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Isolates Morphology Gram Spore Motility

staining test

BSWt 2(1) Streptobacil + + Motile

B.A Streptobacil + + Motile

K Staphylococcus + - Non-motile

Ink 1.a Streptobacil + + Motile

Ink 1.c Bacil + + Motile

Ink 1.3 Duplobacil + + Motile

Ink 1.4 Bacil + + Motile

Ink 1.5 Streptobacil + + Motile

Ink 1.6 Bacil + + Motile

Ink 1.9 Bacil + + Motile

Ink 1.10 Duplobacil + + Motile

Ink 1.11 Bacil + + Motile

Ink 1.12 Streptobacil + + Motile

Ink 2.2 Streptobacil + + Motile

Ink 2.6 Streptobacil + + Motile

Table 1 Characterization of endophytic and lipolytic bacteria isolated
from palm oil fruit
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Isolates Activity Protein Specific activity

(nKat mL )
-1

(μg )mL
-1

(nKat mg )
-1

BSWt 2(1) 0.54a 225abc 2.44bcde

B.A 0.17de 142defg 1.24ef

K 0.29bc
296a 0.98ef

Ink 1.a 0.16e 104fghi 1.57cdef

Ink 1.c 0.23cde 64hi
4.08a

Ink 1.3 0.48a 173cdef 3.11abc

Ink 1.4 0.16ed 228abc 0.72f

Ink 1.5 0.29bc 188bcde 1.57cdef

Ink 1.6 0.17ed 116efghi 1.47cdef

Ink 1.9 0.35b 252ab 1.50cdef

Ink 1.10 0.48a 198bcd 2.93abcd

Ink 1.11 0.26bcd 199bcd 1.34def

Ink 1.12 0.20ed 85ghi 2.30bcdef

Ink 2.2 0.16ed 50i 3.45ab

Ink 2.6 0.16ed 127defgh 1.29def

Table 2 Activity, protein concentration, and specific activity of
enzyme produced by bacterial isolates

Different superscript characters in the same column shows highly
significant difference (P<0.0005).

Characteristic
Isolate

BSWt 2(1) Ink 1.3

Macroscopic

Colony edge

Colony opacity

Undulate

Opaque

Lobate

Opaque

Microscopic Bacil Bacil

Spore formation Ellips and

subterminal

Ellips and

central

Motility Motile Motile

Bio-chemical test:

Protease + +

Amylase − −

Lipase (Tributirin) + + − +

Gelatinase + +

Nitrate reduction + +

Methyl red + +

Voges -Proskauer − −

Urease − −

Indole reaction − +

H2S production − −

Catalase + +

Growth on citrate − −

Glucose fermentation − + +

Sucrose fermentation + +

Lactose fermentation − −

Triple s ugar iron agar + +

Conclusion Bacillus brevis Bacillus laterosporus

Table 3 Characterization of isolates*BSWt 2(1) and Ink 1.3

*Identification was held at Laboratory of Microbiology, School of
Biological Science and Technology, Institut Teknologi Bandung. + was
positive; −, negative; − +, weakly positive; + +, very strongly positive.
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Fig 1 Optimum pH (a) and temperature (b) of lipases produced by
BSWt 2(1) ( ) and Ink 1.3 ( ). Buffers used

were Mc Ilvaine (pH 6.0-7.5), phosphate (pH 7.5-8.0), and Tris-Cl (pH
8.0-9.0).

Bacillus brevis B. laterosporus◊ □
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Lipase

Pre-incubation
Specific

activity

(nKat mg )
-1

Relative

specific

activity

(times)*

Temperature

(°C)
Time

(h)

B. brevis BSWt 2(1)

B. laterosporus Ink 1.3

80

100

80

100

0

2

4

8

0

2

4

8

0

2

4

8

0

2

4

8

6.33

6.49

7.33

5.69

4.67

5.60

6.09

5.73

4.74

6.30

5.43

3.93

4.74

7.92

6.47

5.66

1.00

1.03

1.16

0.90

1.00

1.20

1.30

1.23

1.00

1.33

1.15

0.83

1.00

1.67

1.37

1.20

Table 5 The effect of temperature pre-incubation at 80 and 100°C
on lipase specific activity of BSWt 2(1) and
Ink 1.3

Bacillus brevis B. laterosporus

*The comparison of specific activity at each pre-incubation time towards
0 h incubation.

Lipase

Kind of

buffers pH

Preincubation
(min) Relative

specific0 30
activity

(times)*
(nKat mg )

-1

B. brevis BSWt 2(1) Mc. Ilvaine 6.5 0.99 0.66 0.66

7.0 3.34 2.36 0.70

7.5 4.99 4.74 0.95

Phosphate 7.5 2.89 2.65 0.92

8.0 4.25 3.94 0.93

Tris-Cl 8.0 1.28 1.62 1.27

8.5 2.26 2.55 1.13

9.0 2.93 3.28 1.12

B. laterosporus Ink 1.3 Mc Ilvaine 6.5 1.13 0.86 0.76

7.0 2.55 2.12 0.83

7.5 5.33 4.00 0.75

Phosphate 7.5 3.89 4.17 1.08

8.0 4.43 4.80 1.08

Tris-Cl 8.0 2.17 0.90 0.42

8.5 2.16 0.89 0.41

9.0 5.15 1.92 0.37

Table 4 The effect of pH pre-incubation on lipase specific activity of
BSWt 2(1) and Ink 1.3Bacillus brevis B. laterosporus

*The comparison of specific activity at 30 min towards 0 min pre-
incubation time.
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