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Jl.!S~ION Sw.Jl.ARY 

The Collsultut Yi.sited BJRI duriq Octeber-December 198!t, ud tle results ef 

the lli.saioa are summarised belov: 

i. A pregramme vas fermil.ated fer develepiag all i11preved preceae ef aofteni•g 

jute cuttiRgs bJ bietechaelegical aeaJUS. The aoat favoured appreach vould 

be te alter the ••viro!Ull~~t i• lli.11 pili~g .. d premete aefteaing vhile re­

tai•i•g curre•t teclmolegy. Failim.g thie, SSF could be iRvestigated usiag 

bark degrading microer~a•i&ms 8.lld their 11\lt ... ta aad ceuld pessibl1 be applied 

ia mills as a lew-technolegy proceas. IJ.ternativel1 e•zymes c111able e! 

bark-degradation could be applied to aefte~iag. This vould prebably be the 

mest controllable precess, but would iavelv~ establishiag eDzyme preductioa 

units in mi~s :llld veuld perhaps be least acceptable to mill eperators. 

2. The following techniques Decessar;y te carry out the progrllllllle ef development 

vere demonstrated aJld developed duri:ag the missi6D:- Geaeral llicrebiolegi.cal 

techniques; Laboratory-scale !ermeatatie•s; Isolation of bark-degrading 

organi.s~s; Simple screening precedures fer relevaJlt eazyme activity; Prerl~c­

tioa of mutants; SSF; Enumeratie• of &elected organism.a du~ing the pili•g 
• process. 
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!?-TRO:>UCTION 

The purpo&e of this mission vas to assist BJRI (Tech Res Wing) to develop 
~ -- ---------its microbiologica1 re~earch programme especia1ly in the arell.S or nutritional 

problems associated vith the grovth of anaerobic bacteria (see Appendix 1). 

The area.a identified a.a important vere: 

( 1 :\ To take part in research vork concerned vi th the remoYa1 or non-fi broue 

material from inadequately retted jute fibre. 

(2) To advise particularly on provision of nutrients to giYe more profuse 

growth of bacteria a6sociated ~th retting. 

Prior to commencing thiE mission tht Consultant belt a briefing in Edinburgh 

vitb Dr. H.P. Stout, vho provided an outline of the objectiYe of the mission 

and general background information on BJRI and UNIDO'a assistanc..e 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. Ghul~ 

Mohiuddin (supplied by Dr. Stout) reaffirmed this. 

The Consultant left Edinburgh on 25 September 1984, vas briefed in Vien:i~ 
and commenced activities at BJRI on 1 October 1984. ~etivities at BJRI ceased 

on 19 December 1984 and a debriefik~ vae held in Vienna and vith Dr. Stout in 

i'dinburgh. 

After commencement of the mission and discussion with Dr. Gbulam lfohiuddin 

at BJRI the objectives were revised into a long-term objectiYe of developing 

a biotechnological process for the remoYal of bark from jute cutting& (i.e. 

Area (1) above) IL!ld an immediate objectiYe which vas to demonstrate and develop 

the techniques which vould be required to carr1 out the long-term objective.· 

Thie report consists of. details of the problem of softening jute cuttings, 

the activities of the Consultant during the mission and prop~sals for a 

programme of research into biotechnological softening of jute cuttings. 

I .. 



- 4 -

I. SOFT~ING OF JUTE CU'ITINGS 

After retti-.g and •eparatien ef fibres the buadle• ef jute fibre• are 

transperted te mill• for precesaiag. Accerdiag te the Tariet1 •f pl&llt 

fr•• which the fibre deri••• and the grevth ceaditiena a preperti•a ef the 

fibres frem the base ate• baTe uaretted bark aaterial adheriag te tbem1 

vhicb aakea fibre aeparatiea witheut further preceaaiag difficult •r im­

pessible. If the !arcer& preleng the rettiag peried te cemplete the 

remeval er bai~ !rem the lewer stem pertiea the• the fibres ia the upper 

stem pertien are ever-retted alld suffer degradatiea and leas ef quality. 

