing techniques has
initially solved the problem of the production agh amounts of organic pollutants that
typically ended up in wastewater (Valeika et a0?). However, this fact implies the
production of another solid by-product to be maudaged treated. Additionally,
conventional dehairing processes use a large anoddregsh water, alkaline substances
and sodium hydrosulfide that increases the chenaindl biochemical oxygen demand
and the dissolved solids in effluents during thecpss (Thanikaivelan et al., 2004).

The leather industry is a crucial economical settdCatalonia (Spain), with a
turnover of 170 million euros per year and morentl8®0 direct jobs. The leather
tanner’'s union in Igualada (Barcelona, Spain) casesr 40 companies and treats
100,000 kg of leather daily (14,000%d). Around 5,000 t/year of hair wastes are
produced. The union built a plant to treat the esaster where the production of sludge
rises over 13,000 t/year. The sludge is currentigiied and landfilled.

Regarding the management of hair wastes, previessarch has effectively
tested co-composting techniques to biodegradevaste and sludge (Barrena et al.,
2007a). An emerging technology to process orgamwied sresidues is solid-state
fermentation (SSF) (Pandey et al., 2008). In thse¢ the residues can be valorized and
degraded obtaining compost-like products, where¢lasradded-value products can be
obtained during the process that are derived froendctivity of the microorganisms
developed in the process. Some studies have reploot® to obtain different products

by SSF such as enzymes, organic acids, biopedjcidesurfactants, biofuels, aroma



compounds, etc. (Pandey et al., 1999; Singhanah,e2009). SSF can be considered a
low-cost biotechnological process as an alternativethe traditional submerged
fermentation (SmF) or chemical synthesis (Pandey.e1999), especially when wastes
are used as bioresources. However, the main clgelldor SSF processes full
development is the process scale-up due to maskemtdransfer limitations (Pandey et
al., 2008). One of the main constraints is tempeeatise over optimal values when
increasing process scale that results in lowerywotoh yields (Mala et al., 2007).

As enzymes, proteases catalyze the hydrolysis akims to polypeptides and
oligopeptides to amino acids. Microbial proteasesdassified into acidic, neutral and
alkaline depending on the pH at which they showntiaimum activity. Enzymes have
been used in a wide variety of applications fronusstrial sectors to household products
and particularly alkaline proteases have been usepdoducts such as pharmaceuticals,
detergents (Paul et al., 2013), fertilizers (Had BEie, 2010) or textiles and in processes
such as food processing (Valdez-Pefa et al., 20d&her industries (Dayanandana et
al., 2003) and in the synthesis of oligopeptideis\(dnathan et al., 2012).

The present study describes the production of iakkagdroteases by means of an
easily scalable SSF process, where wastes fronemanndustries are valorized and
degraded to compost-like substances. The thermo@8F develops when working
under near-adiabatic conditions that result in @siex process scale-up when compared
to a standard mesophilic SSF with a specific migganism. This thermophilic SSF is
easier to scale-up and the technology exists tdeim@nt the process at industrial scale
considering composting facilities. The crude extrabtained from the solid-state
fermentation is characterized and tested in defwirtcow hides as sustainable

alternative to the traditional chemical process,jcWwhmplies the use of hazardous



products and strong alkaline conditions. This @sthe authors’ knowledge, the first
study where proteases are produced at bench-sga&Sb and they are used for the
dehairing process, where the wastes produced aie aged for protease production,

thus closing the organic matter cycle.

2. Experimental
2.1. Materials

The materials used in SSF were hair wastes froocal tanning industry and
raw sludge (33.02% of dry matter (DM), 84.30% ajamic matter (OM) and dynamic
respiration index (DRI) of 3.42 g-Okg' DM hY) from a municipal wastewater
treatment plant (both located in Barcelona, Spaihgble 1 shows the main
characteristics of hair waste. Wood chips were usedbulking agent in SSF
experiments. Cow hides from the same tanning imgusere used in the dehairing

experiments with the obtained proteases.

2.2. Mixtures

Raw sludge was mixed with hair waste in ratio 2vét(weight ratio) to start up
the biodegradation as determined in previous ssu(Barrena et al., 2007b). Bulking
agent was mixed in a ratio 1:1 (v:v) to provide fiteper porosity and to maintain
aerobic conditions during the SSF process (Ruggieal., 2009). All mixtures were
manually prepared with materials at room tempeeatamd were fermented without
prior sterilization. Table 1 also shows the maiarelsteristics of the initial mixture.

