Key Engineering Materials Submitted.: 2020-04-20
ISSN: 1662-9795, Vol. 884, pp,165-170 Revised: 2020-12-02
© 2021 Trans Tech Publications Ltd, Switzerland Accepted: 2020-12-02

Online: 2021-05-04

Pectinase Production by Using Coffee Pulp Substrate as Carbon and
Nitrogen Source

Okta Novalia Gasani?, A. Azizah®, S. Siswanto®, Rudju Winarsa®
and Kahar Muzakhar®’

Biology Department, Faculty of Mathematics and Natural Sciences, Jember University, East
Java, Indonesia

3okta.novaliagasani@gmail.com, Pazizah.bafared@gmail.com, siswanto.fmipa@unej.ac.id,
drudju_win@yahoo.com, ®kaharmzk@unej.ac.id

Keywords: coffee pulp, optimization of pH, pectinase, pH stability, solid-state fermentation

Abstract. About thirty-five percent of coffee pulp waste is pectin. It may potentially be a source to
be used in the bioprocessing industry. For example, it can be used as a substrate to produce
pectinase from microorganisms under solid-state fermentation (SSF). In this investigation, an
isolated fungus VTM4 with density 107 spores/mL was grown on coffee pulp medium-based, and
after 0-168 hours incubation at 30 °C, pectinase activity was detected. The activity was measured
based on reducing sugar released by crude pectinase against 0.5% alkali extract pectin substrate in
20 mM buffer acetate pH 5. The highest reducing sugar produced was 223.34 pg/mL after 72 hours
of incubation at 30 °C. The optimum pH on enzyme activity was 4 with the maximum activity
0.747 U/mL and was stable (more than 80%) at a pH range of 4-5.5. The results revealed that the
coffee substrate could be utilized as a carbon and nitrogen source to produce pectinase. Further
research on purification and characterization of the enzyme to improve pectinase yield production
was needed.

Introduction

In coffee production, about 50% residues as coffee pulp of the total coffee fruit were produced.
Coffee production in 2018 was estimated at 169 million bags, and Indonesia produced 9.4 million
bags. Indonesia placed 4™ country as a coffee producer globally after Brazil, Vietnam, and
Colombia [1]. Coffee processing resulted in residues causing major environmental, economic, and
social problems. The main residue of coffee processing is coffee pulp; it represents about 40% mass
of the ripe coffee fruit [2].

Coffee pulp is rich in sugars, protein, minerals, and that are potential to be used as raw material
in bioprocessing industry. Coffee pulp is organic material that can be used as a source of carbon and
nitrogen for the synthesis of microbial metabolism, including enzyme secretion. Growth fungi
condition in solid-state fermentation (SSF) is suitable with the natural habitat filamentous fungi
than in liquid culture [3]. It is known that the mycelium of fungi could grow well in solid-state
fermentation (SSF) [4]. This process generates higher productivity, lower cost, simpler, and easier
downstream [5].

Pectin is one of the components present in the plant's cell wall and the fruit peel. In general,
pectin content in the cell wall of dicotyledonous plants is approximately 35%, grass 2-10%, and
almost fruit peel contains pectin [3]. The citrus peel contains pectin 20-30%, while pomelo citrus
peel contains pectin 42.5% [6]. The coffee pulp contains 35% pectin; thus, it is potential to be used
as a substrate for pectinolytic fungi to produce pectinase [7]. In this case, coffee pulp waste is
utilized as a substrate that contains a pectin source for the cultivation of fungal enzymes. In other
cases, the world market has reported that pectinase accounts for 10% of global industrial enzymes
produced [8]. Pectinase sales reached $75 million out of $1 billion industrial enzymes [9]. Pectinase
1s widely used in food fermentation, the textile industry, and animal feed [7].

Pectinase is produced from various microorganisms such as, bacteria, fungi, and yeast. The
fungal enzyme has been developed to produce enzymes in industrial sector. Fungi utilization for
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producing enzyme does not need expensive cost because the culture medium originated from
organic waste. Fungi will be induced to secrete enzyme if cultivated in a pectin medium [10]. The
pectinase production by solid-state fermentation (SSF) resulted in an abundant yield than
submerged fermentation (SmF). To convince that isolate VIM4 secrets pectinase, it conducted
cultivation in extract pectin medium [11]. The preliminary investigation revealed that isolate VTM4
is a positively hydrolyzed pectin medium. In the present study, isolate VIM4 were cultured on
coffee pulp in solid-state fermentation. The aim was to know the optimum incubation time for
isolate VITM4 to produce pectinase, optimum pH of pectinase, and pH stability of pectinase.

Material and Method

Inoculum preparation. Isolate VIM4 was pre-cultured on slant Potato Dextrose Agar. It was
incubated at 30 °C for 3 days of incubation. After that, cultured isolate VTM4 was moved to extract
pectin + M9 (NaCl, MgSO4, KH2PO4, NH4Cl, Na;HPO4) medium and incubated at 37 °C for 0-168
hours. The spore of inoculum was observed using a Petroff-Hauser counting chamber to get spore
density at 107 spores/mL [12].

Optimization production on coffee pulp substrate under SSF. Hydrolysis optimization was
performed by inoculated 1 mL inoculum with a spore density of 10" spores/mL from isolate VTM4
into 10 g coffee pulp with a water content of 20 mL (1:2) [13], then it was incubated at 30 °C for 0-
168 hours. The crude enzyme was harvested daily and measured for the enzyme activity.

Enzyme Extraction. The enzyme was harvested by adding 20 mL of distilled water containing
1% NaCl and 0.01% sodium azide (NaNs3) and shaking it for 12 hours at room temperature. The
suspension was filtered by synthetic fabric filter and centrifuged for 10 minutes to separate the
supernatant.