The cenventienal methed used by the iadustry fer the remeval u.retted 

bark meterial iavelvea cutting eff the pertien ef the fibre buadles c•n­

taiaing adherent bark {the resultant 'cuttings' cemprising anything frem 

5-2~ ef the tetal fibre length). The cuttings are •prayed with a mineral 

eil-vater emulsiea te CA 30% meisture centent f ellevad by piliag in large 

brick er cencret~ bin• {se~e 15 ft.X15ft.X15ft. er 5mX~5m). This re­

present& seme 3-4 tens ef cuttings. The bi~s may be cevered by sheeting 

and are left fer up t• 15 days, during which time the temperature in the 

bins rises te CA 7o•c. It is net knevn whether direct micrebial actien 1 

preduces the resultant seft~ning and at BJRI the a.ssumptien is that the 

sustained high temperature causes permeatien e! water int• the bark and 

preduces seftening in this vay. Micrebielegically the precess ia cempes­

ting, where thermepbilic an~erebic er facult•tiTe aaaerebic micreerganiems 

predeminate, and cause the temperature t• rise as a result ef exethermic 

metabelic reactieJLS. In the past a supplement e! urea {nitregeu) has beea 

added te the mineral eil emulsien te stilDQlate micrebial activity and sefte­

ning, but this practice has been discentinued becuase mill werkers cemplai­

ned e! adverse re•ctiens !rem handling the field cuttings {presumably !rem 

ammenia preduced during micrebial degraclatien ef urea). 

Once cuttings have been cempested in this way the bark is enly partly 

se!tened and the recevered fibre is cearse a~d uneven with specks •f bark 

remaining, causing difficulties in spinning and veaving. Thus the bi•­

technelegical remova!. ef bark !re. ·•ttings weuld be ef censiderable 

I .. 
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aa&istance te the Bangladesh Jute Indu&try by allewiag easier handling 

and effecting upgrading ef fibre quality. 

Bietechnelegical eelutien& previeusl1 attempted 

A greup ef verkere at !JIRA.have publiahed a biet.ebllelegical aethed 

bf vhich they clai• that jute fibre eaa be upgraded (1) and jute cuttiag• 

seftened (2). The precedure invelved the cultivatien •f the fuagus 

Aspergillu& Terreus in aelid-state fermentatiea (SSF) •• wheat bran, 

ext~actien ef a crude mixed-eazyme preparatien frem the brall a!ld incerp•­

ratien ef this preparatien iat• the eil emulaien applied t• ~uttinga prier 

te cempesting. It was claimed that such treatment impreved the seftening 

ef cuttings, and upgraded tte .•ibre leadiag te a net ceat saving. It is 

net kJlewn h•w widely practiced this precedure is in the Iadia11 Jute Ia­

duetry er hew effective it is in practice. 

The greup at IJIRA assumed that the se!tening effect vae due te a 

syn~rgistic effect of the e~zyme~ and the natural bacteria, altheugh the 

pessibility e! aa effect frem the inadvertent additien ef nutrients, 

erganic acids Alld fungal ineculum vas net c•n~idered. Such treatmeata 

have net bee4 appli~d ia the jute industry in Bangladesh as pilet scale 

studies at B.TRI diQ net &b•w the treat~ent te be effective. (Hewever see 

sectien I, 1)~ 

II. LONG-TERM OBJECTIVE 

The leng term ebjective ef this ad&sien vas t• assist BJRl with the 

develepment ef an applicable bietechnelegical precess fer the impreved 

aeftening ef jute cuttings. 

The ether ebjectiTe aet by UNIDO (viz. to advise en the previaien ef 

autrients te give mere prefuse grevth ef bacteria asaeciated with retti•g) 

va• ceneidered net pertinent te preblema faced by the jute i•duatry. 

I •. 
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Prerram~e e! research ana ievelepcent 

The aest acceptable beluti•n te the sefteniag preblea te the jute 

iaiustry veula be te meclifJ ceniitiens turiac c•~p•stinc while retai:Aint 

.urreat techn•l•l1• Failin.c this, a meiificatien •f existiac tecbael•C1 

llight be pessible ueins SSF •r the pretluctien •f specific enzJme& fer app­

licatien t• cuttiacs. 

(1) Medificatien •fC•ll!]!•&ting c•DiitieJLS asing curreat technelegy. 

Medificatien ef cem,esting (pilini) ceniitiens ceula be Yariet empiri~ 

cally in several ways, and the effects en s•fteninc netet. The factera 

which ceula be varies ani the ratienale fer selecting them are given 

belew: 

(i} Meisture centent ani •alt cenc~ntratien. The meisture centent •f 

cuttings will affect the vater activity (AW) ia the grewtk enviren­

ment anc will influence which micr••rganisms ia the envir•-=:e~t 

will ~rea•~~nate. Alterint the meisture c•ntent ceuld ~ffect 
I 

~icrebial s•ftening ef th~ cuttings. The adiitien ef salt like 

wise ~ill affect the Av •f the grewth eavirenment a.na ceula influ­

ence micrebial activity. Aiclitien ef an increasea meisture centent 

in cenjunctien with a high salt cencentratien c•ula give iLll •~ (ani 

micr•bial activity) equiYalent t• lew m•ieture centent aline, while 

perhaps giving a11 iacreased meisture centent fer impr•vea physical 

softenia, {if inieei a ,n,sical effect is inv•lvea in seftening). 

