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Abstract The pretreatment of sugarcane bagasse with lime (calcium hydroxide) is
evaluated. The effect of lime pretreatment on digestibility was studied through analyses
using central composite design (response surface), considering pretreatment time,
temperature, and lime loading as factors. The responses evaluated were the yield of
glucose from pretreated bagasse after enzymatic hydrolysis. Experiments were performed
using the bagasse as it comes from an alcohol/sugar factory (non-screened bagasse) and
bagasse in the size range from 0.248 to 1.397 mm (screened bagasse) (12-60 mesh). It was
observed that the particle size presented influence in the release of fermentable sugars after
enzymatic hydrolysis using low loading of cellulase and β-glucosidase (3.5 FPU/g dry
pretreated biomass and 1.0 IU/g dry pretreated biomass, respectively).
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Introduction

In recent years, efforts have increased toward commercial production of ethanol, considered
the most promising biofuel from renewable resources, and it is well known that a low-cost
feedstock is a very important factor in establishing a cost-effective technology [1].

The production of ethanol from any lignocellulosic biomass generally involves four
process steps—feedstock pretreatment, enzymatic saccharification, fermentation, and
ethanol recovery [2].

Pretreatment is one of the most expensive and least technologically mature steps in the
process of converting biomass to fermentable sugars [3]. Costs are due to the use of steam
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and chemical products and the need for expensive corrosion resistant reactors. Pretreatment
has a great potential for improvement of efficiency and lowering of costs through research
and development [4–7].

Of the two possible hydrolysis methods, acid and enzymatic hydrolysis, acid hydrolysis
is efficient and relatively inexpensive, but it forms compounds that might seriously inhibit
the subsequent fermentation. On the other hand, enzymatic hydrolysis has been improving
along with the development of biotechnology and, therefore, there is a possibility of high
improvements of efficiency and costs. It is expected that improvements in thermostability
and in the cellulose-binding domain of cellulase will lead to a more than tenfold increase in
enzyme performance in the decade ahead [8]. Achievement of this perspective will enhance
economic competitiveness of the enzymatic hydrolysis as an approach for utilizing
lignocellulosic biomass.

In order to hydrolyze lignocellulosic biomass with enzymes successfully, it is very
important to use a suitable pretreatment, because crystallinity of cellulose, degree of
polymerization (DP), moisture content, available surface area, and lignin content are factors
that hinder the attack of enzymes [9].

Certain kinds of chemical, physical, and/or biological pretreatments remove lignin,
reduce the degree of cellulose crystallinity, and increase the surface area of biomass,
resulting in an enhancement of lignocellulosic substrate digestibility. Some chemical
pretreatments are considered as especially promising approaches because of their high
reactivity under moderate conditions such as room temperature and normal pressure.

An effective pretreatment is characterized by several criteria. It should avoid the need for
reducing the size of biomass particles, preserve the pentose (hemicellulose) fractions, limit
formation of degradation products that inhibit growth of fermentative microorganism,
minimizes energy demands, and limit costs. Also, the pretreatment agent should have low
cost and inexpensive recycle [5].

Lime (calcium hydroxide) pretreatment has regained interest as one of the promising
pretreatment technologies being studied. This pretreatment has low formation of
fermentation inhibitors, increases pH, and provides a low-cost alternative for lignin
solubilization, removing approximately 33% of lignin and 100% of acetyl groups. The
action of lime is slower than other pretreatments but its low cost and safe handling make it
attractive [6].

In this work, the pretreatment of sugarcane bagasse with lime [10–19] is evaluated. It
was chosen for occurring in mild conditions (temperature, pressure, and absence of
acids), besides being an alkaline process, which is expected to cause less sugar
degradation than acid processes [18]. Also, lime is an inexpensive reagent and can be
easily recovered as calcium carbonate by neutralization with carbon dioxide, although
this is an energy-intensive process and not yet economically feasible. The calcium
hydroxide can be subsequently regenerated using the established lime kiln technology
[18].