2.3. SSF



Approximately 1.5 kg of mixture were fermented & days in 4.5 L air-tight
reactors (Fig. 1s), working under near-adiabaticddtmons and continuous aeration (1
L/min) as described in previous studies (Abrahanalgt2013; Santis-Navarro et al.,
2011).

The hydrodynamic behavior of these reactors is tifaplug flow reactors
(Puyuelo et al.,, 2010). Water content of the mitwas adjusted to be within the
recommended values (40-60%MHaug, 2013) by adding tap water during the
experiments, when necessary. Samples were colleate@®, after 24 hours of
thermophilic temperature (about 3 days), 7, 14 2hdays of process time after manual
homogenization of the entire mass in the reactoobtain the profile of the process and
the proteases production. The experiment was uaddertin triplicate. A duplicate of
the process was undertaken after three monthsecofidt SSF experiment to evaluate

the reproducibility of the process.

2.4. Enzyme extraction

Fermented solid material was mixed thoroughly wBB mM HCI-Tris
(tris(hydroxymethyl)aminomethane) buffer (pH 8.1®x ratio 1:5 (w:v) for 45 min and
the extract was separated by centrifugation at A@pé for 20 min at 4°C and further
filtration through 0.45um. The filtered supernatant was used as crude enzsxiract

for characterization and dehairing experiments.

2.5. Effect of pH and temperature on protease stability
The effects of pH and temperature (T) on alkalimetgase stability were

analyzed by a full factorial experimental desigmsisting of twelve experiments (nine



experiments and three replications at the centilt for statistical validation, using the
software package Sigmaplot version 10, Systat soévnc.). Temperature was fixed at
30, 50 and 70 °C and pH at 5.00, 8.00 and 11.0Gchwére the typical ranges of
enzymatic activity. The objective function selecteds the residual alkaline protease
activity percentage (RA, referred to the initiatiaity of the extracts) after one hour of
incubation. Table 2 resumes the experimental cmmdittested for each crude extract.
The buffers used for the incubation at the selectddes of pH were: Tris-HCI 1 M, pH
8.00; Tris-NaOH 1 M, pH 11.00; acetic acid-sodiucetate 1 M, pH 5.00. These
buffers were chosen to maintain the desired valygHoduring the whole experiment as
shown in previous studies with complex extractsnfi®SF (Santis-Navarro et al., 2011;

Gea et al., 2007).

2.6. Dehairing assay of cow hides

Wet-salted cow hides were washed and cut to the seea (10.68 cfh and
then were incubated, with 15 mL of enzymatic cred&act (E3, E7, E14, E21) or 15
mL of 50 mM HCI-Tris buffer (pH 8.10) (control) 87°C for 24 h on a rotary shaker at
120 rpm. 2% of sodium azide was added to inhilatrthicroorganisms’ growth and to
determine only the effect of the enzyme on dehgirifhe protease activity and the
soluble proteins were determined at 0 and 24 holnscubation. Hides with the same
area were treated sequentially with the followihgmicals: sodium carbonate (15 mL,
0.3%, w/v) with a non-ionic surfactant (0.3%, w(gpaking, 20 h), calcium hydroxide
(50 mL, 1%, w/v, 1 h) and sodium hydrosulfide (5Q,mM%, w/v, 30 min in orbital
agitation) to simulate the chemical dehairing pssceised in tannery industries.

Samples treated with enzymes, chemicals and centsa@re assayed in triplicate.



Dehairing efficiency was evaluated by scraping kyenith tweezers all the hides. After
this, the determination of the hair mass for eaelatinent was evaluated according
standard methods for total suspended solids (API985). The treatment efficiency for
enzyme and control experiments were referred teragmtage of dehairing obtained in
the chemical treatment.

The same full factorial experimental design preslgudescribed for protease
stability was used to determine the optimal pH aewhperature for the dehairing
enzymatic process. In this case, pH was 8.5, 1014l using the same buffers than

those of protease stability and temperature waw<s#, 35 and 50°C.

2.7. Enzymatic activities

Alkaline protease activity was determined using adified method previously
described (Alef and Nannipieri, 1995). 1 ml of #reyme extract was added to 5 ml of
2% freshly casein solution and incubated at 50%C 10 rpm for 2 hours. One unit of
alkaline protease activity (UA) was defined as 1ofityrosine released under the assay
conditions.

