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Abstract A combined (enzymatic and chemical) process
using a Bacillus pumilus strain (DKS1), isolated from the
soil, was used to degum ramie bast Wbres. After 24 h of
incubation with the isolated pectinolytic strain using a low-
cost medium, the weight loss of the ramie Wbre was found
to be 25% under small scale. High activity of pectate lyase
was detected in the culture supernatants; 400 kg of ramie
Wbres was degummed with 24% weight loss in large-scale
degumming under Weld conditions. No cellulase activity
was found. Microbial intervention followed by mild (0.1%)
alkali treatment showed high percentage of weight loss
from the ramie Wbre. Bacterial degumming followed by
chemical treatment resulted in an increase of single Wbre
tenacity (cN/tex) by more than 20.81% as compared to non-
degummed (decorticated) Wbre samples. Scanning electron
micrographs (SEM) and Xuorescence microscope showed
that after Bacillus pumilus DKS1 treatment the surface of
the decorticated ramie Wbre becomes very smooth. These
results indicate the process provides an economical and
eco-friendly method for the small scale as well as large-
scale degumming of decorticated ramie Wbre. This study
has great relevance to the textile as well as paper industry.
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Introduction

Alkalophilic bacilli play an important role in the degrada-
tion of plant residues. Biodegradation of pectin, a polysac-
charide built mainly of �-(1–4)-linked D-galacturonic acid
and its methylester, occurs as the result of a synergistic
action of diVerent extracellular enzymes [1, 2]. Two diVer-
ent classes of pectinolytic enzymes depolymerize pectin or
its non-esteriWed form either by transeliminative cleavage
(lyases) or by hydrolysis (hydrolases). In addition, the ester
bonds in pectin are hydrolysed by a pectinesterase. Pectino-
lytic enzymes have been found in plants and microorgan-
isms such as moulds, yeasts, and bacteria [3]. Pectate lyase
enzymes assist in the maceration of plant tissues by degrad-
ing the pectin located in the middle lamella and in the pri-
mary cell wall of higher plants [4]. They are involved in the
retting and degumming of jute, Xax, hemp, and ramie bast
Wbres [5–8]. Cellulose Wbres obtained from ramie are con-
sidered the longest, strongest, and silkiest plant Wbers. The
Wbers are obtained by mechanical removal of the bast from
the stem of the plant (decortication). Decorticated ramie
Wbres contain about 20–30% gummy material consisting
mainly of pectin and hemicellulose. This material is
removed in a chemical degumming process by treating the
decorticated Wbres with hot alkaline solutions with or with-
out application of pressure [5, 9]. This process produces
polluting eZuents and can cause damage to the Wbres. The
gummy material could also be removed by polysaccharide-
degrading microorganisms or their enzymes in a biochemi-
cal degumming process. A combination of microbial and
chemical processes has been proposed to reduce the
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consumption of chemicals and energy [10, 11]. In this
work, we report the degumming of the ramie bast Wbre by
using a newly isolated pectinolytic Bacillus pumilus DKS1
strain and the characterisation of the degummed ramie
Wbre. Our microbial technique of degumming was more
eco-friendly, energy-saving and cost-eVective as compared
to the chemical process. We initially standardised a process
for the degumming under laboratory or small-scale condi-
tions and scaled it for bulk-processing applications.

We used readily available ingredients for a cost-eVective
growth medium. Under small-scale as well as large-scale
conditions the release of pectate lyase was high with no cel-
lulase activity. The procedure could be utilised for running
repeated batches with the same culture under Weld condi-
tions. In addition the released pectate lyase was very stable
under crude conditions with potential for use in subsequent
downstream processes.

Materials and methods

Source of ramie Wbre

Decorticated ramie Wbres (Boehmeria nivea) used in this
study were collected from CRIJAF, West Bengal, India.

