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A B S T R A C T

Cellulose has a highly diversified architecture and its enzymatic complexes are studied for achieving an efficient
conversion and a high level of efficiency in the deconstruction of cellulolytic biomass into sugars. The aim of this
investigation was to evaluate the effect of Laser or LED light in the cellulolytic activity (CMCase) and on the
proliferation of the thermophilic microbial consortium used on the degradation process of a lignocellulosic
biomass of green coconut shell. The irradiation protocol consisted of six Laser irradiations (λ660 ηm, 40mW,
270 s, 13 J/cm2) or LED (λ632 ± 2 ηm, 145mW, 44 s, 13 J/cm2) with 12- h time intervals in nutrient depri-
vation conditions. After irradiation, the consortium was inoculated into a lignocellulosic biomass (coconut fi-
bers). Non- irradiated consortium was also inoculated and acted as control. Cell proliferation and endoglucanase
activity were quantified during the experimental time. Experiments were carried out in triplicate. The results
showed an increase of 250 % of thermo-cellulolytic microorganisms for the LED group and 200% for the Laser
group when compared to the control. The enzymatic index (red Congo method), showed a statistically significant
difference in the process of degradation of the lignocellulosic biomass between the Laser and LED groups
compared to the control group [p < 0.0029; p < 0.029, respectively] 48-hs after the inoculation of the mi-
croorganisms. At the end of 72-h, this significant difference was maintained for both irradiated groups
(p < 0.0212). Based upon the protocol used on the present study, it is possible to concluded that LED light
enhanced cell proliferation of the thermophilic microbial consortium while the Laser light increase the enzy-
matic index of the lignocellulosic biomass of green coconut shell.

1. Introduction

The use of biomass, as a ready accessible raw material, indicates the
need of developing biotechnological and biostimulatory processes that
would allow greater cellulolytic activity against the rigid and well-or-
ganized structure of cellulose where the degradation of lignocellulosic
compounds is the great obstacle. Cellulose, even disaggregated with
lignin and hemicellulose, may be highly diversified in its architecture;
however, enzymatic complexes are being studied and produced to bring
about efficient conversion and a prominent level of efficiency in the
deconstruction of cellulolytic biomass into sugars [1].

The process of enzymatic hydrolysis of cellulose involves the

synergistic action of a cellulolytic complex, constituted by cellulases, for
the liberation of sugars, resulting in the final production of glucose, of
great industrial interest. The degradation action and mechanism of op-
eration of cellulases produced by bacteria are less well known than that
of fungi. All cellulolytic bacteria secrete endoglucanases, with different
properties and most demonstrate little activity in the crystalline struc-
ture of cellulose. Some exoglucanases have already been characterized,
but only a minority acted synergistically with endoglucanase in the
hydrolysis of the crystalline structure of cellulose [2].

The influence of laser and LED light usage on the stimulation of
different axenic bacterial populations has been permanently discussed
in the literature [3–5]. In our study we opted to use a consortium of
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microorganisms that is the real situation found when using biomass
with industrial purpose, being this the novelty of the study. In the
present study the objective was to photostimulate a microbial con-
sortium, that is, a mixed culture, to obtain a higher yield of the enzy-
matic catalysis through the complementation and synergistic action of
the cellulolytic complex [6,7].

Several studies on the effect of laser radiation on bacteria indicate
biostimulating or proliferative results, postulating that such effects are
due to the changes caused by the increase in the energy supply provided
by the radiation in the respiratory chain of bacteria [8,9]. One of the
targets of irradiation in the red spectrum is the cytochrome C complex
present in bacteria, when photo-excited this protein complex increases
its pumping capacity of protons and consequently increases the amount
of available cellular ATP [10].

Cytochrome C oxidase is a chromophore possessing intramolecular
targets capable of absorbing light, such as the copper centers. This
metal can be found in different enzymes of gram-positive or gram-ne-
gative bacteria, as found in microbial consortiums. Among these en-
zymes it can be cited the cytochrome oxidase and Cu-chaperones, in
addition to transcriptional regulators [11–13].

Copper and zinc are found in metal centers of proteins or even
acting as an enzymatic cofactor. These metals, especially zinc, are
abundant in microorganisms and the metalloproteins that contain them
are commonly associated with transcriptional events that trigger the
increase in the number of bacteria in the irradiated organisms [14].

It was hypothesized that photostimulation by red Laser/LED light
promotes the increase of the cellular proliferation and enzymatic index on
thermophilic microbial consortium and optimize the microbial synergism
of the consortium. The present study aimed to evaluate the potential of the
use of Laser or LED radiation in the endoglucanase activity (CMCase) and
microorganism proliferation of one thermophilic microbial consortium.

2. Methods

2.1. Sampling

The initial sample was obtained by removing 30 aliquots (100 g) at
differentiated points from a lignocellulosic biomass compost pile,

during the active degradation phase with temperatures between
65–70 °C. The sample was packed in pre-sterilized microtubes and
transported in a properly cooled environment (4 °C) directly to the la-
boratory of Biotechnology and Ecology of Microorganisms of the
Federal University of Bahia - UFBA.

2.2. Selection of the Thermo-cellulolytic Microorganisms

To select the thermo-cellulolytic microorganisms, the sample was
carefully subjected to cell extraction in sterile saline solution (0.85%)
with Tween 80 (0.01%), at 60 °C for 2-h in a shaker table (Innova 4080
-New Brunswick Scientific, Scientific Surplus, LLC, Belle Mead, New
Jersey, United States) at 100 rpm. The dilution 10−1 was thus obtained.
Subsequently, serial decimal dilutions were obtained in triplicate to
perform the most probable number technique (MPN). A dilution of
10−2 was obtained by withdrawing 1mL of the supernatant from the
extraction process and cultivating 9mL of synthetic culture medium
composed of NaNO3 (3 g/L); (NH4)2SO4 (1 g/L); MgSO4 (0.5 g/L); KCl
(0.5 g/L); FeSO4·7H2O (10mg/L) kept in a test tube with a filter paper
strip (Whatman # 1, previously cut to the extent of 1 cm×6 cm) as the
carbon source, and so successively obtaining the various serial dilu-
tions. The tubes were incubated at 60 °C for five days. The identification
of the cellulose degradability consortium was based on the visual
analysis of the degradation of the filter paper strips [15].

2.3. Oxidase's Identification

Oxidase identification was verified by the oxidation of N,N,N,N-
tetramethyl-p-phenylene diamine monohydrochloride (Sigma) by cell
oxidases. A 10mg/mL solution was prepared and added to the filter
paper until completely absorbed. Subsequently colonies of the con-
sortium were spread on the filter paper and a culture of Escherichia coli
was used as a negative control. The positive tests showed purple
staining immediately at the inoculation site of the microbial con-
sortium, the negative oxidase did not present color change (negative
control). (See Fig. 1.)

Fig. 1. A- Oxidase positive thermo-cellulolytic consortium; B- Oxidase negative Escherichia coli.

P.J.L. Crugeira et al. Journal of Photochemistry & Photobiology, B: Biology 181 (2018) 115–121

116



https://isiarticles.com/article/146812

