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FOREWORD

Improvement of low grade jute and cuttings and their commercial
utilization are one of the major problems of jute industries in the
producing countries. To address the issue, a project, viz. "Improved
Processing Technique for Low Grade Jute and Cuttings" was launched
by the International Jute Organisation (1JO), Dhaka, Bangladesh on 1
December 1989 for a duration of 30 months with the financial support
of International Development Research Centre (IDRC), Canada.
Bangladesh Jute Research Institute, Dhaka, Bangladesh and the
Department of Chemical Engineering, University of Laval, Quebec,
Canada carried out the research activities of this project.

Boitechnological methods developed under the project in the
laboratories of BJRI had undergone trials, pilot scale in BJRI and large
scale in the jute mills in Bangladesh. After successful completion of
these trials demonstration trials were carried out in the jute mills in
Nepal.

The trials have shown promising results. Much of the credit goes
to Dr. G. Mohiuddin, Project Leader, for successful implementation of
the project. I appreciate his sincere effort in preparing this manual
which will be of great help in the preparation of enzymes in the
laboratory scale and its subsequent commercial production and use in
the jute mills for the improvement of low grade jute and cuttings.

Dhaka (Md. Shamsul Haque Chishty)
May 1992 Executive Director
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Jute is a bast fibre obtained from the stalk of Corchorus. In 1991,
the world production of jute and allied fibres (kenaf and mesta) was
about 3.64 million tons. About 90% of the world production originates
in Bangladesh, India, China, Nepal and Thailand. The crop alone
provides a source of livelihood for 10 million farmers in these countries.
Jute is still a source of foreign exchange earnings and employment in
Bangladesh, India and Nepal though its extent has declined over the.
years.

In the world market, jute and jute goods used traditionally for
packaging, transport and storage of agricultural products, have been
exposed to severe competition from synthetic substitutes which
successfully competed with jute in all its end uses. The technological
innovations and production policies followed by the synthetic industries
have contributed to an increased supply, at competitive prices, of
synthetic products; they have also recently adopted aggressive
marketing techniques to promote sales of synthetic products.

As far as prices of raw jute are concerned, no reduction has been
easy as farmers are constantly faced with the increased prices of
agricultural inputs including labour. In the jute industry also, due to
enhanced wages of labour and inputs, production costs of jute goods are
increasing. These increased costs of jute products favor easier
substitution by synthetics, thus crippling the jute economy.

Further, due to over maturity and scarcity of water about 40% of
total jute production is found to be of low grade. The processing
problem of low grade jute and cuttings (bottom hard stiff portion of cut
fibres) are common in all the jute producing countries. However, the
extent of these problems varies from country to country depending on
the local consumption as well as type of jute products manufactured.

Wasteful cuttings and low grade jute have contributed to the
financial woes of the farmers as well as the industrial sector. Price
range of the various grades of raw jute is from US$ 200 to 500 per ton,
thus depressing severely the income of poor farmers producing lower

grades of jute.




Dr. G. Mohiuddin

In view of the above a project was initiated on 1st December 1989
by the International Jute Organisation (LJO) with the financial
assistance of International Development Research Centre (IDRC),
Ottawa, Canada. Research activities of this project were carried out at
the Bangladesh Jute Research Institute under the supervision of
- Dr. Ghulam Mohiuddin, and at the Department of Chemical
Engineering under the supervision of Professor Anh LeDuy.
Through this project, a technical knowhow in the area of Biotechnology
has been developed for the enzymatic processing of the low grade jute
and cuttings, and comprising the following:

1. Isolation of microorganisms

2. Screening of microorganisms

3. Production of enzymes

4. Assay of enzymes

5. Physical Characteristic of fibres

6. Application of enzyme in the emulsion
7. Processing of yarn
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2.1 COLLECTION OF MICROOGANISM

