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Abstract

The agricultural industries generate lignocellulosic wastes that can be edoblfi

fungi to generate high valwedded productshe aim of this work vasto analyzethe

efficiency of thebioconversion osugarcane bagasse and cassava bagasse using two

cheaphomemade enzymatic cocktails froAspergillus niget.BM 134 (produced also

from agroindustrial wastes) and compare the hydrolyisig with that obtained from

the bioconversion using commercial enzynfgyarcane bagasse and cassava bagasse

were pretreated with a soft alkaline solution before the hydrolysis carried out with

homemade enzymatic cocktails & nigerLBM 134 and withcommercial enzymes

to compare their performances. Mono and polysaccharides were analyzed beéfore an

after the bioconversion of both bagasses as well as their microscopic structure. Th

maximal yield was the 80% of total glucans saccharified fcassava lgasse The

bioconversion of both bagasses were better when we used thentereeznzymatic

cocktails than commercial enzymese Wbtained high addedhlue products from

agroindustrial wastes, hommeade enzymatic cocktails and hydrolysates rich in

fermentake sugars. fie importance of this work lays in the higher performance of the

cheap homenade enzymatic cocktails over the hydrolytic performance of commercial
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enzymes due to the cost of producing the homagle enzymatic cocktails were more

than 500 timesdwer than commercial enzymes.

Keywords: agroindustrial wastes Aspergillus niger pretreatment, enzymatic

hydrolysis,bioethanol simulationcosteffective process

1. Introduction

Biomass is the core of the bioeconomy concept where the efficient and dustaina

use of this renewable resource constitutes the basis of bioeconomy develdpnient

this context, biorefineries are a key pillar in the development of a fbtoeeonomy-

based society based on the development of biorefineries to produce biofuels and

bioproducts from renewable biomass sources and efficient bioprocesses t@ achiev

sustainable productiofil]. Renewable feedstocks can be obtained frormary

biomass sources or wastes derived from household, industrial and agricultuttédsct

Using wastes from agricultural activities adds value to the whole chain andribrose

worldwide crops are an interesting resource.

CassavaNlanihot esculent&ran? and sugarcané&@ccharunsp.) are two of the

major tropical and subtropical agricultural crg@s The root of cassava is processed

to isolate the starch or to sell cassava as-a@o&ed medl3]. The industryf cassava
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generates CB as one of the soliddrgducts; this waste is a problem due to its high

percentage of water, which makes more expensive drying and transporting operations

[3]. Sugarcane is used for sugar and bioethanol 1G production and SCB is one of the

by-products of this industry. Both CB and SCB are generated in large quantities by thei

respective industrie$d]. The improper disposal of these material represents an

environmetal problem increasing the pollution; however, these agroindustrial wastes

can be used for obtaining addealue products while reducing the environmental

pollution [5]. The starch, cellulose and hemicelluloses in CBS@B can be converted

into monomeric sugars that can fermented into bioetHand).

The conversion of hemicellulosic biomass to bioethanol involves a pretrédatmen

open up the biomass structure following by an acid or enzymatic hydrolysis of the

complex carbohydrates into simple sugars and their fermentation into ethanahshat m

be purified for its use as a fuél]. The enzymatic hydrolysis has advantages over the

acidic hydrolysis, the enzymatic hydrolysis requires less energy and milder

environmental conditions and does not require harsh conditions or high temperature

and pressurgb, 8]. Moreover, the use of enzymes, i.e., cellulases and hemicellulases is

the most promising method for hydrolysis of polysaccharides to monomer sugars due
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to hemicellulases facilitate cellulose hydrolysis by exposing the cellfibess, thus

making them more accessible and promoting the commercial production of

lignocellulosic ethandB]. However, the cost of enzymes production is one of the most

important factors that improve the total costs in the bioethanol prodittpri l].

Therefore, research have focused on reducing the costs of enzynmegroving the

activity of enzymes or by proposing new l@ast enzymatic cocktails that can perform

the conversion of polysaccharides to fermentable monosacchd@jes

The current challenge on SCB and CB hydrolysis consist in using enzymatic

cocktails instead of pure commercial enzymes due to many enzymatieschres

required to convert agroindustrial wastes such as SCB and CB into ferraesughts

[12, 13. The homemade enzymatic cocktails @&. nigerLBM 134 grown on SCB and

CB were selected to carrying out the hydrolysis of these two agroindustriabwalse

rationale for using these homeade cocktails was the saccharification potential they

presented because th&le/ spectrum of enzymes they showed [14, 15].