(ii) Nitregen cencentratieD. It is alrea•y kn•vn that a Jdtr•:en 

supplement has a atimulatery effect en micrebial crevth llllC 

activity 4uriag piling (see secti•n I). The 1•ssible 4eleteri•u• 

effect ef a~.mer.ia pr•«ueti•n !rem urea Mirht be aveisei uainc 

lever c•neeatrati•aa •f urea, •ubatitutini amm•niu• •alts fer urea1 

•r usiag urea ia cembi~ti•n vitb •ther treatmeat• (such as altere' 

Aw, •r level e! ph•sphate car~eaate er citric acid). 

/ .. 



(iii) Phesphate c•ncentratien. The &upplementati•n ef cutting& with 

pheephate veuld have a stimulate~ e!f ect upen aicrebial grevth 

a~d activity (particularl1 if given in cembinatiea with nitregen). 

P!:leaphate add.itiea wuld alee tend te buffer the pll and ceulcl 

al&• influence micrebial activit1 i• thie vay. 

(iv) pH. The addi.tien ef erganic acida {such as citric acid) aay lever 

the pH and stimulate the grevth et erganisma (euch aa· actinemycetes) 

iav•lved in cemp•eting (which are acid pr•d~ciag and thus have 

grevth eptima at l•w pH). This treatment ia cem~i•atiea vith nitr•­

gea-&Uf>plementatieu might everceme the preblem ef IUllll•nia preducti••· 

The additien ef carbenate veuld leap te an increase ia pH. 

{v) Cembi~ed treatment. It weuld prebably be vertbwbile te l••k at the 

influence ef facters (1)-(iv) in cembinatien an cembined treatments 

may have beneficial effects (in the manner described fer &•me 

combinatiens above). 

These experiments ceuld be carried eut en the laboratery-acale, er en pilet­

ec21.e using the piling bins at BJRI. Bevever neither ef these situatiens 

mimics the rise in temperature experienced in piling in the mills (they are 

aeeephilic precesses and perhaps aerebic, aa eppesed te the thermephili~ 

anaerebic precess e! cempestiag). 

As it weuld net be practicable te carr, eut theae studies en the entire 

centents ef mill bibs, a selutien might be te carry eut experiments ea 

small batches ef cuttings placed in a bex er tray which itself veuld be 

placed in the centre ef a preductien bia. ID thia vay laberatary er pilet 

scale experiments ceuld be cenducted in an envirenmeat (with respect te 

atmesphere and temperature) representative ef mill cenditiens (altheugb 

thi• assumes that the treatments being studied veuld aet alter the tem­

perature if applied te the centente ef the entire bia I) Alteruatively 

it might be pessible t• mimic biD ceaditiens i~ the laberatery by cempes­

ting in sealed vessels (te ensure an anaerebic eavire11111emt) incubated at 

/ .. 



bin temperatures { te engure selectien ef thermephilic ergani&ms). 

{2) {i) SSF. SSF has recently been exteRsively atudied in aa.Jty ceuatries, 

particularly vi.th a viev te preuce SC.:> fr•• eelid vastea. It baa 

alse been applied te the pre-treatme·it ef lipecellulesic material 

fer pulpiag in paper manufacture {3). iltheugh there bas ~eea 

develepment ef high-tecbnel•gy precesses {4), ssr can be carried eut 

using lew-technelegy precessee (as is the c3se with the Keji precess 

{A traditienal SSF used extensively in Asia, where layer• ef rice 

ineculated with fungal speres are spread •ut in weven bambee trays) 

and citric acid preductien. The distinctie• {in micrebielegical 

terms) between SSF and cempesting is that the f ermer is a mesephilic 

aerebic precess {the term fermeLtatien is a misn>mer) while the 

latter is a thermephilic anaereb~c ene, while beth invelve the grewth 

ef micreerganisms •n a solid natural substrate. 