In order to isolate desired microorganism from natural habitats,
samples from matured hot piling bins, caddis and jute dust, damaged
jute and jute goods, retting water, rotten wood are to be collected from
different areas. Samples are usually kept in sterilized container and are
to be labelled properly. Before inoculation of the samples certain
amount of it is to be taken in a conical flask containing definite volume
of sterile water and are mixed well. For the isolation of thermophilic
microorganism samples are usually boiled in a conical flask for 30
minutes to eliminate all the mesophilic microorganisms. Innoculation
is to be done with 0.1 ml suspension by spread culture method and
incubated 60°C for the isolation of thermophilic and 35°C for the
isolation of mesophilic microorganism. The isolated colonies are to be
randomly picked, purified and maintained on the following potato
dextrose Agar (PDA) slants

Potato Dextrose Agar (PDA)

Slice potato ~ 200g
Glucose 20g

Agar 15g

finely sliced potatoes are to be cooked in 500 ml water, filtered through
cheese cloth and water to be added to filtrate to make up to one liter.
The agar is to be dissolved in the filtrate by heating, and glucose is to
be added prior to sterilization. The medium is to be autoclaved for 20
minutes at 115°C.

Stock culture

Stock cultures of fungi are generally maintained at 4°C and subcultured
at one month intervals.
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2.2 PRELIMINARY SELECTION OF MICROORGANISMS

2.2.1 PRINCIPLE

The preliminary activity is to be demonstrated by the
hydrolysis of cementing materials in between the fibres in
petridishes by feel and torch method.

2.2.2 PROCEDURE

To study the jute softening microorganism jute cuttings are
to be moistened with the following Czapex dox solution
containing jute extract in the petridishes.

CzAPEK’s Dox
NaNog - 3.0g
K,HPO, 1.0g
MgSO,.7H,0 0.5g
KCL 0.5¢g
FeSo,.7TH20 0.01g
Sucrose 30.0g

Digtﬂled water 1.0L

Jute cuttings (about 10 cm long) are placed in glass
petridishes and autoclaved in a dry cycles for 15 minute at
121°C. It is observed that autoclaving in a dry cycle does not
change the characteristics of cuttings. These cuttings are to be
moistened with Czapek’s solution and inoculated with the
isolated microorganism. After 3/5 days of incubation at 35°C, the
cuttings are to be examined by feel and touch method. A control
experiment is to be performed with water only. The strains
which can soften fibres are to be selected preliminary.
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2.3 COLLECTION OF STRAIN FROM TYPE CULTURE
COLLECTION

A computer search for information in the literature may be made.
For collection of microorganism emphasis should be given for those
microorganisms having <xylanase (since major component of
hemicellulose of jute is xylan), pectinase (polygalacturonase and pectin
lyase) and trace amount of cellulose activity.
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3.1 STANDARD PROCEDURE FOR SCREENING
MICROORGANISMS FOR CARBOXYMETHYL
CELLULASE AND XYLANASE

3.1.1 PRINCIPLE

Enzyme activity is to be demonstrated by the hydrolysis of
substrate incorporated, generally as the main carbon source, in a
solid agar medium distributed in pertridishes. The medium
contains all the necessary ingredients (minimal medium) to afford
sufficient initial growth of the inoculum. After an appropriate
incubation period, the activity can be detected around the colonies
by the appearance of zones revealed either by substrate clearances
or decoloration.

3.1.2 PROCEDURE

Step 1:  Petriplates of following media composition are
to be prepared for their respective enzymes

CM Case Xylanase

Carbon source: filter paper larchwood xylan

| 2.0 g/LL 2.0 g/l
Yeast-N-base: 6.7 g/LL 6.7 g/
Oxgall: 10 g/l 10 g/1
Yeast extract: 2 g/L 2g/L
Agar: 15 g/L 15 g/LL

Step 2: Media of above composition are to be prepared
in distillated water and autoclaved at 121°C for
15 minutes. The sterile liquified medium is
cooled to 45°C to 50°C and distributed into
pertridishes.
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Step 3:

Step 4:

Step 5:

Step 6:

The plates are to be inoculated with
microorganisms to be screened for enzyme
activity.

The plates are incubated at optimum
temperature for 3-10 days.

Hydrolytic zones around the growing colonies
are recorded for CMCase. Xylan hydrolysis can
be only observed after staining the plates.

