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. KISSION SUMMARY

The Consultart visited BJRI durimg Octeber-December 1984, amd tle results of

the mission are summarised below:

1.

2.

A pregramme wvas forsulated fer develepimg amn impreved preceas eof softening
jute cuttings by bietechnelogical means. The most favoured appreach would
be te alter the emvirommext im mill pilieg and premete seftening while re-
taining current technolegy. Failing this, SSF could be investigated using
bark degrading microergamisms amd their mutamts end ceuld pessibly be applied
in mille as & lew~-techrolegy vrocess. Alternatively emzymes capable of
bark-degradation could be applied to sefterirg. This would prebably bLe the
mest contreollable precess, but would imvelve establishing enzyme preduction

units in mills and weuld perhaps be least acceptable te mill eperators.

The following techniques necessary te carry out the pregramme ef development
were demonstrated and developed during the missien:-~ General micrebiolegical
techniques; Laboratory-scale fermentatioms; Isolation of bark-degrading

organiscs; Siuple screening precedures for relevant emzyme activity; Precuc-

tion of mutants; S5F; Enumeratien of eelected erganisms during the pifing

process.
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INTRODUCTION

The purpose of this mission was to assist BJRI (Tech Res Wing) to develop

its microbxological research programme especially in the areas of nutritional
problems associated with the grovth of anaerobic bacteria (see Appendix 1).

The areas identified as important were:

(1* To take part in research work concerned with the removal of non-fibrous
material from inadequately retted jute fibre.

(2) To advise particuiarly on provision of nutrients to give more profuse

growth of bacteria associated with retting.

Prior to commencing thie mission the Conmsultant held a briefing in Edinburgh
with Dr. H.P. Stout, who provided an outline of the objective of the mission
and general background information on BJRI and UNIDO's assistance to it, During
this meeting Dr. Stout identified area 1 above as being of great importance
to the jute industry of Bangladesh, and the Study Tour Report by Dr. Ghulan
Mohiuddin (supplied by Dr. Stout) reaffirmed this.

The Consultant left Edinburgh on 25 September 1984, was briefed in Vienaa
and commenced activities at BJRI on 1 October 1984, Activities at BJRI ceased
on 19 December 1984 and a debriefi:zz vas held in Vienna and with Dr. Stout in
fdinburgh,

After comsencement of the mission and discussion with Dr. Ghulam Mohiuddin
at BJRI the objectives were revised into a long-term objective of developing
a biotechnological process for the removal of bark from jute cuttings (i.e.
Area (1) above) and an immediate objective which was to demonstrate and develop

the techniques which would be required to carry out the long-term objective,-

This report consists of details of the problem of softening jute cuttings,
the activities of the Consultant during the mission end propusals for a

prograsme of research into biotechnological softening of jute cuttings,




I.

SOFTENING OF JUTE CUTTINGS

After retting and separatien of fidbres the bumndles of jute fidres are
transperted te mills for precessing. Accerdimg te the variety ef plant
frem which the fibre derives and the grewth cemditiens a prepertien ef the
fibres frem the base stem have umretted bark material adhering te them,
which makes fibre separatien witheut further precessimg difficult er im-
pessible. If the farmers preleng the retting peried te cemplete the
remeval of baxl: frem the lewer stem pertiem them the fibres im the upper

ster pertien are ever-retted and suffer degradatien and less ef quality.

The conventienal methed used by the industry fer the remeval umretted
bark meterial invelves cutting eff the pertien of the fibre bumdles cen-
taiming adherent bark (the resultamt 'cuttings' cemprising anything frem
5-25% of the tetal fibre length), The cuttings are sprayed with a mineral
oil-water emulsien te CA 30% meisture centent fellewed by piling im large
brick er cencrete bins (seme 15 ft.X15ft.X15ft. or SmX5xX5m), This re~
presents sem= 3-U4 tens of cuttings, The bins may be csvered by sheeting
and are left fer up te 15 days, during which time the temperature in the
bins rises te Ch 70°C. It is net knewn whether direct micrebial actiem '
preduces the resultant seftening and at BJRI the assumptien is that the
sustained high temperature causes permeatien ef water inte the bark and
preduces seftening in this way, Micrebielegically the precess is cempes~
ting, where thermephilic an-~erebic er facultative amacerebic micreerganisms
predeminate, and cause the temperature te rise as a result ef exethermic
metabelic reactiens. In the past a supplement ef urea (nitregeun) has beem
added te the mineral eil emulsien te stimylate micrebial activity and sefte-
ning, but this practice has been discentinued becuase mill werkers cemplai-~
ned of adverse reactions frem handling the field cuttinge (presumably fres

ammenia preduced during micrebial degradatien ef urea),

Once cuttings have been cempested in this way the bark is enly partly
seftened and the recevered fidre is cearse and uneven with specks of bark
remaining, causing difficulties in spinring and weaving. Thus the bie-

technelegical removal ef bark fre. ~ttings weuld be of censiderable
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assistance te the Bangladesh Jute Industry by allewiag easier handling
and effecting upgrading ef fibre quality. )