In this context, the aims of this work were to analyze the efficiency of the

conversion of two agroindustrial wastes, SCB and CB using two-noade enzymatic

cocktails ofA. nigerLBM 134 grown on the respective agroindustrial wastes and to
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compare these conversions with that carried out with commercial enzymes.

2. Materials and methods

2.1 Fungal material

The fungusA. nigerLBM 134 was isolated from rotten wooélMisiones rainforest

and deposited in the collection of the Molecular Biotechnology Laboratory (LB, f

SpanishLaboratorio de Biotecnologia Moleculgrof the Biotechnologyinstitute

Misiones "Maria Ebe Reca", National University of Misiones. Stock cultures were

maintained in 39 d.! potato dextrose agar medium (PDA) at 28 °C under static

conditions until its mycelial development and conserved at 4 °C.

2.2 Feedstock preparation and chemical composition analysis

Two different types of agroindustrial wastes were usadarcane bagasse (SCB)

and cassava bagasse (CB), both generated by the agroforestry industries ofsMisione

(Argentina). SCB was sampled from a sugarcane mill at San Javier locality analsCB w

donated by San Alberto Cooperative in Puerto Rico, Misior@B.&hd CB were dried

at 60 °C overnight, respectively, and milled to produce material retained through a 40

mesh screen.

The chemical composition of raw material was determined according to the
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laboratory analytical procedure (LAP) and biomass analysisedfiational Renewable

Energy Laboratory (NREL, https://www.nrel.go@arbohydrates were determined by

high performance liquid chromatograpiyRLC). Concentration of sugars and acetic

acid (mgmL?) was calculated using standard curves of pure compo(B8igma

Aldrich, USA): glucose, cellobiose, xylose, arabinose and aceticAlticsults are

expressed on a dry wood basis (OD).

2.3 Fungal cultivation and preparation of hommede enzymatic cocktails

To obtain the two hommade enzymatic cocktailg,. nigerLBM 134 wasgrown

in two optimized media containing SCB and CB as carbon sources and incubated under

optimal conditions according t@iaz et al.[4]. Then, the culture broths were

centrifuged at 10,000 g for 20 min at 4 °C and clarified stedlized by Chromafil

Xtra PETF20/25 (0.20 m) filters (MachereyNagel; Duren, Germany) to obtain the cell

free enzymatic cocktails and finally concentrated using 3 kDa Amicon Uttefagal

filters (Merck KGaA; Darmstadt, Germany) to achieve the eezgwels for carrying

out the hydrolysis assays.

2.4 Effect of the bioprocess conditions on enzymatic stability activities

The effect of the optimal temperature (30 °C) and pH (5.0) of the hydrolysis process
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wasevaluated on the stability of endoxylanéE&), -xylosidase (BXL), filter paper

activity (FPase) and-glucosidase (BGL) activities in both homeade enzymatic

cocktails. For thia the enzymatic cocktails were incubated at 30 °C and .pHats

different intervals (6, 12, 24, 48, 72 and 96 h). Basi activity of each enzyme was

determined and expressed as a percentage, taking the initial enzymatic asti\igpo.

The buffer solution used was 0.05 M sodium acetate buffer for achieving pH 5.0.

2.5 Determination of enzyme activities

EX activity wasdetermined according ®ailey [16] and FPase activity, according

to Ghose & Bisarig17] through the quantification of released reducing sugars using

beechwood xylan (Sigmaldrich, USA) and Whatman no. 1 filter paper as substrates,

respectively. Reducing sugars were measured bygihiBosalicylic acid (DNS) assay

[18] using xylose and glucose as standard curve for EX and FPU activities, respectively.

Absorbance was measured at 540 nm. EX activity was exgressinternational units

(V), defined as the amount enzyme needed to produce 1 pmol of xylose per min at

50 °C while FPase activity was expressed as filter paper unit (FPU), defined as the

amount of enzyme releasing thol of reducing sugar from filter par per min at 50 °C.