To enhance the visibility to hydrolytic zones
around the growing colonies, the plates are to
be treated as described below.

a) For CMCase activity: the plates are flooded
with 10 ml Congo red solution. The
coloration is terminated by pouring off the
dye after 20 minutes and replacing with 10
ml of 5 mol/LL NaCl solution. After an
additional 20 minutes the salt solution is
discarded and CMCase activity is revealed
by a pale orange zone around the colonies
producing CMCase.

b) For Xylanase activity: the plates are to be
flooded with 96% ethanol. Although clear
zones are visible within 3-4 hours of
incubation but prolonged incubation
enhances the contrast.

3.1.3 MATERIALS

1. Yeast-N-base, oxgall, yeast extract agar, CMC can be
obtained from any chemical company.
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3.2

Congo red solution: 0.1 g Congo red is to be dissolved in
100 ml distilled water.

5M NaCl solution: 29.2 g NaCl are to be dissolved in
100 ml distilled water.

Citrate buffer. 0.05 mol/L. Na-citrate solution may be
prepared dissolving 14.7 g Na-citrate in 1 L distilled
water. 0.05 mol/L. solution of citric acid is to be
prepared by dissolving 10.5 g citric acid in 1 L distilled
water. Citric acid is to be added in Na-citrate solution
until the pH of the mixture reaches 5.3.

STANDARD PROCEDURE FOR SCREENING
MICROORGANISMS FOR PECTINASE ACTIVITY

3.2.1 PRINCIPLE

Most of the pectinolytic fungi produce polygalacturonase (PG)

and pectinlyase (PL). PG attacks polygalacturonic acid and PL
attacks pectin. Enzyme are secreted by fungi when grown on
minimal media supplemented with polygalacturonic acid for
detecting PG activity and pectin for detecting PL activity. After a
period of incubation, hydrolytic zones are revealed by staining the
plates with cetyltrimethyl ammonium bromide which precipitates
the ungraded substrate, leaving a clear zone.

3.2.2 PROCEDURE

Step 1:  The following media composition for detecting

PG and PL enzyme activities are to be
prepared.
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PL PG
Pectin (from apple) 10 g/L 0g/L
Polygalacturonic acid 0 g/L 10 g/LL
Na salt
NaNO; 2.0 g/L 2.0 g/LL
KH,PO, 1.0 gL 1.0 gL
MgSO,. TH,O 0.5 g/LL 0.5 g/LL
Yeast extract 0.2 g/L 0.2 g/L,
Agar 20 g/L 20 g/L,
Buffer HEPES Na-—citrate
buffer 0.1 buffer 0.1 mol/L:
mol/L. (pH 8.0) (pH 4.8)

(a) pH of the pectin solution in water should be 4.0 which

is natural pH of pectin.

This prevents unusual

hydrolysis of pectin during autoclaving.

(b) HEPES: N-2 hydroxyethyl

piperazine-N2-ethane

sulphonic acid. It is non-metabolizable buffer,
therefore, the pH of the medium does not change

significantly.

Step 2:  Dissolve polysaccharide in 500 ml water and
rest other chemicals in their respective buffers
(500 ml). Polysaccharide solutions and mineral
solutions are to be autoclaved separately at

121°C for 15 minutes.

Step 3:  Plates containing PG or PL medium are to be
inoculated with microorganisms to be screened

for enzyme activities.
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3.23

Step 4: Plates are to be incubated at optimum

temperature for 2-7 days.

Step 5: Plates should be flooded with 1% (W/V)

cetyltrimethyl ammonium bromide solution
Zones of hydrolysis are apparent after 5-10
minutes of incubation.

MATERIALS AND REAGENTS

a)

b)

c)

d)

Polygalacturonic acid—(Na salt), pectin (frdm apple),
HEPES, yeast and cetyltrimethyl ammonium bromide
are to be purchased from any chemical co.

Citrate buffer: 29.4 g Na—citrate are to be dissolved in
1 L distilled water and 21.01 g citric acid-H,O in 1 L
distilled water to prepare 0.1 mol/L solutions. Citric
acid solution is to be mixed in Na—citrate solution until
the pH reaches 4.8 (approx 45 ml of 0.1 mol/L citric acid
is required for 100 ml of 0.1 mol/L. Na—citrate to give a
buffer solution of 0.1 mol/L, pH 4.8).

