
 

Abstract— In this study, production of exo-pectinase by a 

gram-positive bacterium, Bacillus pumilus was studied in a batch 

system and effects of nitrogen sources, on microbial growth and 

exo-pectinase activity were investigated. Ammonium sulphate, yeast 

extract and peptone were used as different nitrogen sources and the 

highest enzyme activity was determined as 8.0 U/mL for 0.05 % (w/v) 

ammonium sulphate. 

 
Index Terms— Bacillus pumilus, exo-pectinase activity, nitrogen 

sources.  

I. INTRODUCTION 

Pectin is the descriptive name for a diverse group of complex 

heteropolymers present in the middle lamella of the primary 

plant cell wall of dicotyledonous plants. Pectinases (pectinolytic 

enzymes) comprise a group of enzymes able to catalyze the 

breakdown of pectin-containing substrates [1-6]. There are 

several types of pectinolytic enzymes according to the activities 

shown toward the pectic regions found in pectin chain. 

Basically, there are three types of pectinases: depolymerizing 

enzymes (hydrolases and lyases), de-esterifying enzymes 

(pectinesterases) and protopectinases. Pectinase is extensively 

used in food processing industry, souring of cotton, degumming 

of plant fibers, waste water treatment, vegetables oil extractions, 

tea and coffee fermentation, bleaching of paper, in the alcoholic 

beverage [1,4-6]. The microbial production of pectinolytic 

enzymes can be achieved in solid-state fermentation (SSF) or 

submerged fermentation (SmF), where free and immobilized 

fungal cells can be used. However, in SSF there are 

technological problems such as; controlling the temperature and 

pH, and process monitoring due to the nutrient gradients in large 

scale. Hence, industrial production of enzymes is performed 

predominantly by SmF [7,8]. The pectinolytic enzymes have 

been industrially produced by the moulds [9,10]. Like all 

pectinases, exo-pectinase is mainly produced by fungal genera; 

Aspergillus, Penicillium and Fusarium [11,12]. But there is still 

lack of the studies focusing on using bacteria in exo-pectinase 

fermentation. 

In this study, production of exo-pectinase by a gram-positive 

bacterium, Bacillus pumilus was studied in a batch system and 

effects of nitrogen sources, on microbial growth and 

exo-pectinase activity were investigated. 
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II. EXPERIMENTAL 

A. Microorganism and Culture Conditions  

Bacillus pumilus (NRRL B-212) was obtained from National 

Center for Agricultural Utilization Research (Microbial 

Genomics & Bioprocessing Research Unit, lllinois, USA) in 

lyophilized form. Firstly, It was activated in potato dextrose 

agar at 30 
o
C and then transferred to the microorganism growth 

medium (enrichment medium) which contained (amounts given 

per L); glucose, 3 g; yeast extract, 2 g; peptone, 2 g; KH2PO4, 1 

g; K2HPO4, 1 g; (NH4)2SO4, 1 g; MgSO4.7H2O, 0.05  g.  The pH 

of the medium was adjusted to 7 and it was sterilized by 

autoclaving at 1.1 atm, 121 
o
C for 20 min. The microorganism 

was incubated at 30
o
C in an agitated shaker (100 rpm) for 24 h. 

Then it was transferred (in 1:10 ratio) into the enzyme 

production medium.  

B. Enzyme production 

Exo-pectinase was produced under submerged fermentation 

in 500 mL Erlenmeyer flasks containing 150 mL of enzyme 

production medium (%w/v: apple pectin, 1; (NH4)2SO4, 0.14; 

KH2PO4, 0.2; K2HPO4, 0.6; MgSO4.7H2O, 0.01) at 150 rpm 

shaking conditions. After sterilization by autoclaving (pectin 

solution was autoclaved separately), the pH of the medium was 

adjusted to the desired value by using sterilized H2SO4 or NaOH 

solutions. Samples were taken out at fixed time intervals and 

crude exo-pectinase was harvested by centrifuging and the clear 

supernatant was used as the enzymes source for further studies.  

C. Analytical methods 

The biomass concentration was determined by measuring the 

absorbance at 400 nm using a standard curve of absorbance 

against dry cell weight.  

Enzyme assay 

Exo-pectinase activity was assayed by measuring the amount 

of D-galacturonic acid liberated from pectin. The reaction 

mixture containing 0.25 mL appropriately diluted enzyme and 

0.25 mL of 1 % pectin (apple pectin in glycine-NaOH buffer, 

pH 10) (70-75% degree of esterification, Sigma-Aldrich) was 

incubated for 15 min at 50 
o
C, and the end products were 

quantitated using dinitrosalicylic acid (DNSA) reagent [13].  An 

equal volume of 1% DNS (0.5 mL) was added to the tube, and 

the mixture was incubated for 5 min in a boiling water bath and 

immediately cooled in an ice bath. Then, the O.D.530 nm was 

read on a spectrophotometer (Jenway 6105 UV/Vis.Spec.) by 

comparison with a blank (control) containing only the substrate 

and DNS. One unit of exo-pectinase was defined as the amount 

of enzyme required for liberating l µmol of D-galacturonic acid 
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mL
-1

 min
-1

 under the assay conditions, using a standard curve 

obtained from the galacturonic acid (Sigma-Aldrich). 

III. RESULTS AND DISCUSSION 

A. Effects of nitrogen sources 

The selection of appropriate sources of carbon, nitrogen and 

other nutrients is one of the most critical stages in the 

development of an efficient and economic enzyme production 

process. It is also known that 30–40% of the enzyme production 

cost is attributed to the fermentation medium. Besides other 

nutrient sources, nitrogen constituent has a profound effect on 

production of pectinolytic activity in culture medium. In this 

study, the effects of nitrogen sources, on microbial growth and 

exo-pectinase activity were investigated. Initial studies showed 

that maximum of exo-pectinase activity was observed at an 

initial pH=8 and 1% (w/v) pectin concentration. Ammonium 

sulphate, yeast extract and peptone were used as different 

nitrogen sources. Three various concentrations of these 

materials 0.05, 0.14 and 0.3 % (w/v) were tested while the 

pectin (1% (w/v)) and other components’ concentrations kept 

constant. 