The effect of lime pretreatment on digestibility was studied through analyses using
central composite design (response surface), considering pretreatment time, temperature,
and lime loading as factors. The responses evaluated were the yield of total reducing sugars
(TRS) and of glucose from pretreated bagasse after enzymatic hydrolysis. Experiments
were performed using the bagasse as it comes from an alcohol/sugar factory (non-screened
bagasse) and bagasse in the size range from 0.248 to 1.397 mm (screened bagasse) (12-60
mesh). The objective was to evaluate the influence of particle size and the possibility of
using the bagasse as it comes from the mills.
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Materials and Methods

Substrate

Fresh sugarcane bagasse was obtained from the sugar plant Usina São Luiz-Dedini S/A,
(Pirassununga/SP, Brazil). It was dried at 45 °C for 48 h, left for 48 h at room temperature,
put into plastic bags, and kept in a freezer. The dry matter content of the bagasse after being
dried was 95%. The bagasse used in the tests was divided into two parts. One part came
from the mill, without prior screening and presented highly heterogeneous particle sizes.
This part will be called non-screened bagasse throughout this article. The other part was
screened in the size range of 0.248 to 1.397 mm (12-60 mesh). Smaller particles were
discarded because they corresponded mainly to sand. A granulometric analysis of the
bagasse is shown in Fig. 1.

Chemical Analysis of Bagasse Samples

Samples of the screened and non-screened bagasse were milled to pass through a 0.75-mm
screen. Approximately 4 g of milled sample was extracted with 95% ethanol for 6 h in a
Soxhlet apparatus [20]. Ash content was determined after burning of the samples in a
muffle at 500 °C for 4 h [21]. Extracted bagasse samples were hydrolyzed with 72%
sulfuric acid at 30 °C for 1 h (300 mg of sample and 3 ml of sulfuric acid). The acid was
diluted to a final concentration of 4% (addition of 84 ml of water) and the mixture heated at
125 °C/1 atm for 1 h [22]. The residual material was cooled and filtered through porous
glass filter number 3. The solids were dried to constant weight at 105 °C and determined as
insoluble lignin. The soluble lignin concentration in the filtrate was determined by
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measuring absorbance at 205 nm and using the value of 105 l g−1 cm−1 as the absorptivity
of soluble lignin [23]. The concentrations of monomeric sugars in the soluble fraction were
determined by high performance liquid chromatography (HPLC) using a Biorad HPX87H
column at 45 °C, eluted at 0.6 ml/min with 0.005 mol/l sulfuric acid. Sugars were detected
in a 30 °C temperature-controlled RI detector (Knauer HPLC pump and detector). In these
conditions, xylose, mannose, and galactose eluted at the same retention time and were
integrated as a single peak. Glucose, xylose, arabinose, and acetic acid were used as
external calibration standards. Sugar loss by acid degradation was considered using the
Sugar Recovery Standards as suggested by NREL method. The factors used to convert
sugar monomers to anhydromonomers were 0.90 for glucose and 0.88 for xylose and
arabinose. Acetyl content was calculated as the acetic acid content multiplied by 0.7. These
factors were calculated based on water addition to polysaccharides during acid hydrolysis
[24–27]. Table 1 shows the composition of the screened and non-screened bagasse.

Pretreatment

The pretreatment agent evaluated was lime (calcium hydroxide). The influence of
pretreatment time, temperature and lime loading on the performance of the pretreatment
was evaluated during the experiments. Non-screened bagasse (4 g) and screened bagasse
(4 g) were treated with 100 ml of the pretreatment solution in 500 ml flasks in an orbital
shaker (Marconi MA-832) agitated at 150 rpm. Pretreatment agent was prepared by adding
Ca(OH)2 in distilled water.

Lime Consumption

Lime was used as the sole alkali to pretreat bagasse. The amount of lime consumed
depended on the pretreatment conditions such as temperature and time. Lime consumption
was determined by titration using a solution of chlorohydric acid (HCl) 5.0 mol/l to
determine the remaining amounts of lime in the treated biomass mixture. The amounts of
lime consumed during the pretreatment at each condition were determined by pH
neutralization with a standard solution of acid. Figure 2 show the lime load added and
the unreacted load after each one of the assays for the non-screened and screened bagasse.