Bietechnelegical selutiens previeusly attempted

A greup ef werkers at IJIRA have published a bietechnelegical methed
by which they claim that jute fibre cam be upgraded (1) and jute cuttings
seftened (2), The precedure invelved the cultivatien ef the fumgus

Aspergillus Terreus in selid-state fermentatienm (SSF) em wheat bran,

ext-actien of a crude mixed-emzyme preparatien frem the bran and incerpe-~
ratien of this preparatien imte the eil emulsien applied te cuttings prier
te cempesting. It was claimed thst such treatment impreved the seftening
of cuttings, and upgraded tre “ibre leading te a net cest saving. It is
pet knewn hew widely practiced this precedure is in the Iadiam Jute In-

dustry er hew effective it is in practice.

The greup at ILJIRA assumed that the seftening effect was due te @
synsrgistic effect of the enzymes and the natural bacteria, altheugh the
pessibility ef am effect frem the inadvertent additien ef nutrients,
erganic acids and fungsl ineculum was net ceneidered., Such treatmente
have net been applied im the jute industry in Bangladesh as pilet scale
studies at BJRI dia net shew the treatzent te be effective. (Hewever sce

sectien I, 1),

LONG-TERM OBJECTIVE

The leng term ebjective of this missien was te assist BJRI with the
develepment of an applicable bietechnelegical precess fer the impreved

seftening of jute cuttings,.

The other ebjective set by UNIDO (viz. to advise en the previsien ef
putrients te give mere prefuse grewth ef bacteria asseciated with rettimg)

was censidered net pertiment te preblems faced by the jute industry.
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Prerramrce of research and develepcent

The mest acceptable selutien te the seftening preblem te the jute
industry weuld be te medify cenditiens durimg cexpesting while retaiaing
eurreat technelegy. Failing this, a medificatien ef existimg technelegy
might be pessidle using SSF er the preductien of specific enzymes fer app-

licatien te cuttings.

(1) Medificatien efcempesting cenditiens using curremt technelergy.

Medificatien of cempesting (piling) cenditiens ceuld be varied empiri.
cally in several ways, and the effects en seftening neted. The facters
which ceuld be varied and the ratienale fer selecting them are given

belew:

(i) Meisture centent and salt cencentratien. The meisture centent of
cuttings will affect the water activity (AW) iz the grewtk enviren-
ment and will influence which micreerganisms im the envirex=zert
will prederinate, Altering the meisture centent ceuld 2ffect
zwicrebial seftening ef the cuttings. The additiern ef salt like.
wise will affect the Aw of the grewth emviremment and ceuld influ-
ence micretial activity. Additien of an increased meisture centeat
in cenjunctien with a high salt cencentratien ceuld give an Av (and
micrebial activity) equivalent te lew meisture centent aline, while
perhaps giving an imncreased meisture centent fer impreved physical

softening (if indeed a physical effect is invelved in seftering).

(ii) Nitregen cencentratien. It is already knewn that a mitregzen
supplement has a stimulatery effect en micrebial grewtih and
activity during piling (see sectien I). The pessible deleterieus
effect of ammexia preductien frem urea uwight be aveided using
lewer conceatrations of urea, substituting ammenium salts fer ures,
or using urea im cembinatien with ether treatments (such as altered

Aw, or level of phesphate carbesate or citric acid),
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(iii) Phesphate cencentratien. The supplementatién eof cuttings with
phesphate weuld have a stimulatery effect upen micrebial grewth
and activity (particularly if given in cembinatien with nitregen),.
Phesphate additien weuld alse tend te buffer the pH and ceuld

alse influence micrebial activity ir this way,

(iv) pH. The additien ef erganic acids (such as citric acid) may lewer
the pH and stimulate the grewth ef erganisms (such as actinemycetes)
invelved in cempesting (which are acid preducimg and thus have
grewth eptima at lew pH). This treatmeat im cembinatiem with nitre-
gen-supplementatien might everceme the preblem of ammenia preductien.

The additien ef carbenate weuld leap te am increase im pH.

