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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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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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