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Abstract

The aim of this study was to assess the mixed combination of coffee pulp waste
(CPW) and pineapple waste (PW) residues for cellulase production using newly isolated
Acinetobacter sp. TSK-MASC in solid state fermentation. Response surface methodology
based Box—Behnken design (BBD) was employed to optimize the variables such as pH,
incubation time, concentrations of CPW and PW. The BBD design investigation showed a
sound adjustment of the quadratic model with the experimental statistics. Statistics based 3-D
plots were generated to evaluate the changes in the response surface and to understand the
relationship between the enzyme yield and culture parameters. The higher production (888

U/mL) was achieved after 60 h of incubation with 3.0 g/L of CPW and PW at pH 7.0.

Key words: Cellulase, Coffee pulp, Response surface methodology, Solid state fermentation
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1. Introduction

Cellulases are enzymes which hydrolyse the B-1, 4-glucosidic linkages of cellulose.
The enzyme is mostly involved in degradation and recycling of abundant cellulosic biomass
present in the environment. Cellulases play a major role in industries as well as generation of
sustainable energy sources like, glucose, ethanol, hydrogen and methanol.'? At present
cellulases are the third largest enzymes in the industrial enzyme market worldwide. They
have wide range of applications in cotton processing, paper recycling, detergent industry, and
food industries.

Wide variety of microorganisms such as aerobic and anaerobic bacteria®*® white rot
soft fungi®’ and anaerobic fungi produce cellulase enzyme.® In addition to that filamentous
fungi, actinomycetes, and aerobic bacteria, cellulases are mostly secreted as free molecules.
Most of the cellulases exploited for industrial applications are from filamentous fungi such as
Trichoderma, Penicillium, Fusarium, Humicola, Phanerochaete, etc., where a large number
of cellulases are encountered.”” In recent years bacterial enzymes have received much
attention as potential enzymes in the industries. The rapid growth rate, ability to grow in
different environmental conditions, ability to utilize wide substrates as carbon and nitrogen
source, and secretion of different types of extracellular enzymes enhanced the application of
bacteria in fermentation studies.'’

Solid state fermentation (SSF) is a process in which fermentation is carried out in
solid matrix with limited water; however, the substrate must possess enough moisture for
microbial growth and metabolic activity. The minimal amount of water used in SSF allows
the maximum production of metabolites and reduces the time required for downstream
processing. Compared to submerged fermentation processes, SSF is less expensive, small
scale operating vessels, less water utilization, lower energy consumption.'"'? Production of

industrially important biomolecules by SSF has been greatly influenced by the optimization
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of physicochemical properties of the medium.'*" Optimization of fermentation conditions
may enhance the production of the desirable products. Conventional optimization methods
are involves changing one independent variable at a time, while other variables remain fixed.
However the optimization of variables by using statistical methods are quite interesting
because of its simplicity, time consume, less man power.'*°

Response surface methodology (RSM), a statistical tool is universally practiced
methodology for design the models and analyzes the most significant problems, in which a
response is highly influenced by several variables for the production of industrially important
biomolecules and secondary metabolites. It helps to identify the successful factors, study
interactions, most favorable conditions, calculate the optimum level of the variables, and
ensure the maximum production in a fixed number of experiments.'*'"!®

Industrial biotechnology offers budding opportunities for cost-effective consumption
of agro-industrial residues such as coffee pulp and coffee husk for the production of enzymes
and organic acids.'’ Coffee pulp wastes (CPW) are generated during the industrial processing
of coffee cherries by wet and/or dry process. These wastes are generated by coffee producing
countries (India, Brazil, Vietnam etc.) in large amount throughout the year and are the most
abundant renewable resources.'’ Pineapple wastes (PW) are found to have potential uses as
raw materials that can be converted into value-added products. The peel is a rich source of
cellulose, hemicelluloses and other carbohydrates. Pineapple wastes are also proportionally
increasing. CPW have not as much of sugar content and sufficient protein but PW holds high
amounts of sugars and proteins. The sufficient sugars and proteins from the substrates which
promote the growth of microorganisms lead to the production of significant yield of enzymes.
So this bi-substrate combination contribute the synergistic effect should be useful technology

for production of high quantity of cellulase. Waste disposal represents a growing problem

since it is usually prone to microbial spoilage and it causes serious environmental problems.
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The utilization of waste would be an innovation to handle the great deal of waste from
processing.zo’21 Because of the large availability and sugar composition it is widely used as a
substrate in SSF. So far, most of the studies have been reported for the production of enzymes
by using single substrate, while there is no report for the production of enzymes from the
combination of bi-substrates. Such type of the combination may enhance the bacterial growth
in SSF and thereby the product of interest.
2. Materials and methods
2.1. Isolation and screening of cellulase producing bacteria