SSF ceuld be applied te seftening jute cuttings a& a lew··technelegy 

precess for the remGval ef bark substances. Laberatery scale experi­

~ents ceuld be per!ermed under aseptic cenditien.s using cutting& 

ineculated with pectinelytic and/er cellulelytic and/er ligninelytic 

erganisms (including mutants) and the effect ef envir•runental cendi­

tiens (such as these eutlined in Secti,& II (1) p) en the precess 

studied. Pil•t scale experiments in ·,1:i.sterile ceadi tien& (which weuld 

ebvieus be mere acceptable te mill eperaters) ceuld be perfermed 

using the pilet-scale bins at BJRI. The develepment ef a verking 

pr•cess (~. unsterile) frem lab•rat•ry-ecale experiments vith pure 

cultures weuld pese many preblems, but it might be peesible te adju~t 

the enviremental cenditione te stimulate the grewth ef the ineculated · 

erganism vhile iairlbiting cespetiters {!.:£.• using a high •alt c•ncen­

trati•n er l•v pH {by citric acid additi••) t• selectively cultivate 

a fungus. 

Sheuld a precess e! aeftening be devel•ped usiag SSF, tbe precess 

(being ene •f lev-technelegy) sheuld be acceptable ~· tbe Industry, 

I .. 
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nev and in the future. SSF te aerten cuttiags ceuld be ceaducted i• 

existiag biaa by censtructi~g alatted nhelve• vithia the bias at, say, 

18-24 iach wpacing, and layering cu~tinga en these ahelvea te a depth 

ef, aay, 9-12 iachea. Devel•pmeat w•rk veuld be •eeded te deterlli.ae 

the eptillWI layer depth and ahelf apaoiag te eausre the aaintenaac• 

ef aer•bic cead.itiens. .llteraatively the cut~i~• ceuld perhap• 
l 

simply be apread eut en a fleer (er the greund) aad eccaaienally •T.lrned' 

(Turned-ever) by halld te ensure aerebic cenditieas are maintained. 

(ii) Enzy~e technel•gy. IF a selutien te the &eftening preblem caJJ1.et b'­

develeped aleng the lines eutli~ed abeve, it might be peasible t• preduce 

aeftening by the applicati•n ef micrebial enz~ea. This ceuld Cc carried 

either by a l•w-techn•l•~ prece•• auch as ad•pted by the verkera at 

IJIRA (i.e. applicatien ef crude enzJ111e• preduced b)' SSI' - aee aectien I), 

•r by a high tecbnelegy prece&a ef enzyme preducti•• by f ermeatati•• 

{altheugh this techn•l•gy is prebably net apprepriate te Baagladesh at 

pre&ent.) 

Pectinaee, cellulase er hemicellulase enzymes ceu!d be preduced by fe~­

mentatien a.d their &efteaing (singly and ia ceabinatien) effect ••ted, 

which veuld at least indicate which activity (er c•mbinati•n ef activities) 

vae resp•nsible fer the seftening effect. Studies at BJRI indicate that 

pectinase activity is likely t• premete sefteniag ef cutting• aJld •• 

veuld be the legical starting peiat. Hevever, ligRinaae caiuaet eaaily 

be preduced by !ersentatien as it is iatracellular aJtd veuld require 

elaberate preparative techniques (and Se SSf remaiaB the best eptien for 

lignin remeval}. 

The advantage e! the use e! enzyme• ever SSF is that they ceuld be 

applied evenly te cuttings fer treatment (and heace the activity weuld 

be evenly distributed) where•& ia ssr the grewth aad activity e! the 

micreergani.sms ceuld be patchy. Bewever enzyme preductiea veuld invelYe 

the establishment er preductien centres in mills, vbereas SSF ceuld 

perhaps be develepea witbeut the need fer specialized sectiecs withi• 

the mills. 
I .. 
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:. Test fer softenin~ The vor~' pul:ilished by the te~~ &e far en bacterial 

Eefte~ing uf cuttings has usec.a sub~ective visual and tactile asses6:ent 

o! tr~e ceeree of sefte:-.::.nl: ~chievec. ii~i:' _., this might be satisfactery 

fer laboratery studies, fer the deYelepm~nt pregramme eutlined abev~ it 

weuld be desirable t• back this up with a mere meaningful quantitatiTe 

(er semi-quantitative) measurement ef ~he degree ef se!tening achieved, 

using p~ysical measurements and spinning quality ef the fibre. The team 

h's experience of such measure~en~~ and sh•uld apply them ~herever p•ssible 

i~ t~e cievelepme~t p~•gram.T.e. 

