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Abstract. Tobacco stalk is tobacco plant waste which contains about 56% cellu-
lose so that it is possible to use it as a substrate for the production of cellulase,
namely CMCase. The study conducted in several stages, namely screening the
cellulolytic activity of 71 actinomycetes isolates, optimizing CMCase production
by three actinomycetes with the best CMCase activity index using tobacco stalk as
substrate through submerged fermentation, and morphology identification actino-
mycetes with the highest CMCase activity. A total of 71 actinomycetes have been
isolated from the rhizosphere of tobacco plant. In this study, the ability of acti-
nomycetes to produce cellulase through submerged fermentation using tobacco
stalk substrate powder. There were about 71 actinomycetes isolated and all of
them have cellulolytic activities. Based on the screening of cellulolytic activity
on CMC (carboxymethyl cellulose) agar plate, the enzyme activity index of ATG
38 isolate was higher than others, with 2.50 ± 0.26 respectively. The cellulase
production using tobacco stalk as substrate through submerged fermentation was
optimal showing that CMCase production of actinomycete ATG 38 isolates max-
imal after four days incubation with 0,40 mU/mL enzyme activity. Microscopic
morphological observations showed that actinomycete ATG 38 isolate belongs to
the genus Streptomyces.

Keywords: CMCase · Actinomycetes · Nicotiana tabacum L. · Submerged
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1 Introduction

Tobacco (Nicotiana tabacum L.) is a plantation commodity that has high economic value
[1]. Tobacco leaves are the main raw material for making cigarettes and leave tobacco
stalks as waste. Handling of this waste is only done through combustion, while the smoke
from the combustion still contains nicotine that causes carcinogenic in the respiratory
tract [2, 3]. Therefore, an effort is needed to handle tobacco stalk waste.
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Tobacco stalks has a fairly high cellulose contain reaching 56.10%, so that it provides
opportunities for its use as a source of cellulose. Cellulose degradation can be carried
out by cellulase enzymes to produce glucose. Extracellular cellulases can be produced
by microorganisms such as fungi, bacteria, and actinomycetes [4]. The molecular size
of cellulase produced by bacteria is also relatively smaller than fungi, making it easier
to diffuse into the cellulose tissue [5]. The morphology of actinomycetes in the form
of filaments is easier to penetrate the crystalline cellulose chain [6]. The high cellulose
content in tobacco stalks can be used as a substrate for cellulase production through
submerged culture fermentation using actinomycetes [7]. This study aimed to determine
the ability of the best actinomycetes isolates from the tobacco rhizosphere to produce
cellulase through submerged culture fermentation using tobacco stalk powder as well as
the level of purity of the cellulase through partial purification and identification of the
best isolate’s microscopic morphology.

2 Materials and Methods

2.1 Screening of Cellulase Activity

Screening of cellulase activity of 71 actinomycetes was carried out on solid CMCmedia.
Each of 1 plug (8 mm diameter) from the fresh actinomycetes culture on ISP-4 media,
was inoculated onCMCsolidmedia (0.5 gCMC, 0.5 g yeast extract, 0.5 g peptone, 0.02 g
MgSO4.7H2O, 0.1 g K2HPO4.3H2O and 2 g agar in 100 mL water) and incubated at
room temperature for 4 days [8]. CMCase activity was detected using the Gram’s Iodine
method. The culture was flooded with the solution Gram’s iodine (0.33% 2 g KI, 1 g
iodine, in 300 mL water) for 3–5 min [9]. Screening of CMCase activity was carried out
in three repetitions. The cellulolytic activity index was calculated based on the presence
of a clearing zone formed using the following formula [10]:

Index cellulolytic = (diameter of clearing zone - colony diameter)

colony diameter
(1)

2.2 Optimization of Cellulase Production by Selected Actinomycetes in Several
Incubation Times

2.2.1 Preparation of Tobacco Stalk Powder

The tobacco stalks used in this study were the Kasturi variety from Jember Regency,
Indonesia. The tobacco stalk powder used is 80 mesh in size [11]. The preparation of
tobacco stalk powder as a production medium begins with the milling process. This
process aims to increase the accessibility of the enzyme to the substrate [12].

