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Abstract 
The increase in global energy consumption associated with the growing concern about global warming and limited 
fossil fuel reserves led to the search for new sources of renewable energy. Biomass is one of the most promising 
renewable resources for biofuel production in order to replace fossil fuels. The aim of this study was the enzymatic 
deconstruction of residual cellulosic biomass resulting from agar-agar extraction from Gelidium seaweeds which 
contain high cellulose content becoming a good source of raw material for the production of bioethanol and other 
biomaterials. The composition analysis of residual biomass revealed a content of 51% of carbohydrates, in the form 
of glucose (35%) and galactose (16%), which makes it a possible source of carbon for biological fermentations. 
Enzymatic hydrolysis assays achieved high conversion rates of carbohydrates in reducing sugars, in the range of 
90-100%. The ideal operating conditions for this conversion were the use of 100 µL of cellulase 1:10 (v/v) with 75 
µL glucosidase 1:10 (v/v), at 50 °C, pH 4.8, with stirring, for a substrate concentration of 5 mg.mL-1. In the performed 
assays, this residual biomass shown to have low lignin content, being more available for enzymatic hydrolysis, 
possibly without the pre-treatment step. In conclusion, macroalgae cellulosic residue seems to be a promising raw 
material for production of biofuel and other biomaterials in large-scale processes. 
 
Keywords: Cellulosic residual biomass; macroalgae; enzymatic deconstruction; Cellulose hydrolysis; biofuels. 

 
 

 

1. Introduction 
 

The rapid growth of the world population along with the 

development of some emerging economies led to a 

significant increase in global energy consumption, mainly 

liquid fuels for the transport sector (Harun, et al., 2014). 

However, the use of fossil fuels is associated with 

environmental pollution and greenhouse gas emissions 

also (GHG) (Ho S.-H. , Chen, Leed, & Changa, 2011). 

Global warming and depletion of fossil fuels increased the 

need of searching for alternative renewable energy (Nigam 

& Singh, 2011). Several countries are now looking for 

renewable energy sources that are sustainable (Ho, et al., 

2013). Biomass emerges as an alternative source quite 

feasible and appealing to face the energy challenges. 

The biorefinery concept englobes several technological 

processes capable of degrading provided biomass (raw 

material) into its fundamental components (carbohydrates, 

proteins and triglycerides). This concept is analogous to the 

current concept of oil refineries (Cherubini, 2010). It is 

believed that biodiesel and bioethanol can replace diesel 

and gasoline (Rojan, et al, 2011); (Demirbas A. , 2011). 

The production of first biofuel generation requires 

simple technology and raw material came from food and 

dedicated crops. This is not sustainable because it 

competes with food production sources, for this reason 

investments and research began to grow on second biofuel 

generation. It requires lignocelluosic residues, do not 

compete with food crops, is a better way than first 

generation but still have a drawback because lignin is 

difficult to separate from lignocellulose increasing the 

production costs (Tan & Lee, 2014). 

Some seaweeds species contain high content of 

carbohydrates in terms of cellulose and starch and very 

little, sometimes almost none, lignin content (Rojan, Anisha, 

Nampoothiri, & Pandley, 2011). The cellulosic waste 

resulting from the agar extraction process magroalgae, 

used in this study, seems a promising raw material in the 

biofuel manufacturing (Ho, et al, 2010). 

There are two methods for cellulosic biomass hydrolysis 

into reducing sugars in order to being used as carbon 

source in biofermentation processes: acid hydrolysis and 

enzymatic hydrolysis. Acid hydrolysis of the biomass is a 

fast method and usually cheaper, but has the disadvantage 

of decomposition of sugars in inhibitory compounds to the 

fermentation processes and environmental concerns. 

Enzymatic hydrolysis is able to achieve higher conversions 

rates into carbohydrates without producing products that 

inhibit the fermentation process (Ho, et al., 2013). 

 Despite its efficacy, the enzymatic method becomes 

expensive due to the high cost of enzymatic catalysts and 

frequent need of physical or chemical pretreatments of the 

biomass. It is important to study and optimize the enzymatic 

hydrolysis operating conditions in order to enhance the 

hydrolysis efficiency. This is one of the aims of this 

investigation work. 

This project focuses on enzymatic deconstruction of 

cellulosic residual biomass, in this case, from the agar 
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extraction process of red macroalgae Gelidium 

sesquipedale courtesy by the Iberagar - Sociedade Luso-

Espanhola de Colóides Marinhos factory. 

 

 

2. Materials 

2.1. Raw Materials 

This research focused in residual cellulosic biomass 

was courtesy by the Iberagar factory. This residual biomass 

is made of red seaweed residue, of type Gelidium 

sesquipendale, which result from the agar extraction 

process. 