BGL activity was determined according@hose & Bisarigd17] using !-nitrophenyl-
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-D-glucobioside (PNPG) as substrate; and BXL activity was determined atgoodi

Ghose and Bisari§l7] using !-nitrophenyl- -D-xylobioside (PNPX) as substrate,

through the quantification of-nitrophenol method. Absorbance was measured at 410

nm. BGL and EL activities were expressed as U, defined as the amount of enzyme

releasing 1 mol of !-nitrophenol per min at 50 °C.

2.6 Bioconversion of SCB and CB

SCB and CB were pretreated with an alkaline solution of NaOH 0.85% (w/v) to

remove ligninand avoid the holocellulose hydrolysior that, 10 g of bagasse was

mixed with 200 mL of the alkaline solution for a consistence of 5% (w/v) at @21 °

during 30 min. Then, the bagasses were washed with waté€.am sodium acetate

buffer pH 50 at 80 rpm, 25 °C for 12;bagasses were dried at 45 °C duringh2Zhe

enzymatic hydrolysis of both agroindustrial wastes were carried out by therhadee

enzymatic cocktails oA. nigerLBM 134 and by commercial enzymes for comparing

thar performanceAlso, two controls of theeenzymatichydrolysis were carried out:

1) incubation of bagasses without enzymes for determining the reducing sugars

previous the hydrolysis; 2) incubation of the hemade enzymatic cocktails without

the bagasses enzymes for deteing the reducing sugars of the cocktallee home
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made enzymatic cocktail for carrying out the hydrolysis©@BSvas obtained from.

nigerLBM 134 grown on SCB and in the same way,ltbememade enzymatic cocktail

for the CB hydrolysiswas obtained fromthe fungus grown on CB. For that, 1 g of

pretreated bagasse was incubated with 25 mL of reaction solution consisting of 0.05 M

sodium acetate buffer pH 5.0, 3@ and the corresponding enzymatic cocktail

containing (in Ug of biomass): EX 300, FPU 10 arBiGL 20. The commercial

enzymes used were EX of Xylanase (Sightdrich, USA) 300 U ¢, FPU of

Celluclast (SigmaAldrich, USA) 10 U ¢' and BGL of Viscozyme (SigmaAldrich,

USA) 20 U g All the enzymatitiydrolysis and the contralssays were carried toat

30 °C, pH 50, 200 rpm during 24 h without the addition of any antibiotic for no

increasing the cost of the bioprocess. After this period, the assays wenenMétered

and centrifugated at 12,000 g during 20 min. The resulting supernatants wekte use

qguantify reducing sugars with the DNS methd®] and to identify and quantify

monomeric sugars by HPL&halysis.

The values were presented as the means of the triplicates + the standard deviation.

2.7 Hydrolysis yield

Saccharification percentages were calculated using reducing sugars with the

10
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following equation [17]:

80 x ¢ O ) OB 04844

% O=PINEBE ?=PEKI o —— (Eq. 1)
(%]

where,[S] is substrate concentration.

While saccharification percentage may be an acceptable measure of the rate of
enzymeactivity for calculations of enzymatic synergy, it does not indicate whether
monomer sugars suitable for bioethanol production are prd48ht For that,
hydrolysispercentagesvere determined based on the monomer sugars released after

the hydrolysis of bagasses using the following equation proposed by the NREL.:

% *U NKHU’{@@@{@@@BM@&@E@@@@A@M -
U@ A2 & OOXD x0ad) @ 6 O = ¢ & O (Eq. 2)

where, FC corresponds to the conversion factor, that is 1.11 for glucose, 1.05 for

cellobiose, and 1.13 for xylose.

2.8 Electron microscopic structure of SCB and CB before and after thelysis

Bagasses were observed by scanning electron microscopy (SEM) to evaluate the

changes in their microscopic structure during each step of the bioprocess:dmefore

after of the alkaline pretreatment and after the hydrolysis with the -htade

enzymatic cocktails and with the commercial enzymes. For that, 0.01 g of bagasses

were fixed in each evaluated step with formaldehyde:alcohol:acid (FAA, 10:50:5).