Keratinase activity was determined by using thehmgtdescribed by Rai et al.
(2009). 1.0% (w/v) of native sterilized chickenffe&xr was used as a substrate to
incubate the crude extracts at 45°C for 15 minaliinthe addition of 0.5 ml of 10%
(w/v) ice-cold trichloroacetic acid was added topsthe reaction. Digested protein in
the supernatant was determined colorimetricallyusing the Folin-Ciocalteu’s reagent
(Lowry et al.,, 1951). One unit of keratinase atyifUA) is defined as the pg of

tyrosine liberated under the assay conditions.



Collagenase activity was determined according ¢ontiethodology proposed in
previous works (Nilegaonkar et al., 2007). Brieftygonsists on incubating 1 mL of the
extract with 4 mg of azocoll reagent (Sigma Aldjich buffer HCI-Tris pH=8.10 at
70°C for 1 hour and 200 rpm. The reaction was sdppith 15% trichloracetic acid.
Then samples were centrifuged at 8500 rpm for 10 amd the absorbance of the
supernatant was measured at 520 nm. One collaganése defined as the amount of
enzyme required to increase 0.1 units of absorbpeceninute at 70°C.

Soluble Protein (SP) concentration was determinethb method of Bradford

using bovine serum albumin (Sigma Aldrich ®) asdtad (Bradford, 1976).

2.8. Specific methods for organic mixtures

Respirometric assays were undertaken in a soltd-ségpirometer using 100 g
of sample and continuous aeration and oxygen mamito as previously referred
(Ponsa et al., 2010). The DRI (dynamic respiratiodex) represents the average
oxygen uptake rate during the twenty-four hoursnodximum biological activity
observed during the respirometric assay and itrteploe stability degree of the sample.
The CRI (cumulative respiration index) represehts cumulative oxygen consumption
observed during the four days of maximum respirasictivity.

FAS (free air space) was determined using an angyeter to maintain the

proper air circulation through the organic matiRuggieri et al., 2009).

2.9. Polyacrylamide gel electrophoresis (PAGE)
PAGE was carried out with all the crude extractsamied to determine the

molecular weight of the alkaline proteases as gdlyatescribedLaemmli, 1970) using



a 12% polyacrylamide (w/v) separating gels (Biorad&iter electrophoresis, gels were
stained with Coomasie Blue G-250 (Biorad®). A zymayg was obtained by incubating
gels for 1 hour at 50°C with 2% (w/v) casein insfiHCI (pH 8) followed by the same
dyeing as explained before. A molecular mass maRErad®) was used to identify

the molecular weight of the bands observed.

2.10. Scanning Electron Microscopy (SEM) images
After dehairing, samples were gradually dehydraé@d prepared for SEM

analysis (Evo ® MA10, Carl Zeiss).

2.11. Standard analytical methods

Water content was determined by gravimetric analyaéier drying at a
temperature of 105°C until constant weight. Theaarg matter content was determined
from mass loss after heating at 550 °C accordingth® standard procedures
recommended by the Test Methods for the ExaminatfoBomposting and Compost
(2011). The total organic carbon (TOC) was deteeahinsing an O.l. Analytical Solid
TOC Analyser/Win TOC Solids v3.0, and the totalragen Kjeldahl (TNK) was
determined by standard procedures (APHA, 1995)eRr@ontent was calculated from
NTK content by multiplying by 6.25. For the TOC anNK analyses, the samples were
previously dried up and sieved at 0.5 cm. pH arettet conductivity (EC) were
determined in an extract 1:5 (w:v) in Milli-Q watand then pH and EC was measured
according to standard procedures (Test Methodgh®rExamination of Composting

and Compost, 2011).
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2.12. Satistical Analysisfor protease activity

Results are presented as mean + standard deviatbnthree replicate
experiments. A statistical analysis was performeohgi the Student’s t-test and the
analysis of variance. A probability level of p<0.04as selected to determine

statistically significant differences between enagimactivities.

3. Results and Discussion
3.1. SSF process performance and reproducibility

Fig. 1a shows the temperature, the oxygen exhamget and pH during the
entire SSF experiment at bench scale (21 day®)rferof the three replicates.

