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Abstract: Problem statement: Biofuels production is becoming a key factor tolphélecrease
pollution levels and the dependency of fossil fuélsgllulose from lignocellulosic biomass is being
used as a source of raw material for biofuels pctdn, specifically bioethanol, so many ways to use
it for this purpose are being developéghproach: Cellulose content and enzymatic depolymerization
of cellulose was evaluated in this contributiBesults: Cellulose content was of 67% on fibers, which
places this material as a potential raw materiabfoethanol production 42% of the cellulose conhten
of the Agave leaves fibers was released as gludosdo enzymatic degradation. Seeing the behavior
of the enzymatic hydrolysis at 96 h a mathematimadel was applied which gave a time for
enzymatic hydrolysis which must result in the maxmmof glucose liberated under the conditions used
for the processConclusion: Using AgaveAtrovirens at 44 h of enzymatic hydrolysis will pide the
highest yield of glucose which can be used for ogiiecesses such as ethanolic fermentation.

Key words: Plackett-Burman Design (PBD), Enzymatic hydrolysisellulose degradation,
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depolymeryzation, cristallinity regions

INTRODUCTION saccharification of cellulose is an interestinggadure
for the use of residual biomass being agroindustria
Lignocellulosic residues are becoming a potentiawastes (Martingt al., 2008, Zhangt al., 2010). The
resource of raw material for study, chemical,enzymatic hydrolysis or saccharification is mainly
pharmacedutical, biomaterials (Ruizt al.,, 2011, limited by several factors including cristallinitgf
Clarenceet al., 2010). Biofuels production, particularly cellulose, degree of polymerization, moisture cotte
ethanol for combustion engines (Moukamnetdal.,  available surface area, among othersdi_al., 2010).
2010, Zhanget al, 2010). The production of alcoholic The agents responsible for cellulose degradatien ar
beverages such as mezcal, are obtained through tleellulases. Three group of enzymes such as endo-
fermentation of Agave syrup, such as Ag&@atmiana  glucanase, exo-glucanase anfi-glucosidase are
or Agave Atrovirens, among others. The mezcalinvolved in cellulose-to-glucose process with
production process generates a residual materimhwh synergistically action among them (Yahal., 2010).
are leaves or pencas. The latter material is rith i Endo-glucanase attacks low cristallinity regions on
lignocellulosic fibers with industrial potential €D cellulose fiber and creates free chain-ends. Exo-
Leon-Rodriguezt al., 2008; Yoswathanet al., 2010).  glucanase degrades the molecule further by removing
For better processing of lignocellulosic biomass,cellobiose units from the free chain-ends whiclhisn
pretreatments are needed for the improval of ekl cleaved to glucose by the action @tglucosidase
depolymeryzation. These procedures are essential f¢Talebniaet al., 2010). In this regard, the enzymatic
cellulose degradation (Guptat al.,, 2011). The process could be statistically analized to iderféigtors
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crucial for the improvement of cellulose degradatio Table 1: Levels managed for the variables and theddncies

obtained by the PBD analysis

The addition of experimental designs such as Ptacke

. Low High level Standard  Contribution
Burman Design (PBD) (Plackett and Burman, 1946yariables level (-1) (+1) effects (%)
Fang et al., 2010) has the advantage of minimizeTemperature (°C)  46.0 50.00 4.610 12.34

. . . Agitation (rpm) 50.0 150.00 0.389 1.04
experiments of great number of experimental upistd 46 5.00 5380 14.40
adjusted number of them and allows the identificatf Enéy;net (%)20 1000.0 2000.00 11.700 31.31
. . . . upbstrate

the most significant factors which have a givee@&fon 1 puffer) ¢ 0.4 0.60 5930 15.87
a process. It can screen n factors in n+1 expetahen Tween 80%

. . . concentration 0.01 0.03 0.634 1.70
runs. The design is orthogonal in nature, the &fface  agave type A Atrovirens A Salmiana  -8.720 23.34
independent and the interactions among factors are _ _
negligible (Yinglinget al., 2011). This study evaluates 12ble 2: Experimental matrix for the PBD

Repl Temp Tween

the effect of the factors involved in the enzymatiCRun icate erature Agitaton pH Enzyme Substrate%80 Agave

saccharification of Agave leaf cellulose fibers. 10 2
7
MATERIALSAND METHODS 23

Plant material and characterization and 18
pretreatment: Agave leaves A. Salmiana and A.
Atrovirens) were obtained from the vicinity of the 2
city of Saltillo Coahuila (Fig. 1 and 2 respectiykel 21
The pencas were peeled off to leave only the fibergs
and then dehydrated at 70°C for two days so mino%
particle size material could be easily obtaineds th 16
dehydrated material was milled to obtain a fineii
powder and fibers from the pencas. Concernin

characterization, the procedure -cellulose conter%
were determined by a gravimetric technique by the*lL
acid and neutral detergent fiber method (Van Seest s
al., 1991), previously treated the material with19
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NaOH. For the pretreatment, 1 g of Agave fibers
were submerged in 20 mL of distilled water and
subsequent thermal activity was added in an
autoclave at 121°C for 15, 30 and 45 min. After the
process, the material was filtered and washed with
tap water. The material was dehydrated for posterio
hydrolysis assays.