Culture conditions for degumming on small scale

The Bacillus pumilus DKS1 strain (GenBank accession no.
EF467045) was grown overnight in a 5 ml salt–papaya
medium (0.5% NaCl, 0.4% NH4Cl, 0.1% MgCl2, 0.25%
K2HPO4, 0.15% KH2PO4,1 mM CaCl2 and 1.0% papaya
pH 7.0). Of this culture 2 ml was subsequently inoculated
into a 200 ml salt–papaya medium containing 2 g ramie
Wbres, in a 1,000-ml conical Xask. Pieces of papaya were
used as the source of pectin during all processes of the
degumming. At the laboratory scale the salt–papaya
medium was sterilised by a standard autoclaved method (at
121°C or 249°F for 15 min). The Xask was incubated at
30°C on a rotary shaker (150 rev/min) for 24 h. The culture
was centrifuged (7,000 rpm, 10 min, 4°C) and the cell-free
supernatant was assayed for pectate lyase activity by the
TBA method (A550) according Basu et al. [12] based on
earlier methods [13, 14]. A control system was run without
adding the microbial culture.

Activity assay of pectate lyase

The pectate lyase activities were determined by the TBA
(thiobarbituric acid) assay which measured absorbance at
550 nm. Suitable dilutions of the supernatant (1 ml) were
added to 5 ml of PGA (polygalacturonic acid, sodium salt)
solution (0.75%, w/v). The assay volumes were made up to

10.0 ml with Tris–HCl buVer (25 mM, pH 8.5) containing
1 mM CaCl2 and incubated at 75°C for 2 h. About 0.6 ml
zinc sulphate (9.0%, w/v) and 0.6 ml sodium hydroxide
(0.5 M) were then added. The samples were centrifuged
(3,000£g, 10 min) and 5.0 ml of the clear supernatant was
added to a mixture of thiobarbituric acid (3.0 ml, 0.04 M)
and HCl (1.5 ml, 0.1 M). The mixture was heated in a boil-
ing water bath for 30 min, and the absorbance of the col-
oured solution was measured at 550 nm against a reference
cuvette which contained the same reagents as that of the
experimental cuvette but for which the zinc sulphate and
sodium hydroxide were added before adding the enzyme
and substrate. One unit of activity was deWned as the
amount of enzyme that caused a change in absorbance of
0.01 under the conditions of the assay.

Culture conditions for large-scale degumming of ramie 
Wbre

In this process, we degummed a total of 400 kg ramie Wbre
using 4,000 l medium in two separate batches (200 kg each)
at CRIJAF, Barrackpore. The process was carried out in
cement-lined tanks (dimensions: 8.8 m £ 1.62 m £
1.45 m). The medium contained salts (6 kg NaCl, 6 kg
NH4Cl, 3 kg MgCl2, 2 kg K2HPO4, 6 kg KH2PO4, 1 mM
CaCl2) and papaya (400 kg). The pH of the medium was
7.0 and the temperature varied from 30 to 40°C in Weld con-
ditions. The ratio of Bacillus pumilus DKS1 inoculum was
1:1,000 to total medium. The total system was non-steril-
ised. Before inoculation with Bacillus pumilus DKS1, the
water was treated with sodium hypochlorite (Wve drops per
litre) to eliminate the contaminant load. Pieces of papaya
(400 kg) were washed with sodium hypochlorite (Wve
drops per litre) solution. These pieces were added to the
sodium hypochlorite (Wve drops per litre) treated water.
The mixture was agitated and the Wbre bundles were turned
over at 12 h intervals using bamboo paddles. After harvest-
ing the Wrst batch of 200 kg, another 200 kg of ramie Wbre
was immersed as a second batch in same medium. The sec-
ond batch of 200 kg was harvested after 240 h. An aliquot
of the system was centrifuged and assayed for pectate
lyase activity by the TBA method as described earlier.
Fibre samples were collected (from marked bundles)
at speciWed time points for treatment and assay of weight
loss.

