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Abstract. Coffee pulp waste contains 25.9–33.0% hemicellulose. Hemicellu-
lolytic bacteria possess the ability to depolymerize hemicellulose by producing
hemicellulase enzymes. The objective of the research is to isolate and identify
the hemicellulolytic bacteria from Indonesian coffee pulp waste. Hemicellulolytic
bacteriawere isolated from coffee pulpwastes ofCoffea arabica andC. canephora
from two coffee plantations in East Java Province, Indonesia. These isolates were
selected based on the hydrolysis of xylan and xylanase activity on the xylan
medium. The best isolates were identified based on 16S rDNA sequence simi-
larity. In this research, 23 bacteria had isolated. Five isolates XRM21, XAJ25,
XAJ30, XAJ31, and XAJ34 had higher hemicellulolytic activity than others. The
XAJ25, XAJ31, and XAJ34 isolates had a good xylanase activity performance.
The XAJ34 isolate had the highest xylanase activity (3.38 ± 0.65 U/ml). The
XAJ34 isolate based on 16S rDNA sequence similarity was identified as Bacillus
aureus. This bacterium is considered a potential indigenous isolate to degrade
hemicellulose of coffee pulp waste.

Keywords: Hemicellulolytic bacteria · Coffee pulp waste · Bacillus aureus
XAJ3

1 Introduction

Coffee is one of themost important Indonesian agricultural commodities produced annu-
ally. Coffee is a strategic commodity because of its ability to fulfill domestic needs and
it can be exported to increase foreign exchange. According to Atlas [1] Indonesia is the
fourth largest coffee producer in the world. A total of 467.8 thousand tons of coffee
had been exported to five countries in the world, namely the United States, Germany,
Malaysia, Italy, and Russia in 2017 (SubDirectorate of Estate Crops Statistics Indonesia,
2017) [2].
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Coffee processing could generate a lot of coffee pulp waste which contains a high
level of lignocellulose compound (8.5–12.0% cellulose; 25.9–33.0% hemicellulose; and
2.03–27.4% lignin) [3]. Coffee pulp waste is also affordable and eco-friendly; therefore,
it can be considered as a potential resource.

Hemicellulose is a carbohydrate. It constitutes the second biggest component after
cellulose composing lignocellulose of the plant cell wall. Hemicellulose itself is made up
of 100–200 different monosaccharides. It mainly consists of pentose sugars (D-xylose,
D-arabinose), hexose sugars (D-mannose, D-glucose, and D-galactose), and acid sugars
(glucuronide acid) [4]. Xylan is the primary hemicellulose that is found in hardwood and
grass. Xylan polymers are characterized by β-1,4-linkages between xylose monomers
which can be substituted with arabinose, glucuronic acid, and acetyl groups. Xylose and
xylobiose repeats in xylan resemble the glucose and cellobiose repeats in cellulose [5].

Hemicellulolytic bacteria possess the ability to depolymerize hemicellulose by pro-
ducing hemicellulase enzymes. The mechanism of hemicellulose degradation is actually
more complex than cellulose. Hemicellulose is composed of many monomolecules;
thus, hemicellulose degradation involves many enzymes compared to the cellulose
degradation. Hemicellulase enzymes can break different linkages or the same linkages
with different substrates. Endo-β-1,4-xylanase [EC 3.2.1.8], xylan β-1,4-xylosidase [EC
3.2.1.37], andα-L-arabinofuranosidase [EC3.2.1.55] are the enzymes that degrade xylan
hemicellulose [6, 7]. Some bacteria that possess the xylanolytic ability areAcidothermus,
Actinomadura, Alicyclobacillus, Anoxybacillus, Bacillus, Cellulomonas, Clostridium,
Dictyoglomus, Enterobacter, Geobacillus, Paenibacillus, Nesterenkonia, Streptomyces,
Thermoanaerobacteria, and Citrobacter [8]-[10].

There has no report yet about the indigenous hemicellulolytic bacteria from Indone-
sian coffee pulp. The study of coffee pulp indigenous hemicellulolytic bacteria is impor-
tant to understand the biodegradation agent of coffee pulp waste. This research is con-
ducted to isolate and identify hemicellulolytic bacteria isolated from Indonesian coffee
pulp waste.

2 Materials and Methods

2.1 Coffee Pulp Waste Sample Collection

The coffee pulp waste was taken from two coffee plantations in East Java Province,
Indonesia. The pulp waste of C. arabicawas collected from the Jampit coffee plantation
at approximately 1349 m above sea level (8º00′46.87”S and 114º08′07.19”E). Pulp was
of C. canephora collected from Malangsari coffee plantations located at approximately
954 m above sea level (8º21′34.34”S and 113º56′43.37”E).