It was maintained on the freezer, at a -4 ºC temperature, 

submitted to several washes with distilled water to remove 

possible residue and dried at 50 ºC. In order to remove the 

humidity, proceeded to lyophilization, freezing residual 

biomass at -80 °C, under vacuum at a temperature of -

43 °C for 48 hours. It was also ground in a common grinder 

for 1 minute, in order to standardize the size of biomass 

particles. 

 

2.2. Enzymes 

To study the enzymatic hydrolysis of cellulose a 

cellulase complex (NS 22086) and β-glucosidase 

(NS 22118), marketed by Novozymes® (Bagsvaerd, 

Denmark) were used. 

Enzyme solutions were diluted with a 1:10 (v/v), in 

acetate buffer (pH 4.8 0.05M) and they were always used 

as this dilution in all the work. Thus, whenever referenced 

in the methods of the enzyme cellulase or glucosidase, it is 

related to dilution of this enzyme stock supplied 

commercially. Quantification of protein existing in each of 

the commercial solutions was determined by the Bradford 

method as described in the analytical methods section. 

 

2.3. Other materials 

The first tests at optimum operating conditions for 

enzymatic hydrolysis were carried out using as cellulosic 

substrate Whatman n1 filter paper and a microcrystalline 

cellulose powder commercially known as Avicel® PH -101 

from Sigma-Aldrich (St. Louis, USA) . 

 

 

3. Methods 

3.1. Determination of biomass composition 

3.1.1. Total solids and ashes 

The percentage of total solids, the percentage of ashes 

and moisture content of the biomass was determined 

according to a method modified by NREL (National 

Renewable Energy Laboratory) specific for algal biomass 

(Wychen & Laurens, 2013) . In order to determine 

percentage of total solids it was weighed 100 mg of biomass 

in 3 crucibles, making the determination in triplicate. The 

samples were placed in a convection oven at 60 °C and 

atmospheric pressure for 18 hours. In the end, the crucibles 

containing samples of dry biomass were all weighed until a 

constant weight value was obtained.  

In order to determine the ash content, these same 

samples were burned by placing them in the muffle furnace 

and using a ramp program that achieved 575 °C of 

temperature. Then, the ashes were removed from the 

furnace and after cooled, the crucibles with ashes were 

weighed until a constant value was registered. 

 

3.1.2. Quantification and identification of 

carbohydrates 

The percentage of carbohydrates in the sample was 

determined according to a method modified by NREL 

(National Renewable Energy Laboratory) specific for algal 

biomass (Wychen & Laurens, 2013). In this protocol 

approximate 25 mg of sample was subjected through acid 

hydrolysis in two steps. At first, it was used sulfuric acid 

(H2SO4) at concentration 72% (w/w), at 30 °C for 1 hour. In 

second step the concentration of sulfuric acid was diluted 

to 4% (w/w), and the solution was autoclaved at 121 °C for 

1 hour. This analysis was performed in duplicate. After that, 

samples are neutralized using calcium carbonate (CaCO3) 

and quantified by high-performance liquid chromatography 

(HPLC - High Performance Liquid Chromatography). This 

analysis is made by comparing the peaks obtained in these 

samples with previously made calibrations for glucose, 

xylose, galactose, arabinose and mannose.  

 

3.2. Acid Hydrolysis of cellulose 
Acid hydrolysis of the cellulase was performed 

according to the NREL protocol (Wychen & Laurens, 2013) 

in order to quantify the maximum conversion of cellulose to 

reducing sugars. Started up with 30 mg of Avicel to which 

was added 300 µL of sulfuric acid (H2SO4) with a 

concentration of 72% (w/w). This solution, after vortex, was 

incubated at 30 °C for 1 hour. Then was added deionized 

water (MilliQ water) in order to dilute the concentration of 

H2SO4 to 4% (w/w) and it was autoclaved at 121 °C for 1 

hour. This analysis was performed in duplicate. At the end, 

the samples were neutralized with calcium carbonate 

(CaCO3) and the identification of the resulting reducing 

sugars was taken by the DNS method. 

 

3.3. Enzymatic Hydrolysis of cellulose.  

3.3.1. Effect of agitation on cellulase activity 

Enzymatic hydrolysis of cellulase was performed 

according to (Eveleigh, et al, 2009) and it was used filter 

paper and Avicel as substrate. 30 mg of each substrate  

(3 x 1 cm strip in case of filter paper) was weighed in an 

opaque vial. Two samples of each were made to be able to 

test the effect of stirring in each case, which makes a total 

of four vials. To each vial was added 100 µL of cellulase 

(previously diluted 1:10, as stated in the materials section) 

to acetate buffer solution (0.05 M,  

pH 4.8) for a total volume of 2 ml. It was added a magnet to 

one of the bottles with Avicel and another of the vials 

containing filter paper. All vials were mixed on Vortex and 

then incubated for 1 hour at 50 °C. The results were 

analyzed by DNS method. 
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3.3.2. Effect of addition glucosidase to 

enzymatic hydrolysis of cellulose 
In this case it was only used Avicel as substrate, also 

weighing up 30 mg in each of four reaction flasks. At two of 

the flasks was added 100 µL of cellulase while in the other 

two was added 100 µL of cellulase and 100 µL of 

glucosidase. The acetate buffer solution was added 

(0.05 M, pH 4.8) until a total volume of 2 ml. A magnet was 

added to the solution of cellulase and another one at the 

solutions containing two enzymes. All solutions passed by 

Vortex and incubated at 50 °C for 1 hour, over a stir plate. 