2.2.2 Inoculum Preparation

Actinomycete that was used as inoculum in cellulase (CMCase) production was one
actinomycete with enzyme activity index was higher than others. Inoculum preparation
was carried out by inoculating the isolate on an ISP-4 medium for 7 days. Furthermore,
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5 mL of 0.05% tween-80 solution was put into a tube of the culture and then scraped off.
The 20 µl of the culture suspended was taken to calculate the spore density of each at
intervals of one day using a hemocytometer tool. The calculation was to obtain a spore
density of 108 cells/mL. The spore suspension with a density of 108 cells/mL was used
as an inoculum in the optimization production process [13, 14]. The number of cells per
milliliters in suspension spores was calculated by the following formula [15]:

S (cells/mL) = n

L
(
0,04 mm2

) × h(0,1 mm)
× 1

fp
(2)

S: the number of spores (cells/mL).
n: the number of cells in the calculated field.
L: area of the medium square (0.04 mm2).
h: depth of field count (0.1 mm).
Fp: dilution factor.

2.2.3 Optimization of Incubation Time in CMCase Production of Selected Acti-
nomycetes

Crude extract cellulase production was carried out through submerged culture fermenta-
tion using tobacco stalk powder as a substrate. The optimal incubation time for cellulase
production was determined by measuring the CMCase activity of the crude extract cel-
lulase. The composition of the culture media for submerged fermentation using tobacco
stalk powder as substrate was 1 g of tobacco stalk powder, 0.5 g yeast extract, 0.5 g
peptone, 0.02 g MgSO4.7H2O, 0.1 g K2HPO4.3H2O, in 100 mL water at pH 7 [4, 11].
Furthermore, 1% inoculum as much as 1 mL of actinomycetes isolate suspension with
a spore density of 108 cells/mL was inoculated in 99 mL of sterile tobacco stalk media
and incubated with a 120-rpm shaker at room temperature for 10 days. The optimization
production was carried out three times [16, 17]. Crude cellulase extract was prepared
daily by centrifugation (Oregon LC-04S) at 12000 rpm at 4 °C for 20 min. The super-
natant was a crude extract of cellulase which will then be assayed for CMCase activity
using the DNS (Dinitro Salicylic Acid) method [18] and 1% (w/v) CMC was used as
substrate [11].

2.3 Cellulase (CMCase) Activity Assay

2.3.1 Glucose Standard Curve

The standard curve for glucose preparation was started by making a glucose stock solu-
tion (0.01 gr of glucose dissolved in 10 mL of distilled water) so that the concentration
was 10 g/mL. The serial dilutions of the glucose stock solution were directed to obtain
the concentration of standard glucose were 0 g/mL, 0.2 g/mL, 0.1 g/mL, 0.08 g/mL,
0.06 g/mL, 0.05 g/mL, 0.05 g/mL, 0.044 g /mL, 0.04 g/mL. The glucose standard was
determined by adding 1.5 mL of DNS reagent to 1 mL of glucose standard solution
of each concentration, then heating it in boiling water for 10 min. At each glucose
concentration, the absorbance was measured using a spectrophotometer of 540 nm [11].
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2.3.2 CMCase Activity Assay

CMCase activity was measured using a modified method of Wood and Bhat (1998),
namely by reacting 0.5 mL of crude cellulase extract with 0.5 mL of 1% (w/v) CMC
in 100 mM phosphate buffer pH 6 and incubated at room temperature for 30 min. The
reaction was stopped by adding 1.5 mL of 3,5-DNS reagent (Dinitro Salicylic Acid) and
heating it in boiling water for 10 min. The absorbance of glucose products was measured
using a spectrophotometer 540 nm [18].