As observed, the temperature and pH profiles wiengag to that of composting;
in which both parameters rise due to the biodegi@uaf the organic material, as
observed in previous SSF and composting experinveititshair wastes (Barrena et al.,
2007b). The oxygen levels in the reactor showed phevalence of the aerobic
conditions during the entire process. Differencéprocess performance in replicates
were assessed through the statistical comparisdaengberature and oxygen profiles.
Area below T curve (°C-d) is related to heat reddaa the biodegradation while area
below oxygen uptake rate (OUR, in mg/kgy DM) equals the total oxygen consumed in
the fermentation. T-test and analysis of varianeew®d no significant differences
between experimental trials. Average values plasddrd deviation were 724.0+78.6
°C-.d for T curve and 98.5+31.3 mg/kyy DM for OUR curve.

The profile of alkaline protease activity deterndreg the sampling days is also

shown in Fig. 1b. The activity was measured in di¢ained crude extracts (initial

11



extract: EO, extract day 3: E3, extract day 7: &ftact day 14: E14 and extract day 21:
E21). The highest activity of the enzyme was obseat 14 days of the SSF process in
E14. The Student's t-test revealed no significaiffeitnces among the protease
activities detected in E14 of each experiment. Binprevious experiments using soy
fiber residues as substrate for protease produstimnved the highest activity just 24
hours after the thermophilic stage (Abraham et 2013). These results confirm the
difference in protease production due to the diffierbiochemical composition of
materials when treated by SSF. Keratinase actwdg determined in the extracts and
the results showed practically no keratinase dgtivicrease in the process (EO: 1520
UA/g DM, E3: 1780 UA/g DM; E7: 0 and E14: 400 UAYV). These results are in
agreement with previous studies on the propertiedebairing proteases (Tiwary and
Gupta, 2010) although some other studies have shthen relationship among
keratinase and dehairing activities (Pillai et &Q11; Shinivas and Naik, 2011).
Additionally, collagenase activity was not detectiesling the experiments in agreement
with other studies (Nilegaonkar et al., 2007). Thistivity is undesirable in the
dehairing process, as it causes damage on thenskix (Jian et al., 2011).

Additionally, the dynamic respiration index (DRI)f dhe mixture was
determined at 14 days of SSF process and its ¥@l68 g Q kg* DM h) indicates the
complete stability of the residue, as reportedhie tomposting field (Ponsa et al.,

2010).

3.2. Biochemical characterization of crude extracts

The solid and liquid samples of day 14 (when thghést alkaline protease

activity was detected) were analyzed to determimeenzyme activity in both phases
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(Table 3). As expected, considering the affinitytiod enzyme to water, higher alkaline
protease activity was found in the liquid samplaside extract) indicating that buffer
extraction is an efficient way to recover and conicde the desired enzyme from the
solid mixture.

Fig. 2s shows the response surface of the rdsatiizity for the three crude
extracts assayed to check their stability unddediht T and pH conditions (Table 2).

According to Table 2 and Fig. 2s, enzymes were naisble at pH 11
confirming that the obtained enzymes were alkalineteases. The best results for
thermal stability were obtained at 50°C, 30°C ari®C3for E3, E7 and E14,
respectively. Optimization of the best polynomidattifig to experimental results
provided the following optimal pH-Temperature data:37°C for E3 and 11-30°C for
E7 and E14, respectively. Objective function (realdactivity) was 63.3, 56.2 and
67.8% at the optimal value, respectively. A thertable enzyme could be expected if it
is produced by microorganisms that grow at thermimptemperatures as the alkaline
protease produced at E3, whereas mesophilic enzgree® be produced at mesophilic
temperatures such as those of E7 and E14 (Abrahaah, €£013; Zanphorlin et al.,
2011). In this case, protease in crude extract BE@ved good stability both at
mesophilic and thermophilic temperatures.

Previous studies (Dayanandana et al.,, 2003; Nildgao et al., 2007,
Kandasamy et al., 2012) have inoculated specificranrganisms to produce selected
enzymes, whereas in our work we have different obied populations growing (from
the initial microbial consortia from raw sludge)dgoroducing enzymes. For this reason,
it should not be expected to find a defined band Mative-PAGE. Fig. 2a shows the

Native-PAGE and Fig. 2b the zymogram for the défdrcrude extracts analyzed. As
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observed, several bands appeared with differenéentdr mass and particularly at E14
the highest quantity of bands was detected. Besidesthe absence of blue color at the
zymogram indicates that the bands correspond tioaha catalytic protease activity.