The results were analyzed by the DNS method. 

 

3.3.3. Study of the activity cellulase, isolated 

or in combination with glucosidase over 

time, with or without agitation  

For this study, three different assays were performed, 

using the same methodology described in section 3.3.2 but 

the total volume was updated to 5 mL. The first assay using 

Avicel lasted 24 hours and some samples were taken along 

the reaction. The other two assays had a duration of 4 days, 

in one it was used Avicel as a substrate, in the other it was 

used filter paper. All results from all assays were analyzed 

by the DNS method.     

 

3.3.4. Enzymatic Hydrolysis of cellulose in 

deep wells microplates  
In way to test multiple conditions simultaneously, faster 

and in a more practical way, the assay of enzymatic 

hydrolysis of cellulose in filter paper was adapted to the 

scale of the 96-deep wells microplate (Camassola & Dillon, 

2012). In substrate preparation, strips with 0.6 x 1 cm of 

filter paper were cut out with approximately 5 mg.  

In some deep-wells of the microplate, were added 100 

of cellulase while in other wells were added 100 µL 

cellulase and 100 µL glucosidase, comprising each deep-

well a total of 1 ml with the addition of acetate buffer 0.05 M 

pH 4.8. To all solutions was added a filter paper strip, being 

careful to curl it on itself, to allow a greater contact surface 

between the substrate and the reaction medium. All assays 

were performed in duplicate. 

This test is performed in two plates, in order to test the 

effect of agitation in plates, one of the plate was incubated 

used an orbital shaker while the other was incubated 

without agitation. In both cases, the plates were incubated 

at 50 °C for 2 hours, covered with a lid and aluminium foil 

to avoid evaporation. Reducing sugars resulting from 

hydrolysis were analyzed by the DNS method. 

 

3.3.5. Effect of subtract configuration in 

enzymatic hydrolysis reaction in plates  
In order to test if the substrate configuration may affect 

the enzymatic hydrolysis reaction, it was used six different 

configurations of filter paper strips (1 x 0.6 cm) with 5 mg. 

The entire strip was first inserted, curled on itself and the 

rest was cut into 2, 4, 6, 8 and 16 pieces approximately 

equal. Each of these configurations was added to a well 

with 100 µL of cellulase and 900 µL of acetate buffer 

(0.05 M pH 4.8). The same number of configurations was 

added to wells containing 100 µL of cellulase, 100 µL of 

glucosidase and acetate buffer in order to make 1 ml. All 

these tests were made in duplicate. The plate was covered 

with aluminium foil to avoid evaporation, and was incubated 

at 50 °C for 2 hours without agitation. The results were 

analyzed by the DNS method. 

 

3.3.6. Enzymatic hydrolysis of cellulosic 

residue of macroalgae  
With the purpose of confirm that the enzymatic 

hydrolysis of cellulose occurs in the substrate of interest, 

the protocol was repeated (Camassola & Dillon, 2012) 

adapted to the deep well microplate. This method was 

designed to test on filter paper, but it was determined that 

the algae waste contain cellulose, so it was adapted to 

macroalgae. 

It was weighed approximately 5 mg of biomass per  

deep-well. To some wells was added 100 µL of cellulase, 

and 900 µL of acetate buffer 0.05 M pH 4.8. At other wells 

was added 100 µL of cellulase, 100 µL of glucosidase and 

acetate buffer in order to make 1 ml. All these assays were 

done in duplicate. The plate was covered with aluminium 

foil to avoid evaporation losses, and it was incubated at 50 

° C for 2 hours without agitation. To analyze the results it 

was used the DNS method. 

 

3.3.7. Study of Enzymatic Hydrolysis in 

cellulosic waste of macro algae over 

time   
To track the progress of the reaction a jacketed vessel 

was used as reactor allowing to take samples over time 

without stopping the reaction. The assays were made in 

duplicate using two different vessels. 

To each vessel was added 50 mg of residual biomass, 

200 µL of cellulase and 200 µL of glucosidase, making 

10 mL with acetate buffer solution (0.05 M and pH 4.8). This 

reaction was performed at 50 °C, with stirring and was 

tracked for 6 hours and sampled at 30 minute intervals. The 

results of this assay were analyzed by the DNS method and 

the HPLC method to confirm the results obtained only by 

the DNS. 

 

3.3.8. Optimal concentration of enzyme  

In this assay different combinations of enzymes were 

tested with the same amount of biomass, 5 mg. Tests were 

made using 50, 75 and 100 of cellulase in different wells. 