The controlwas preparedusing0.5mLof crude extract cellulasewhichwas incubated
at room temperature for 30 min. Then 1.5 mL of DNS reagent was added and each 1%
(w/v) CMC in 100 mM phosphate buffer pH 6. Then heated in boiling water for 10 min
and cooled. The blank contained 1 mL of 100 mM phosphate buffer pH 6 and 1.5 mL of
DNS solution. The CMCase activity test was carried out two times [11, 19]. The value
of enzyme activity is determined based on the following calculations [11]:

Cellulase activity (U/mL)

= µ mol sample reducing sugar− µmol control reducing sugar

The volume of extract enzyme× time of incubation
(3)

2.4 Identification of the Microscopic Morphology of Selected Isolate

The morphological identification of actinomycete was carried out through microscopic
observation using the cover slide method. Sterile cover glass inserted in ISP-4 agar
growth medium with an angle of 45° in the center of the media. Actinomycete were
inoculated at the contact between the cover glass and the media and incubated for 7 days
at room temperature. Furthermore, observation of the spore structure on the cover glass
was carried out using a microscope which included cell shape and spore chain shapes
[20, 21].

2.5 Data Analysis

This research was conducted using descriptive statistical analysis. The data is displayed
in the form of tables and graphics. The determination of the best results of the enzyme
activity index was based on the highest rank of values.

3 Results and Discussion

3.1 Cellulolytic Actinomycetes Screening

Cellulolytic enzyme activity was indicated by the formation of the clearing zone around
the actinomycetes colonies when grown on the CMC medium after a certain incubation
time. The clear zone formed on the media occurred because the Gram’s Iodine reagent
could not diffuse into the media around the colony (Fig. 1). This is because the substrate
around the colony has been hydrolyzed by the cellulase enzyme into glucose (monosac-
charide). Cellulose substrates that are not hydrolyzed by cellulase enzymes can bind to
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Table 1. Average index enzyme activity of cellulase of 71 actinomycetes isolates

