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Introduction

Cellulose is a major renewable form of carbohydrate, with 

approximately 1011 tons synthesized annually. It is an unbranched 

β-1,4-linked homopolymer of glucose [1], but cellulose samples of 

di�erent origins vary widely in their chain lengths and in the degrees of 

interaction between chains. As a raw material, cellulose has currently 

the greatest potential to produce bioethanol; however, cellulose must be 

hydrolyzed to obtain fermentable sugars and the cellulolytic enzymes 

are central to the processing of biomass for bioethanol production. 

A cellulolytic enzyme is a complex system of enzymes, comprising 

endoglucanase (endo-1,4-β-D-glucanase, EC 3.2.1.4), exo-glucanase 

(1,4-β-D-glucan-cellobiohydrolase, EC 3.2.1.91) and β-glucosidase 

(β-D-glucoside glucanohydrolase, cellobiase, EC 3.2.1.21), which act 

synergistically to degrade cellulosic substrate [2,3]. 

Many reports use the Filter Paper Activity/Assay (FPA) to 

determine the quantity of cellulolytic enzymes required to hydrolyze 

lignocellulosic biomass. �e FPA was initially proposed by Mandels et 

al. [4] as a simple, reproducible and quantitative method that predicts 

enzyme action under practical sacchari�cation conditions. �is method 

is very useful, as demonstrated by Eveleigh et al. [5] in a republication 

of the original article. �e FPA, however, remains a very laborious and 

time-consuming method, requiring many manual manipulations and 

producing large quantities of toxic e�uents.

Decker et al. [6] proposed an attractive method for automated �lter 

paper activity/assay determination, but the results obtained by these 

authors were not similar to those obtained with the standard method 

proposed by Mandels et al. [4]. �e standard method, performed 

manually, resulted in a FPA of 38.6 FPU/mL in the commercial 

cellulase preparation. �e same cellulase mixture on Whatman n. 1 

�lter paper with other cellulose substrates, assayed in microtiter plates, 

resulted in a varied range of activities. In the microtiter plate-based 

assays performed using the Cyberlabs C400 robots, the commercial 

cellulase preparation resulted in an apparent FPA activity of 60.4 FPU/

mL on �lter paper (disks with an average weight of 2.65 mg), 35.2 FPU/

mL on SigmaCell-20, 34.7 FPU/mL on Solka-Floc, 27.8 FPU/mL on 

Avicel PH101 and 14.1 FPU/mL on cotton linters.

�e aim of this study was to improve the method proposed by 

Mandels et al. [4] and Eveleigh et al. [5], thus creating an easier, faster, 

less labor intensive and less polluting alternative.

Concomitant with the development of this new method, it was also 

used the methodologies proposed by Decker et al. [6] and Xiao et al. 

[7]. However, the liquid/solid (bu�er plus enzyme and substrate) ratios 

proposed in the standard method were retained. By using the simple 

adjustments suggested in this paper, it is possible to reduce reagent 

expenses by ten-fold, as well as reducing preparation time by at least 

75% while obtaining similar results to the standard method.

Materials and Methods

Reagents and materials

�e total cellulase activity was determined using Whatman n.1 
�lter paper. 

�e reducing sugar reagent was the standard FPA DNS reagent, 
which contained 283.2 mL deionized water, 2.12 g 3, 5-dinitrosalicylic 
acid, 3.96 g NaOH, 61.2 g Rochelle salts (sodium potassium tartrate), 
1.52 mL phenol and 1.66 g sodium metabisul�te. �is solution was 
prepared as described by Miller GL [8].

Anhydrous glucose (2.0 mg/mL) was used as the reducing sugar 
stock standard and it was diluted to produce a standard curve. 

Enzymes

�is study used enzyme preparations derived from Penicillium 

echinulatum 9A02S1 (DSM 18942) and Trichoderma reesei (RUT C30) 
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Abstract

There has been a notable increase in interest about cellulases in recent years due to their numerous potential 

applications, including the hydrolysis of cellulose in lignocellulosic biomass to produce reducing sugars for the 

development of second-generation ethanol. However, the traditional cellulase assays are tedious, time-consuming 

and labor intensive. What is more, they require large amounts of reagents and produce large quantities of toxic 

effluents? The Filter Paper Assay (FPA) is the standard measure of cellulase activity, according to the International 
Union of Pure and Applied Chemistry. Although it can be reproduced in most laboratories, with some practice, 

this method has long been known for its complexity and many manual manipulations. In this study, adaptations 

were made to the FPA to create a low-cost, easier, faster, less labor intensive and less polluting alternative, while 

maintaining similar results to the standard method.
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that were produced at the University of Caxias do Sul (Caxias do Sul, 
RS, Brazil) using lab-scale fermenters and solid state culture [9-14]. �e 
submerged media used for cellulase production contained: 0.2 g/L-1 
KH