!I!. SP.C?.T-T::.~!-~ QB..TECT!VE 

k. De~onstration and develepment ef tecbniquee 

The ebjective fer the cur-tier. cf this mission was te de~enstrate and 

deve!.i.p t!:e tech::iqu~E rec;~:'...rec t~ C;-J.~ry out tt.e l•r.E"-term ob~ective. '!'heEe 

(1~ ~e~eral ~icreb:ol•r:c•l tect~i~ces, particularly the is•latien and ~ain­

te~~nce cf nure cu:tu~es an~ the ~anipulatie~ ef fungi. 

(2) The isolation ef ~icrcerganisms capable e! degrading the ~ark ef jute 

cutt:.ngc. 

(}) Tbe iso:-tion of micreergaris~s c~pable •~ degrading the bark e! jute 

c~tti.r.gs. 

(4) Screenin~ prececures to detech pectinelytic, ligninelytic and cellu­

!e!y:~c ~ctivity ic ~icro~rg~nic~c. 

(5) The preduction •f r.utar.t micreerganisms usicg UV radiatien. 

I .. 



(?} The study sf t~e micr•bielegy ef the current piling (softGDing) 

precedure. 

B. R~tion.ale fer selecting techniqu~a and technical details 

The rati•nale f•r se::!..ectine: the techniques eutllned abeve and seme tech­

nical details ;re given belew. 

(1) General Techni~~e. Varicus ~icrebiel•gical tecr.n!.quee, especially the 

manipulatior. •f fungi, were de~cnstrated t• team me~bers. One of the 

team-members, ¥.r. ~bul Kaste~, has applied ~•r a 6-m•nth traineeship, and 

the cons'.llt~nt stron~ly recoe~e~c~ appr•val •! this and further rececunends 

t~;t in this and any future traineeships as far as possible the epp•r­

tuni ty is t~e~ tc ~-~~ ~xpe~ience ef microbi~l~cical techniques. 

(2~ L~boratcry-sc~!c fer~e~t•tic~~. ~ latcratory-scale ferre~ntation unit 

h;.d bee.c. s'.lpplied t. the !-'.icrobiclegy Depart!!:e?:t oit B.:"RI (partly with 

m;i:OC !und!.n~) a=id the co::s:.:l t~r.t assemb::!..ed tr.is unit and de:nonstro;.ted 

its use f~r b•tcn anc conti~uou~ (~here~s~at) cult~res, and a schedule 

of t~e prececure was pr~=ucec. (~ppendix 2). 

This equipment will b~ valuab::!..e to the Dep~rtoent f•r (1) the pr•duction 

e! eczy~es cf microbial celle (biomass) •n a ce~~aratively large sca:.e 

fer application t• cuttings (anc in the che~ostat me~e preduced under 

c~~tr~::ed ~n~ reproducible con~~tions) ace c2: th~ stucy ef the e!fect 

Qf ~=ivir~nmental c•ncitions (in the chec•stat ~ode) en enzyme preduction 

or ether phyEi•logical character~ctics. 

(3) !~~latien cf bark-de~radin~ erranism~. In the pr•gramme te devel•p a 

process !or the recovii.! e! b~rk from cutting5 ~icr~•rganisms (•r their 

~nzy~eE) cap3~:e c! cegr~d!.ng b-rk cocponent~ (lii;:::n, c~llulese, he~i­

cel:~lsse, p~ctin and waxes) ~i[ht be required. Suet •rganisms might 

I .. 



be •V~il•ble !ro~ t~e culture collection at BJRI wr- laborater~es else-

where "r they could be i:;olate_c! !rem naturally der;rading jute cutting 

~~r~ er fr~~ ~nric~er.t cuturesr The technique ~r enrichment cul.ture 

was demonstrated and a &checule ef the precedure preduced (~ppendix 3), 
and funei vere isolated frea these lUld !rem naturally desrading cutings. 

A etGck of bark der.rading organisms aheuld be established and main­

t~inec ty t~e Dep~rt~ent, for use in the develapffient pro£ra~n.e. 