HEPES Buffer: 23.83 g of HEPES are to be dissolved in
1 L distilled water. Concentrated NaOH (saturated
solution) is to be added to increase pH to 8.0.

Cetyltrimethyl ammonium bromide: 1% (W/V) solution
is to be prepared dissolving 1 g cetyltrimethyl
ammonium bromide in 100 ml distilled water.

The following strains may be used as reference:

Aspergillus sojae ATCC 20235 which is known to produce
pectinlyase and polygalacturonase.

Aureobasidium pullulans ATCC 62921 which is known to
produce xylanase and some cellulase.

10



Dr. G. Mohiuddin

Fusarium oxysporum FORL 332 which is known to produce
pectinase.

After 5 days of incubation at 25-30°C, all strains having PG
may from zones. Detecting of PG and PL can very
depending on optimum condition for specific strains. Some
strains having pectinlyase activity may not be detected by
cetyltrimethyl ammonium bromide.

1
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4.1 PREPARATION OF INOCULUM

Inoculum is to be prepared in yeast malt extract containing 0.3%
yeast extract, 0.3% malt extract, 0.5% peptone and 1% dextrose at pH
6-8 in a shaker at 100 RPM at 35°C for 3 days.

4.2 MEDIUM PREPARATION

Wheat bran being the cheap source and available in all the jute
producing countries may be used as a substrate for solid state
fermentation. Wheat bran is to be taken in stainless steel or
aluminium trays containing 50-100% moisture at natural pH. Wheat
bran containing moisture is to be sterilized for 15 minutes. 1% of
inoculum solution is to be incubated at 35°C. Incubation is to be
performed for 3/5 days.

- 4.3 EXTRACTION OF ENZYME

Enzyme is extracted by adding 10 volumes of water containing 1%
(W/V) NaCl solution in a container and is to be left for 2 hours with
occasional shaking. The slurry is then filtered through nylon cloth,
centrifuged at 6000 rpm for 10 minutes. Filter thus obtained is to be
stored at temperature around 15-25°C containing sodium azide or other
suitable chemical as preservative.

12
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5.1 STANDARD PROCEDURE FOR ASSAYING

CARBOXYMETHYL CELLULASE, XYLANASE AND
POLYGALACTURONASE ACTIVITIES

5.1.1 PRINCIPLE

The assay is based upon the increase in reducing groups
following the incubation of substrate with the enzyme solution. The
enzyme is incubated with carboxymethyl cellulose (CMC) for
assaying CMCase activity, with xylan for assaying xylanase activity
and with polygalacturonic acid for assaying polygalacturonase (PG)
activity, the reducing sugars released into solution, following
hydrolysis, are measured by dinitrosalicylic (DNS) method.

5.1.2 PROCEDURE

Step 1:  The following tubes are to be prepared for each
sample of enzyme solution.

Tube No.: 1

Used for:  reading is zero in
spectophotometer

Symbol: Z

Content:
1.0 mL Glucose buffer*

0.5 mL Acetate buffer

0.5 mL Distilled water

2

enzyme
control

CE?

Glucose
buffer*

Acetate
buffer

Enzyme®
solution

3

substrate
control

cs?

Glucose
buffer*

Substrate®

Distilled
water

test sample

Glucose

buffer*
Substrate®

Enzyme
solution

(a) The DNS method for detection of reducing sugars is not

sensitive below 100 pug glucose.

For accurate

determination of low concentrations of reducing sugars,
glucose should be added to each sample.

13
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(b)

(e)

(d)

Substrate solution (1% W/V) are to be prepared in
acetate buffer as follows: Na—-CMC for assaying CMCase
activity, xylan for assaying xylanase activity, and
polygalacturonicacid-Naforassaying polygalacturonase
activity.

The enzyme solution should be filtered through Type
A/E Gelman fiber glass membrane filter to remove
microorganisms and other particles.

The enzyme control (CE) and the substrate control (CS)
measures the reducing sugars produced due to partial
hydrolysis of substrate and sugars present as impurity
in substrate solution or enzyme solution. A standard
glucose solution along with test sample should be
included to check the procedure.