And for each of the amounts of cellulase it was added 0%, 

30%, 50%, 75% and 100% of glucosidase, i.e., 0% 

glucosidase will match that it’s only cellulase present in the 

well, and 100% means that the glucosidase enzymes were 

added in the same proportion. To all the wells was added 

acetate buffer at 0.05 M and pH 4.8 so that it was 1 ml total 

volume. At time zero, a sample of each well was analyzed 

in order to detect the sugar present in reaction due to 

enzymes solutions. These assays were performed in 

duplicate and the plate was once again incubated at 50 ° C 

for 4 hours without stirring. The results were analyzed by 

the DNS method. 
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3.3.9. Effect of substrate concentration  

In order to analyze the effect of substrate concentration, 

different biomass concentrations were weighed in a 96-well 

microplate: 5 mg.mL-1; 10 mg.mL-1; 15 mg.mL-1 and 20 

mg.mL-1. For each concentration it was made an assay 

conducted only with 100 µL of cellulase and other with 100 

µL of cellulase and 75 µL of glucosidase. In all was added 

acetate buffer at 0.05M and pH 4.8 making 1 ml in volume. 

All assays were done in duplicate. The plate was covered 

with aluminium foil and was incubated at 50 ° C for 4 hours 

without stirring. To analyze the results it was used the DNS 

method. 

 

3.4. Effect of acid pretreatment  

 In this assay, it was made a pre-treatment with dilute 

acid in order to study its effect on the yield of the enzymatic 

hydrolysis of macroalgae residue. This treatment was 

optimized at 121 ° C in the autoclave (Ge, et al, 2011) for 

different concentrations of sulfuric acid: 0%; 0.5% and 1% 

(w/v) and for two different times, 30 minutes and 1 hour, 

respectively. It was used 400 mg of macroalgae residues in 

each assay. The result of the acid hydrolysis was 

centrifuged at 10,000 rpm for 10 min and the supernatant 

was analyzed to determine the amount of reducing sugars. 

The rest of the biomass followed for the enzymatic 

hydrolysis. The pre-treated samples were equally divided 

into 3 samples and supplemented with 265 µL of 

glucosidase and cellulase. It was added the acetate buffer 

(0.05 M, pH 4.8) making up a proportion of 2% dry matter 

in 6.7 mL total volume. The enzymatic hydrolysis is then 

conducted in an incubator at 150 rpm and 50 ° C for 48 

hours. At the end, the resulting reducing sugars were 

analyzed by the DNS. 

 

3.5. Analytical methods 

3.5.1. Quantification of reducing sugars by 

dinitrosalicylic acid (DNS) method      
The quantification of reducing sugars was made 

according to the method developed by Miller (Miller, 1959) 

adapted to microplate of 96 wells scale. In each well was 

added 10 µL of sample and 90 µL of distilled water. As 

blank was used 100 µL of acetate buffer 0.05 M and pH 4.8. 

To all samples was added 100 µL of dinitrosalicylic acid 

(DNS) and the plate was incubated at 100 ° C for 5 minutes. 

After cooling to room temperature, it was added 500 µL of 

distilled water. 200 µL of this resulting solution were 

transferred to a microplate with 96 wells (ELISA plates) to 

measure the absorbance of multiple samples at 540 nm in 

a spectrophotometer SPECTRA MAX PLUS 384 from 

Molecular Devices (Sunnyvale) and quantifying reducing 

sugars according to previously established calibration 

curve. The calibration was obtained using standard 

solutions with glucose concentrations ranging from 0 to 

10 g.L-1. All samples and standard solutions were analyzed 

in triplicate.  

 

3.5.2. Analysis and quantification of sugars 

by HPLC method  

The determination of carbohydrates in biomass waste 

sample was performed on HPLC. The samples that result 

of the acid hydrolysis were diluted in the ratio 1:2 (v/v) with 

a H2SO4 solution at 50 mM and centrifuged at 12000 rpm 

for 3 minutes. The supernatant was then diluted at a ratio 

of 1:10 (v/v) with the same H2SO4 solution, with a volume 

of 1 ml in an appropriated vial for HPLC. The HPLC run 

used 20 μL of sample. The RI-detector L-2490 Elite 

Lachrom was form Hitachi and the analytical HPLC column 

Rezex ROA – organic acid 8% cross linking (30mm) was 

from Phenomenex, USA. The areas of the peaks in the 

chromatogram obtained were compared with calibration 

curves that have been prepared for glucose, xylose, 

galactose, arabinose and mannose, using this same 

procedure. 

The quantification of reducing sugars on HPLC was also 

carried out to compare the results obtained with the DNS 

method to ensure that we could use the DNS method as a 

fast method for quantifying reducing sugars. It was used yet 

this same method and procedure to quantify and identify 

sugars in commercial enzymes solutions used in this work. 