Alkali treatment of ramie Wbres

The processing of ramie Wbres was carried out in two steps.
Microbial degumming (step I) followed by alkali
degumming (step II). In the latter step the Wbre was boiled
in 0.1% NaOH for 15 min. The Wbre was then washed
under running water and put in a drier. Dried Wbre samples
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were weighed and the weight loss was compared to the raw
Wbre.

Bleaching of degummed ramie Wbre

The degummed ramie Wbres were immersed in an alkaline
hydrogen peroxide solution for approximately 1 h or until
the desired bleach or whiteness was obtained at room tem-
perature. The bleaching solution contained sodium hydrox-
ide (0.1%), EDTA (0.5%) and H2O2 (0.5%) [15]. The
liquor to Wbre ratio was 10:1 (w/v). The bleached
degummed ramie bast Wbre was rinsed under tap water and
dried at 80°C.

Scanning electron microscopy of treated and untreated 
ramie Wbre samples

Scanning electron microscopy (SEM) was used to observe
the microstructure and the surface morphology of untreated
and treated ramie Wbres of small scale as well as large scale.
The variation of surface structure of decorticated, con-
trolled, enzyme followed by alkali treated and bleached
ramie Wbers has been reported here. Ramie Wbre bundles
were 50–100 �m in diameter. The samples were coated
with gold to provide about 200 Å gold layer thickness using
a vacuum sputter [16] and then samples were observed
under SEM (HITACHI-S2360N, Japan) (Fig. 2).

Fluorescence microscopy of ramie Wbre samples

Fluorescence microscopy (Model BX51/B52; Olympus,
Japan) was used to observe the surface morphology of
treated and untreated ramie Wbres. As in the SEM experi-
ment, the variation of surface structure of decorticated, con-
trol, enzyme and alkali treated and bleached ramie Wbers
were analyzed. To examine the surface structure of the
ramie Wbre, four diVerent Wlters were used; bright Weld
(band pass 400–700 nm) (Fig. 3a), green (band pass 530–
550 nm, narrow band) (Fig. 3b), ultraviolet (band pass 360–
370 nm, narrow band) (Fig. 3c) and blue (band pass
470–490 nm, narrow band) Wlter (Fig. 3d). To study the
surface structure of ramie Wbres under the microscope a sin-
gle ramie Wbre strand was Wxed on a glass slide and a cover
slip was kept on the sample Wbre. The Wbre samples were
observed under 10£ magniWcation in dark Weld.

Tenacity (cN/tex) of the single ramie Wbre

The constant rate of elongation (CRE) method was applied
to measure the tenacity [17] of the ramie Wbre. The tenacity
(cN/tex) of the Wbre was measured using a single-Wbre
strength tester (Zwick/Roell, Z010) which determined the
max load (N) of clean and dry Wbre strands (5 cm length)

collected from near the middle portion of the Wbre reeds.
The tenacity of the Wbre samples was calculated from the
ratio of max load (N) to its Wneness (tex). Gauge length
(test length) was 10 mm and each end of a single Wbre was
fastened with adhesive between two small pieces of paper
for gripping. Test speed was 10 mm/min. A paper frame
supported the Wbres during sample loading to avoid bend-
ing or breaking, and the frame was cut prior to the stress-
strain scan [17]. To obtain reliable results ten samples of
each type were taken for single-Wbre tenacity testing. The
results are the mean and standard error of ten specimens of
each sample.