(v) Cembined treatment. It weuld prebably be wertbwhile te leek at the
influence of facters (1)-(iv) im cembinatien an cembined treatments

may have beneficial effects (in the manner described fer seme

combinatiens abeve),

These experiments ceuld be carried eut en the laboratery-scale, er en pilet-
scxle using the piling bins at BJRI. Hewever neither of these situatiens
mimics the rise in temperature experienced in piling in the mills (they are
mesephilic precesses and perbaps aerebic, as eppesed te the thermephilic

anaerebic precess ¢f cempesting),

As it weuld net be practicable te carry eut these studies en the entire
centents of mill bius, a selutien might be te carry sut experiments eon
sc2ll batches of cuttings placed in a bex er tray which itself weuld be
placed in the centre of a preductien bin. In this way laberatary er pilet
scale experiments ceuld be cenducted in an envirenmeat (with respect te
atmesphere and temperature) representative of mill cenditiens (altheugh
this assumes that the treatmentes being studied weuld net alter the tem-
perature if applied te the centents eof the entire bim §) Alternatively

it might be pessible te mimic bi; conditiens iu the laberatery by cempes-

ting in sealed vessels (te ersure an anaerebic emviremment) imcubated at
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(2)

bin temperatures ( te ensure selectien of thermephilic erganisms),

(1)

SSF. SSF has recemtly been extemsively studied in many countries;
particularly with a view te preuce SC2> frem selid wastes, It has
alse been applied te the pre-treatmeat of lignecellulesic material
fer pulping im paper manufacture (3). AKltheugh there has ‘een
develepment of high-technelegy precesses (4), SSP can be carried eout
using lew-technelegy precesses (as is the case with the Keji precess
(A traditienal SSF used extensively in Asia, where layers of rice
ineculated with fungal speres are spread sut in weven bambee trays)
and citric acid preductien. The distinctien (in micrebielegical
terms) between SSF and cempesting is that the fermer is a mesephilic
aerebic precess (the term fermertatien is a misnsmer) while the
latter is a thermephilic anaerebic eme, while beth invelve the grewth

of micreerganisms en a solid natural substrate.

SSF ceuld be applied te seftening jute cuttings as a lew-technelegy
precess for the removal ef bark substances. Laberatery scale experi-
ments ceuld be perfermed under aseptic cenditiens using cuttinge
ineculated with pectinelytic and/er cellulelytic and/er ligninelytic
erganisms (including mutants) and the effect eof envirenmental cendi-
tiens (such as these eutlined im Sectisc II (1) p) en the precess
studied. Pilet scale experiments in uasterile cemditiens (which weuld
ebvieus be mere acceptable te mill eperaters) ceuld be perfermed
using the pilet-scale bins at BJRI. The develepment of a werking
precese (i.e. unsterile) frem laberatery-scale experiments with pure
cultures weuld pese many preblems, but it might be peesible te adjust
the enviremental cenditions te stimulate the grewth ef the ineculated’
erganism while imhibiting cezpetiters (e.g. using a high salt cencen~
tratien er lew pH (by citric acid additien) te selectively cultivate

a fungus.

Sheuld a precess of seftening be develeped using SSF, the precess

(being ene of lew-technelegy) sheuld be acceptable te the Industry,
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(ii)

new and in the future. SSF te seftem cuttings ceuld be cenducted im
existing bins by censtructing slatted shelves withim the bims at, say,
18-24 imch spacing, and layering cuttings en these shelves te a depth
of, say, 9-12 inches. Develepment work weuld be meeded te determime

the eptimum layer depth and shelf spading te enmusre the maintenance

of amerebic cemditiens. Alternatively the cuttings ceuld perhaps

simply be spread eut em a fleer (er the greund) amd eccasienally iTurned'

(Turned-ever) by hand te ensure aerebic cenditienms are maintained,

Enzyze technelegy. IF a selutien te the seftening preblem camnet be
develeped aleng the lines eutliped abeve, it might be pessible te preduce
seftening by the applicatien ef micrebial enzymes. This ceuld bé carried
either by a lew-technelegy precess such as adepted by the werkers at
IJIRA (i.e. applicatien eof crude enzymes preduced by SSF - see sectien I,
sr by a high technelegy precess of enzyme preductier by fermentatiem
(altheugh this technelegy is prebably net apprepriate te Bamgladesh at

present.)

Pectinase, cellulase er hemicellulase enzymes ceuld be preduced by fer-
mentatien amd their sefteming (singly amd in cembinatien) effect meted,
which weuld at least indicate which activity (er cembinatien ef activities)
was respensible fer tke seftening effect. Studies at BJRI indicate that
pectinase activity is likely te premete sefteniag of cuttings and se

weuld be the legical starting peimt, Hewever, ligninase cannet easily

be preduced by fermentatien as it is imtracellular and weuld require
elaberate preparative techniques (and se SSF remaimns the best eptien for

lignin remeval),

The advantage of the use of enzymes ever SSF is that they ceuld be
applied evenly te cuttings fer treatment (and hemce the activity weuld
be evenly distributed) whereas im SSF the grewth amd activity ef the
micreerganisms ceuld be patchy. Hewever enzyme preductiem weuld invelve
the establishment ef preductien centres in mills, whereas SSF ceuld
perhaps be develeped witheut the need feor specialized sectiers withia
the mills,
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. Test fer softeninc The work puhlished by the tedzm se far on bacterial

csoftening of cuttings has used a subjective visual and tactile assesszent
of tre cCesree of seftening achieved. Whi’~ this might be satisfactery

fer laboratery studies, fer the develepment pregramme eutlined abeve it
weuld be desirable te back this up with a mere meaningful quantitative

(or semi-quantitative) measurement ef the degree of seftening achieved,
using physical meacurecents and spinning quality ef the fibre. The team
hus experience ¢f such measurexentis and sheuld apply them wherever pessible

ir the develepment pregramme,

11, SECPT-T-RM OBJECTIVE

A, Demonstration and develepment of technioues

The ebiective for the cdursticn cf this mission was te demenstrate and
develep the techuicues recuired te carry out the leng-term obiective., These

techriagues were a5 follaws:

(1) SGereral micrebielegical teckricues, particularly the ise¢latien and main-

terunce ¢f pure cultures ani the manipulatiexn ef fungi.