Enzymatic Hydrolysis

After pretreatment, the substrate was washed to remove soluble matter, dried, and weighted
to measure mass loss. The present market offers many cellulase preparations (including
those obtained from Trichoderma reesei) containing low levels of β-glucosidase, which

Non-screened bagasse % Screened bagasse %

Glucan 39.6±0.9 34.1±0.9
Xylan 19.7±0.5 17.7±0.5
Arabinan groups 1.7±0.1 2.0±0.1
Acetyl groups 2.5±0.1 2.4±0.1
Lignin 25.8±1.6 29.3±1.6
Extractives 2.3±0.1 2.3±0.1
Ash 3.8±0.1 5.3±0.1

Table 1 Composition of the
non-screened and screened
sugarcane bagasse.
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leads to an increased accumulation of cellobiose in the enzymatic hydrolyzates of the
cellulose. The inability of industrial glucose-fermenting yeasts to ferment cellobiose results
in incomplete conversion of cellulose hydrolyzate to ethanol, significantly diminishing its
final yield. These drawbacks may be overcome by supplementation of the cellulase
complex with a β-glucosidase from other sources [28]. One gram of the pretreated bagasse
was hydrolyzed with 300 ml of solution containing cellulase and β-glucosidase with pH
adjusted to 4.8. Enzymatic hydrolysis was performed with a commercially available
cellulase produced by Trichoderma reesei (Sigma) and β-glucosidase from Aspergillus
niger (Sigma) with concentrations of 3.5 FPU/g dry pretreated biomass and 1.0 IU/g dry
pretreated biomass, respectively, were used. The enzymes were solubilized in a 50 mM
citrate buffer (pH 4.8).

Hydrolysis experiments were carried out in 500 ml flasks in orbital shaker (Marconi
MA-832) agitated at 100 rpm at 50 °C. Aliquots were taken periodically, boiled to
deactivate the enzymes, and analyzed for glucose and reducing sugars.

Enzymatic Activities

Cellulase activity was determined as filter paper units per milliliter, as recommended by
International Union of Pure and Applied Chemistry [29, 30]. β-Glucosidase activity was
determined through a solution of cellobiose 15 mmol/l and expressed in units per milliliter (IU/
ml) [31]. Enzyme activity was 64.11 FPU/ml for cellulases and 308.37 IU/ml for β-glucosidase.

Analytical Methods

Glucose yield was measured using a kit based on the glucose oxidase reaction (GOD-
PAP, Laborlab) and TRS yield was determined by the dinitrosalicylic acid (DNS) method
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[32]. In both methods, the standard glucose (Merck) was used for the preparation of
standard curve.

Experimental Design

A central composite design (response surface) of three factors at three levels was
developed with three replicates in the central point [33]. The experimental design matrix
is shown in Table 2. The analysis of the results of this design includes the computation of
the linear (L), quadratic (Q), and interaction effects, and the analyses of the variances
ascribed to them. The statistical significance of these effects was evaluated by using
F tests [33].

The values of glucose and TRS yields used for the statistical analysis were picked at the
reaction time after which no significant changes in these variables were detected. A
quadratic model was obtained relating each response variable to the significant effects.
These models were used to define the conditions that separately and simultaneously
maximize the response variables. The STATISTICA 7.0 (Statsoft, Inc., Tulsa, OK, USA)
software was used here in order to implement all these statistical analysis.

Results and Discussion

The results of experiments obtained by utilizing a central composite with three replicates in
the central point were analyzed by considering glucose and TRS yields after hydrolysis of
pretreated bagasse for the non-screened (NS) and screened (S) samples for the pretreatment
with lime as output (response) variables. The glucose and TRS yields were expressed as
milligram per gram of dry raw bagasse (not pretreated). Table 3 shows the design matrix
where the maximum TRS and glucose yield obtained for each assay are marked in bold.
The ranges of the factors for the pretreatment were chosen based on literature [10–19].

It can be seen from Table 3 that, in the operational conditions used in this work,
maximum TRS release was obtained with non-screened bagasse (392.8 mg/g dry non-
screened bagasse); thus, when all the reducing sugars (hexoses and pentoses) are of interest,
non-screened bagasse is a better choice, which reduces substantially the costs of the
process. As the industrial fermenting microorganisms used nowadays for industrial ethanol
production do not ferment pentoses, in many practical applications, the product of interest
may be glucose. In relation to the glucose yield, maximum was obtained with screened
bagasse (218.0 mg/g dry screened bagasse).