11
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Then, the samples were dehydrated with increasing concentrations of acetboessolu

and dried byhe method of critical point with GOFinally, the samples were metalized

with gold and observed with a scanner electron microscope (JEOL 5800LV).

2.9 Simulation model for bioethanol production from SCB and CB

Key parameters such as yield coefficients and rate constants used in the generic

flowsheet were assessed, based on experimental and theorical data. To establish a

simulation model for potentiayield of bioethanol production from a combined

fermentation of glucose and xylose, experimental concentrations of these sugars

reported by Kamoldeen et §0] were used (Supplementary table 1).

The apparent reaction rate constants for each component were obtainedhaising t

experimental concentration values of the components in a progressive readtisn

order reaction model for glucose and xylose decomposition and conversion rates were

proposed.These models were validated with experimental data from the work of

Kamoldeen et al[20]. These models were used to stablish a simulation process of

bioethanol production.

2.10 Statistical analysis

The experimental and theorical results were analyzed and graphed with the software

12
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GraphPad Prism 5.01 for Windows (GraphPad Software, San Diego, CA, USA).

3. Results and discussion

3.1 Characterization of SCB and CB

Thebioprocesses carried auntthis study as atrategy taonvert both SCB and CB

into enzymatic cocktails and fermentable sugdifsred thepossibility of obtaining

these high addedalue products from agroindustrial wastéststly, to know the

chemical omposition of both SCB and CB for comparing then with monomeric sugars

after the enzymatic hydrolysis, the main components of the raw bagasses were

identified according to NREL analytical procedyf@ble ). SCB presented more

guantities of extractives df, proteins, wax), hemicelluloses and lignin than CB.

Conversely, CB had more glucans than SCB.

TABLE 1

3.2 Characterization of the hormeade enzymatic cocktails of A. niger LBM 134

The pH and thermostability of the key enzynevolved in thehydrolysis of

lignocellulosic biomass was studied (FPase, BGL, EX and BiXlthe homemade

enzymatic cocktailef A. nigerLBM 134 due tothe pH and the temperature are two

main factors affeatg the stability of the enzyme activitfhe enzymes of bothome-

13
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made cocktails showed considerable stability, making gremisingto be used the

bioconversion of SCB and CB.

The polysaccharide hydrolytic activities, FPU, BGL, EX and BXL, of the home

made enzymatic cocktails @&. niger LBM 134 weremeasured fable 3 and the

enzymatic levelslemonstrated thahesecocktails were suitable for carrying out the

bioconversiorof SCB and CBAIso, the effect of temperatu@0 °C) and pH5.0) on

the stability of the enzyme activities were studihee tothe importance of the

enzymatic stability of in any bioproce@Sigure 1). Thermostability of enzymes was

above 50% after 24 Hri{gure 1a-b) and pH stability was above 50% afteh ZBigure

1cd). Therefore, the hydrolysis assays were carried out under these con8iiéas:

and pH 5.0 for 24 h.

TABLE 2

FIGURE 1

3.3 Bioconversion of SCB and CB

Also, raw materials, SCB and CB, were extensively characterized hence the correct

choice of any pretreatment strategy depends on knowing the fundamental biochemistry

of the biomass and the desired prody2tdy. For that reasons, we employedaft

14
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alkaline pretreatment on SCB and Cguarantyinga specificlignin removal and

presering the polysaccharides into the sold fraction, a fundamental feature required

for the hydrolysis [22].

In addition to this effective pretreatmentie used thecrude (homemade)

enzymatic cocktadl ofA. nigerLBM 134 instead of purified enzymes because there are

clear indications that proteins with still unknown functidipsesent in the crude

cocktails)may contribute to the hydrolysis of cellulose and hemicellulfs&s23.

Furthermore, the advantages of applying the horade enzymatic cocktails &.

niger LBM 134 without purification step implies a reduction in the costs @ftbbal

biotechnological applicationn addition, the amemade enzymatic cocktail AA.

nigerLBM 134 grown orSCB showed high levels diemicellulases and cellulases and

the enzymatic cocktail othe fungus gown on CBpresentedhigh levels of starch

degrading enzymd4d]. Thereforethese enzymatic cocktails were used for carryirg o

the bioconversion 08CB and CB Both wastes are complex biomass; hence, their

bioconversion require more than one or few enzymes. In this context,-#uti@o of

different enzymatic activities of tHeomemadecocktails ofA. nigerLBM 134 makes

the difference compared tbe commercial enzymes that present only a few enzymatic

15
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activities.