(2) The isolatien ef micrcerganisms capable ef degrading the tark ef jute

cuttinge,

(3) Thre isolation of micreerganisas capatle of degrading the bark ef jute

cutiings,

(4) Screening prececures to detech pectinelytic, ligninelytic and cellu-

lolytic activity ir micrecrganic:ce.

(5) The preduction ef rutsrt micreerganisms usieg UV radistien,
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(6) The techricue ef laboratery-scale SSF.

(7) The study ef the micrsbielegy ef the current piling (softening)

precedure.

B. Rationale for selecting techniques and technical details

Tve ratienale for selecting the techniques eutlined sbeve and seze tech-

nical details are given belew.

(1) Genera) Techricue. Varicus gicretielegical tectnigues, especially the

manipulatior ef fungi, were demcnstrated te team mexberse One of the
team-members, Mr. Abul Kastem, has applied ‘er a 6-menth traineeship, and
the consultant strongly recoemmends appreval ef this and further recemmends
that ip this and any future trasineeships as far as pessible the epper-

tunity is taker to galr sxperience of micreticlorical technigues.

(2) Latoratcry-sczle fermertatiens. A lateratory-scale fermentatien unit

had teec supplied te the Yicrebielegy Department at BRI (partly with
ULIDC fundinz) aad the consultont assembled this vnit and demenstrated
its use for batch and contirueus (Chemestat) cultures, and a scbedule

of the precedure was preduced. (appendix 2).

This ecuipment will be valuable to the Departrent for (1) the preductien
of erzyres cf microbial celle (biemass) en a cermparatively large scale
for application te cuttings (and in the checostat mecde preduced under
certroiled and repreducible conditioms) aed (2) the stucy of the effect .
of .avirenmental cencditiens (in the chemestat mede) en enzyme preduction

or ether vhysielogical charactericticse
oy g

(3) Isslatien of bark-decrradine erganisms. In the pregramme te develep a

process for the removil of bark from cuttings micreerganisms (or their
enzymeg) capable cf cegriding bsrk components (lignin, cellulese, hexi~

celluliese, pectin aand waxes) might be required. Suck erganisms might
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(6)

be zveilsble from the culture coellection at BCRI er laborateries else-
where or they ceuld de icolated frem naturally degrading jute cutting
work er from enrichment cutures. The technique of enrichment culture
vas demonstrated and a schecule ef the precedure preduced (Appendix 3),

and fungi were isolated frem these and frem naturally degrading cutings.

A stock of bark desrading erganisms sheuld be established and main-

tzinec¢ ty tue Department, for use in the development pregramme,

Sereering Tor relevent enzvme activity. It was likely that erganisms

jeilatec fror the procedures outlined in(3) abeve weuld have a spectrur
of epzyxe activity, for instance the ability te degrade lignin is usually
coupled with the ability te degrade cellulese. However, erganisms such
25 'Cellulzseless Mutants' could be extremely useful in this preject (By
cegradin: tark ligrir withcut rezoval of the strength-giving cellulese

i1 tne fibres). The study tour report eof Dr. Mohiuddin eutlined tke need
far g sirzle screeniny prececure for ligrinase, cellulase and pectircase
activity «n< after resding the reocrt prier te the miscion the Censultant
csrried eut a Liter:ciure survey prier te the missien arnd cemmuricated
inferza*ion en the techrigues te the team., The metheds fer cellulacse ard

dectirace were tested ard develeped during the miesior,

Preductien ef Mutants. As eutlined in 3) and 4) abeve, it was likely tkat

sutant micreergapiszs with an altered pattern ef activity (such as cellu-

-

tacelees lignirelytic ergsrisms er high yielding strains) weuld be of uee
ir this preiect. UV radiatien is a cenverient ancd safe methed ef inducing

tssigr in cicreercanis-s, and this technigque was dexonstrated and &

n

schedule of the precedure preduced (Appendix 4), This werk was hagpered

by lack ef ceatrolled incubatien conditiens and contacinatier ef platec,

Solid substrate fermentatiez, CSF is being applied in several fields,

ard in particular te the preductien ef SCP and chemicals from lipgnecellu-

lesic azrowactes. It could be ar apprepriate lew-technelegy precess for
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the removal cof bark frex cuttingc by treatment with aerebic ergacism:

(such as pectinase and/er ligninase and/er cellulase preducers). Liter-
ature on the theery and practice ef SSF en a large-scale was supplied te
the team and the technique was demenstrated en a laberatery scale and a

echedule of the precedure preduced (Appendix 5).