Experimental design on enzymatic hydrolysis:
Plackett-Burman Design (PBD) has the advantage of . .
minimize experiments of great number of [19- 1: Agavesalmiana
experimental units to and adjusted number of them
and allows the identification of the most signifita
factors which have a given effect on a processait
screen n factors in n+l experimental runs. The
design is orthogonal in nature, the effects are
independent and the interactions among factors are
negligible (Yingling et al., 2011). In this
experimental stage, seven variables (Table 1) were
evaluated including temperature, agitation, pH,
enzyme loading (Commercial cellulase obtained
from Prozyn, Brazil). Fig. 2: Agaveatrovirens
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This enzyme was used in the exploratory analysigable 3: Cellulose content in the Agave speciesuated with and
substrate quantity, surfactant (Tween 80) and AgaveWithoutalkaline treatment
species A. Salmiana andA. Atrovirens). These factors No treatment NaOH
were set in two levels for each one: -1 for lowelev parameter A. Atrovirens A. Salmiana A. Atrovirens A. Salmiana
and +1 for high level. The software used for % cellulose 23.48 35.26 67.12 61.25
generating the experimental matrix (Table 2) and fo
the analysis was Statistica® 7.0. All experimenésev  taple 4: Conditions evaluated on the enzymatic diysis

carried in triplicate. The response measured WaS  Temper Agitation Enzyme Substrate  Tween Type of
glucose using a glucose-oxidase kit. The total tohe Run atre(°C) (pm) pH (UL) (9 80 (%) g:ja"e

H A 50 50 4.6 1000 0.4 0.03 A Salmiana
hydrolysis was of 12 h. B 46 150 50 1000 0.4 0.03 A Atrovirens

C 46 50 5.0 2000 0.4 0.01 A Salmiana

Extended time of enzymatic hydrolysis. After E ig igg i-‘g iggg g-‘é g-gi ﬁ' é;rmna;s
defining the result of the PB design and estabtighi ¢ 5o 50 50 1000 06 0.01 A Atrovirens
which condition showed the highest yield of glucose G 50 150 50 2000 06 0.03 A Salmiana
enzymatic hydrolysis were carried out at 48 anh96 " 46 50 46 2000 06 0.03 A Atrovirens
Glucose was measured by the same method
described before. Temperature had a positive effect with

. . . - standardized effect of 4.61. In this case, if iasiag
Mathematical modeling of the enzymatic hydrolysis: ; ¢ b th | din thi i
A mathematical equation was used for the'€MPerature above ihe values used in this expeymen

establishment of the enzymatic hydrolysis time gsin glucose liberation can improve. Substrate concgatra

the following equation. had a 15.87% of contribution, but a negative effeith
-5.93, so decreasing the substrate levels will give
RESULTS higher yield of hydrolysis. A qualitative factor wa
evaluated which was the type of Agave used in
Plant material characterization and pretreatment:  hydrolysis. The levels managed on this factor was a

The amount of cellulose from the untreated sample o

. low level (-1) A. Atrovirens and at high level (+1A.
Agave pencas was ranging from 20-30% and afte W . vel (-1) b Vi d that th '9 dV d'( d)\ff
pretreatment both values increased to 65% miana. It was observed that the standardized affect

approximately (Table 3). The effect that took plazay ~ Vas negative with -8.72. This means that, if we
have been the removal of compounds that could beontinue usingA. Atrovirens, our response will be
interfering with cellulose detection. higher. IfA. Salmiana were to be used, response would
be lower. Each one of the combination of factord it
PBD analysis: This analysis is used to evaluate thelevels, originated eight different hydrolysis cadimtis.
factors that significantly affect on a given prazeBy  The glucose obtained were quantities from 24.89-
Fig. 3 the factors that had significant effect ¢ t 170.67 mg glu ¢ (Fig. 4). In Table 4, the experiment
hydrolysis were the enzyme loading, the Agave §®Ci coded as D had the highest. As explained befare,
concentration and agation had nb sgnifcantatfim o o4rens hiad @ positve effect on the enzymati
the hydrolysis with 1.70 and 1.04% of contribution Ilperat|pn of glucosg, the highest value was olstdin
with this plant material.

respectively, while the most significant variablesre . .
enzyme loading and Agave species with 31.31 and Approx_lmately the cellulose contenF on this filer
23.34%. Substrate concentration, while having & hig ©f 67% This percentage could be considered ast&y0
contribution percentage, the standardized effect wa 9lU/g in the form of cellulose. The D experimentiha
8.72. The negative effect means that if we mantpula released 25.43% of the cellulose while E experiment
the levels of this factor on a decreasing trena ththe lowest of 3.71%.
response (glucose liberated my enzymatic meangjl cou
be improved. On the other hand, the enzyme Ioadin%n : ; : P