(;: Scr~er.~r.~ fur relev~nt enzy~e •ctivity. It waw likely that erga..~is~~ 

i~~l•tec fro~ t~e pr~cedures outl~nec in(3) above would have a spectru~ 

.r eczy~e activity, for instance the ability t• degrade lignin is usually 

cG~plec ~~th the abi:ity to cegrade cellulese. However, organisQs such 

as 1 Cellul~seless ~ut:ints' could be extremely useful in this preject (By 

ce;r~cinz t~rk ligcir. wit~cut re~oval •! the stren~th-giving ce:lul~se 

ii.. t!ie fibres). The etudy tour report ef Dr. ¥.ohiuM.in outlined the need 

!',.,r a s:.c.:;::'! sc:::een:.nr prcce~1.4re f•r ligninase, cellulase :md pectii:ase 

Mctiv:.ty ·~~ -!ter re•tl;.~z t~e report prior tr the ~iE~i~n the C'ns~lt~~t 

c•rrie~ •~: a :iter~~ure survey p~icr t• the missicn •t:c cor:...""n1Lic~t~c 

infer~ti~n an the tec~iques to the team. The methecs far cellul&se ar.c 

cecti~'~e were tedted -~~ devel•~ed during the ~iesio~. 

(5) Pre:!uctia~ •f Euta?!ts. i..e eutlined in 3) and 4) abeve, it was likely U:.at 

::utant micr~•r~anis~s wit~ an altered p2ttern ef activity (such as cellu­

:-~e~ess lic~inolytic •re•~iErns ~r high yieldin[ straijs) would be o! uBe 

in thls prg~ect. U'/ r01t!io:i.ti•n i!!: a cenver.ient and sa!e method ef inducin~ 

schedule of the procedure pr•duced (AFpendix 4). Tr~s work was ha~pered 

by lack •f ce~trolled incubati~n conditiens and contacinatien ef platese 

(6) So~id substrate !ermentatio~. CSF is being applied in several fields, 

a~c in pOlrticular t~ the production •! SCP a~d chelticals !rom ligxiocellu­

le~ic ·~r~~a~tes. !t ccu:d be ac appropriate low-techr.ol•gy proces~ !or 

I .. 



tte re~ov~: ~r bark fr~~ cuttineG by treat~e~t with aerebic erg~soz 

{uuc~ as pectina5e aI:.d/er ligninase and/er cellula&e preducers). Liter­

ature en the the~rJ -..nd practice •f SSF en a large-scale was supplied te 

the team and the tec~.ique vas demenstrated en a laberatery scale and a 

echedule e! the precedure prcduced (Appendix 5). 

Tte tec~..r.::.~ue ce~lc •lsc be appliec te ether pr•ble~s •f in~er~st te 

'9.!n: viz. the utilis~tion ~! incuctrial and azricultural wastes. 

( 7) !-:icrr.b:.ol•~j cf the nresent cilin~ process. The initial appreach te selvir.g 

the s~fte~in~ pr~b!.c~ ~::..:!. ~~ te 'capt the current cemposting pr•cedure 

( se~ Sect::. on I! ( 1)). '!'t.us so::e phyeica!. and i&icrebieler;ical base-line data 

on the current c~mpestinb precess weuld be useful and weuld alse enceurase 

~he t~a~ to pay regul-.r visits te the mills and acquaint themselves cl•sely 

with current tech.~ol•CY• 

~~e!ul r~ysic•! ~e~sure~e~tE ~c~lc be te~perature, pH and moi~ture 

c•:i.tent iii:JC. \!=e!u~ r:ic:·•bi.•!.o;".i.cal :r.e;-sure:r.er:t weuld be micrebial leoi.tinz 

(Tct.01: a.>td selectec groups). The ~-apid illdirect methed ef methylene l:lue 

red~ctiGn f •r tet•l micrGbi'l :oacing was attempted but wae net sucees!ul. 

Cthe!" incirect methocz such as pl':.•sphataee er ;,,'r'p assily were n•t attei:ptec, 

beir.e toe involved ar.c e~"Pensive. ~~e me~~•d e! direct countinc after 

~tar.careised ~aehinc •! cuttings was adepted and a schedule en the precedure 

prod'.Jc~d C:.p::-·~ndix 6). 

/ .. 
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A. Equipment 

The Department lacked the fell•vi•g items er basic equipment, vbicb veuld 

be ~ecessary te carr-y eut the deYelepment pregramtne: 

1) pll Meter 

2) rt~bC1£.Ve 

3) Freeze-Dryer (Requeeted in 19&> I ) 

4) Adequate sur,ply of Pipettes 

Facilities fer aeeptic werk (such as plate-peuriDg and ineculatien) were 

net ide~l, and the at~eephere in the laboratery was heavily contaminatee. A 

v~rking c~binet is to be c•n~tructec ,,nth an internal l'V lamp for sterilisatio~, 

but sh"u:!.rl th:..£ foi.il te p!"•Vice ;u:: ~dequ9itc.: ex::.virctn:ient for aseptic rr.ar..ipulatien 

tte purcheise "!- • l--=::.n;..r-::c11.: c•binet JC'.Jst be £ivec Eerious cer.~:.cierat:oc. 