A soft alkaline pretreatment was applied on SCB and CB to remove the lignin

content and make available the polysaccharides of the cell walls. This treatrsent wa

efficient to carry out the removal of the lignin content without affecting the

carbohydrate fraction (no polysaccharides were detected in this fraction by DNS

method). Ater the pretreatment, a liquid with lignin and a solid fractiovith the

carbohydratesvere formed. The lignin was removed and discarded with the liquid

fraction 88.39 £ 5.83% for SCB and 73.20 + 0.23% forf@Bn the total lignin content

The lignin removed was also evidenced by the change of colour of the solid fraction;

SCB and CB were initially brown before the alkaline treatment and after thBt, SC

changed to light brown and CB, to yellow cream (data not shown). In addition, there

was no polysaccharides loss after the pretreatment of both bagasdesthere were

no sugars detected in the liquid fraction by the DNS assay.

The enzymatic hydrolysis of the pretreated bagasses was carried out \uibmie

made enzymatic cocktails &f nigerLBM 134. The reducing and monomeric sugars

from both hydrolysates and controls were shown in Tablén@ main products of the

hydrolysis of SCB were in (mg mi) 4.51 + 1.14 glucose and 3.66 + 1.06 xylose,

16
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achieving a 28% of conversion to glucose and 42% to xylose, respectively. These

conversion percentages were similar to that abthfrom the hydrolysis of pretreated

SCB using commercial enzymes: 23% conversion to glucose and 42% to xylose. The

hydrolysates from CB were rich in gluco$el2+ 0.89 mg mt!; reaching d6.5% of

conversion, three times higher than that obtained wsingnercial enzyme&educing

sugars were also determined to estimate the saccharification yield; hydrolyzed

pretreated CB with the hormeade enzymatic cocktails & nigerLBM 134 showed

the maximal saccharification yield, 80%.

TABLE 3

Changes in the structure of SCB and CB were analyzed through(Sge 2).

Electronic microscopic photographs were taken of typical features of both tsmgasse

before any treatment; the SCB fibers were covered by lignin materialréf2g) and

the CB surface was heterogenous and porousur@igb). After the alkaline

pretreament, the parenchyma and conductive vessels of the SCB were altered and the

fibers had less cohesion due to the lignin removal€igc). On the other side, starch

granules could be distinguished in the pretreated CBRi(ERyl). Both bagasses were

also microphotographed after the hydrolysis. After the hydrolysis of SCB with the

17



284  enzymatic cocktails oA. nigerLBM 134, the fibers were amorphous and disorganized

285 showing a large area exposed to the enzymatic a¢figure 2e). Regarding CB

286 hydrolysis by te enzymatic cocktails ofA. niger LBM 134, the surface was

287 homogenous and no starch granules were shownr@2d). Cellulose fibers of SCB

288  hydrolyzed by commercial enzymes showed similar changes as SCB hydrolyzed by the

289 enzymatic cocktails oA. nigerLBM 134 (Figure 2g). CB hydrolyzed by commercial

290 enzymes showed a heterogeneous surface and the presence of starch graatdes (Fig

291  2h).

292 The cost of having a more or less complete commercial cocktail of cellulases and

293 xylanases is at least almost $900, ntben 500 times the cost of producing the home

294  made enzymatic cocktails By nigerLBM 134, $1.90 and $1.65 when the fungus grew

295 with SCB and CB, respectively

296 FIGURE 2

297  3.4. Simulation model for bioethanol production from hydrolyzed SCB and CB

298 Generic flowsheet model for bioethanol obtention was showrigare 3. This

299 diagram contemplates feedstock preparatiéigufe 33 and their main component

300 proportions; the enzymes production using the bagasses as carbon sources and the

18
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fungusA. nigerLBM 134 (Figure 3b) until the obtention of ethanol by a simulation
model.