Results and discussion

Enzyme activity in small-scale degumming

Our process used green papaya as the source of pectin.
Green papaya is rich in pectin containing 10% of it on dry
weight basis. Bacterial degumming of ramie bast Wbres was
optimal in the 200 g papaya content in the 200 ml salt–
papaya medium. The maximum activity of pectate lyase
(25 U/ml) in the medium was observed after 24 h of growth
in the presence of ramie Wbres (Table 1). The DKS1 pectate
lyase has been puriWed and also characterised [12]. Neither
pectin esterase (EC 3.1.1.11) nor polygalacturonase (EC
3.2.1.15) was detected in the cell-free culture Xuid. These
results are similar to that obtained with diVerent strain of B.
pumilus isolated by Dave and Vaughn [18]. The ready
availability of green papaya throughout the year, its rela-
tively low price and the extent of the degumming in the
presence of this pectin source, indicate that the process is
both cost-eVective and eYcient.

Percentage reduction in the dry weight of ramie Wbres 
in small-scale degumming

Degumming of ramie Wbres was done by Bacillus pumilus
DKS1 followed by alkali (0.1%) treatment in a combined
process. The percentage decrease in the weight of ramie
Wbres in presence of only bacterial enzyme treatment was
up to 17% after 24 h (Table 2). However, the combined

Table 1 Pectate lyase activity in salts-papaya medium in small-scale

Medium (ml) Papaya (g) Pectate lyase 
activity (U/ml)

200 50 12

200 100 19

200 200 25

200 300 29

200 400 33
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treatment of enzymatic procedure followed by chemical
process decreased the Wbre weight by 25% after 24 h.
Therefore, it might be concluded that to achieve maximal
degumming of ramie Wbres, the Wbres should Wrst be sub-
jected to enzymatic treatment followed by addition of mild
alkali treatment. Only 0.1% alkali treatment showed little
amount of weight loss. These results indicate that microbial
intervention loosens the pectin components in the Wbre
leading to the weight loss, possibly creating smaller frag-
ments in the process. The subsequent treatment with mild
alkali removes the fragments resulting in the Wnal weight
loss. This hypothesis is further supported by the fact that
alkali treatment alone resulted in a weight loss of 8.8–
10.1%, which was far lower than that achieved by the com-
bined process. Reduction in the gum content of ramie Wbre
[19–21] using alkaline pectinase from Bacillus sp. has
already been reported. However, degumming of ramie
Wbres by Bacillus pumilus DKS1 in presence of papaya is
being reported for the Wrst time as per our knowledge. The
degumming of ramie Wbres using Bacillus pumilus dcsr1
[21] has been also reported. The pectinase enzyme selec-
tively degraded only the noncellulosic gummy material of
Wbres causing 10.96% Wbre weight loss after 24 h. This
weight loss was lower than that obtained using Bacillus
pumilus DKS1. However, 0.04% NaOH was used during
the degumming by using Bacillus pumilus dcsr1, which
was lower than the alkali used in degumming made by
Bacillus pumilus DKS1[12].

Again according to the procedure of Zheng et al. [19]
using alkalophilic Bacillus sp. (NT-39, NT-53 and NT-76)
a loss of only about 5% was obtained with ramie Wbres after
48 h. As compared to these results our procedure gave a
greater weight loss under similar or lesser incubation
periods.

Further, during the degumming of ramie Wbre by Bacil-
lus sp. NT-39, NT-53 and NT-76 strains [19] both pectate
lyase and xylanase were active. However, with DKS1 the
secreted enzyme was pectate lyase with no trace of either
cellulase or xylanase. We expect that this would result in
better removal of the gum-like material with retention of
Wbre strength. Our suggestion was supported by the SEM
(Fig. 2), Xuorescence microscopy (Fig. 3), and physical
studies (Table 4) where the Wbre became progressively
smoother with microbial intervention. The processed ramie
Wbre (degummed and bleached) did not show the presence

of any spores under SEM (Fig. 2). As a further conWrmation
we added the processed Wbre to a salt–papaya medium
(described above) and incubated at 30°C on a rotary shaker
(150 rev/min) for 24 h. Pectinolytic strains could not be
detected when the culture medium was plated on YP-agar
(NaCl 0.5%, Yeast extract 1.0%, Pectin 0.75%, 1.5% agar;
pH 7.0) plates and stained with ruthenium red.