The 5 litr~ fer~entation u~it, p~rte ef which have already been suppliec, 

5~vuld be c&~p~etetl (By purc~~se •f tte vessel •:d a pll control unit) s• t~at 

re;senab~y lou-ge batcc f crcentatiens can be carried •~t. 

Fer the iselati•n and enumeratien ef microerganisms and mutatieD experi­

roer.ts it will be esee~ti;,.l t• ~rov erganisme at centrelled constr-.i:t tecpera­

tures below aitbient (Lven curing the winter period). The Censult.nt strsn~ly 

reco~~~~d& purch.oi.se of a c•~trelled temperature (i.!!,.Be•tin$/C•eling) incub~t•r 

f •r t!'lis ~urpo~e. 

It was apparent th~t ex-perience· er micrebielogical techniquee needed 

strer:~t~enir.e ir. juuior a::e::bere ef the depart111ent. Crp•rtulli ty should be 

I .. 



take& duri~~ trainees~ipo te ~ain ~uch experience ( a~d the department sheuld 

ensure that such experience is fully utili&ed - aee Recemmendatien D), ai:.d 

~~y future recruitme~t sheuld if pessible be er per&ennel with se~e micr•bie-

legical experience. 

Du.ring the a:issien appreYal vaa granted by Napier Cellege, Ediaburgh, fer 

trainees t• spen~ traininz perieds with the CensultaRt, vh• weuld design an 

pregramme te eive apprepriate ~icrebielegic~ experience. BJRI (Tech Res ~ing) 
may wish te take advan~age ef this. 

c. Eietechnolerical Devel1•ni::ent at the Institute 

The Coneult•nt cenziders th~t bietechnelegy can have a rele in jute 

precessing (Es~ecially i~ the lGng-term) and regrets that assistance in the 

for~ •f c~nEult-iicy ~$ been rer.cerec t• ~RI (Tech Res ~ing) E• late in the 

~.n;:!X) ;.ssist;;nce ~cr.e:::e. 3.:'!:<I :.£ u:rrec b recocnise t:.e iopo:rt;nce h U.e 

:L~~stri of irr?roved e•:ten:~z .: cutti~g~ by bi•technolerical ~eans aLd te 

e~sure tt.&~ t~is is given aprrop:riate pr~•rity in allecatien e! res~crces. 

The adv•~tage ~r b:etechnelv~ic'l tre~tment ever chemica~ se!te~ing (~s 
&Ug!:e!:ted by 1:.11. S:irkar..en - Final ~echnical Repert, Sectieri IV B) is that 

the r~r=er (u~:ike the latter) wguld n•t invelve a high enert;Y (?.eat) input 

•nG ~ir,ht net depenc •n imperted chemicals. 

It h•s bee~ pointed eut (5tucy ~eur Rep•rt e! Dr. ¥.aniuddin) that bi•­

technel•gy c•ulc be applied tc the utilisati•n ef jute wasteE, althoug~ a 

~ic-1 Report, ;,ectian !V. F) •nd sur,gested chemical pr•cessing. The C•nsul­

t~nt c~n~iders bi~techno~•~Cal c~~versien e! jute wastes t• merit investi­

cati,~, ~~c sue~ ~ecr.n~~~iy coul~ be app~iec ~·re widely i~ the future ta 

other agr•w2stes. 

I .. 



D. The i.n-:;raach t• Research and Devele-t>ir:eRt 

~ithin the Institute it appears that particular persennel are eften 

asigned t• ,articular prejects. The disadvantages the Censultant sews in 

thi6 are as !ellews: 

1} It c~ lea~ te lack ef flexibility ef appraach (Semeene will be 

reluctant te chance tepic •r e~phasis while half-way through a 

Ph.D. pre~ect). 

2) It ~eans that it is difficult ta stimulate tea~ effart and effect­

ively utilise (withic a Dept. as a whele) skills gained en trainee­

ships er elsewher~. BJRI sh•uld censider the disadvantages autlined 

abeve a~d enEure a fleY.ible appreach ta develepment based en team­

work and a peeling ef expertise. 