Figure 3 shows the mass resulting after pretreatment of 4 g of non-screened and screened
bagasse samples for each of the essays described in Table 3. From Fig. 3, it can be observed
that mass loss is greater for the screened samples. According to Mosier et al. [5],

Table 2 Coded factor levels and real values lime pretreatment.

Levels

Factors −1, 41 −1 0 +1 +1, 41
Pretreatment time (h) 8.4 20 37 54 65.6
Temperature (°C) 53.2 60 70 80 86.8
Lime loading (g/g dry biomass) 0.15 0.25 0.40 0.55 0.65
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pretreatment with lime has a major effect in delignification and in increasing accessible
surface area, but its effect in removing hemicellulose is minor.

The results of this analysis are shown by using the Pareto charts as they present, very clearly,
the most significant effects. In these charts, the effect estimates divided by their standard errors
are sorted from the largest absolute value to the smallest absolute value. The magnitude of each
effect is represented by a column and a line going across the columns indicates how large an
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Table 3 Design matrix presenting mass of TRS and glucose released after hydrolysis of lime pretreated
bagasse (non-screened—NS and screened—S).

Assay Time (h) Temperature
(°C)

Lime loading
(g/g)

TRS (NS)
(mg/g)

Glucose (NS)
(mg/g)

TRS (S)
(mg/g)

Glucose (S)
(mg/g)

1 20 60 0.25 272.4 155.1 303.6 182.6
2 20 60 0.55 245.8 143.0 321.3 179.1
3 20 80 0.25 281.4 181.8 310.6 192.0
4 20 80 0.55 332.3 174.0 339.8 210.8
5 54 60 0.25 334.7 185.7 349.6 203.4
6 54 60 0.55 331.6 179.5 333.5 201.8
7 54 80 0.25 392.8 202.2 326.5 206.2
8 54 80 0.55 358.6 192.6 316.3 195.5
9 8.4 70 0.40 235.5 142.1 292.2 177.4
10 65.6 70 0.40 350.9 203.2 367.2 218.0
11 37 53.2 0.40 307.2 167.0 315.5 191.1
12 37 86.8 0.40 375.7 201.2 362.8 213.3
13 37 70 0.15 284.0 164.8 323.9 194.9
14 37 70 0.65 277.5 172.2 336.1 204.8
15 37 70 0.40 323.6 189.1 355.0 199.0
16 37 70 0.40 330.4 182.7 349.3 206.0
17 37 70 0.40 341.7 185.8 348.9 203.0
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effect must be to be considered statistically significant. In this work, the vertical line
corresponds to a p value of 0.1, which implies in a 90% level of significance [33]. Figures 4
and 5 shows the Pareto chart of standardized effects for glucose yield after enzymatic
hydrolysis of pretreated non-screened and screened samples of bagasse, respectively.

In the Pareto chart for glucose yield of the non-screened bagasse (Fig. 4), the largest
effect is the linear effect of pretreatment time, followed by the linear effect of temperature,
both affecting positively the glucose yield. In general, the interaction factors have less
significant effects over the conversion to glucose and only the interaction between time and
temperature is significant. The only effect involving lime loading that is significant is the
quadratic effect, and it is negative, indicating that it is not necessary to add great amounts of
lime. Figure 2 shows that lime is not completely consumed even in the lowest lime loading
considered (0.15 g/g, corresponding to assay 13).

The Pareto chart for glucose yield of the screened bagasse is shown in Fig. 5. The highest
effects are also the linear effects of time and temperature, both positive. The only other
significant effect is the interaction between pretreatment time and temperature.

Table 4 depicts the analysis of variance (ANOVA) for the models of glucose yield after
hydrolysis for lime pretreatment of non-screened and screened bagasse when only the

Fig. 4 Pareto chart of standardized effects for the glucose yield (mg/g raw non-screened bagasse)

Fig. 5 Pareto chart of standardized effects for the glucose yield (mg/g raw screened bagasse)
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significant coefficients are taken into account. It can be seen that the models present high
correlation coefficient and can be considered statistically significant with 90% of confidence
according to the F test, as they presented calculated F values greater than the listed ones
[33]. Also, they do not present evidence of lack of fit, as the calculated values for the F test
for lack of fit are much smaller than the listed values. Thus, the quadratic models proposed
fit the experimental data accurately. They are represented by Eqs. (1) and (2).