Thre technicue ceuld alse te applied te ether prebdlems ef interest te

BINT viz. the utilisstion ¢f incdustrial ard agricultural wastes.

Miecrebiole~y ¢f the vresent rilinc process. The initial appreach te eelvirg

the softering preblem will ke te adapt the current cempesting precedure

(see Section IT (1)). Trus seme phyesical and micrebielegical base-line data
on the current campesting precess weuld be useful and weuld alse enceurage
the tear to pay regular visits te the mills and acquaint themselves clesely

with current technelepy.

Useful physical messurements weuld be terperature, pH and meisture
centent and uvceful ricrebialerical mersuremert weuld te micretial leading
Tetsl and selected greups). The apid ipdirect methed ef methylene tlue
reductien fer tetal micrebial leading was attempted but was net sucessful.
Cther indirect methedz such as phesphataee or ~ATP agsoy were net atteccted,
beirg toe invelved ard expensive., The methed ef direct ceunting after

standardised waching ef cuttings was adepted and a schedule en the precedure

preduced (invendix &),




RECOMMINECATICRS

Ao EguiEment

The Department lacked the fellewing items ef basic equipment, which weuld

be nacessary te carry eut the develepment vregramme:

1) pl Meter
2) Auteclave
3) Freeze-Dryer (Requested in 1980 1 )

4) Adequate surply of Pipettes

Facilities fer aceptic werk (such as plate-peuring and ineculatien) werc
net idesl, and the atresphere in the laberatery was heavily centaminated. A
warking cabinet is te be censtructec with ar internal UV lamp fer sterilisatier,

“ut sheuld thig fail te pravice ar adecuate ervireument fer aseptic maripulatien

»

the purchase ¢f a lazipar-I_ev csbinet must be giver eerieus cersideratler.
The 5 litre fermentatien urit, psrte ef whick have already been suppliecd,
should be cempleted (By purchase ef the vessel axd & pE centrel unit) se trat

reasenably large batck fercentatiens can be carried eut.

Fer the iselatien and enumeratien of micreerganisms and mutatien experi-
merts it will be essertial te prew erganisme at centrelled censtrant tempera-
tures belew arbient (Lven during the winter perisd). The Censultant strenrly
recemzerds purchace of a certrelled temperature (j:s,ﬁe;ting/Ccoling) incubater

fer this purpose,

E, Symerience and Traireeships

It was apparent that experience eof micrebielegical techniques meeded

strencthenirg in junier mecbers of the department, Crpertunity sheuld be
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ain such experience ( and the department sheuld

taker durirg traineeships te g

ensure that such experience is fully utilised - zee Recemmendatien D), and

ary future recruitmert sneuld if pessible be of persennel with sere micrebie~

legical experience.
During the missien sppreval was granted by Napier Cellege, Edinburgh, fer
perieds with the Censultant, whe weuld design an

trainees te spenc training
BIRI (Tech Res Ving)

pregramme te give apprepriate zicrebielegical experience.

may wish te take advangage of this.

C. Dietechnelerical Developmert at the Institute

The Consultsnt censiders that bietechrelegy can have a rele ir jute

precessing (Especially ir the leng-term) and regrets that assistance in the

ferc of cencultancy hac been rerderec te EJRI (Tech Res wing) £e late ir the

neTDe Lesistsnce scheme. RI e uryec¢ te rececnise tre impertsnce te the

- oVl

Trdustry ef impreved csftenizz of cuttirge by bietechrolerical means axcd te

exsure that this is given aprrepriate prierity in allecatien ef reseurces,

The advactage ef b: etechnelesical treatment ever chemical seftering (s

sugrected by K.Y. Sarkanen - Final Technical Repert, Sectier IV B) is that

the fermer (urlike the latter) would net invelve a high energy (Feat) inmput

and might net depenc en imperted chemicals.

It has beer pointed out (3tucy Teur Report eof Dr. Moniuddin) that bie-

technelegy ceuld be applied te the utilisatien of jute wasteeg, although a

¢ digmiscive of this notien (Firal Tech--
The Censul~

grevicus cencultsnt FeV. Sarsanen wa
rical Report, Zection IV, F) srd supgested chemical precessing.

tant cenciders bietechnelegical cenversion of jute wastes te merit investi-

gatiez, anc suck s ect.nelezy ceulc de applied mere widely ir the future te

otker agrewactes.




D. The aporeach te Research and Develeoment

Within the Institute it appears that particular persennel are eften
asigned te narticular prejects. The disadvantages the Censultant sews in

thie are as fellews:

1) It can lead te lack ef flexibility ef aeppreach (Semeene will be
reluctant te change tepic er exrphasis while half-way threugh a

Fh.D. preject).