Soil samples were collected from coffee pulp disposing site at Yercaud, Tamil Nadu,
India. The isolation of bacteria from soil was carried out the procedure described by Kamala-
Kannan and Krishnamoorthy.” The serially diluted soil suspension (0.1 mL) was plated using
the spread-plate technique onto Nutrient agar (Hi-media Pvt Ltd, India). Plates were
incubated at 25+2 °C for 48 h and observed for the bacterial growth. Morphologically distinct
colonies were identified, purified, and stored at 4°C for further study. The isolated bacterial
colonies were screened for cellulase production on agar medium composed of 0.5% yeast
extract, 0.5% casamino acid, 0.5% MgSO4-7H,0, 0.3% tri-sodium citrate, 0.2% KCI and 5%
sodium chloride, supplemented with 0.5% (w/v) carboxy methyl-cellulose (CMC) (pH 9). All
the isolates were inoculated into the agar plates, incubated at 30°C and observed for the clear
zone around the colonies after 24 h in the plates.” Isolation and identification of the isolate
were carried out at the PG and Research Department of Biotechnology, Mahendra Arts and
Science College, Kalippatti, Tamil Nadu, India.
2.2. DNA extraction and identification of the isolate TSK-MASC

Genomic DNA was extracted according to Maniatis et al., Sambrook and Russell. 2%
The partial 16S rRNA gene was amplified using wuniversal primers 27f

(5’AGAGTTTGATCCTGGCTCAG3')and 907r (5'CCCCGTCAATTCATTTGAGTTT3').



126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

RSC Advances

The amplicons was purified (QIAGEN, CA, USA) and sequenced using ABI PRISM (Model
3700, CA, and USA). The sequences were compared using BLAST (NCBI) for the
identification of isolate TSK-MASC. Phylogenetic analysis was performed using Neighbor-
Joining method in CLC WORKBENCH 5.2 software (CLC bio, MA, USA).
2.3. Substrate

CPW was procured from coffee processing industry at Yercaud, Salem, Tamil Nadu,
India. PW was collected from juice industries at Dharmapuri, Tamil Nadu, India. The
substrates were dried at 50°C for 12 h to decrease the moisture content. The dried particles
were sieved (mean size of 1.0 to 2.0 mm) and used for fermentation studies. The substrates
were pretreated individually with 1% (w/v) NaOH. Briefly, ten grams of each substrate was
dispensed in 500 ml Erlenmeyer flasks containing 100 ml of alkali and left at room
temperature for 2 h. The alkali treated substrate was then washed thoroughly with distilled
water to remove traces of base followed by drying.26
2.4. Inoculum

The substrates were vigoursly mixed, and the flasks were autoclaved at 121°C for 15
min. After sterilization the flasks were cooled to 50°C and inoculated with 5 mL of TSK-
MASC isolate carrying 10° cells/mL (0.8 OD at 600 nm) as a seed culture under aseptic
condition.
2.5. Scanning electron microscopy (SEM)

Scanning Electron Microscopy was used to examine morphological modifications of
CPW and PW before and after the alkaline pretreatment according to Diaz-Malvéez et al.”’
Samples were dehydrated and mounted on stubs and sputter-coated with gold for 300s using
high vacuum and a voltage acceleration of 10kV. SEM was performed in a Jeol JSM 6390
model.