Yeast extract has been reported to be one of the most widely 

used nitrogen source for pectinase production by Bacillus 

subtilis [14]. In this study, firstly yeast extract was tested as 

nitrogen source. Figure 1 shows the variations in cell 

concentration. Figure 1 indicates that the adaptation phase (lag 

phase) for the bacterial growth lasted for around 10 h for the 

culture in three concentrations. The exponential phase (log 

phase) of the culture lasted for around 30-34 h. The bacterial 

growth reached the stationary phase after 40-44 h of cultivation. 

The highest bacterial growth (11.48 g/L after 84 hours) of liquid 

culture was obtained at yeast extract concentration of 0.3% 

(w/v). Exo-pectinase activity was not obtained during 

fermentation.   
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Fig. 1 Effect of yeast extract concentrations on growth curves of 

Bacillus pumilus (pH=8, T:30 oC, agitation rate: 150 rpm, Cpectin: 1%) 

 

In order to determine the best nitrogen source, ammonium 

sulphate was used as inorganic nitrogen source. Effect of 

ammonium sulphate concentrations on growth curves of 

Bacillus pumilus are presented in Figure 2. The organism 

showed slower growth with lag phase of around 24 h and the late 

induction of stationary phase. The highest bacterial growth 

(11.91 g/L after 96 hours) of liquid culture was obtained at 

ammonium sulphate concentration of 0.05% (w/v). Enzyme 

activity followed the same trend with bacterial growth. As seen 

Figure 3, the maximum exo-pectinase activity (8.0 U/mL at 72 

h) was also reported at 0.05% ammonium sulphate 

concentration and higher concentrations of ammonium sulphate 

caused substrate inhibition.  

0

2

4

6

8

10

12

14

0 20 40 60 80 100 120 140 160 180 200 220

D
ry

 c
e
ll

 w
ei

g
h

t 
(g

/L
)

time (hours)

0.05% AS

0.14% AS

0.3% AS

 
Fig 2 Effect of ammonium sulphate concentrations on growth 

curves of Bacillus pumilus (pH=8, T:30 oC, agitation rate: 150 rpm, 

Cpectin: 1%) 
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Fig 3 Effect of different ammonium sulphate concentrations on 

pectin lyase production by Bacillus pumilus (pH=8, T:30 oC, agitation 

rate: 150 rpm, Cpectin: 1% (w/v), ammonium sulphate concentrations; ■: 

0.05%,♦: 0.14%, ▲: 0.3% (w/v)) 

 

Peptone is another most widely used organic nitrogen source 

for pectinase production. Effect of peptone concentrations on 

growth curves of Bacillus pumilus are presented in Figure 4. 

The organism when grown at peptone concentration of 0.05% 

(w/v) showed faster growth with the early induction of 

stationary phase after 40 h of cultivation. At peptone 

concentration of 0.14% (w/v), the adaptation phase (lag phase) 

for the bacterial growth lasted for around 68 h, the exponential 

phase (log phase) of the culture lasted for around 100 h. The 

bacterial growth reached the stationary phase. At peptone 

concentration of 0.3% (w/v), the growth patterns show a fast 

exponential phase (log phase) followed by a stationary phase 

(after 18 h of cultivation). As known, peptone is used not only as 

a nitrogen source but also as a carbon source by microorganisms. 

In addition, some amino acids and vitamins in the peptone 
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formula also play an important role as growth factors for 

microorganisms [15]. In the present study, the maximum dry 

cell concentrations were determined as 4.17 g/L, 8.77 g/L and 

8.00 g/L with the peptone concentrations of 0.05, 0.14 and 

0.3 % (w/v), respectively. As seen from the results, the bacterial 

growth increased to peptone concentration of 0.14%, then 

decreased. Figure 5 showed that, peptone concentration highly 

affected the exo-pectinase activity. As seen from the figure, 

exo-pectinase activity firstly increased with increasing peptone 

concentration. The highest enzyme activity (5.26 U/mL at 110 h) 

was noted when % 0.14 (w/v) concentration of peptone was 

used and exo-pectinase activity was not observed for % 0.3 (w/v) 

peptone concentration. Among all the different nitrogen sources 

tested, ammonium sulphate was reported as the best nitrogen 

source. 
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Fig 4 Effect of peptone concentrations on growth curves of Bacillus 

pumilus (pH=8, T:30 oC, agitation rate: 150 rpm, Cpectin: 1%) 

 

0

2

4

6

0 20 40 60 80 100 120 140 160 180 200 220

E
x
o

-p
ec

ti
n

a
se

 a
ct

iv
it

y
 (

U
/m

L
)

time (hours)

 
Fig 5  Effect of different peptone concentrations on exo-pectinase 

production by Bacillus pumilus (pH=8, T:30oC, agitation rate: 150 

rpm, Cpectin: 1% (w/v), peptone concentrations; ■: 0.05%, ♦: 0.14%, ▲:  

0.3% (w/v)) 

IV. CONCLUSION 

This study evaluated the growth and exo-pectinase activity 

of Bacillus pumilus bacteria grown with various nitrogen 

sources. Ammonium sulfate, yeast extract and peptone were 

used as nitrogen sources and the highest bacterial growth and 

enzyme activity was observed at ammonium sulfate 

concentration of 0.05%. 
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