2) It weans trat it is difficult te stimulate team effert and effect-
ively utilise (withir a Dept. as a whele) skills gained en trainee-
ships er elsewhers, BJRI sheuld censider the disadvantages eutlined
abeve azd encure a flexible aporeach te develepment based en team-

work and a pesling ef expertise.

-

T. Relstiernchit Betwssn the Institute and the Jute Incdustry

The Censultant enderses the view of a previeus Cenmsultant, K.V. Sarkaner,
thet 'since the prircipal furctier ef the Institute is te develep new impreved
technelezy for jute mills, rmore intensive interactien with the Jute Incustry
is desirable, particularly in the fermatien ef its research (and develepmzent ?)
pregrumre'. Cne wsy ¢f prezeting thie might be te increase membership ef the
Research Cexmittee frez revresentatives of the Industry and to make this
CenTitter o rore effective review and cemsultative bedy., A change in title
frem XWRI te Bangladash Jute Technelegy Develepment Centre gicht alse preczete

&« change ir ecphasic te technelegical develepzent.

F. Suture Directiens of the Institute

The Censultant alse endorses the view of K,V. Sarkanen that the Institute
steulc give imcreased attentien te implemerting precesses ir the Industry and

that UNIDO ascictance with thic weuld be of great benefit,
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION

. - UNIDO 18 June 1982

PROJECT IN THE PFOPLE'S REPUBLIC OF BANGLADFSH

INTERNAL
JOB DESCRIPTION

DP/BGD/75/0.3/11-52/31.7.8

Post titte MiIcrotiologist
Duration Three months

Date required As soon as pessible
Duty stztion Decca

Purpose of proiec: Tc assist the 3Bznglafesh Jute Research Instizute [Teer' o develcy
Iis rmicrobiclogiczl ressarch prcgr:-:.:e espec‘a'.'.y in the eareas of
nutritional problers associated wizh the growth of anzero%ic hHezteriz,

Duties The consultant will srecifically be expected to:

1. Take part in the research work corcerned with the reroval of
non-fivdrous mazerie} from inadeguately retted jute fivre;

2. Advise particularly on the provision of nutrients to Eive
mcre profuse growth of bacteriz associated wizh r iting.

The consultent will elso be expected to prepere a finel reporsz,
setting oul the findince cf the miesion arné reco':z:er'da:ions

¢ the Goverrzent on further aoticr whiceh migte ne tesa-,
eelifications Post-graduate degree ir Microbiology/Sacter iology; considerable

experience in the study of nutrisiora eéspects of aneerobic end
zerobic tacieriz, or szcteriz of industriazl importance.

Language English

App':cations and communications reqarding this Job DRescription s quld Re sent 1o




by

)

Yy 0
O

k]

13

4]
(@]

v ¢

D]

]

(3

o]
o)

- 12 -

u%e is the zost Impertent expcrt commodity of the country &exnd e
he raw mazerial fcor the courtry's most important industry. The

Jute Industry was complstely nationelisec in 197¢ anc nes beer rmaikin

-

.

-
-

teady progress since then towards achiesing the 19639-1970 production
level, which wes the highest Ir its hiszory.

There are currently 77 jute mills in the country, of which 74 are in-
operation. The estirated production in 1974-1975 was L451,00C metric
tons of jute fabric in the form of hessian, sacking and small
quantities of carpet backing; this represents approximately 50%

of actual installed capacity. Approximetely 85% of tkis production
goes %0 the expor: merrxst, earning 53X of the couniry's foreigr
exchange. The indusiry providec emzloyrment for 200,007 peodle.

In the last ten years, and particularly in the early 1970s, jute hzs
peen subject to increaseC corretition ’rom synthetics, mpeinly frox
“nl Fpoialezal Ta

u-. =i} §

12, The successful merkst development of nc-,u-o“v_en—
in éirect competition with jute can be ettributed to its low v»rice,
ready evailablility and superior technicel performance as e result c¢7
superior mechanical and physical properties. A typical exazple of
the prevailing situation is in the area of primary carpet backing

in the US merket, where the share of Jute has fallen fror over 22%
irn 1967 to less than 30% in 1974. The decline in other mar'ets zrd
ozher traditional jute end-users has beer equally precipit

Wnile In the shor: terr 2 policy of contelinment to minirise markae:
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rroductivi<y anéd the cdevelopmen:, through research, of peiter nroi:
> b} >

s % -

LNl
ané new eni-ussrs. Thnis project hes be=r designed with <he lz=ter

ir In mirc.
The Dzcce Decleretiorn of Jarnuary 1672 envisaged the estetlishment of

e
cute Zpternatione: with a mandate to carry cut joint research ané
developtent acr-v:tles. UND? subseguently fielced a Research end
Develorment Working Group to recommené priority projects to Juze
Tnterational. The technicel cenire ernvisazzed to be establisnel unifer
cute Interrationzl woull we fel wiih resilts frorm various neticnel
aré invernetionzl rezerech cenires for effective transiziion as and
when necessery. The Research and Development Werking G

t g Crour alsc
siressed <tre neei f¢r viatle na::cnal resezrch centres 1o cerry ous
their own research rrojects wnich w: be valuable to their own

retionzl indus-=ries.