: : . . zymatic hydrolysis and mathematical estimation of
standardized effect is 11.7. This means that #isof total hydrolysis time: The experiment began with 0

has a positive effect. If the levels of enzyme are .
increased, the response can be increased as well. Tglucose to ascend to the levels of a maximum afgle

effect of pH was also of negative standardizedcefsé ~ lIoerated was of 284.53 mg gIUlgExtendi-ng hydrolysis
-5.38, so if we keep the pH value on relatively dow tlme_rlngher yields were reached. A maximum of 2&5 m
levels, the yield of liberated glucose will increas glu g~ was detected at 84 h of hydrolysis.
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(4)Enzyme 11.70105

(T)Agave specie
(5)Substrate
(3)pH

(1)Temperature 4.618449

0.63 ;\(4 834

(6)Tween 80 %

(2)Agitation 0.3983965

p=0.05

Fig. 3: Pareto chart with standardized effects loé t
factors evaluated on the enzymatic hydrolysis
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Fig. 4: Glucose yield obtained in the hydrolysistba
PBD
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Fig. 5: Enzymatic hydrolysis ofAgave atrovirens

leaves fibers at 96 h
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Fig. 6: Modelling of the enzymatic hydrolysis at 86
for the mathematical establishment of the most
adequate time of hydrolysis

In the Fig. 5 it's shown that there is no sigrafit
difference between the glucose levels of 48 h @ih,
according to the standard deviation. This behavior
shows the glucose levels did not change signifigant
so an equilibrium point was reached.

Having a correlation between calculated and
experimental values of 0.99, the k value obtainednf
the equation 1, was extrapolated from the Y axis to
the X axis, thus giving a 44 h time of hydrolysis.
This value of time corresponds to the maximum
reached on the system at 48 h of hydrolysis tiroe, s
at 44 h is possible that is mathematically esthielis
that this time of hydrolysis is suitable for theeoall
process (Fig. 6). According to the mathematical
model, if time is increased, a maximum of theorical
glucose liberated would be of 365 mg.g

DISCUSSION

Characterization and pretreatment process: The
mechanical procedures holds an important role en th
process, if the particle size is reduced, thisdases the
available surface area for hydrolysis and also eBes®as
the polymerization degree of the material, having a
improving effect on the enzymatic hydrolysis of the
lignocellulosic material (Hendriks and Zeeman, 2009
Cellulose determination showed that both Agave
contain high cellulose levels of 67.12% oA.
Atrovirens and 61.25% onA. Salmiana. On other
plants, cellulose content have been reported, where
stand out corn residues (40%), coconut fiber (43%),
barley fibers (50%), among others (Gramindtaal.,
2007, ). The cellulose content was modified after t
alkaline treatment. In both Agave species the tdki
content was seemingly increased, from approximately
30-65%. The removal of other components which may
interfiere with cellulose detection promote the appt
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increase of cellulose, such as the results showedce Other plant materials which yielded higher
straw where the cellulose content went fromcellulose hydrolysis were barley residues with 83%
approximately 40-60% using also an alkaline treatme (Kim et al., 2008), Corn stover with 80% (Faegal.,
(Zhang and Cai, 2008; Khatit al., 2009). 2010) and switchgrass with 58% (Hu and Wen, 2008),
also to name a few. As it is visible in the Figth line

PBD analysiss The enzymatic hydrolysis can be shows a point of apparent saturation, this kind of
influenced by substrate and end-product concemiiti  behavior can be adapted to mathematical models such
enzyme activity and reaction conditions (Talebetial., as Monod and Michaelis-Menten equations. There is
2010). This effect can be attributed to many remsbhe ~more glucose available in form of cellulose, bu¢ th
crystalline cellulose, which has high recalcitranize ~ conditions managed and according to the PBD argalysi
hydrolysis, the particle size as well as the polyragion  the factor levels must be rearranged to increagk sa
degree, affects the cellulase action on the patysaile.  theorical yield, so this behavior could be modifitthe
Other situation that can manifest itself on therbjysis ~ conditions are further manipulated.

is the enzymatic inhibition. Cellulases can stopirth

activity caused by accumulation of product, namely CONCLUSION

cellpb_iosle. Scl) in this ﬁas‘?’ the sutt;strgte exdf:ir_;aa?sthe The PBD showed that the factors that significantly
stallltlst:!c% gna} YSIS IS S ?vyt|ng, can te' u de to 'mtth affect the hydrolysis of the fibers, the adjustmefthe
cellobiohydrolase —— activity  containé n € levels could make progress in an increase in the
lignocellulolytic enzyme complex, if too much filseare L

depolymerization of the cellulose present. Agavaf le

used, it is possible that cellobiose accumulated Mcellulose fibers can represent a very importantceoof
enzymes will be inhibited. This also can be assedito : P . Yy Imp
raw material for various industrial purposes, most

the use of substrate quantity, because if addinge mo _ ) T -
substrate  could ge(rqleratey inhibition by pr%aductprommently biofuels production in the form of bibanol.
(Heinelmanet al., 2009), so in that case the addition of ACKNOWLEDGEMENT
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