 

3.5.3. Quantification of protein by the 

Bradford method  

The quantification of protein was made according to the 

Bradford method (Bradford, 1976) adapted to microplate 

scale. In this procedure, it was pipetted up 5 µL of 

glucosidase and cellulose samples at different dilutions for 

a microplate with 96 wells (used in ELISA tests) and added 

250 µL of Bradford reagent. As blank was used 5 L of 

acetate buffer at 0.05 M and with a pH 4.8. The plate was 

incubated for 10 minutes at room temperature and was 

covered with aluminium foil to prevent excessive exposure 

to light. Then the absorbance was measured at 595 nm to 

quantify the protein, using as reference a calibration curve 

previously made. The calibration curve was obtained using 

BSA (Bovin Serum Albumin) solution at concentrations 

between 0 and 1.5 g.L-1. All samples were analyzed in 

triplicate. 

 

 

4. Results and Discussion 

4.1. Biomass composition 
The composition of cellulosic residue of Geludium 

macroalgae is summarized in Table 1. The sample had a 

total solids content of 99.17% and 0.83% moisture content. 

This value results from biomass previously lyophilized and 

so only have residual moisture less than 1%. The ash 

content that was determined was 9.63%. Some studies 

show carbohydrate percentages of about 70% in whole red 

algae (Jang, et al, 2012) (Jang, et al, 2013 and 50% - 60% 

in the case of algae cellulosic waste(Tan et al 2014). Taking 

this into account, it seems reasonable the value of 50% 

obtained for macroalgae cellulosic residue. 

 
Table 1 – Composition of cellulosic residual biomass of Gelidium 

seaweed. 

Components 
Contents 

 [%] 

Carbohydrates 50.90 

Moisture 0.83 

Ashes 9.63 

Others 38.64 

 

The identification and quantification of carbohydrates 

was performed on HPLC after acid hydrolysis of a 25 mg 
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sample of biomass. The detailed carbohydrate analysis is 

summarized in Table 2. 

 
Table 2– Analysis of carbohydrates and identification of the 

reducing sugars in a sample of 25 mg of biomass. 

Carbohydrates 
Mass  

[mg] 

Content 

 [%] 

Glucose 8.65 34.89 

Galactose 3.97 16.01 

Total 12.62 50.90 

 

One of the peaks is detected at 12.207 minutes and by 

comparison with the calibration previously made for various 

sugars it was concluded to be glucose corresponding to 

34.86% of the total sample composition. 

The other peak, with a retention time of 12.967 minutes was 

consistent with the galactose calibration curve and 

corresponded to 16.01% of the biomass composition. The 

fact that the sugars present in the hydrolysis of cellulosic 

waste marine algae of the genus Gelidium being glucose 

and galactose was expected, since the literature indicates 

that these components are part of the constitution of red 

algae (Jang et al 2013). 

 

4.2. Acid Hydrolysis of Cellulose  

In order to quantify the maximum yield in the 

saccharification of cellulose the acidic hydrolysis of Avicel 

was performed. The initial concentration used was 

3.45 mg.mL-1 and the concentration of reducing sugars 

measured by the DNS method was 3.76 mg.mL-1. These 

values correspond to conversion of 30 mg of cellulose into 

32 mg of reducing sugars.  

It may seem odd the fact the final value to be higher, 

however, considering that cellulose molecules are hydrated 

during the hydrolysis, incorporating a water molecule, is 

natural at the end, when analyzing the glucose and other 

reducing sugars, there may be some fluctuations in the 

obtained mass values. It can then be assumed that in these 

conditions the conversion of cellulose to reducing sugars 

was 100%. 

 

4.3. Enzymatic Hydrolysis of Cellulose  

For the development of enzymatic assays two different 

enzymes were used belonging both to commercial kit 

Novozymes®. The quantification of protein present in each 

of these commercial solutions was performed by the 

Bradford method and the results are showed in Table 3. 

 
Table 3 – Protein quantification of commercial enzyme solutions 

performed by Bradford method  

Enzymes  
Protein 

[mg.mL-1] 

cellulase (N22086)  120 

β-glucosidase (N22118)  40 

 

During enzymatic assays the presence of reducing 

sugars were detected in commercial solutions of enzymes, 

identified by HPLC method as glucose. For this reason, the 

sugar value present in the commercial enzyme solutions 

were subtracted to the results in order to normalize them.  

 

4.3.1. Effect of agitation  

The effect of agitation in hydrolysis was tested by using 

cellulosic substrates such as filter paper and Avicel. In both 

cases was used an initial substrate concentration of 15 

mg.mL-1. It was also tested the activity of the cellulase 

enzyme by adding 100 µL to each sample. The results of 

this hydrolysis are shown in Figure 1. 

 

 
Figure 1– Enzymatic hydrolysis of cellulose with filter paper and 

Avicel using cellulase isolated or in combination with glucosidase. 