Glucose and xylose yields were used to simulate the fermentation and obtention of
bioethanol curvditting model (Figire 3d). Firstly, the experimental concentrations of
a glucosexylose combined fermentation reported by Kamoldeen §@lwere used
for simulating thebioethanol production model (Supplementary table 1). For a more
complete utilization of all fermentable sugars released in the SCB hydrolysates, th
yeastSaccharomyces cerevisiaeuld be used in addition to pentdsementing yeasts
like Scheffersomycestipitis ATCC 5837 as indicated Kamoldeen et al. [20].

To obtain the apparent reaction rate constants for each component, the traditional
fermentaion models were simplified as follows: glucose > ethanol £ X©@ and 3
xylose > ethanol + C£x 5. Also, the experimental concentrations of glucose, xylose
and ethanol from Kamoldeen et[@0] work were expressed in mot'lin a progressive
reaction and a first order reaction model was suggested for glucose and xylose
decomposition rates:

F.J@Z—YA= GP F.JéjA: GP (Eq. 3: 4)

Experimental data from Kamoldeen et §0] work were adjusted to both

19
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334

logarithmic expressions arkd andkx constants were obtainek; = 0.2631 andkx =

0.0754, considering the time lag between glucose and xylose consumption start. The

conversion models for glucose and xylose were as follows:

= RIS op= 0N 44i08 (Eq.5:6)

where, G is glucose; X is xylose; t is time. These models were validated with

experimental data and no statistical difference was found for P <0.05€8wgnpary

Table 2). The validated conversion models andkéhandkx constants were used to

established the bioethanol production models (Supplementary Table 3):

%, =2 %had F A71579 g o =513 9,4 F AP44198 g (Eq. 7; 8)

where EGis ethanol production from glucos@f), glucose concentration at timeg,

ethanol production from xylos&0, xylose concentration at time O; t, time.

The validation of the models was carried out applying them to experimental and

theorical data and comparing with the experimentally produced bioethanol. The model

fitted well with the experimental data, there was no significance differenéef®.05

(Supplementary Table 4). Once the ethanol production model was validatedytie cu

fitting was employedor simulating the bioethanol yield from experimental data of the

saccharification of SCB and CB, achieving 4.16 mg* and 2.57 mgmL?,

20
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respectively Figure 3e).

FIGURE 3

The successful bioconversion of both SCB and CB occurred due to thentexee

enz/matic cocktails were produced using the respective bagasse as substrate for the

fungus[8]. Moreover, as the hydrolysis was carried out using fungal enzymes, there

was no need tdetoxify the hydrolysates since there were no formation of inhibitors

that can negatively influence on the fermenting microorganism [10].

Regarding the fermentation step, we used two yeasts enabled to simulate the

metabolization of hexoses such as glucose and pentoses as xylose for a more complete

utilization of all the sugars released during the hydrolysis of HOB On the other

hand, the fermeation of the hydrolysates of CB was simulated only using the glucose

metabolizing yeas. cerevisiabecause CB hydrolysates wenainlyrich in glucose.

From the bioethanol model simulation, the SCB hydrolysates would reach a higher

bioethanol yield than the CB hydrolysates; this behavior can be explained by xylose

sugars present in the SCB hydrolysates. ilffportance of the xylose as a fermentable

sugar for obtaining bioethanol in higher quansiierelevant since it has badentified

that non or poor utilization of theylose components of biomass is a principal factor

21



352

353

354
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356

357

358

359

360

361

362

363

364

365

366

367

368

generallyaffecting the efficiencyf lignocellulosic substrasasa renewable feedstock

for bioethanol generation [20].

Although the bioconversion of both bagasses reached low values comparing with

another works such as Fockink et Bl4] who yielded higher sugars values, the

importance of this work ithat the performance of the cheap hemade enzymatic

cocktails ofA. nigerLBM 134 (produced from agroindustrial wastes) was higher than

the hydrolytic performance of commercial enzymelse Tonversion to glucose of

pretreated SCB confirmed the good performance of cellulases, particuldrlyTB(S

is a very interesting finding due to numerous studies have described a limited

production of BGL for almost filamentous fungi includifdgchoderma reesen welt

known cellulase-producer, which cocktails must be added with exogenous BGL [8].