In the country, *he mandate for carrying out technclogical researcr

nas been givento the Sangladesh Jute Research Institute. Tre
Institute consists of an agricultural research wing ané & tezhnologicel
research centre. Facilities at the techrological research centre zare

inadecuete %o carry out any meaningful research and develorrer: pr

arciect.
19
Irn eddition, the cenire Is understeffed endi lacks expertise ir ell <hne
irpor-ant arezs of ju<e %echrologv. As the report of the research znz

oup for Jute Internetionel stetes, acssistance

ute Is urgently 'eP tel e

-
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aren 2né develormenst, Irrespective
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II.0CTLUM PREPARATION

(1) Bacterisl

(2) Fungal

FIPMIFTER  FRZFAZATICN

Dey Vinus 7

"BATCH T.RMINTATION)

Day Minus 2

Dty Minus 1

Day Minus 1

Day 1

(1)

(2)

(3)

(&)

‘Top up the antofoam, acid and alkali reservoirs.

Prepare a staecak plate for isolated single
colonies from a refrigerated stock culture.

Inoculate a nutrient broth culture in a
univeasal bottle frorm a single colony from
the plate prepared or day - 2,

Prepare a streak plate for isolated sirgle
colonies from & refrigerated stock culture.
Incubate until isolated colonies develop.

When ieolated colonies have developed inoculate
a potato-dextrose agar elant froo a sinzle
colony. Incubate until the growth on the
slant appears fluffy.

Flood the slant with sterile medium/water
contairing 0.7% tween ZC (cetergent}. Use

& steri.e loop to suspenc zne furgal growtk/
epores in the medium/water and aseptically
transfer the susponsion to a sterile universsal.

Use thils ac the inoculuwr,

Clean and wash the vessel interior and all
tubee containing liquids.

Calibrate the pH electrode against a standard
buffer solution (preferatly pH for use with
bacteria and pH 4-5 for use with funmgi). Check
the level of electrolyte and top-up if necessary.

Prepare 500 ml medium and place in the vessel
(if glucose or other carbohydrate is incluced
make this up in 10-15 ml medium in a universal
and autoclave separately).

(Use 0.5u acid/alkali and 10 ml antifoar in
200 ml water).

/oo




FERMENTER OPERATION

Day 1

ON SUBSEQUENT DAYS

(5)

(6)

(1)

(2)

(3)

(4)

(M

(2)
(3)

(&)

(5)

- 20 -

Secure the top-plate, all tubes, bottle-~tops
anc clips and check that all the gland nuts
on the top-plate are tight.

Autoclave at 10 PSI for 25 mins.

Connect all the tubes to the apropriate pumps,
replace the electroce leads and connect the
water supply. Clamp the vessel to its etand.

Inoculate the medium (and add the glucosz if
autoclaved separately) using the inoculation
Systemo

Check the purity of the inoculum by
(1) Staining

(ii) Preparing a streak plate for isolated
colonies., (Decant a few mi culture Icto
a sterile universal using the samplirg
gystez.)

Adjust the stirrer speed (Mark 4-5), temperature

control (for cooling only set the temperature

to 20 C), Air Flow (100-200 ce/min) and antifoam

addition (set to 10 secs delivery/hour).

Check the culture purity by

(i) Staining

(ii) Preparing a streak plate for isolated
colonies,

Check 211 the tubes for leakage/blickages

Check the levels in the acid/alkali/antifoar .
reservoirs and top up if necessary.

Check the air out filter for wetting, and dry'
it out with a flame if necessary.

1f the medium is foaming increase the rate of
antifoam addition.




REGL 'REMENTS:

(6)

Agitate the antifoam reservoir to emulsify
"any antifoam which has separate out.

Stock culture on agar slant stcred in a
refrigerator

Petri dishes with sterile medium

Universals with sterile medium (Broth and/
or siant)

Sterile medium containing 0.1% tween 80
(For fungi)

Sterile universals containing 0.1% tween
(For fungi)

Sterile pipettes containg 0.1% tween 80
(For fungi).




ISCLATICN CT BARK-DEGRADING ORGARISMS

Bacteria or fungi capable of degrading jute cutting bark may be present
ir the environment but in swmall numbera. The classic technique for their
isolation is enrichment, whereby bark is added to so0il or water to enrich .
or promote the growth of organisms capable of utilising it as a substrate

for growth., Alterratively natvrally rotting cuttings will contain barke
degrading crganisme in higher numbers.