2.2 Isolation of Hemicellulolytic Bacteria

Samplewas 25 g of coffee pulpwaste suspended into 225ml physiological saline (0.85%
NaCl solution) in a 500 ml Erlenmeyer flask as 10–1 dilution. The suspension was made
serial dilutions of as 10–5. The sample suspension as much as 100 μL at 10–3, 10–4,
and 10–5 dilutions were spread on M9 minimal medium plate, the medium consist of
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Na2HPO4.12H2O15.0 g/l, KH2PO4 3.0 g/l, NaCl 0.5 g/l,MgSO4 0.25 g/l, NH4Cl 1.0 g/l,
bacto agar 15.0 g/l with 0.1% xylan as carbon source (m/v) [11, 12]. The experiment was
carried out with two replications. Minimal medium without carbon source and Nutrient
Agar medium was used as the negative and positive control respectively, to determine
bacterial growth. The culture was incubated at 30°C for three days. A single colony of
each bacterial isolate was purified.

2.3 Screening of Hemicellulolytic Bacteria Based on Hydrolysis of Xylan
and Xylanase Activity

The screening of hemicellulolytic bacteria based on hydrolysis of xylan was carried out
with three replications according to Kasana [13], Meddeb-Movelhi [14], and Kanimozhi
[15]. The one loop of hemicellulolytic bacteria was cultured into 10.0 ml Nutrient Broth
medium in shaking incubators with 120 rpm agitation at room temperature overnight.
Cell density of each culture of the bacteria was adjusted with 1.4 optical density (OD).
Each culture suspension of the bacteria isolate (40 μl) was inoculated into the well
with 0.5 cm diameter on M9 solid medium containing1.0% xylan. Bacterial cultures
were incubated at 30 °C for three days. After incubation, the bacterial medium was
flooded with 0,1% iodine solution for five minutes. The clear zone around the wells
were measured using digital calipers. The data of clear zones that indicate xylanase
activity was an analysis of variance continued by the Duncan test with 95% significance
difference using SPSS 16. The bacteria isolate with high enzyme activity were assayed
based on xylanase activity quantitatively.

The potential of hemicellulolytic bacteria with xylanase activity was assayed with
three replications according to Chakdar [5] and Sheng [16]. The isolates of hemicellu-
lolytic bacteria were cultured into 10.0 ml of NB medium in a shaking incubator with
120 rpm agitation at room temperature overnight. Cell density of the culturewas adjusted
with 1.4 OD. Ten percent of the culture (v/v) was inoculated into an M9 liquid medium
containing 1.0% yeast extract and 1.0% xylan. The culture was incubated in shaking
incubators with 120 rpm agitation at room temperature for three days. The bacterial
culture (1.5 ml) was centrifuged at 10.000 rpm, 30 °C for 10 min. The supernatant con-
tained crude enzymes of hemicellulase. Xylanase activity was measured using Nelson
and Somogyi method [17, 18]. One unit (U) of xylanase activity is defined as the number
of enzymes needed to produce one milliliter of reducing sugars (xilose) per minute at
37 ºC.

2.4 Identification and Biochemical Characterization of Potential Hemicellulolytic
Bacteria

The potential bacteria were identified based on 16S rDNA sequence and it was char-
acterized by their phenotype. The culture of bacterial isolates on Nutrient Agar (NA)
medium at 24 h old was characterized by the cultural morphology. The bacterial cell
morphology was observed using Olympus CX21 with 1000 magnification. Biochemical
characteristics of bacteria culture were analyzed using Microbact (Oxoid) 24E (12A
(12E) + 12B) kit. Potential bacteria isolates were grown on a blood agar medium to
assay pathogenicity.
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The chromosomal DNA of potential bacteria was isolated
using CTAB method [19] [20]. The sequence of 16S rDNA was amplified
using 27f primer (5’- GAGAGTTTGATCC-TGGCTCAG-3’) and 1495r primer (5’-
CTACGGCTACCTTGTTACGA-3’) [21]. The phylogeny tree was constructed using
Neighbor-Joining method and Jukes-Cantor algorithm with 5.000 times bootstrap with
MEGA 6 programme.

3 Results and Discussion

3.1 The Potency of Hemicellulolytic Bacteria

Hemicellulolytic bacteria were able to degrade hemicellulose. Hemicellulose is the
second dominant component composing lignocellulose of the plant cell wall.