Glucose yield mg=g of dry non–screened bagasseð Þ ¼ 185:6þ 15:3 � t � 4:1 � t2
þ10:6 � T � 5:6 � L2 � 3:5 � t � T

ð1Þ

Glucose yield mg=g of dry non–screened bagasseÞ ¼ 198:8þ 8:1 � t þ 5:5 � T � 5:6 � t � Tð
ð2Þ

In these equations, t, T, and L are the coded values of pretreatment time, temperature,
and lime loading, respectively.

The proposed models can be used to plot response surfaces and for prediction or
optimization purposes. The response surface for glucose yield from non-screened bagasse is

Table 4 ANOVA for the models describing glucose yield from non-screened (NS) and screened bagasse.

Source of
variation

Sum of squares (SQ) Degrees of
freedom (DF)

Mean square
(MS)

F value

Glu (NS) Glu (S) Glu (NS) Glu (S) Glu (NS) Glu (S) Glu (NS) Glu (S)

Regression (R) 5,324.9 1,554.8 5 3 1,065.0 518.3 37.33* 11.29*
Residual (r) 313.8 596.7 11 13 28.5 45.9
Lack of fit (Lf) 293.3 572.0 9 11 32.6 52.0 3.17** 4.22**
Pure error (Pe) 20.5 24.7 2 2 10.3 12.3
Total (T) 5,638.8 2,151.5 16 16
R2 0.996 0.989
F listed values
(90% of
confidence)

*F5,11=2.45 *F3,13=2.56
**F9,2=
9.38

**F11,2=
9.40

*F test for statistical significance of the regression=MSR/MSr. **F test for lack of fit=MSLf/MSPe

a b

Fig. 6 Glucose yield from non-screened bagasse. a Temperature 53.2 °C. b Temperature 83.8 °C
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depicted in Fig. 6. Figure 6a shows glucose yield versus lime loading and pretreatment time
when temperature is 53.2 °C, the lowest temperature considered, and Fig. 6b shows the
same response surface when temperature is 83.8 °C, the highest temperature considered.
From these figures, it can be seen that the highest glucose yields are obtained with high
pretreatment time and low lime loading, although lime loading shows a low influence in the
response, with high yields being obtained for high pretreatment times in all the lime loading
range considered.

Maximum glucose yield is obtained with high temperature, high pretreatment time, and
low lime loading (Fig. 6b), but the small difference between the maximum glucose yield
obtained in Figs. 6a and b indicates that the influence of temperature is not very strong. The
strongest influence is of pretreatment time.

The response surface for glucose yield from screened bagasse is shown in Fig. 7. It can
be seen that maximum glucose yield was obtained in two regions: low temperature and high
pretreatment time or high temperature and low pretreatment time. As lime loading was not
significant at the 90% confidence level, it can be maintained in the minimum value.

0,0

50,0

100,0

150,0

200,0

250,0

300,0

0 8070605040302010

Time (h)

G
lu

co
se

 y
ie

ld
 (

m
g

/g
 r

aw
 b

ag
as

se
)

Pretreat bagasse (non-screened)
Pretreat bagasse (screened)
Bagasse not pretreated (non-screened)
Bagasse not pretreated (screened)

Fig. 8 Glucose yield from enzy-
matic hydrolysis of bagasse in the
best conditions

Fig. 7 Glucose yield from
screened bagasse

148 Appl Biochem Biotechnol (2009) 153:139–150



Figure 8 shows the best experimental hydrolysis profiles for screened and non-screened
bagasse pretreated with lime (assays 10) and the hydrolysis profiles for bagasses without
pretreatment. The importance of the stage of pretreatment in the process can be observed as
glucose for the bagasse not pretreated is practically inexistent.

Conclusion

The effectiveness of lime pretreatment in improving sugarcane bagasse susceptibility to
enzymatic hydrolysis was evaluated. The effect of lime pretreatment on digestibility was
studied through analyses using central composite design (response surface), considering
pretreatment time, temperature and lime loading as factors. The performance was evaluated
by the release of glucose after hydrolysis of the pretreated bagasse.