2.6. Statistical optimization of cellulase production

Page 6 of 20
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Response surface methodology combined with BBD was established using Design
Expert software (8.0 trial version). Statistical based BBD with four factorial and three levels
was developed to optimize the cultural conditions.”* " The factors, namely, pH, incubation
time, CPW and PW were optimized for enhanced cellulase production using the isolate TSK-
MASC under SSF. The temperature was kept constant at 37°C throughout the experiments. A
total of 29 experiments were performed to optimize the process parameters, and experiments
were performed according to the experimental design matrix. The results were evaluated by
applying the coefficient of determination (R), analysis of variance (ANOVA) and response
plots. Employing RSM, the most widely used second-order polynomial equation developed to
fit the experimental results and identify the relevant model terms

Y =By YBiXi + YBiXi + YBiXiX; (1)

Where Y is the predicted response; By, B; Bii Bij are fixed regression coefficients of the
model; and X; and X represents independent variables.
2.7. Enzyme recovery

The fermented solution from each flask was extracted and mixed with 0.05 M
sodium acetate buffer (pH 4.8) and subjected to shaking at constant speed of 150 rpm for 30
min. Later, the mixture was filtered initially through Whatman No. 1 filter paper followed by
0.2 pm membrane filter and again centrifuged at 10000 rpm for 10 min at 4°C. The
supernatant was used as crude enzyme source for further assay.”’
2.8. Enzyme assay

The cellulase activity was measured by mixing 100 pl of enzyme solution with 100
ul of 1% (w/v) CMC in 50 mM Tris-HCI buffer (pH 9) at 50°C for 20 min. The reaction was
stopped by adding the 3, 5-dinitrosalicylic acid (DNS) reagent. The mixture was boiled for 10
min, cooled in ice and amount of reducing sugars liberated was measured at 550 nm.*' One

unit of CMCase was defined as the amount of enzyme required to liberate 1pumol of glucose
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per min.”

2.9. Effect of temperature on activity of purified Cellulase.

The optimum temperature for enzyme activity was determined by incubating the
reaction mixture (200 pl diluted enzyme solution + 300 pl of 1% CMC) for 1 h at various
temperatures ranged between 30 - 80°C and the residual activity was assayed by standard
DNS method.

2.10. Effect of pH on activity and stability of purified Cellulase

The optimal pH of the purified cellulase activity was evaluated by incubating the
reaction mixture at 50°C for 1 h with different pH buffers. Buffers used were; 50 mM sodium
citrate (pH 3-6), 50 mM sodium phosphate (pH 6-8), 50 mM glycine—NaOH (9-11), and 50
mM dilute NaOH for pH 12-13 and the residual activity were assayed by standard DNS
method.

3. Results and discussion
3.1. Isolation, identification, screening and characterization of cellulase producing bacteria
The present study represents an attempt to evaluate the potential of two substrates
for the production of industrially important cellulases by SSF. Five morphologically different
bacterial colonies were isolated from the coffee pulp disposing site and were screened on
CMC agar plates for cellulolytic activity. The results showed that the isolate, designated
TSK-MASC, exhibited maximum cellulolytic activity. The isolate showed the clearance zone
of 3.8 cm in diameter (Fig.1). Accordingly, the isolate TSK-MASC was selected for SSF
studies. Polymerase chain reaction amplification of the partial 16S rDNA resulted in the
predicted 900-bp amplicon in the isolate TSK-MASC. The amplified product was sequenced
and compared with the available sequences in NCBI database. The isolate TSK-MASC
exhibited 99% identity with Acinetobacter sp. The partial 16s rRNA of the isolate TSK-

MASC was submitted in GenBank (Accession No. KC309425). A phylogenetic tree was

Page 8 of 20
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derived from the partial 16S rDNA sequences of the isolate with existing sequences in the
database, and the results are shown in Fig. 2. Expectedly, the isolate TSK-MASC and
Acinetobactor sp. GA56 were in the same clusters and which further confirms the identity of
the 16S rDNA sequence with Acinetobacter sp.