Step 2: Tubes are to be incubated at 40°C for 20

minutes. Incubation time may vary depending
the concentration of enzymes.

Step 3: Enzyme reaction is to be stopped for the

a)
b)
c)

development of colour reaction by

adding 2 ml of DNS reagent to each tube
then incubating the tubes at 90°C for 15 minutes
then cooling the tubes to room temperature with cold

water.

Step 4:  Definite volume of distilled water may be added.

Step 5:  Read the absorbance at 575 mm.

Step 6:  The net quantity of reducing sugars produced

by enzymatic reactions, which is measured as
absorbance at 575 mm, during the enzyme
assay is

14
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Actual absorbance = Absorbance of test sample (T)

Step 7:

Step 8:

— Absorbance of enzyme control (CE)
— Absorbance of substrate control(CS)

Reducing sugar concentration (g/L)
corresponding to actual absorbance from
calibration curve can be determined.

Note: Standard calibration curves of glucose,
D-xylose and D-galacturonic acid from
their stock solutions can be prepared
and the procedure is to be followed as
described in step 1-5.

Enzyme activity is to be calculated and
expressed as International unit (IU). One
IU of enzyme is the amount of enzyme
which liberates 1 pmol of reducing sugars
per minute under assay conditions.

a. CMCase activity IU =
(pmol of glucose equivalent released/mL—~min)

glucose concentration released (g/I) x 1000

incubation time (min) x180

b. Xylanase activity IU =
(pmol of xylose equivalent released/mL~min)

Xvlose concentration released x 1000

incubation time (min) x 150

c. Polygalacturonase activity IU =
(pmol of galacturonic acid equivalent released/mL~min)

galacturonic acid concentration released x 1000
incubation time (min) x 194

15
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5.1.3 MATERIALS AND REAGENTS

1.

Carboxymethyl cellulose-Na (low viscosity), xylan
(larchwood), polygalacturonic acid-Na, D-xylose,
D-galacturonic acid-monohydrate, and D—-glucose are to
be purchased from any Chemical Co.

Acetate buffer at pH 4.8: 8.66 mL of glacial acetic acid
is to be mixed in 1 L distilled water to obtain 0.15 mol/L
acetic acid solution. 0.15 mol/L sodium acetic solution
is to be added into 0.15 mol/L acetic acid solution until
the pH of the mixture reaches 4.8.

Substrate solutions: 10 g CMC-Na or 10 g of xylan or
10 g of polygalacturonic acid—Na salt are to be dissolved
in 1 L acetate buffer at pH 4.8.

Glucose buffer: 0.13 g of glucose is to be dissolved in 1
L acetate buffer at pH 4.8.

Standard solutions: 4 g of D-glucose or 4 g of D—xylose
or 4 g galacturonic acid-monohydrate is to be dissolved
in 1 L of distilled water.

Dinitrosalicylic acid reagent: The following chemicals is
to be dissolved in 2 L distilled water: NaOH 40 g;
dinitrosalicylic acid 20 g; sodium sulfite 1 g; phenol 4 g.
This reagent should be kept in dark. It is stable for 2-3
weeks in refrigerator.

16
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5.2 STANDARD PROCEDURE FOR ASSAYING PECTIN

LYASE ACTIVITY

5.2.1 PRINCIPLE

The principle for assaying the pectin lyase (PL) activity is based
on the rate of formation of 4,5-unsaturated reaction products The
increasing absorbance at 235 nm of the reaction products is
monitored with spectrophotometer.

5.2.2 PROCEDURE

Step 1:

Step 2:

Step 3:

Enzyme extract is to be filtered through type
A/E Gelman fiber glass membrane filter.

Appropriate dilution of the enzyme extract with
distilled water.

Note:

The dilution factor may vary depending
upon (a) the concentration of enzyme,
and (b) the absorbance of enzyme
mixture without substrate. In solid
state fermentation, the enzyme extract
contains significant level of coloring
material of solid substrate which may
increase the absorbance of enzyme
extract up to such a level that may
make it impossible to read absorbance
of the enzyme reaction. Also, in case of
very high concentration of enzyme, the
substrate may be limiting.