The influence of screening the bagasse before pretreatment in hydrolysis performance
was assessed. All the tests were performed using bagasse as it comes from a sugar/alcohol
factory and bagasse screened with particles between 0.248 and 1.397 mm. The tests
performed have shown that the performance of the hydrolysis of bagasse pretreated with
lime in the range of conditions studied is better for screened bagasse if we are interested in
glucose. Results for non-screened bagasse suggest that, for maximum yield of glucose,
pretreatment time and temperature should be increased and the lime loading diminished, so
pretreatment should be performed for 65.6 h at 86.8 °C with lime loading of 0.15 g/g
biomass for high glucose yield.

For screened bagasse, two conditions lead to high glucose yield: high pretreatment time,
low temperature, and low lime loading or high temperature, low pretreatment time, and low
lime loading.

Acknowledgments The authors acknowledge Fapesp for financial support.

References

1. Mojovic, L., Nikolic, S., Rakin, M., & Vukasinovic, M. (2006). Fuel, 85, 1750–1755. doi:10.1016/j.
fuel.2006.01.018.

2. Saha, B. C & Hayashi, K. (2004). Washington, DC: American Chemical Society, 2–34.
3. Laser, M., Schulman, D., Allen, S. G., Lichwa, J., Antal Jr, M. J., & Lynd, L. R. (2002). Bioresource

Technology, 81, 33–44. doi:10.1016/S0960-8524(01)00103-1.
4. Lee, J. (1997). Journal of Biotechnology, 56, 1–24. doi:10.1016/S0168-1656(97)00073-4.
5. Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y. Y., Holtzapple, M., et al. (2005). Bioresource

Technology, 96, 673–686. doi:10.1016/j.biortech.2004.06.025.
6. Wyman, C. E., Dale, B. E., Elander, R. T., Holtzapple, M., Ladisch, M. R., & Lee, Y. Y. (2005a).

Bioresource Technology, 96, 1959–1966. doi:10.1016/j.biortech.2005.01.010.
7. Wyman, C. E., Dale, B. E., Elander, R. T., Holtzapple, M., Ladisch, M. R., & Lee, Y. Y. (2005b).

Bioresource Technology, 96, 2026–2032. doi:10.1016/j.biortech.2005.01.018.
8. Wooley, R., Ruth, M., Glassner, D., & Sheehan, J. (1999). Biotechnology Progress, 15, 794–803.

doi:10.1021/bp990107u.
9. Chang, V. S., & Holtzapple, M. T. (2000). Applied Biochemistry and Biotechnology, 84–86, 1–37.

doi:10.1385/ABAB:84-86:1-9:5.
10. Lesoing, G., Klopfenstein, T., Rush, I., & Ward, J. (1981). Journal of Animal Science, 51, 263.
11. Verma, M. L. (1983). In G. R. Pearce (Ed.), Canberra, ACT, Australia: Australian Government

Publishing Service, 85–99.
12. Playne, M. J. (1984). Biotechnology and Bioengineering, 26, 426–433. doi:10.1002/bit.260260505.
13. Nagwani, M. (1992). M.S. thesis, Texas A&M University.

Appl Biochem Biotechnol (2009) 153:139–150 149

dx.doi.org/10.1016/j.fuel.2006.01.018
dx.doi.org/10.1016/j.fuel.2006.01.018
dx.doi.org/10.1016/S0960-8524(01)00103-1
dx.doi.org/10.1016/S0168-1656(97)00073-4
dx.doi.org/10.1016/j.biortech.2004.06.025
dx.doi.org/10.1016/j.biortech.2005.01.010
dx.doi.org/10.1016/j.biortech.2005.01.018
dx.doi.org/10.1021/bp990107u
dx.doi.org/10.1385/ABAB:84-86:1-9:5
dx.doi.org/10.1002/bit.260260505


14. NREL (National Renewable Energy Laboratory—EUA). (1996)
15. Chang, V. S., Burr, B., & Holtzapple, M. T. (1997). Applied Biochemistry and Biotechnology, 63–65, 3–