2
PO

4
; 0.13 g/L (NH

4
)SO

4
; 0.03 g/L CO(NH

2
)

2
; 0.03 g/L MgSO

4
.7H

2
O; 
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2
; 0.5 mg/L FeSO

4
.7H

2
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4
.H

2
O; 0.14 

mg/L ZnSO
4
.7H
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O; 0.14 mg/L CoCl

2
; 1% (w/w) microcrystalline 

cellulose or sugar cane bagasse; and 0.1% (w/w) microbiological grade 
peptone. �e inoculum contained 105 spores·mL-1 and was prepared 
in a medium containing 0.5% (w/w) wheat �our. Cellulase production 
was conducted for 4 days at 28°C and 150 rpm.

For solid state culture, Wheat Bran (WB) Sugar Cane Bagasse (SCB) 
and Steam Explosion Sugar Cane Bagasse (SESCB) were used as the 
support and main carbon sources. �e culture media consisted of WB 
and SCB. Solid state cultures were incubated in static tray bioreactors 
closed with a gauze-covered cotton wool plug containing 50 g dry 
mass of production media and 50 mL basal salt solution containing: 
20 g/L KH

2
PO

4
; g/L (NH

4
)

2
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All �asks were autoclaved at 120°C for 30 min. Each �ask was 
then inoculated with su�cient conidial suspension to give a �nal 
concentration of 1×106 conidia per gram dry mass of production 
media. �e moisture of the media was adjusted to 67% with distilled 
water. �e �asks were then incubated at 28°C and 90% humidity for 
4 days. To extract the enzymes a�er incubation, the contents of each 
�ask were separately added to a 2 L-Beaker �ask containing 1 L 50 mM 
sodium citrate bu�er (pH 4.8). �e contents were mixed and incubated 
with agitation for 30 min at 4°C and then �ltered. �is �ltrate was used 
for the enzyme assays. 

Filter Paper Assay Protocols

All values of enzyme activity are averages obtained from assays that 
were performed in triplicate. �e enzymes were analyzed using three 
methods: 1) the standard method as described by Mandels et al. [4] and 
Eveleigh et al. [5]; 2) the 60 µl microplate assay as described by Xiao et 
al. [7]; and 3) the “Reduced method”, as proposed by this paper.

Figure 1 shows the steps involved in the determination of FPAs. 
All steps were adapted, but the proportions described in the standard 
method were preserved.

Enzyme units

One unit (U) enzyme activity was de�ned as the amount of enzyme 
required to liberate 1 µmol reducing sugar from the appropriate 
substrate per min under the assay conditions. �e results are shown in 
U·mL-1 for submerged and solid state cultivation. 

Statistical tests 

�e results were statistically analyzed using Prism GraphPad 
so�ware and analysis of variance with Tukey’s post-test with p<0.05. 
Origin so�ware was also used to conduct t-tests, when necessary.

Results and Discussion

�e tests were conducted by employing enzymes produced in 
submerged and solid state cultures by the fungi P. echinulatum 9A02S1 
and Trichoderma reesei Rut C30. 

In Figure 2, the data obtained using the �ve enzymes and examined 
with all three methods is shown. It appears that the method performed 
using a smaller �nal volume (60 µL), as proposed by Xiao et al. [7], 

Standard FPA Reduced method

Filter or centrifuge the enzyme broth and transfer the 

samples to a deep-well plate.

                                      

Transfer 50 µl of each enzyme broth to another deep-well 

plate. It was suggest diluting the broth by using 25 µl and 

10 µl, respectively, or as appropriate.

                                                                        

At least two dilutions must be made of each enzyme 

sample, with one dilution releasing slightly more than 2.0 

mg glucose (absolute amount) and one slightly less than 2.0 

mg glucose for Trichoderma enzymes and 1.0 mg, 

respectively, for Penicillium enzymes. It necessary to 

prepare the glucose curve.

Add buffer to bring to 150 µl total volume. Cover the deep-

well plate with the lid and incubate for 5 minutes at 50°C to 

equilibrate the plate with the buffer and enzyme. Prepare 

the standard curve of glucose.