Regarding the hydrolysis of SCB with commercial enzymes, the conversion to

glucose and xylose were similar to that obtained with the hoade enzymatic

cocktails ofA. nigerLBM 134. That fact evidenced the good performance ofitime

made enzymatic cocktails used in this work.

The bioconversion from glucans to glucoses in CB using the{moagke enzymatic

cocktails was three times higher than that obtained using commercial enzymes. This
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379

380

381

382

383

384

385

386

behavior could be attributetb the action of amylases present in the honagle

enzymatic cocktails of. nigerLBM 134 [15]. The conversion in reducing sugars of

CB using the homenade enzymatic cocktail was two times higher than that obtained

by [25] hydrolyzing CB withRhizopus oligosporu€CCT 3762). Moreover, the results

in this work are similar to the maximal saccharification percentage obtainealiigd3

et al. [2] hydrolyzing cassava peel with commercial enzymes. In this sense, it is

important to highlight thatis bioconversion was carried out by hemade enzymatic

cocktails and no commercial enzymes. This fact translates into the redUctiost

by using homanade enzymatic cocktails produced from a fungus grown on wastes

(SCB and CB). Also, we must set up the potential oB @ order togenerateother

addedvalue products, a field poorly explorgzb]. The use of this waste as biomass in

a biorefinery concept wiltontribute in countries on process of developnaaratwill

have a great social and economic impact at regional level through maxithizitaral

resource to promote industry development and addég product generatidf, 26.

4. Conclusions

The method proposed in this article links the use of predictive model of ethanol

yield to conventional biochemical techniques. The complete bioconversion of SCB
23



387 and CB to bioethanol involved complex steps to transform the carbohydrate

388 polymers into fermentable sugars. One of the main bottlenecks of the bioethanol
389 process is the cost of producing enzymes to be used in the hydrolysis. Therefore,
390 we used homenade enzymatic cocktails from a native fungisnigerLBM 134

391 grown on agroindustrial wastes, SCB and. @& characterized and analyzed the
392 cost of the homeénade enzymatic cocktails we produced and compare the cost with
393 two commercial cellulolytic enzyme mixtures and a commercial xylanase enzyme.
394 We concluded that the bioconversion of SCB and CB carried out in this work by
395 the homemade enzymatic cocktails ofA. niger LBM 134 was better than the

396 hydrolytic performance using commercial enzymes and thus converting this
397 bioprocess in a cogffective strategy. Also, we obtained two addeatlie products

398 from nonuse agroindustrial wastes: enzymatic cocktails and fermentabl
399 hydrolysates. For these reasons, we believe that this parepstentially applied

400 andadopted orsugarcane mills and starch industry.
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Table 1 Chemical composition afaw CB and SCB used for the bioconversidhe

values represent the means of the triplicates + standard deviation.

Components Composition (%)
CB SCB
Glucans 725+ 059 43.72+0.77

Hemicellulosé 16.6 £ 1.66 24.99 + 8.56
Soluble lignin 6.04+0.15 16.49+255
Insoluble lignin  3.29+ 0.9 9.37 £ 1.33
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Ash 067+0.06 1904

Extractives 1.8 £0.05 4.7 +0.08
520 aAnalyzed sugars: xylose, arabinose
521 SCB: subarcane bagasse; CB: cassava bagasse

522

523 Table 2Enzyme activities of hommade cocktails oA. nigerLBM 134 grown on SCB
524 and CB.Activity levels represented by thmeans of biological triplicates + standard
525 deviation. The cocktails of the fungus grown on SCB and CB contained total proteins

526  100.46 + 27.01 ug mt.and 329.62 + 1.17 pg mi, respectively.

Crude enzymatic extracts
Enzyme activities (Umt)

SCB CB
Filter paper activity 0.35+ 0.00 Umt:  0.38 + 0.00 Umt!
-glucosidase 0.17 £+ 0.00 Umt:  0.28 + 0.00 Umt!
Endoxylanase 106 + 14.67 Umit 144 + 5.65 Umt!
(-xylosidase 0.74+0.05Umt  0.18 + 0.03 Umt
527 SCB: sigarcane bagasse; CB: casshagasse

528

529 Table 3 Released sugars from the enzymatic hydrolysis of SCB and CB. In this
530 bioconversion, we used the hommade cocktails oA. nigerLBM 134 and controls
531 The values represent the medgimmg mL?) of the biological triplicates standard

532 deviation.