Enzyme assay. Enzyme activity was determined by measuring reducing sugars with Somogyi—
Nelson method. Pectin substrate 0.5% in buffer acetate 20 mM pH 5 was incubated at 37 °C for 20
hours. Then crude enzyme 50 pL added into the test tube. The test tube and control tube were
incubated at 37 °C for 2 hours. Both of them were then added 500 pL Somogyi reagent to stop the
reaction between enzyme and substrate. A tightly stoppered tube then incubated in boiling water for
15 minutes; after cooling, added 500 Nelson reagent and 2.5 mL distilled water. Each sample was
centrifuged at 8000 rpm for 10 minutes and was measured using a spectrophotometer with a
wavelength of 500 nm [14].

Enzyme properties. The effect of pH on the enzyme activity and stability was determined at the
pH range of 3 to 8 [15]. The crude enzyme was dissolved in buffer acetate (pH 3-5) and buffer
phosphate (pH 5.5-8). The effect of pH optimization on the enzyme activity was measured after 2
hours incubation at 37 °C in 500 pL 0.5% substrate pectin with various range of pH (3-8). While
the effect of pH stability was measured after 4 hours incubation and 2 hours incubation at 37 °C in
500 pL 0.5% substrate pectin with various range of pH (3-8) [16]. Then, the activity was
determined by measuring reducing sugars by Somogyi—Nelson method.

Result and Discussion

Optimization of spore density. Density spore is one of the factors that affect the SSF process and
yield. Here, isolate VIM4 was cultured in extract pectin + M9 (NaCl, MgSO4, KH2PO4, NH4Cl,
Na;HPO4) medium and then resulted spore density 5.3 x 107 spores/mL after 96 hours incubation
time (Fig. 1).

The incubation time to produce a density of spores in maximum will be used as a reference in the
optimization of pectinase production of VIM4. As shown in Fig. 1, the maximum density spore
was produced by isolate VTM4 after 168 hours incubation, with the density of spore reached 8.5 x
107 spores/mL. For optimization, pectinase production used 96 incubation times, although
maximum density spore was found in 168 hours due to the time efficiency. The inoculum
concentration of 10%-10% spores/mL had known contributed to the maximum enzyme activity [18].
Higher cells for inoculum inhibiting fungal growth and enzyme production. The spore concentration
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and inoculum must be enough to colonize substrate particles because higher or lower can hinder the
penetration of oxygen into a solid medium, inhibiting fungal growth from producing enzymes [17].
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Figure 1. Spore density of isolate VIM4 in extract pectin + M9 medium
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Figure 2. Reducing sugar curve of isolate VTM4 on coffee pulp substrate during SSF.

Optimization of pectinase production by isolate VTM4. Inoculum from isolate VIM4 1 mL
was inoculated in coffee pulp substrate by a solid-state fermentation process. The water content of
this substrate is 50%, and this condition was proposes to create a humidity substrate same as coffee
pulp in nature. Extracellular enzyme activity was released by isolate VTM4 during the SSF process
with coffee pulp substrate. The optimum activity to produce pectinase at 72 hours incubation (Fig.
2). Pectinase hydrolyzed coffee pulp was indicated by releasing reducing sugar against 0.5% alkali
extract pectin in 20 mM buffer acetate pH 5. The optimum reducing sugar is obtained at 72 hours
incubation time with an amount of 223.34 ug/mL; it can be used as a reference for large-scale
pectinase production. After reducing sugar increased at an optimum point, then reducing sugars
were decreasing. It may be caused by microbial using the simpler sugar from hydrolyzed first, so
microbial less active to break down the complex substrate [19]. An increasing amount of product
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may occur in feedback inhibition. The amount of the product will be inhibitor bound at the
allosteric site and change the enzyme's active conformation site [20]. Isolate VITM4 is able to
utilized coffee pulp as a carbon and nitrogen, even mineral source [13].

Enzyme properties. The effect of pH pectinase was studied by using different range of pH (3,
3.5, 4,45,5,55, 66.5, 7, 7.5; and 8) at 37 °C. The crude enzyme from isolate VITM4 was
incubated for 96 hours in media coffee pulp. The optimal pH and stability were determined by
measuring reducing sugars using Somogyi—Nelson method. The pH effect on the activity and
stability of the enzyme was measured at the pH of 3 to 8. The optimum pH was 4, with an enzyme
activity of 0.747 U/mL (Fig. 2). According to Pedrolli et al. [21] the optimum activity of pectinase
occurred at pH 4.5. While the effect of pH stability was measured after 4 hours incubation and 2
hours incubation at 37 °C in 500 pL 0.5% substrate pectin.
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Figure 3. Enzyme properties (stability and optimum pH) of pectinase by isolate VIM4.

As illustrated in Fig.3, pectinase was stable (more than 80%) at a pH value of 4-5.5. The result
revealed that pectinase was stable at a slightly acidic condition. This enzyme is stable under alkaline
conditions, so this enzyme is potential for alkaline pectin degradation in coffee processing, the
paper and pulp industry, and wastewater treatment.

Enzymes are affected by changes in pH. The suitable value of pH pectinase will activate the
enzyme. While extremely low or high value of pH causes an inactive enzyme and may affect the
production. Therefore each enzyme has a region of optimum pH and pH stability.

Summary

Coffee pulp is used as a substrate for fermentation isolate VTM4 that produce pectinase. Carbon
and nitrogen in coffee pulp effective for fungi growth, so hydrolyze is fermented by isolated VTM4
formed reducing sugars. This enzyme has optimum reducing sugar 223.34 pg/mL, while optimum
pH at value 4 and pH stability at value 4-5.5. However, it still needed purification and
characterization of the enzyme to improve yield production.
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