Pectate lyase activity in large-scale degumming

We collected samples (25 ml each) of the culture liquor
from Wve diVerent locations of the tank each day after incu-
bation with DKS1 from large-scale degumming medium up
to 10 days. The samples were analysed for pectate lyase
activity by the method described by Basu et al. [12].
Detectable enzyme activity was observed only after 72 h.
Thereafter enzyme activity increased almost seven times up
to 10 days (Fig. 1). Large-scale degumming medium
showed more than 6 U/ml pectate lyase activity at 10 days.
The delay in the production of the enzyme in the large-scale
preparation (as compared to the small scale) could be a con-
sequence of bacterial adaptation to the conditions of the
process. The initial pH of the degumming medium was 7.0,
but after degumming pH became near to 5.0. The pectate
lyase enzyme showed maximum activity even after 10 days
of incubation and retained 50% of the total enzymatic activ-
ity after 16 days (data not shown in Fig. 1).

Table 2 Percent weight loss of 
ramie Wbres in after degumming 
(small scale)

Papaya (g) Wt. loss (%) 
Control

Wt. loss (%) after 
only 0.1% alkali treatment

Wt. loss (%) 
after step I

Wt. loss (%) 
after step II

100 6.75 8.8 12 23.8

200 7.8 9.2 17 25

300 8.2 10.1 18.5 25

Fig. 1 Pectate lyase production in large scale degumming
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Percentage reduction in the dry weight of ramie Wbres 
in large scale

The water in the large-scale process was free of contami-
nating bacteria after zeoline treatment; 400 kg of ramie
Wbers was degummed by using 4,000 l salt–papaya medium
in two separate batches of about 200 kg each. The results
obtained are given in Table 3.

Less time was required to degum the ramie Wbres in the
second batch than in the Wrst batch due to the presence of
high pectate lyase activity after 5 days when another 200 kg
of ramie Wbres was introduced into the same culture
medium. The percentage of weight loss in the second batch
ramie Wbre showed 25% after 96 h as compared to 24%
after 120 h in the case of the Wrst batch after bacterial treat-
ment followed by alkali treatment. But, the percentage of
weight loss of ramie Wbre after step I was higher in the
second batch (22%) than in the Wrst batch (12%) after 96 h
due to the presence of high enzyme concentration during

5–10 days. The percentage of weight loss (22%) after 96 h
of step I in second batch showed better result even after
120 h of step I in Wrst batch.

Study of surface structure of ramie Wbres using scanning 
electron microscopy (SEM) and Xuorescence microscopy

The reduction in the gummy material of the ramie Wbres
after treatment with bacterial enzyme followed by alkali
treatment (0.1%) was also conWrmed by observing the
treated as well as untreated Wbres under SEM. Decorticated
(Fig. 2a) as well as control (Fig. 2b) Wbres revealed plenty
of gummy material on their surfaces, whereas bacterial
enzyme followed by alkali-treated ramie Wbres in large
scale (Fig. 2c), bacterial enzyme followed by alkali-treated
Wbres in small scale (Fig. 2d), and bleached ramie Wbres of
small scale (Fig. 2e) exhibited less gummy material on their
surfaces. In contrast, combined treatment of the ramie
Wbres in small scale resulted in signiWcant removal of
gummy material (Fig. 2d) than that obtained following
large scale (Fig. 2c).

To further analyse the structure of Wbre surface, Xuores-
cence microscopy was used with four Wlters: bright Weld,
green, UV and blue.