Xylan is a common and primary hemicellulose found in hardwood and grass that can
be used to help identify hemicellulolytic bacteria [4, 10]. Based on growth ability onM9
minimal medium contain 0.1% xylan, this research found 23 isolates as hemicellulolytic
bacteria which consist of 16 isolates whichwere obtained from robusta coffee pulp waste
and 7 isolates were obtained from arabica coffee pulp waste (Table 1). These isolates
were able to grow with xylan as the sole carbon source.

Hemicellulolytic bacteria were selected based on their ability to degrade xylan that
indicated by clear zones around bacteria colonies on xylan medium colored with iodine
[22]-[25]. The results showed that those hemicellulolytic bacteria isolates had different
xylan degradation activities. IsolateXAJ30has highest xylanolytic activitywith diameter
of clear zones 4.2 ± 0.15 cm, followed by XRM21 (4.0 ± 0.13 cm), XAJ25 (3.0 ±
0.23 cm), XAJ31 (2.5± 0.06 cm), and XAJ34 (2.5± 0.01 cm) (Table 1). This result was
similar with Eida [26] who found seven hemicellulolytic bacterial isolates from coffee
pulp compost, were CRCB2, CRCB3, CRCB4, CRCB5, CRCB6, CRCB7, CRCB8with
clear zone diameter on xylanmedium: 9.8± 2.9; 11.3± 1.7; 8.4± 1.0; 7.7± 0.6; 15.9±
2.2; 9.9± 0.6; and 14.7± 0.8 cm respectively. They identified CRCB1 as Streptomyces,
CRCB9 and CRCB10 as Cohnellawith xylanolitic activity 5.8± 1.1cm, 14.4± 0.6 cm,
and 17.3 ± 3.3 cm respectively.

Xylanase activity was used as a parameter to analyze endoxylanase activity. These
results showed that isolated XAJ34 performed the xylanase activity (39.30± 2.08 U/ml)
within 72 h incubation on medium with 1.0% xylan as sole carbon source (Fig. 1). The
xylanase activity of XAJ34 was the same as XAJ31 and XAJ25 with enzyme activity
31.48 ± 10.84 U/ml and 31.07 ± 11.78 U/ml respectively. This result showed that these
isolates had an important role on coffee pulp waste degradation.

Xylanase activity of XAJ34 was lower compared to Bacillus subtilis EFB-11 (42.33
U/ml) incubated for 72 h [27], but it was higher than GSM-30 (37.33 U/ml) incubated for
48 h [28]. The differences of xylanase activity were influenced by genetic characteristics
of particular species or strains. These differences were also affected by substrates used
to grow the bacteria. Similarly, Sanghi [29] found that different substrates affected the
activity of the xylanase enzyme of Bacillus subtilisASH. Xylanase enzyme activity was
stimulated by the addition of yeast extract, peptone, and meat extract, but inhibited by
the addition of glucose. Bacillus pumilus CS1 was isolated from a withered corn cob
performing high xylanase activity (132.0 ± 0.09 U/ml) at 55 °C and pH 8.0 [30]. Attri
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Table 1. The hemicellulose activity of bacteria isolated from coffee pulp waste

No Pulp waste Isolate Diameter of enzyme activity (cm)

1 C. canephora XRM2 2.1 ± 0.17ef

2 C. canephora XRM3 0.4 ± 0.00a

3 C. canephora XRM4 1.2 ± 0.04c

4 C. canephora XRM5 2.4 ± 0.12h

5 C. canephora XRM6 1.3 ± 0.20c

6 C. canephora XRM7 1.6 ± 0.34de

7 C. canephora XRM10 2.1 ± 0.06e

8 C. canephora XRM13 2.0 ± 0.04e

9 C. canephora XRM14 0.7 ± 0.02b

10 C. canephora XRM17 2.0 ± 0.04e

11 C. canephora XRM18 0.4 ± 0.00a

12 C. canephora XRM21 4.0 ± 0,03j

13 C. canephora XRM35 0.4 ± 0.00a

14 C. canephora XRM37 2.3 ± 0.01fgh

15 C. canephora XRM38 2.1 ± 0.10ef

16 C. canephora XRM40 1.4 ± 0.23cd

17 C. arabica XAJ25 3.0 ± 0.23i

18 C. arabica XAJ30 4.2 ± 0.15k

19 C. arabica XAJ31 2.5 ± 0.06h

20 C. arabica XAJ32 0.4 ± 0.00a

21 C. arabica XAJ33 2.2 ± 0.11efg

22 C. arabica XAJ34 2.5 ± 0.01h

23 C. arabica XAJ36 0.6 ± 0.08ab

and Garg [29] found some bacterial isolates are able to produce xylanase, cellulase, and
pectinase from land for dumping fruits, vegetables, wood materials, and dairy factories.
Bacterial isolates of GSM-30 had highest activity of xylanase, cellulase, and pectinase
was 37.33 U/ml, 0.6 U/ml, and 2.11 U/ml respectively.