19. doi:10.1007/BF02920408.
16. Chang, V. S., Nagwani, M., & Holtzapple, M. T. (1998). Applied Biochemistry and Biotechnology, 74,

135–159. doi:10.1007/BF02825962.
17. Holtzapple, M. T., & Davison, R. R. (1999). Int. CI. C 13K1/02. US, PI 5,865,898.
18. Kaar, W. E., & Holtzapple, M. T. (2000). Biomass Bioengineering, 18, 189–199. doi:10.1016/S0961-

9534(99)00091-4.
19. Kim, S., & Holtzapple, M. T. (2005). Bioresource Technology, 96(18), 1994–2006. doi:10.1016/j.

biortech.2005.01.014.
20. Salazar, R. F. S., Silva, G. L. P., & Silva, M. L. C. P. (2005). VI Congresso Brasileiro de Engenharia

Química em Iniciação Científica, UNICAMP.
21. Ferraz, A., Baeza, J., Rodriguez, J., & Freer, J. (2000). Bioresource Technology, 74(3), 201–212.

doi:10.1016/S0960-8524(00)00024-9.
22. Sluiter, A. (2006). Determination of structural carbohydrates and lignin in biomass. National Renewable

Energy Laboratory (NREL) Analytical Procedures, 1–14.
23. Lin, Y. L., & Dence, C. W. (1992). Methods in lignin chemistry pp. 33–62. Berlin: Springer.
24. Irick, T. J., West, K., Brownell, H. H., Schiwald, W., & Saddler, J. N. (1988). Applied Biochemistry and

Biotechnology, 17, 137–149. doi:10.1007/BF02779152.
25. Kaar, W. E., & Brink, D. L. (1991). Journal of Wood Chemistry and Technology, 11, 479–494.

doi:10.1080/02773819108051088.
26. Kaar, W. E., Gool, L. G., Merriman, M. M., & Brink, D. L. (1991). Journal of Wood Chemistry and

Technology, 11, 447–463. doi:10.1080/02773819108051086.
27. Laver, M. L., & Wilson, K. P. (1993). Tappi Journal, 76(6), 155–159.
28. Szczodrak, J., & Fiedurek, J. (1996). Biomass and Bioenergy, 10(5/6), 367–375. doi:10.1016/0961-9534

(95)00114-X.
29. Ghose, T. K. (1987). Pure and Applied Chemistry, 59(2), 257–268. doi:10.1351/pac198759020257.
30. Adney, B. & Baker, J. (1996). Chemical analysis and testing task—laboratory analytical procedure.

LAP-006.
31. Wood, T. M., & Bhat, K. M. (1988). Methods in enzymology (vol. 160, pp. 87–116). San Diego:

Academic.
32. Miller, G. L. (1959). Analytical Chemistry, 31(3), 426–428. doi:10.1021/ac60147a030.
33. Barros Neto, B., Scarmin, I. S., & Bruns, R. E. (2003). 2 ed. Campinas, SP: Editora da UNICAMP.

150 Appl Biochem Biotechnol (2009) 153:139–150

dx.doi.org/10.1007/BF02920408
dx.doi.org/10.1007/BF02825962
dx.doi.org/10.1016/S0961-9534(99)00091-4
dx.doi.org/10.1016/S0961-9534(99)00091-4
dx.doi.org/10.1016/j.biortech.2005.01.014
dx.doi.org/10.1016/j.biortech.2005.01.014
dx.doi.org/10.1016/S0960-8524(00)00024-9
dx.doi.org/10.1007/BF02779152
dx.doi.org/10.1080/02773819108051088
dx.doi.org/10.1080/02773819108051086
dx.doi.org/10.1016/0961-9534(95)00114-X
dx.doi.org/10.1016/0961-9534(95)00114-X
dx.doi.org/10.1351/pac198759020257
dx.doi.org/10.1021/ac60147a030

	Lime Pretreatment of Sugarcane Bagasse for Bioethanol Production
	Abstract
	Introduction
	Materials and Methods
	Substrate
	Chemical Analysis of Bagasse Samples
	Pretreatment
	Lime Consumption
	Enzymatic Hydrolysis
	Enzymatic Activities
	Analytical Methods
	Experimental Design

	Results and Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