Assay at 50 ° C for 1 hour with and without agitation. 

 

As it can be seen, the cellulase activity is much higher 

in both substrates with agitation. In this case the conversion 

into reducing sugars without agitation is about 7% 

corresponding to a final concentration of approximately 1 

mg.mL-1 while 2.5 mg.ml-1 obtained in the case with 

agitation corresponds to a saccharification yield of about 

18%. In the case without agitation, the differences between 

the filter paper and Avicel were not significant, since the 

differences lie within the sample standard deviation. In the 

case with agitation, the higher conversion, although a 

minimum difference, may be due to the different 

configuration of the substrate, which will be more available 

as Avicel. 

 

4.3.2. Effect of adding glucosidase to 

hydrolysis reaction 
The conditions used in this assay were based on 

previous assay only with cellulase, but in this case, it was 

tested the addition of glucosidase enzyme. As it is known 

cellulase hydrolyses cellulose into smaller units, including 

cellobiose. The glucosidase is responsible for converting 

cellobiose to glucose. This way, it is expected that by 

adding glucosidase to hydrolysis reaction it can be obtained 

a higher saccharification. 

Initial substrate concentration was as in the above 

assay of 15 mg.mL-1, were used and 100 µL of each of the 

enzymes. The results are shown in Figure 2. 
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Figure 2 - Enzymatic hydrolysis of Avicel using cellulase isolated 

or combined with glucosidase. Assay at 50 ° C for 1 hour with and 

without agitation. 

 

As expected, the addition of glucosidase to the reaction 

increased the percentage of saccharification obtained, as it 

can be seen in the case in which there is no agitation and 

conversion to glucose is twice in the case where both 

enzymes were used. When there is agitation, this effect 

seems not to be very significant, since there is no big 

difference in obtained values. This may be due to the effect 

of agitation, which can disguise the effect that the two 

enzymes combined would have. On the other hand, only 

20% of conversion of the initial substrate are observed, 

indicating that more time is needed to observe the effect of 

the two enzymes combined. 

 

4.3.3. Study of the cellulase activity alone or 

in combination with glucosidase over 

time, with or without agitation  
This study began with the reproduction of the above 

assays conditions with one or two enzymes, with or without 

agitation. The changes were in the original volume of 

solution making it more diluted, with a substrate 

concentration of 6 mg.mL-1 of Avicel. The enzymes were 

used with the same amount, and the assay continued for 

4 days in order to be able to observe the evolution of the 

reaction. The results are shown in Figure 3 

 

 
Figure 3– Study of cellulase activity isolated or combined with 

glycosidase (C+G). Assay at 50 ° C, for 4 days with and without 
agitation. 

 

Complete conversion of Avicel only occurred when both 

enzymes were combined and with agitation, to reach a 

concentration of about 6.5 mg.mL-1. The effect of agitation 

increased the conversion rate and it is superior to the effect 

of combining the two enzymes alone, without agitation. 

These results are according to literature, which usually 

recommends the use of both in combination (Tan & Lee, 

2014) (Novozymes A/S). 

 

4.3.4. Enzymatic hydrolysis of cellulose in 

deep well microplate 
In this investigation, assays to be performed in 96 deep 

well microplate were drawn, since this way could be made 

various tests in the same plate, testing different conditions 

at the same time and also because it is very promising the 

ability to scale up the process from these reactors (Nunes, 

Fernandes, & Ribeiro, 2013). 

 The assay began with 96 deep well microplates, using 

filter paper as the substrate. 5 assays were performed by 

placing into each well 5 mg.mL-1 of the initial substrate 

concentration in order to assay the effect of using one or 

two enzymes simultaneously. Because it is not possible to 

mechanical stirring these plates we used an orbital shaker 

to incubate one plate, while the other plate was just 

incubated at the same temperature of 50 °C, but without 

agitation. The results were shown in Figure 4.  

 

 
Figure 4 - Cellulase activity isolated or combined with glucosidase 

(C+G) using filter paper assay at 50 ° C for 2 hours, with and 
without agitation.  

 

 

From the results, it can be concluded that orbital 

shaking had no great significance in microplates, since it 

does not result in higher conversion. Moreover in some 

assays, the results are even contrary, there appears to be 

a higher conversion in the case when there is no agitation. 

In literature assays there is not also agitation when studying 

the cellulase hydrolysis reaction using filter paper 

(Camassola & Dillon, 2012). In neither case, the conversion 

is not complete in 2 hours, reaching a maximum of 

saccharification of approximately 70 - 75% for the assay 2. 

The only clear conclusion drawn is that actually cellulase 

activity combined with glucosidase  

(70 - 75%) is much higher than cellulase alone, which 

reaches a maximum of about 30% conversion for the assay 

2.  