3.2 Taxonomy and Biochemical Characteristics of Hemicellulolytic Bacteria
XAJ34

Based on the phenotype characterization, culture of XAJ34 showed creamy, irregular
shape, elevated umbonate and slimy textures. The bacteria cell was rod-shaped 1.3 to
1.7 μm length and 0.6 to 0.8 μm diameter (Fig. 2).

Based on the biochemical test, B. aureus XAJ34 showed phenotype characteris-
tics were aerobic and positive-Gram which able to ferment mannitol and sucrose but it
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Fig. 1. Xylanase activity of hemicellulolytic bacteria isolated from coffee pulp waste.

Fig. 2. Morphology of colony and cell of Bacillus aureusXAJ34 on Nutrient Agar (NA) medium
at 24 h (a. morphology of colony b. morphology of cell).
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Table 2. Biochemical characteristic of Bacillus aureus XAJ34

Characteristics Reaction Characteristics Reaction

Gram-positive + Production of indole
pyruvate by
deamination of
tryptophan

−

Catalase + Gelatin liquefaction −
Lysine decarboxylase − Malonate inhibition −
Ornithine decarboxylase − Inositol fermentation −
H2S production − Sorbitol fermentation −
Glucose fermentation − Rhamnose fermentation −
Mannitol fermentation + Sucrose fermentation +
Xylose fermentation

Hydrolysis of
o-nitrophenyl-ß-d-galactopyranoside
(ONPG) by action of ß-galactosidase

− Arabinose fermentation −

Indole production from tryptophan − Adonitol fermentation −
Urea hydrolysis − Raffinose fermentation −
Acetoin production (Voges-Proskaüer
reaction)

− Salicin fermentation −

Citrate utilization (citrate is the only
source of carbon)

− Arginine dehydrolase −

was unable to ferment other carbohydrates such as glucose, inositol, sorbitol, lactose,
adonitol, raffinose, xylose, rhamnose, arabinose, and salicin. This isolate was not pos-
sessed enzymes such as lysine decarboxylase, ornithine decarboxylase, arginine dihy-
drolase, and tryptophan deaminase nor produce acetoin, indole, H2S, and Na malonate.
In addition, this isolate was unable to hydrolyze ONPG, urea, and gelatin (Table 2).

Based on phylogenetic identification, isolate XAJ34 had 99.9% similarity of 16S
rDNA sequence with Bacillus aureus 24K (Fig. 3). The B. aureus 24K was isolated
from the air at altitude 24, 28, and 41 km from the ground level. The codes given
to the bacterium were MTCC 7303T and JCM 13348T [30]. B. subtilis [27, 29], B.
amyloliquefaciens [17, 31], and Thermobacillus xylanilyticus [32] are the examples of
species from Genera of Bacillus that had xylanase activity. Other genera that possess
hemicellulolytic activity are Pedobacter and Mucilaginibacter [33].

B. aureus XAJ34 growth curve on M9 medium contains 0.1% Yeast Extract and
0.1% xylan showed logarithmic phase until 24 h of incubation with cell density 2.46 x
108 cell/ml and generation time 6.94 h. After that, the isolate encountered the stationary
phase at 42 h (Fig. 4). Based on the growth curve, it is recommended that 24 h incubation
is the most appropriate time for recovery of XAJ34 isolate as the starter for fermenting
coffee pulp.
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Fig. 3. Phylogeny tree of Bacillus aureus XAJ34 and reference isolates based on 16S rDNA
sequence similarity with neighbor-joining algorithm.

Fig. 4. The growth curve of Bacillus aureus XAJ34 on M9 medium contains 0.1% yeast extract
and 0.1% xylan on 24 h of incubation.

The hemicellulolytic bacteria XAJ34 isolate has been successfully isolated from
coffee pulp waste. These bacteria are considered as a potential indigenous isolate to
degrade hemicellulose of coffee pulp waste.
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