These results coincided with the protease actidigyected at each extract and the

evolution of protease activity (Fig. 1b) and deimgjresults.

3.3. Dehairing activity

Table 4 presents the results obtained for dehaireggments using the proteases
produced by SSF.

After 24 hours of incubation, the hides treatechwiite E7, E14 and E21 showed
an easier removal of hair when mechanically scrapddtweezers compared to control
experiment with no protease. On the contrary, E8v&ld no hair removal as in control
experiments. These results suggest that the tygeodéase produced in the different
stages have different dehairing activities. In #ddj E14 showed more dehairing
activity when compared to the rest of extracts #redsame dehairing yield than the
chemical process. This confirms that the enzyntatigtment can be a good alternative
to chemical dehairing as pointed in others studasied out on goatskins or buffalo
hides (Tiwary and Gupta, 2010; Kandasamy et all228aran et al., 2013).

There was a good correlation between proteaseitgcind dehairing capacity,
as observed when E14 was diluted, which is in alzoure with literature (Kandasamy
et al.,, 2012). These results are consistent witierotlehairing assays performed with
extracts obtained from replications of the SSF gssqdata not shown). Finally, Fig. 3

shows the soluble protein (SP) detected in comixpleriments and the different crude
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extracts assayed in dehairing, whereas Fig. 3s shb& remaining protease activity
after the dehairing process.

As observed in Fig. 3s, the extract maintainedotiaéease activity after 24 hours
of incubation in all the cases. SP determined a&n@ 24 hours of incubation is
presented in Fig. 3 and the results revealed tpability of the extracts for degrading
the SP released during dehairing because of theiegse activity content. Contrarily,
the SP released in the control extracts increaggtdfisantly because of the lack of
proteases. These results suggest the capacityearthymatic treatment for dehairing
hides while reducing the organic matter and totdids in effluents from tannery
industries as referred above (Thanikaivelan et 2004). The scanning electron
microscope images (SEM) of the unhaired samplesr afhzymatic and chemical
treatments are shown in Fig. 4 with a magnificattér200X and 500X. The enzymatic
treated hides appear cleaner and with no supdrficimage when compared to the
chemical treated hides.

Finally, Table 5 shows pH and temperature effecth@ enzymatic dehairing
process with E14.

Dehairing appears to be more efficient when inangapH and temperature in
the range of studied parameters; especially whepdeatures are around 50°C and pH
around 10. Optimization of the best polynomialirigtto the experimental results show

best dehairing yield at 50°C and pH 11.5 (objeduvetion value 104%).

3.4. Feasibility of the new process in real tanning industry
Implementing this alternative cleaner process @l tanning industry appears

feasible from and environmental, technical and enunal point of view. Saran et al.
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(2013) have recently demonstrated the enzymatiaidef and degreasing of skins at
real scale using 100 kg of hides.

A mass balance done with the data presented irp#uer confirms that enough
hair and sludge are produced in the region undetys{lgualada, Spain) to obtain
enough proteases to dehair 14000dnof leather, without significant protease surplus

The equipment used for chemical dehairing (stitegtks or rotating drums and
pumps) could be used for the enzymatic processowitifurther modifications. The
tanning industry treats the wastewaters in its ifipegceatment plant, producing sludge
that could be used in the SSF process. Proteasés loe produced by SSF and further
extracted using simple equipment as static bedoesafused in composting) and stirred
tanks, or using SBR type reactors with a sequehoperations. Manufacturers should
certainly invest in the proper equipment for preesaproduction. However, the savings
in chemicals and in waste management are expectednpensate this. A preliminary
economical balance results in near 2 million € sg&iper year by eliminating the
chemicals cost and internalizing the solid wasteagament (total costs, 0.391 €/m
leather, including: chemicals cost, 0.168; hair twamanagement, 0.043; sludge

management, 0.180).

4. Conclusions

A cleaner production process for the leather ingust demonstrated in this
paper. A bench scale production of an alkaline gas¢ has been developed by SSF
from hair wastes and wastewater sludge and thegsets produced have successfully
tested in the dehairing process of cow hides. Hselts of this study open the real

possibility of substituting a chemical process sastthemical dehairing, which implies
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the use of reagents and pollution in wastewatersatid wastes, by a biotechnological

process where the substrate is the same wasteqgaadiu the dehairing industry. The

feasibility of implementing this process at realeds also supported by the economical
savings on chemicals and waste management thatdesveestimated for the Catalonia
region.