Manually add the 1x0.6 cm Whatman n°1 filter paper strip

into each well using a forceps. The substrate can be 

prepared as shown to avoid inconsistencies in size, 

shape, and folding methods (Diagram 2), or the FPA 

plate can be used to add the filter paper – patent in 

preparation. The use of this plate allows the analysis to 

be conducted using a robotic system.

Incubate the plate at 50ºC for exactly 60 min. The 

deep-well plate must remain closed with a silicone 

cover to avoid losses caused by evaporation.

Add 300 µl DNS solution to each deep well and cover the 

plate. If the Whatman n°1 filter paper strips were added 

one by one, the DNS solution must be pipetted one by 

one.

Incubate the plate for 5 min at 100°C. The pressure will 

cause the lid to come off; however, because it remains 

over the well, it will prevent evaporation. After 

cooling, centrifuge the deep-well plate. 

Transfer 100 µl of the solution from the assay plate to 

a standard optical 96-well plate, and add 200 µl

distilled water.

Read at 545 nm.

Filter

Filtered
Enzyme
Broth

1/2  ml  Enzyme

1  ml  pH  4.8

Buffer

Add  1x6  cm
 filter  paper
       strip
    (Su mg)

Stir

Incubate  1 hr.

50˚c

3 ml  DNS
Reagent

Boil 5  min.

16 ml  H
2
O

Read Color Value
at 550 mm

C
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B
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Figure 1: Comparison of the steps for FPA determination between the Stan-

dard method, proposed by Mandels et al. and Eveleigh et al. and the adapted 

method (Reduced method).

showed higher activity for all enzymes tested. �e activities were 
statistically higher than the standard and the reduced methods.

When comparing the results from the standard and the reduced 
methods, a statistic similarity (using Tukey’s test) is noted, except 
for enzyme 3, which was produced in solid state culture using WB. 
However, when activities obtained with the standard and reduced 
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methods were only compared for this enzyme, there was no signi�cant 

di�erence (using the t-test). 

When comparing the di�erent FPA methods using T. reesei Rut 

C30 enzymes, the microplate assay once more showed the highest 

mean activities, and these values were signi�cantly higher than those 

produced through the other two methods. Nevertheless, the standard 

and reduced methods produced statistically similar data, as shown in 

Figure 3.

�e FPA has been widely used to measure total cellulase activity, 

since Mandels et al. [4] proposed a number of standard procedures for 

the measurement of cellulase activity. Whatman n.1 Filter paper is used 

as the standard substrate because it is readily available and inexpensive 

(Figure 4). What is more, assays performed with this �lter paper 

provide reliable and reproducible results [15]. However, the Mandels 

FPA is time consuming, labor intensive, and requires large amounts of 

reagents. �us, the method proposed by Xiao et al. [7] was performed 

using a total volume of 60 µl, as described in Table 1. Nevertheless, 

the data obtained with this method were di�erent from those of the 

standard method; perhaps, because it did not use the same ratio of 

reaction volume to �lter paper.

In Table 1, the relative liquid/solid area and relative liquid/solid 

weight for the assays is shown. When comparing the relative liquid/

solid area or relative liquid/solid weight for the Standard FPA and 60-

µl FPA, it was noted that the method proposed by Xiao et al. [7] used a 
lower quantity of liquid (bu�er and enzyme) in relation to the amount 
and area of substrate. �is justi�es the higher activities obtained when 
using the microplate methodology. Xiao et al. [7] attempted to use the 
same ratio of reaction volume to �lter paper area for their microplate-
based assay, as it is used for the standard FPA, but similar results were 
not obtained.

�e data obtained through the method here proposed (Reduced 
FPA) is the result of simple modi�cations, which allowed the same 
liquid-to-substrate ratio used in the standard method.

Decker et al. [6] also reported a miniature-scale FPA. However, the 
detectable �lter paper activities were 56% higher than those obtained 
with the standard FPA. Interestingly, in this study, the average activity 
obtained for the enzymes analyzed by the 60-µL FPA microplate were 
56.12% (P. echinulatum) and 48.60% (T. reesei) higher than those 

1 2 3 4 5
0.00

0.25

0.50

0.75

1.00

Standard (500 µl)

60 µl microplate (20 µl)