 

 

 

0,0

1,0

2,0

3,0

4,0

No stirring Stirring

C
o

n
ce

n
tr

at
io

n
 o

f 
re

d
u

ci
ng

 
su

ga
rs

 [
m

g.
m

L-1
]

Cellulase Cellulase + Glucosidase

0,0

2,0

4,0

6,0

8,0

0 20 40 60 80 100

C
o

n
ce

n
tr

at
io

n
  o

f r
ed

u
ci

n
g 

su
ga

rs
 [

m
g.

m
L-1

]

time [hours]

Celullase no stirrig C+G no stirring

Cellulase with stirring C+G with stirring

0,0

1,0

2,0

3,0

4,0

5,0

1 2 3 4 5

C
o

n
ce

n
tr

at
io

n
 o

f 
re

d
u

ci
n

g 
su

ga
rs

 [
m

g.
m

L-1
]

Cellulase no stirring Cellulase with stirring

C+G no stirring C+G with stirring



7 
 

4.3.5. Effect of the substrate configuration in 

the enzymatic hydrolysis reaction in 96 

deep-well microplate 

In order to verify if the configuration of the substrate 

influences the saccharification of cellulose, the same 

amount of filter paper (5 mg) was cut up in different ways: 

A – whole form; B – 2 pieces; C - 4 pieces; D – 6 pieces;  

E – 8 pieces; F – 16 pieces. All the pieces are equal with 

each other in every assay. The final concentrations 

achieved are represented in Figure 5.  

 

 
Figure 5- Cellulase activity isolated or combined with glucosidase 
(C+G). Filter paper assay at 50 ° C for 2 hours, with agitation. A – 

Whole form; B – 2 pieces; C - 4 pieces; D – 6 pieces; E – 8 

pieces; F – 16 pieces  

 

In general, there appears to be no significant difference 

between the different sizes of the substrate strips. Both 

assays (A and F) presented the same rage of final 

conversion of 70 - 75% of the initial substrate. 

 

4.3.6. Enzymatic hydrolysis of cellulosic 

macroalgae residue 
 In this first enzymatic hydrolysis assay with  residual 

cellulosic biomass, previously lyophilized and with a 

residual moisture content of less than 1%, it was used the 

operating conditions previously tested for Avicel and filter 

paper, and it was used 5 mg of cellulosic biomass residual 

per 1 mL of total volume in each well. The results are shown 

in Figure 6. 

 

 
Figure 6 - Cellulase activity isolated or combined with glucosidase 

(C+G) using cellulosic residue of biomass .Assay at 50 °C for 2 
hours, without agitation. Assays 1 to 8 were done under the same 

conditions 

 

To start the results analysis, we can conclude that the 

maximum percentage of saccharification is about 50% in 

assay 4 to the combined activity of the two enzymes, which 

corresponds to the complete conversion of carbohydrates 

in residual cellulosic biomass. Another possible conclusion 

from this assay is that it is not possible to use only the 

cellulase enzyme in the microplate assays with this 

substrate, because isolated with this concentration and time 

of reaction, it has no significant enzymatic activity, which is 

realized by the non-presence of reducing sugars in most of 

the eight assays with cellulase only. 

 

4.3.7. Study of enzymatic hydrolysis of 

cellulosic macroalgae residue over time 

The study of the enzymatic hydrolysis reaction over time 

was carried out in jacketed vessel, which allowed to collect 

the samples without compromising the temperature inside 

the reactor and therefore, without stopping the reaction. In 

order to follow the reaction progress over time the 

concentration of enzymes was decreased using 200 µL 

each in 10 mL total volume. The substrate concentration 

continued to be 5 mg.mL-1.   

 

 
Figure 7 – Study of cellulase activity isolated or combined with 

glucosidase (C+G) using cellulosic residue of macroalgae.Assay 
at 50 °C for 6 hours, with stirring. Analysis by DNS and HPLC. 

 

As it can be seen at Figure 7, the reaction occurs at a 

higher speed initially and achieved the amount of 

approximately 2.3 mg.mL-1, which corresponds to a 

conversion of approximately 45% of initial biomass, which 

indicates a high yield, close to 90% conversion of the 

substrate into sugars.   

On HPLC, the results shown a lower concentration of 

reducing sugars, about 1.7 mg.mL-1 compared with the 

assay done by DNS, which was 2.3 mg.mL-1. This 

difference of about 0.6 mg.mL-1 can be justified by the fact 

that the HPLC analysis graph, although its analytical 

precision, only represent the glucose peaks detected, while 

the DNS analysis returns as result all of reducing sugars 

present in solution. As the method of HPLC confirms DNS 

method conversion results, the DNS will continue to be the 

method used in this investigation by allowing a higher 

number of assays simultaneously, thus allowing greater 

efficiency and speed in determining the optimum operating 

conditions for the hydrolysis of cellulosic biomass waste. 
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4.3.8. Optimal enzyme concentration 

In order to determine the optimal enzymes 

concentrations were used the same amount of substrate, 5 

mg, with different cellulase concentrations of 50, 75 and 

100 µL. To each concentrations an amount of glucosidase 

was added, in a ratio ranging from 0% to 100%, relative to 

the amount of cellulase added. The 0% means only 

cellulase used in a test and 100% the same amount of 

glucosidase and cellulase used. The results are shown in 

Figure 8 of the surface chart. 