0.5 ml of the diluted enzyme mixture is to be
added with 4.5 ml of 0.1% pectin buffer
solution.

17
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Step 4:
Step 5:

Step 6:

Step 7:

For control, 0.5 ml of distilled water is mixed
with 4.5 ml of 0.1% pectin buffer solution.

Absorbance is to be measured at 235 nm at time
Zero.

Tubes are to be incubated at 40°C for
appropriate time t (10-20 minutes).

Note: In case of low concentration of enzyme,
the incubation time should be longer.

Absorbance at 235 nm at time t (min) and
calculate actual increase in absorbance of the
sample as follows.

Actual increase in absorbance at time t(min) =

Step 8:

(Absorbance of test sample at time t

— Initial absorbance of the test sample)
— (Absorbance of control at time t

— Initial absorbance of control)

Units: one unit of PL is defined as an increase

in absorbance at 235 nm by 1.0 in the reaction
mixture per minute under the assay conditions.

PL activity (units/ml) =

Actual increase in absorbance x dilution factor x 10

t (min)

Note: (a) dilution factor is determined as
explained in step 2.

(b) multiplication with factor 10 is
necessary because the enzyme is
diluted 10 times in the reaction
mixture as outlined in step 3.

18
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5.2.3 MATERIALS
1. Pectin (from apple)

2. Tris-HCI buffer pH 8.5: dissolve 15.76 g Tris— HCI in
1L distilled water to prepare 0.1 mol/L solution. Add
saturated NaOH solution to increase pH to 8.5.

3. Phosphate—citric acid buffer pH 5.5: dissolve 17.41 g
K,HPO, in 1L distilled water and 21.01 g citric acid in
1L distilled water to prepare 0.1 mol/L solutions. Mix
citric acid solution in phosphate solution until it reaches
5.5.

4. Pectin solution pH 8.5: prepare 0.1% (w/v) pectin
sclution at pH 8.5 by dissolving 0.1 g pectin in 100 ml
Tris~HCI buffer solution (0.1 mol/L, pH 8.5).

5. Pectin solution pH 5.5: prepare 0.1% (w/v) pectin
solution at pH 5.5 by dissolving 0.1 g pectin in 100 ml
phosphate—citric acid buffer (0.1 mol/L, pH 5.5).

Table I Enzyme activities of various enzyme from isolated (BJRI)
and collected strains (ATCC)

International Unit/ml
Pectin Lyase
Strain CMCase Xylanase Polygalacturonase atpH 8.5 atpH 5.5
Aspergillus niger 0.81 1.59 1.58 0.55 0.12
Aspergillus terreus 0.55 2.02 2,19 0.44 0.08
Aspergillus sojae 0.29 1.01 0.57 0.62 0.21

100 gm wheat bran + 50 ml water (for fermentation) + 100 ml of 1% w/v Nacl solutior:
(for enzyme extraction).

19
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In order to select appropriate microorganisms for the production of
enzyme in large scale, it is necessary to apply enzyme in a small
quantity to see the effectiveness in softening the fibres. The enzyme
which on being applied on cuttings produce fibres showing softness,
raises values of separation index, lower stiffness and ..-. - diameter will
be finally selected for large scale production to improve cuttings.

6.1 TOUuCH AND FEEL METHOD

The principle of this method refers to the highly subjectivity of the
softness which can be detected by touching and feeling.

In this method, the samples (control and enzyme treated) are to be
tested by an expert who has the experience to evaluate the softness of
the samples.

The expert should grade the samples into several categories such as
soft, moderately soft, slightly soft, etc. These categories give directly
the quality of softness of the fibres. This method has the advantage to
be rapid and to give a qualitative approxmation of the softness of the
samples.

6.2 SEPARATION INDEX

This index indicates the ability of the fibres to be separated from
barks and specks. Higher the values of the separation index more
separable the fibres are.

In measuring this index, iron combs were used for separating fibres
from the bark. The number of combing is to be kept the same for each
samples (20 times). The fibre bundle left after combing were weighed
(ws) and are to be sorted manually to separate the specky fibres from
the rest. The clean fibres (without specks) were weighed again (Wc),
Separation index (SI) is computed as:
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_ Wex100
Ws

S.I.