Reduced (50 µl)

a

b

a

a

a

a

Enzyme

F
il

te
r 

P
ap

er
 A

ct
iv

it
y

(I
U

.m
L

-1
)

b
c

bbbb b

b

bA
A

Figure 2: Comparison of Penicillium echinulatum cellulase activity measured 

using the standard FPA, the 60 µl microplate FPA and the reduced FPA (pro-

posed in this paper) methods. Enzymes 1 and 2 were produced in a sub-

merged culture using cellulose and sugar cane bagasse as the inductor and 

carbon source, respectively. Enzymes 3, 4 and 5 were produced in solid state 

cultures using only wheat flour (WB), sugar cane bagasse plus WB (1:1) and 
steam explosion sugar cane bagasse plus WB (1:1), respectively. Methods 

with the same lower case letter for the same enzyme do not differ statistically 

by Tukey’s test (p > 0.05). Methods with the same capital letters for the same 

enzyme are statistically similar, according to the t-test (p > 0.05). The values in 

brackets in the legend indicate the volume of enzyme used for testing.
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Figure 3: Comparison of Trichoderma reesei Rut C30 activities measured us-

ing the standard FPA, the 60 µl microplate FPA and the reduced FPA (pro-

posed in this paper). Enzymes 1 and 2 were produced in submerged cultures 

using cellulose and sugar cane bagasse, respectively. The enzymes 3, 4 and 

5 were produced in solid state cultures using only wheat flour (WB), sugar 
cane bagasse plus WB (1:1) and steam explosion sugar cane bagasse plus 

WB (1:1), respectively. Methods with the same lower case letter for the same 

enzyme do not differ statistically by Tukey’s test (p > 0.05). The values in 

brackets in the legend indicate the volume of enzyme used in testing.

Front     Back

Cut on the drawn (front) line 


a) b)

c)

Using the lines on the front as a guide, fold 0.5 cm of the paper at the left side 

(c), and then fold this flap over itself (d).

d)

e)

Cut on the drawn (back) line (f).

f)

Figure 4: Preparation of Whatman n.1 filter paper strips.
Draw parallel lines on the front of the sheet, leaving exactly 1 cm between 

them. On the back, draw parallel lines leaving 0.6 cm between them, as shown 

in Figure 2 (a) and Figure 2 (b).

Method Standard FPA
60-µl FPA 

microplate
Reduced FPA

Reference
Mandels et al. (1976); 

Eveleigh et al. (2009)
Xiao et al. (2004) This study

Whatman n. 1 Filter 

paper substrate
600 mm2 (50 mg)

38.5 mm2 (3.4 

mg)
60 mm2 (5 mg)

Buffer volume 1 mL 40µl 100µl

Enzyme (or glucose 

standard volume)
0.5 mL 20µl 50µl

Relative liquid/

solid area
2.5 1.56

2.5

Relative liquid/

solid weight
30 17.65

30

Enzyme reaction at 

50°C for 60 min

Test tubes in water 

bath

96-well 

microplates in 

temperature 

cycler

96-well 

microplates in 

water bath

Volume of DNS 3.0 mL 120 µl 300 µl

Color development 100°C for 5 min 95°C for 5 min 100°C for 5 min

Amount of H
2
O 

added prior to 

measurement 

20 mL

160 µl to 36 µl 

of the reaction/

DNS mixture

200 µl to 100 µl of 

the reaction/DNS 

mixture

Table 1: Comparison of the different reaction volumes and components of the filter 
paper assays.
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obtained with the standard FPA. However, with the Reduced FPA 
method, water evaporation from the 96-well plate was prevented a�er 
60 min incubation at 50°C and 5 min incubation at 100°C in the water 
bath (data not shown), because the plate lids were closed with a silicone 
seal, which remained closed at 50°C.  

�e seal allowed to centrifuge the plates, thus reincorporating 
the liquid that condensed on the undersurface of the lid during 
the incubations. Although the lid will come o� at 100°C, it remains 
over the well and inhibits evaporation. It is possible to close the lid 
subsequently, by applying light pressure. In addition, the plates were 
incubated in environments with high humidity.

Conclusions 

�e reproducibility of the method proposed here was carefully 
evaluated in preliminary experiments. Although the collected data 
indicate the possibility of realizing measurement of total cellulases in 
smaller volumes than those proposed in the standard method, and in 
a less laborious way, the ideal methodology is still a controversial issue 
in the literature. �e search for cellulolytic microorganisms, carbon 
sources and inductors, and the optimization process for cellulase 
production demand a large number of assays. For these reasons, the use 
of a practical, less polluting and less costly method is of fundamental 
importance for science and the environment.
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