From the Fig. 3a–d, it was observed that by using four
diVerent Wlters, Wbres (treated and untreated) showed diVer-
ent surface structures. Therefore, from the above observa-
tion it could be easily suggested that eVect was not due to
the Xuorescence property of the ramie Wbre, it may be due
to the light scattering. Light scattering intensity was

Table 3 Percent weight loss after degumming of ramie Wbre (large
scale)

Time of harvest Wt. loss (%) 
after Step I

After Wt. loss (%) 
after Step II

72 h (1st batch) 10 19

96 h (1st batch) 12 22

120 h (1st batch) 16 24

216 h (2nd batch) 22 25

Fig. 2 Scanning electron 
micrograph of a decorticated; 
b control; c bacterial 
enzyme + 0.1% alkali (large 
scale); d bacterial 
enzyme + 0.1% alkali (small 
scale); e bleached ramie Wbre 
(small scale). Scale 
bars = 20 �m in each 
micrograph
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increased with increasing roughness on the ramie Wbre.
Therefore, untreated and controlled ramie Wbres showed
high colour intensity than degummed ramie Wbres. After
bleaching no light scattering or colour intensity was
observed due to the maximum smoothness of the Wbre.
From the above observation it could be concluded that after
processing by bacterial intervention and alkali treatment,
followed by bleaching, gum content had been removed to a
suYcient extent to make the ramie Wbre smoother.

Tenacity measurement of single-ramie Wbre

The single-ramie Wbres of decorticated, control, degummed
(bacterial enzyme + chemical) and bleached samples were
tested for their tensile properties (Table 4).

For natural Wbres, the Wneness throughout each Wbre was
not constant and Wbre-to-Wbre variation was much higher.
Due to the large variation in Wneness in a single Wbre, the
single-Wbre tenacity was considered as the tenacity per unit
Wneness of the Wbre. The Wneness of the treated single Wbre
was increased after microbial intervention followed by
alkali. The Wneness was increased after bleaching. The per-
centage increases in tenacity as a result of the processing
indicates that the Wbre could be used for commercial
purposes.

Tenacity or tensile strength of the Wbre is a very
important parameter for grading for industrial purposes.
In this context our observations were very signiWcant.
After degumming by combined (bacterial enzyme and
chemical) treatment, single-ramie Wbre tenacity (cN/tex)

Fig. 3 Fluorescence micros-
copy of decorticated, control, 
degummed and bleached ramie 
Wbre under Bright Weld (a), 
Green Wlter (b), UV Wlter (c) and 
Blue Wlter (d)

Table 4 Tenacity measurement 
of ramie Wbre samples

Sample Max load (N) Elasticity 
(%)

Work of 
rupture (Nmm)

Fineness 
(tex)

Tenacity 
(cN/tex)

Decorticated 0.82 § 0.29 2.9 § 1.17 0.09 § 0.07 2.40 34.16

Control 0.75 § 0.24 3.1 § 1.94 0.11 § 0.09 2.28 32.89

Degummed (ss) 0.71 § 0.21 4.1 § 1.48 0.16 § 0.08 1.72 41.27

Bleached (ss) 0.64 § 0.19 3.83 § 1.35 0.14 § 0.06 1.66 38.78

Degummed (ls) 0.7 § 0.28 3.7 § 1.5 0.13 § 0.08 1.88 37.23

N Newton, Nmm Newton milli-
meter, cN centiNewton, ss small 
scale, ls large scale
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was increased up to 20.81% in small scale and 8.98% in
large scale compared to decorticated ramie Wbre. The
tenacity of Wbre from large-scale processing (as com-
pared to the small-scale processing) was lower. This was
probably due to the 9.3% higher tex (or lower Wneness)
value of the Wbre from large-scale processing. Tenacity
was found to be decreased by 6% after bleaching with
alkaline H2O2 as compared to degummed Wbre in small
scale. However, after bleaching, tenacity remained
13.52% higher as compared to decorticated Wbre. On the
basis of both SEM and Xuorescence microscopy, bleach-
ing (after microbial intervention) enhanced the smooth-
ness or Wneness of the Wbre. Therefore, after degumming
followed by bleaching the Wbres retained enough
tenacity to meet textile requirements due to their high
intrinsic strength.
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