Ultimate objective of any softening treatment is to improve this
attribute of fibres. From the results (Table II) of S.I., it is conclusive
that all different micro-biological treatments increased this quality of
fibre to different degrees. Interfibre cementing substances that remain
after retting and subsequent drying as expected to be removed to
different degrees by the treatments has been directly reflected by the
splittability of the fibres within the bundle of jute (Table II).

6.3 STIFFNESS

The distance between the two hanging legs of a fibre bundle of a
given weight give a measure of stiffness. ‘

A fibre bundle of 20 cm length (0.55 -0.88) is to be hung over a fixed
glass rod (3.8 mm diameter) and a constant weight of 1 g is to be
attached at each end cf cuttings. Lower the values of stiffness more
suitable the fibres are for spinning.

6.4 FINENESS

The fibre fineness of jute cuttings is to be determined by measuring
the diameter (um) of individual fibres under a light microscope.
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Table II  Physico-mechanical properties of jute cuttings with and
without treatments of enzyme

Stiffness (Cm

. Separati .
Sample Fineness p onplirdex between hanging

legs)

Control (untreated) 70.6 48.08 18.8

Fibres treated (with 69.6 28.44 16.8

water)

Enzyme (A. niger) 68.4 67.89. 15.0

Enzyme (A. terreus) 56.4 80.67 15.0

Enzyme (A. sojae) 59.2 66.25 17.0
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7.1 PREPARATION OF BATCHING OIL EMULSION
CONTAINING ENZYME EXTRACT

To prepare 350 litre emulsion, mix up batching oil (56 Kg), soap
(nonident 1.05 kg), and water and prepare the emulsion preferably in
rapisonic emulsifier. Add the water to the emulsion to make up to a
total volume of 350 litres, including 25 litres of enzyme equivalent to
150,000 International Unit of enzymes (this volume of 25 litres of
enzyme may vary depending upon the enzyme activity.)

The enzyme mixed emulsion thus obtained is to be applied to the
fibre in the jute softner using the normal processing of jute mills, the
application percentage of emulsion being about 35% for the jute cuttings
and 30% to the low grade jute.

7.2 PILING OF JUTE CUTTINGS AND Low GRADE
JUTE

The treated low grade jute is generally piled for 48-72 hours, and
the cuttings for 72 hours to 86 hours. The bin is considered to be
matured (for processing) when the temperature of the bin attains a level
of 65°C (149°F).

7.3 PROCESSING OF FIBRE (A PATENT APPLIED FOR)

The enzyme treated low grade jute and cuttings are to be given a
total of two and three carding passages respectively. The treated
cuttings and low grade should be processed according to the availability
of carding facilities; where there is a facility of tandem, cuttings should
be processed in it since other wise, breaker card should be used. In the
finisher card the low grade jute, cuttings, and other grades should be
processed. The spinning performance and percentage composition of
different batches at different jute mills are shown in tables (III, IV, V,
VI and VID:
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Table III Spinning Performance of Sacking Weft (M/s. Karim
Jute Mills, a public sector jute mill, Dhaka,

Bangladesh
Control  Enzyme
A. terreus
1. Average grist (Ib/spy) 31.70 34.40
Linear density (tex) (1092) (1186)
2. Average tensile strength (Ib) 20.76  19.96
(kg) (9.44) (9.07)
3. CV% 19.93 20.38
4. Quality ratio % 60.96 68.05
5. Production efficiency % 50.00 55.00
6. Ends down/100 spy/1 hr. 180 110
7. Twist/inch 2.20 2.20

Spinning done in slip draft with flyer speed 1700 R.P.M. where twn
results are shown for a parameter, the results in the second of these are
given in parenthesis.