CPW and PW were chosen as substrates for effective cellulases production. The
pineapple peel contains high amounts of cellulose, hemicelluloses, and other
carbohydrates.”'> It is also used as a culture broth for the cultivation of microorganisms and
cellulase production.* Coffee pulp is composed of carbohydrates, proteins and fibers.'® India
is one of the major coffee producing countries in the world and coffee is one of the major
crops in India. Large number of coffee processing industries released wastes such as, coffee
pulp and husk. Consumption of these wastes for the production of industrially important
biomolecules is very interesting in the field of bioprocess technology and waste management.
3.2. SEM analysis of CPW and PW

The SEM analysis clearly showed that the pretreatment modified the outer layer of
the substrates CPW and PW. The pretreated samples showed that the degradation of external
micro fibers (Fig.3 and 4). Diaz-Malvaez et al.”’ reported that the NaOH treated Corn
pericarp fibers represented more available desired product for hemicellulolytic activity

production during fermentation. Wang et al.®

stated that the pretreatment can alter the
structure as well as increased amounts of product of interest by microbial fermentation.
3.3. Optimization of cellulase production by using BBD

The BBD was applied to identify the optimal conditions for the enhanced production
of cellulase enzyme. The experimental design is presented in Table 1. ANOVA of the
quadratic regression model (Table 2) exhibits that it was a highly significant model, as was

evident from the Fisher’s F-test with a very low probability value (F value = 16.25). Values

of ‘Prob > F’ (0.0500) indicate that the term of the model was significant. The Model F-value
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of 16.25 implies that the model was significant. There was only a 0.01% chance that a model
F-value could occur due to noise. The predicted R* (0.6663) and adjusted R* (0.8841) values
for cellulase production were in reasonable agreement with the value of R? (0.9420), which is
closer to 1.0, indicating the better fitness of the model in the experimental data. The model
for cellulase production by SSF, three different tests, namely, sequential model sum of
squares, lack of fit tests and model summary statistics were carried out in the present study.

The 3-D plots were graphical representations was generated (Fig. 5). The results
demonstrate that there was significant relation of pH, incubation time, with CPW and PW
concentrations for cellulase production. The optimum levels of the variables were obtained
by using BBD. The model predicted a maximum cellulase activity of 888 U/mL appearing
after 60 h cultivation with 3.0 g/L of CPW and PW at pH 7.0. Predicted model was validated
and experiments were conducted using these optimal conditions. The predicted model values
were in good agreement with the values measured in these experiments, thus mitigating the
validity of the response model and the necessity for optimal conditions. The graphs
highlighted the roles played by the variables for the production of cellulase.

The coefficients of the regression equation were calculated and the following
regression equation was obtained.
Y=884.40-4.67A-13.33B+25.17C+29.67D-17.25AB+20.50AC+18.25AD-46.50BC-
56.25BD-25.00CD-237.49A%-184.24B-140.99C>-133.49D? )
Where, Y stands for cellulase activity, A is pH, B is incubation time, C is coffee pulp
concentration and D is pineapple waste concentration respectively. A high degree of
similarity of experimental values were observed, thus reflecting the precision and
applicability of RSM to optimize the process for cellulase production. The results are in
agreement with the previous studies reporting the significant role of RSM on enhanced

production of secondary metabolites using microorganisms. Optimization of fermentation

Page 10 of 20
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conditions for the production of cellulase progress the rate of production economics and it is
also an attractive technology.*
3.4. Effect of temperature and pH on enzyme activity
The effect of temperature on activity of cellulase was determined at various
temperatures ranged between 30°C - 80°C. The optimum temperature for cellulase activity
was found to be 50°C at pH 7.0 and decreased rapidly as the temperature increased above
60°C. The optimal temperature of cellulase produced by the bacteria, Acinetobacter sp. TSK-
MASC was similar to those produced by B. amyloliquefaciens DL- 3,”” and B. subtilis subsp.
subtilis A-53 ** (Fig.6 and 7).
4. Conclusion
In this present study we investigated that the mixed substrates produced higher

amount of cellulase enzyme. The isolate Acinetobacter sp. TSK-MASC effectively utilizes
the mixed substrates combinations as carbon source. Higher cellulase production was
obtained when coffee pulp waste supplemented with pineapple waste in the ratio 3:3 was
used as substrates. The mixed substrates with the isolate TSK-MASC can be potentially
exploited for the cellulase production. The enzyme production was further enhanced the
application of BBD statistical optimization method. The higher production (888 U/mL) was
achieved pH 7.0 at 60 h cultivation with 3.0 g/L of CPW and 3.0 g/L of PW.
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Figure Legends

Fig.1 Zone of inhibition by isolate TSK-MASC on Carboxy methyl-cellulose agar plates.
Fig.2 16S rDNA based phylogenetic analysis of Acinetobacter sp. TSK-MASC. Bootstrap
values and scale bar depicting substitution rate per site are indicated. The phylogenetic tree
constructed by the neighbor-joining method showing the position of isolate TSK-MASC.
Fig.3 Scanning Electron Microscopy (SEM) of the Coffee Pulp Waste (CPW) surface. (A)
Untreated; (B) CPW pretreated with NaOH.