No Isolate code Cellulase index No Isolate code Cellulase index

1 ATG 38 2,50 ± 0,26 37 ATG 36A 1,53 ± 0,04

2 ATG 34B 2,28 ± 0,19 38 ATG 46 1,52 ± 0,07

3 ATG 69 2,23 ± 0,12 39 ATG 40 1,51 ± 0,08

4 ATG 13 2,23 ± 0,10 40 ATG 68 1,51 ± 0,36

5 ATG 57A 2,17 ± 0,17 41 ATG 9B 1,49 ± 0,05

6 ATG 26 2,15 ± 0,22 42 ATG 33 1,46 ± 0,10

7 ATG 80 2,11 ± 0,12 43 ATG 35B 1,45 ± 0,19

8 ATG 16 2,11 ± 0,28 44 ATG 35A 1,45 ± 0,03

9 ATG 10 2,09 ± 0,13 45 ATG 61 1,43 ± 0,15

10 ATG 12 2,07 ± 0,33 46 ATG 59C 1,42 ± 0,18

11 ATG 79 2,06 ± 0,17 47 ATG 72 1,39 ± 0,14

12 ATG 51 2,04 ± 0,10 48 ATG 71 1,36 ± 0,01

13 ATG 77 2,03 ± 0,40 49 ATG 41 1,33 ± 0,28

14 ATG 58 1,97 ± 0,21 50 ATG 57C 1,32 ± 0,99

15 ATG 76 1,95 ± 0,21 51 ATG 8 1,30 ± 0,59

16 ATG 39B 1,92 ± 0,67 52 ATG 59A 1,27 ± 0,01

17 ATG 74 1,92 ± 0,13 53 ATG 27 1,27 ± 0,09

18 ATG 59B 1,90 ± 0,11 54 ATG 7 1,26 ± 0,30

19 ATG 34 1,89 ± 0,15 55 ATG 47 1,25 ± 0,13

20 ATG 67A 1,86 ± 0,35 56 ATG 54 1,24 ± 0,07

21 ATG 65 1,86 ± 0,06 57 ATG 50 1,23 ± 0,25

22 ATG 60 1,85 ± 0,16 58 ATG 5 1,22 ± 0,32

23 ATG 1 1,83 ± 0,15 59 ATG 53 1,21 ± 0,07

24 ATG 55 1,79 ± 0,24 60 ATG 4 1,21 ± 0,21

25 ATG 2 1,76 ± 0,24 61 ATG 37 1,21 ± 0,07

26 ATG 63 1,75 ± 0,67 62 ATG 15 1,20 ± 0,45

27 ATG 58B 1,74 ± 0,22 63 ATG 49 1,17 ± 0,16

28 ATG 3 1,73 ± 0,01 64 ATG 66 1,15 ± 0,21

29 ATG 64 1,73 ± 0,09 65 ATG 78 1,14 ± 0,04

30 ATG 67B 1,71 ± 0,05 66 ATG 52 1,12 ± 0,09

31 ATG 62 1,69 ± 0,05 67 ATG 36B 1,05 ± 0,28

32 ATG 70 1,68 ± 0,14 68 ATG 48 0,93 ± 0,25

(continued)
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Table 1. (continued)

No Isolate code Cellulase index No Isolate code Cellulase index

33 ATG 42 1,65 ± 0,07 69 ATG 75 0,83 ± 0,26

34 ATG 56 1,63 ± 0,036 70 ATG 39A 0,77 ± 0,224

35 ATG 11 1,59 ± 0,14 71 ATG 14 0,63 ± 0,27

36 ATG 9A 1,58 ± 0,08

Fig. 1. Screening the cellulolytic activity of isolate ATG 38, 69, and 34B on CMC plate agar
using Gram’s Iodine reagent (a. ATG 38 b. ATG 69 c. ATG 34B).

Gram’s Iodine reagent and form an iodine complex to produce a reddish-brown color
[9, 22].

The screening of cellulolytic activities of 71 isolates showed that all actinomycetes
could hydrolyze cellulose on CMC substrate as the sole carbon source (Table 1). All of
the actinomycete isolates analyzed were cellulose-degrading cellulolytic microorgan-
isms (CMCase). The formation of this clear zone indicates the cellulolytic activity of
actinomycete isolates in the form of CMCase [23]. Dillon et al. [26] reported that each
type of cellulase enzyme can hydrolyze and the pH range varies according to its ability.
The highest CMCase activity index obtained was 2.50 ± 0.26 in ATG 38 isolate.

3.2 Cellulolytic Cellulase Production at Several Incubation Times

The best isolate based on the results of screening for CMCase activity, actinomycete
ATG 38 was then tested for optimization production on tobacco stalk powder substrate
with several incubation times using the submerged culture method. The density of spore
that was used as inoculum on the cellulase production media from actinomycete ATG 38
was 2,4 × 108 cells/mL. This is by several research reports which state that the average
amount of inoculum density used is 105–107 or 108 spore/mL [4, 24].

The results showed that the CMCase production of actinomycete ATG 38 isolates
increased from day 1 which was 0.04 mU/mL until optimum on day 4 with CMCase
activity of 0.40 mU/mL. Furthermore, the enzyme activity began to decrease on the 5th

day of production with an activity of 0,34 mU/mL (Fig. 2).
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Fig. 2. Optimization test of isolate 38 CMCase activity at several incubation times.

Fig. 3. Morphological colony (a and b) and structure of actinomycetes spore ATG 38 (c).

3.3 Identification of Microscopic Morphology of Actinomycete Isolates 38

Observations of spore arrangement and sporulation structure were based on Holt et al.
[25]. The characteristics of the spores obtained based on observations using a micro-
scope with a magnification of 400x are actinomycetes isolate 38 having conidia in the
form of long chains of conidia with long spiral spore chains, streptococcal cell shape
accompanied by the formation of air mycelium. These actinomycetes isolate has charac-
teristics of white aerial mycelia and substrate mycelia that can produce a green insoluble
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pigment. Based on the characteristics obtained, it was analyzed that the actinomycete
ATG 38 belonged to the genus Streptomyces (Fig. 3).

A total of 71 actinomycetes isolates had cellulolytic activity. The actinomycete ATG
38 had a higher cellulolytic on the CMC agar plate than others. The production using
tobacco stalk powder as substrate through submerged culture fermentation of actino-
mycete ATG 38 optimal was obtained in the 4th day incubation time which the CMCase
activity was 0.40 mU/mL. Microscopic morphological identification of actinomycete
ATG 38 showed that the isolate belongs to the genus Streptomyces.
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