Technically, the highest protease activity was etk at 14 days of SSF, being
56270 + 2632 UA/g dry sample. The characterizatibthe crude extract indicates that
several proteases had been produced by the mitaddeoeloped and they are relatively
stable at mesophilic temperatures. A crude extrgitt a specific activity of 5491+418
UA/cm? was successfully assayed in dehairing cow hidea ssstainable alternative
while valorizing a by-product of the tannery indystand reducing wastewater
pollution.

Further experiments are to be undertaken at higbale reactors to obtain
reliable information on process yield and processsions. This will allow for a proper
economical an environmental assessment.

Further research should be focused on: i) the peocharacterization at full
scale to conduct a reliable technical, economindlenvironmental analysis, and ii) the
complete characterization of the protease obtaametithe possibilities of improving its
performance using immobilization techniques togethath the overall dehairing

process optimization (temperature, dosage, retsg, e
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Tables

Table 1 Characterization of the hair waste and the initisdture assayed.

Hair waste Initial Mixture

Water content (%, wb) 59.9+04 447 + 0.6
Organic matter (%, db) 86.0+0.1 88.6 +0.9
Dynamic respiration index

(g O, kg DM h) 3.0£04 1.3+0.2
Cumulative oxygen consumption .
(4 days, g Okg™ DM) 160 +12 66 + 0.5
Total Nitrogen Kjeldhal
(%. db) 12.0+0.1 8.3+05
Total Organic Carbon
(%, db) 57.2+0.9 64 +3
C/N ratio 4.8 7.7
pH 10.76 £ 0.01 6.85 + 0.01
EC (uS crit) 5.03+0.01 2.38+0.01
Free air space (FAS, v/v) n.d 0.73

Abbreviations: EC: electrical conductivity, wb: wedsis, db: dry basis, DM: dry matter. n.d: not
determined. * Ratio 1:2 hair waste: raw sludge (w/w



Table 2 Full factorial experimental design and resultsdiability analysis of the crude extracts.

pH T (°C) Residual protease activity (%)
E3 E7 E14
5 30 13 9 12
5 50 12 10 13
5 70 1 6 0
8 30 18 23 30
8 50 29 26 32
8 70 10 4 4
11 30 62 55 66
11 50 63 49 59
11 70 17 6 1
8 50 28 25 27
8 50 28 28 28

8 50 31 24 28
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Table 3 Summary of determined protease activity in sofid axtract samples.

Sample  Enzyme activity Total protein Specific
(UA/g wet (mg) activity
sample) (UA/mq)

Solid 15379784 170+0.02 90
Extract 31565+1961 0.17+0.01 185676
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Table 4 Results of dehairing cow hides experiments for mnénzymatic and chemical

treatments.
Sample Enzymatic activity ~ Hair removal (%) with respect to chemical
(UA/cIY) treatment (100%)
Control - 23
E3 4775 + 1084 33
E7 4173 + 286 81
E14 5491 + 418 100
E21 2181 +1 53 58
Chemical - 100
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Table 5. Full factorial experimental design and resultsdptimal pH and temperature values

for the dehairing process with E14 (5491+418 UAjcm

pH T (°C) Hair removal (%) with respect to chemical

treatment (100%)

8.5 20 48.3
10 20 62.1
115 20 77.8
8.5 35 52.6
10 35 62.9
115 35 70.2
10 35 62.1
10 35 79.3
10 35 73.7
8.5 50 84.7
10 50 99.8
115 50 97.6
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Legendsto figures

Fig. 1 Solid-state fermentation profile (one replicatsh®wn). (a) Temperature= solid line),

percentage oxygen content in exhaust gaseddtted line), pH A) and (b) protease profile (¢).

Fig. 2 Polyacrylamide gel (12%) electrophoresis of crugeaets (15 pL). (a) Native-PAGE,

(b) Zymogram.

Fig. 3 Soluble proteins in control experiment and différerude extracts assayed at initial and

final (24 hours) of the cow hides enzymatic dehaimprocess. Initial and final soluble proteins

levels in the last step of chemical dehairing psscare also shown.

Fig. 4 Scanning electron microscopy of initial hide (atdntrol hide (c,d), treated E14 hide

(e,f) and chemically treated hide (h,g).
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
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