Batch composition

Fibre Control Experimental
Cuttings 52.88% 72%

Low grade jute 18.18% 28%
Miscellaneous 15.71% -

Thread 13.22% -
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Table IV  Spinning Performance of hessian weft/sacking warp
(M/s. Karim Jute Mills, a public sector Jute mills,
Dhaka, Bangladesh)

Control Enzyme A. Eme A.

terreus niger

1. Average grist (Ib/spy) 10.17 10.58 12.60
Linear density (tex) (350) (365) (433)

2. Average tensile 7.39 7.79 7.95

strength (Ib) (Kg) (3.36) (3.54) (3.61)

3. CV% | 18.27 16.30 18.56

4. Quality ratio % 70.66 74.00 69.61

5. Production efficiency % 60.00 69.00 64.00
6. Ends down/100 spy/1hr. 235 163 - 186
7. Twist/inch 4.00 4.00 4.00

Spinning done in slip draft with flyer speed 3600 R.P.M. where two
results are shown for a parameter, the results in the second of these are
given in parenthesis.

Batch composition

Fibre Control Experimental
(enzyme treatment)

Bangladesh White D  18.18% -

Tossa Cross Bottom - 27.27%
White Cross Bottom  37.19% 27.27%
Low grade jute 37.19% -

Cuttings - 36.36%
Thread waste 7.44% 9.09%
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Table V  Spinning Performance of yarn (M/s Mogbular Rahman
jute Mills, a private sector Jute Mills, Chittagong,

Bangladesh)
Control Enzyme A. Enzy.fme A.

terreus niger
1. Average grist (Ib/spy) 10.25 10.25 10.00
Linear density (tex) (353) (353) (353)

2. Average tensile 7.30 743 6.81
strength (Ib) (Kg) (3.32) (3.38) (3.03)
3. CV% 19.18 18.84 21.68
4. Quality ratio % 71.22 72.49 68.10
5. Production efficiency % 60.00 65.00 64.00
6. Ends down/100 spy/lhr. 253 200 235
7. Twist/inch 4.00 4.00 4.00

Spinning done in slip draft with flyer speed 3600 R.P.M. where two
results are shown for a parameter, the results in the second of these are
given in parenthesis.

Batch composition (for both control enzyme treatment)

Cuttings 36.36%
Low grade jute 18.18%
Bangladesh Tossa D  18.18%
Bangladesh White D  27.27%
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Table VI Spinning Performance of sacking weft (M/s. Shree
Raghupati Jute Mills Ltd., Biratnagar, Nepal)

Enzyme in  Enzyme in
Control (liquid form) (solid carrier)

1. Average grist (Ib/spy) 30.63 31.74 30.47
Linear density (tex) (1056) (1094) (1050)
2. Average tensile , 24.48 23.84 19.73
strength (Ib) (Kg) (11.13) ~ (10.83) (8.97)
3. CV% 16.42 21.40 27.87
4. Quality ratio % 79.92 75.11 64.75
5. Production efficiency % 50.00 52.00 50.00
6. Ends down/100 spy/lhr. 190 190 195
7. Twist/inch | 2.20 1.90 1.85

Spinning done in slip draft with flyer speed 1800 R.P.M. where two
results are shown for a parameter, the results in the second of these are
given in parenthesis.

Batch composition

Fibre Control Experimenta! (enzyme treatment)
Tossa middle 45% 27%

Low grade 18% 36%

Jute waste 37% 37%
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Table VII Spinning Performance of hessain warp (M/s. Shree
Raghupati Jute Mills Ltd., Biratnagar, Nepal)

Enzyme in Enzyme in
Control 1. wuid form) (solid carrier)

1. Average grist (Ib/spy) 10.31 10 9.84
Linear density (tex) (335) (345) (339)
2. Average tensile 7.35 7.5 7.12
strength (Ib) (Kg) (3.34) (3.4) (3.23)
3. CV% 24.83 22.80 24.15
4. Quality ratio % 71.29 75.0 72.35
5. Production efficiency % 50 51 50
6. Ends down/100 spy/lhr. 160 155 165
7. Twist/inch 4.5 4.4' 4.5

Spinning done in slip draft with flyer speed 3200 R.P.M. where two
results are shown for a parameter, the results in the second of these are
given in parenthesis.

Batch composition

Fibre Control  Experimental (enzyme treatment)
Tossa hard 82% 45%
White hard grade 18% 18%
Jute waste - 37%
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