Assays Reducing Cellobiose Glucose Xylose Arabinose Acetic

sugars acid

SCB
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Enzymatic

hydrolysis of SCB  22.09 + 2.48 + 5.18 + 4.46 + 2.56 +
0.55+ 0.13
with cocktails of 1.26 0.53 1.14 1.06 0.48
A. nigerLBM 134
Control 1:
enzymatic
17.41 + 245+ 4,34 + 3.62+ 214 +
hydrolysis of SCB 0.07+ 0.01
0.13 0.01 0.03 0.09 0.02
with commercial
enzymes
Control 2: SCB + 0.01 + 0.04 + 0.04 + 3.17 +
ND ND
buffer 0.00 0.00 0.00 0.07
Control 3:
enzymatic 1.00 + 0.63
ND ND ND ND
cocktails ofA. 0.00 0.00
niger LBM 134
CB
Enzymatic
hydrolysis of CB 22.81 + 1.00 + 5.12 + 0.65 + 2.98 +
0.11 + 0.02
with cocktails of 1.63 0.27 0.89 0.06 0.17
A. nigerLBM 134
Control 1:
enzymatic
14.73 + 0.61 + 2.33+ 237+
hydrolysis with ND 0.03 £ 0.00
2.01 0.02 0.14 0.01
comercial
enzymes
Control 2: CB + 1.10 + 0.33 ¢ 0.21 + 3.22 +
ND 0.04 £ 0.00
buffer 0.09 0.31 0.19 0.28
Control 3:
enzymatic 0.99+ 0.38
ND ND ND ND
cocktails ofA. 0.00 0.00

nigerLBM 134

533  SCB: sugarcane bagasse; CB: cassava bagasse

534  ND: not detected
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538 Figure 1. Enzymatic stability of the principal enzymesAinnigerLBM 134 enzymatic

539 cocktails. Thermostability of FPase, BGL, EX and BXL of the fungus grown on SCB

540 (a) and CB b). pH stability of FPase, BGL, EX and BXL of the fungus grown on SCB

541 (c) and CB ¢l). The 100% of each enzyme activity corresponded to the levels shown in

542 Table 2. FPasdilter paper activity; BGL, -glucosidase; EX, endoxylanase; BXI-,

543 xylosidase; SCB, sugarcane bagasse; CB, cassava bagasse.
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546

547

548

Figure 2. Electronic microscopic photograpbisSCB and CBa) Structure of raw SCB

without any pretreatmenk) Structure of raw CB without any pretreatmentSCB

pretreated with alkaline solution Na(OH) 0.85% (wh)) CB pretreated with alkaline
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549

550

551

552

553

554

555

556

557

558

solution Na(OH) 0.85% (w/ve) SCB after alkaling@retreatment and hydrolysis with

homemade enzymatic extract Af nigerLBM 134 grown on SCBf) CB after alkaline

pretreatment hydrolysis with hoameade enzymatic extract &f. niger LBM 134

grown on CBg) SCB after alkaline pretreatment hydrolysissnibmmercial enzymes.

h) CB after alkaline pretreatment hydrolysis with commercial enzymes. SCB,

sugarcane bagsse; CB, cassava bagasse.

Figure 3. Bioprocess flowsheet of hosmmade enzymatic cocktails and bioethanol

production from SCB and CRB) Main components of raw SCB and CB: G, glucans;

HM, hemicelluloses; L, lignin; A, ash; E, extractives. Both bagasses were prépared
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560

561

562

563

564

565

being used in the enzymatic cocktails productiobyigerLBM 134 (b) and in the

pretreatment process) for removing lignin; the solid fraction, rich in polysaccharides,

was selected for continuing the procelddydrolysis of SCB and CB using the home

made enzymatic cotkils for obtaining the hydrolysates rich in monomeric sugars,

GLU and XYL.e) Simulation model for bioethanol production from SCB and CB from

the fermentable sugars obtained in this work. SCB, sugarcane bagasse; CE cassav

bagasse; GLU, glucose; XYL, »o8e.
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