 

 
Figure 8 – Determination of optimal enzyme concentration for 
residual cellulosic biomass. Assays at 50 °C, during 4 hours, 

without agitation. 

 

As it can be seen, the optimal combination of enzymes, 

where it gets higher conversion was between 75 to 100 µL 

of cellulase and 75 and 100 µL of glucosidase. The data 

obtained confirms the ideal combination as being 100 µL of 

cellulase with 75 µL of glucosidase. Glucosidase is used to 

hydrolyze the cellobiose resulting from incomplete 

hydrolysis of cellulose. 

The conversion of about 2.2 mg.mL-1 obtained for these 

ranges of enzyme concentration, will correspond to 90% 

conversion of biomass cellulosic waste. This value is a bit 

higher than expected but higher values obtained in the 

assays performed by the DNS may be due to the sum of 

water molecules incorporated during the hydrolysis 

process. 

 

4.3.9. Optimal Substrate Concentration 

In order to determine the substrate concentration that 

returns the maximum biomass conversion it were used the 

enzyme concentrations considered optimum in the above 

assay, being 100 µL of cellulase combined with 75 µL 

glucosidase. Tests were performed using only cellulase in 

order to compare the effect of cellulase activity isolated or 

combined with glucosidase. The results are described in 

Figure 9. 

 

 
Figure 9 - Concentration of reducing sugars obtained to different 
substrate concentrations using 100 µL of cellulase and 75 µL de 

glucosidase. 

 

For any substrate concentration, the conversion of 

cellulose into reducing sugars, in cases that two combined 

catalytic enzymes are used, is higher than using just 

cellulase.  

Variation of Substrate conversion, suggests Michaelis-

Menten kinetics. Considering that cellulosic biomass has 

50% in carbohydrate content, it could be assumed a total 

conversion of 5 mg.mL-1. In the cases of 10 mg.mL-1 and 15 

mg.mL-1 the conversion rate was about 80% of the 

carbohydrates. For the 20 mg.mL-1, the saccharification 

yield decreases to 60% in available carbohydrates, which 

means it is recommended to use a lower substrate 

concentration with these enzymes quantity in order to 

obtain the maximum yield 

To do a scale-up of this process, and obtain a maximum 

saccharification yield, the ideal would be scale up with the 

proportion of 100 µL of cellulase, combined with 75 µL of 

glucosidase to a substrate concentration of 5 mg.mL-1. 

  

4.4. Effect of acid pretreatment in enzymatic 

hydrolysis  

  

In order to check the need of acid pretreatment of the 

residual cellulosic biomass focused in this study, two diluted 

sulfuric acid concentrations were used and the same 

experiment was repeated using only water  

(0% sulfuric acid). The results obtained only with the acid 

pretreatment and after enzyme treatment are shown in 

Figure 10. 
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Figure 10– Effect of acid pretreatment of cellulosic waste 

biomass. 

 

About the prepared acid hydrolysis, it can be verified 

that, already exists conversion of substrate to reducing 

sugars, with low acid concentration. Observing enzyme 

assays after acid hydrolysis, with or without pretreatment 

there is no significant difference in the biomass conversion. 

The intention of the acid pretreatment is to make the 

substrate more available for hydrolysis and in this specific 

case already occurs hydrolysis during the pretreatment, it 

seems there is no need to pre-treat the biomass and it 

seems the substrate is hydrolysable in any case. 

  

 

5. Conclusion 
The composition of cellulosic residual biomass from 

agar-agar extraction revealed 51% content in 

carbohydrates (glucose and galactose). The optimum 

conditions found for saccharification would be the use of 

glucosidase and cellulase simultaneously at 50 °C with 

stirring. 

The enzymatic hydrolysis proved to be quite efficient 

with conversions of biomass carbohydrates in the ranging 

between 90 and 100%. 

 The advantages of enzymatic hydrolisis have a 

reduced environmental impact without producing 

compounds that could be inhibitory to the fermentation 

processes, but being at the same time an expensive 

process due to the high cost of enzymatic catalysts and 

usually requires a pretreatment of the biomass. Although in 

this work, it was concluded that it is not necessary the pre-

treatment for biomass concentrations used. 

In comparison acid hydrolysis of biomass is faster and 

cheaper but produces inhibitory compounds to the 

fermentation. A scale-up would require a  

cost-benefit reflection between the enzymatic hydrolysis 

and acid. 

Regarding the acid pretreatment and its combination 

with enzymatic hydrolysis there are many variables to be 

tested in future research. In conclusion the residual 

cellulosic biomass is promising raw material for the 

production of biofuels and other biomaterials. 
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