VZTHCD CF SOIL SNRICHMENT

Take a beaker or flask containing 1-2 cm depth of fresh fertile soil and
add to it cuttings with adhering bark (Trim off loose fibres). Moisten
with water (Do not flood otherwise conditions become anaerobic) and cover
the vessel. Exazine daily until visible growth is apparent on the bark
&nd moisten if necessary.

For enrichment of anaerobes place the vessel (Uncovered) in amn anserobic
jar, and for thermophileg incutate the vessel (Tied up in a plastic bag
to prevent dryinz) at 55 C.

ISCLATICN OF 2EGRADING ORSANITISVMS

Isolate pure cultures of organisms frozm bark by preparing streak plates for
isolated colories on suitadle (lelective) agar and inoculating agar slants
froz single colonies. For zaraerobes use ar araerobic jar. For therropkiles
incubate at 55°C.

te
Test the pure cultures obtained for their ability/degrade bark by weight
loss measurements of sterilised bark in solid-~state fermentations or other
apropriate techniques.
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IWJOUCTICON CF MUTANTS USING UV RADIATICEH

Prepare a slant of bacterial of fungal culture., For bacteria use overnight
incubation. For fungi imcubate until the culture hae sporulated. Remove
the grosth from the slant by pipetting 3-4 Ml of sterile water (Conmtaining

0.1% Tween 80 for Fungi) onto the slart and shaking until a dense suspension
iz obtained

Spread 0.1 ¥ volumex of the suspersion on dried (Suiteble ) sgar plates, and
irradiate from a set distarce for periods up to 10 mins. Deep the suspension
at 4°C, Examine the plates after appropriate incubation. The control (lon-
Irradiated) plates skculd show confluert growth, whereas irradiated plates
show decreasipg nuzber of survivors with increasing irradiatior time. Choose

the time givirnz up te¢ 1C survivors per plate anc use this treatment of produce
mutarts.

If the control does not show confluent growth the suspension is not concentra-
ted enough, if there are more than C.i. 10 colonies per plate the period of
irradiation should be increaced. Ideally a survival rate of 1-2% is required,
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cOLID SUBTRATE FERMTTATICN (LAB-SCALE)

Weigh out enough material to cover the bottom of the vessel to be used te a
depth of 3-5 C¥ (CA. 256 dry jute cuttings in a IL Flask is suitable), and
sterilise by autoclaving. From a fresh culture sporvlated if fungal) prepare
a dense ceil/spore suspension (Using tween 80 for furgi). If the cultu.. is
to be standardised perform plate counts on serial dilutions of the culture and
store the suspeusions at % C. When plate counts can be read calculate the
concentratior c¢f organismc and adjust the concertration to the required value.

Using aseptic technique pipette the appropriate volume of culture as evenly
as pcesible over the cuttirgs (s0 as to give the required inoculum level and
reouired moisiure content). Incubate the veesel in a large polythene bag
corntairing moiet t.ssue/cotton wool to prevent drying and agitate daily te
maintain aerobic corditioms,




ESTIMATION OF MICROBIAL POPULATION IN CUTTINGS

PREVIOUS TO SAMPLING PREPARE TEE FOLLOWING:

1)
2)
3)

L)
5)
6)

7)
8)

Sterile 250 ml flasks (For collecting samples)
Sterile paper trays in a petri Dish (For weighing cuttings)
Sterile 250 ml flasks containing . <

100 ml tap water (For washing cuttings)
Sterile test tubes or flasks (For making dilutions)

Sterile tap water ’e
Sterile plugged pipettes (placed tip
inwards in the cannister) or sterile
autopipette tips {placed tip down wards

"

in a test tube or a flask and autoclaved

at 10 PSI for 15 mins)

Sterile petri dishe~ ( For pour plates)

Sterile medium (Stored if necessary

ir. a refrigerator) ’e

ON TEZ DAY OF SAMFLING:

(1)
(2)

Soak forceps and scissors in alcohol

Melt the sterile medium and cool in a water bath at h5°C.

SAMPLING PROCEDCRE

(2)

(3)

(&)

(5)

Remove a sample of cuttings from the bin and place in a sterile flask.

Remove eamples with forceps flamed in alcohol and weigh out 10G lote
(using sterile paper trays and scissors flamed in alcohol).

Place 10G cuttings into 100 ml sterile water and shake vigorously for
15 mins.

Using aseptic technique prepare serial tenfold dilutione (By transfering
1 ml into 9 ml and so om).

Prepare replicate pour plates of suitable dilutions by pipetting 1 ml
diluted aamgles into an empty sterile petri dish, pouring on 15-20 ol
medium at 45 C and gently mixing the contents.
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Try 5 motions in one direction < >

VAN
Followed by 5 motions at 90° to it ‘
moctions clockwise then anticlockwise. \l{

followed by 5 circular

(6) Allow the agar to solidify, and incubate plates for 24-72 hours until
the counts are maximum,
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