Fig.4 Scanning Electron Microscopy (SEM) of the Pineapple Waste (PW) surface. (A)
Untreated; (B) PW pretreated with NaOH. The pretreated substrate clearly indicates
degradation of outer hemicelluloses layers.

Fig.5 3-D plots of the combined effects of two variables on cellulase production by
Acinetobacter sp. TSK-MASC.

Fig.6 Effect of temperature on activity of purified cellulase of Acinetobacter sp. TSK-MASC.

Fig.7 Effect of pH on activity of purified cellulase of Acinetobacter sp. TSK-MASC.
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Acinetobacter baumannii strain SRR-5

Acir cler baumannii strain KK14

S Acinetobacter baumannii strain S030



RSC Advances Page 16 of 20

Fig. 3
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Fig.5
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Table 1. Box—Behnken design for the variables and the experimental observed responses

Experiment No | pH Incubation Coffee pulp Pine apple | Cellulase activity
time (hrs) (%) waste (%) (U/ml)
1 7.0 24.0 5.0 3.0 612
2 7.0 60.0 3.0 3.0 885
3 9.0 60.0 1.0 3.0 436
4 5.0 60.0 1.0 3.0 512
5 7.0 96.0 3.0 1.0 612
6 9.0 24.0 3.0 3.0 467
7 7.0 60.0 3.0 3.0 880
8 5.0 60.0 5.0 3.0 561
9 7.0 24.0 1.0 3.0 564
10 7.0 60.0 5.0 5.0 671
11 9.0 60.0 5.0 3.0 567
12 7.0 60.0 5.0 1.0 612
13 7.0 96.0 5.0 3.0 478
14 5.0 96.0 3.0 3.0 450
15 7.0 96.0 3.0 5.0 482
16 5.0 24.0 3.0 3.0 389
17 7.0 60.0 1.0 1.0 456
18 7.0 60.0 3.0 3.0 886
19 9.0 60.0 3.0 1.0 442
20 5.0 60.0 3.0 5.0 565
21 7.0 60.0 1.0 5.0 615
22 7.0 24.0 3.0 5.0 660
23 7.0 60.0 3.0 3.0 883
24 7.0 96.0 1.0 3.0 616
25 5.0 60.0 3.0 1.0 515
26 9.0 60.0 3.0 5.0 565
27 9.0 96.0 3.0 3.0 459
28 7.0 24.0 3.0 1.0 565
29 7.0 60.0 3.0 3.0 888




Table 2. Analysis of variance (ANOVA) for the response surface quadratic model
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Source Sum of Squares Df Mean square F value p-value
Model 6.049E+005 14 43209.25 16.25 <0.0001*
A 261.33 1 261.33 0.098 0.7585
B 2133.33 1 2133.33 0.80 0.3856
C 7600.33 1 7600.33 2.86 0.1130
D 10561.33 1 10561.33 3.97 0.0661
AB 1190.25 1 1190.25 0.45 0.5144
AC 1681.00 1 1681.00 0.63 0.4398
AD 1332.25 1 1332.25 0.50 0.4907
BC 8649.00 1 8649.00 3.25 0.0929
BD 12656.25 1 12656.25 4.76 0.0467
CD 2500.00 1 2500.00 0.94 0.3487
A’ 3.659E+005 1 3.659E+005 137.58 <0.0001
B’ 2.202E+005 1 2.202E+005 82.80 <0.0001
c’ 1.289E+005 1 1.289E+005 48.49 <0.0001
D’ 1.156E+005 1 1.156E+005 43.47 <0.0001
Residual 37228.70 14 2659.19 - -
Lack of Fit 37191.50 10 3719.15 399.91 <0.0001*
Pure Error 37.20 4 9.30 - -
Core Total 6.422E+005 28 - - -