-· Re!;t~~~~ti~ B~twe~r. the :r.stitute anc tte iute !~custry 

The C•nsu!t•nt endorses the view ef a previous Censultant, K.V. Sarkanec, 

th~t 'since the pri~cip•l functien ef the Institute is to develep ~ew imprevec 

technolalY far jute ~ills, core intensive interacti•n with the Jute Incustry 

is deeir•ble, particu::!.arly in the farmatien ef its research (and develepment ?) 

pr•gr~~~e•. Cne w•y •! pra~1ting thiE might be ta i~crease member£~ip et the 

Rese-.rch Ce=~i~tee !r•~ represe~tatives ef the Industry anc to ~~ke thir. 

Cemmittee ~ ~ore e!!ective review and censultative b•dy. ~ change in title 

fr~~ S:?.I t~ E•nglad~~t Jut~ ~ec!J.~•l•eY Develep~ent Centre ~ight also pr•~•te 

• ch-r.ee in ecphasi~ t• techne!agic8l develep~ent. 

F. ?uture Directians ef the Institute 

~he c~nsu~tant alse endorses the view a! r..v. Sarkanen that the Institute 

sh•ulc give :ncre•sec at~er.ti•n ta i~plecenting precesses in the Induetry ar.ci 

th-t t~~I!X) ar.eictance with thie •~ulc be et gr~at benefit. 
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L!~JTED ~ATIO~S 

l."SITED SATIO!"'S INDl'STRIAL DEVELOPMEST ORGANIZATION 

Post tit:e 

Duration 

Date required 

Duty stc:t1on 

~olali !icaticns 

:..anguage 

U~IDO 18 June 1982 

PRO...TECT IN '!'HE P~OPLE'S REPUB~IC OF BA....~GLADESH 

JOB DESCRIPTION 
DP/BG~/75/0l3/ll-5:/31.7.B 

INTERNAL 

~:cro'tiologist 

Three I!l.O!lths 

As soon as possible 

De.cc a 

':c ass:.s:. :.he 3a:~g:a:.es!". J;.i:.e ~esearc!"~ :'.:r.st.:.:.ut.e {~ec!".'. :.o deve::...c; 
:~s ~:c!"o":>:o:o£:c~::... !"e£ea!"ct p!"cg:r:.==.e es~ec:a::...::...y :r. :~e a::-eas o~ 
n·Jt.r::.:.ona.~ p:ro'b:ez::.s as::oc:ated ,,...::.!:!. t.he g::-ort!l of a=-iae::-o::c ":>a:-:e!":a. 

l. Take p~~ i~ ~~e ~esearch vork cocce~neC vi~h the re=oval of 
r.on-!:":>rous ma:.eria~ fro~ inadeq~a~e:y re:.~ea ~ute fi~re; 

2. Advise pa.rticu:arly on the provision of n1~trients to give 
~c:re ?ro~use g:ro·.::.h o! bacte::-ia associated vi:.h re:.:.ing. 

The cor.sultan:. vill also be expectec to prepare a final report., 
se~ti~g ou: the ~:nc:n£~ cf t~e ~iss:o~ a;.c reco!':.I!:er.ca:.ions 

?os:.-graduate degree ir. ~icrobio:ogy/5acte:riology; considerable 
experience in the s:u~y o! nu~r::.ior.a: aspects of anaerobic a..~d 
ae:rob~c cac:.-:::r:a, c:r ·::i~ct.eria o~ :r.::..:s<:!"::'. a: ir::po:rta:'lce. 

Engl::'.s~ 

! .... , .. 



!~.:c!'"::.~:: :on 
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:~~e is the ~os~ :~pc:::-:.a.~~ expert cou:.~o~:ty of t~e co~ntry ~.~ a.:s~ 

:.~e rav ~a:.e~ia~ for t~e cour.try's mos~ ~;iorte.r..t ine~s:.ry. ?he 
~ :;:.e inC.:.:.s:.!"y l."a.~ co::::;:>:i.:-te.:.y natio:'la.lised in !972 ant :ias ~ee!:. !:.!:.~":.:.r:g 

steady progress since then towards achiering the 1969-1970 productioq 
level. vhich •-e.s the highest ir. its his:.ory. 

There are currently 71 jute :mills in the country, of vhicb 74 are in· 
operation. The esti.n:ated production in 1974-1975 vas 451,00C :metr:c 
tons of jute fabric in the form of hessian, sacking and small 
quantities of carpet backing; this represents approximately 50j 
of actual installed capacity. Approxi~ately 85% of t~is proeuction 
goes to t~e ex?o!":. re~!"f.et, e~rn:r.g 55~ of the country's fo!"e:g~ 
excha~ge. T~e i~dustry provideC. em~loJrr:ent for 200,000 peo?~e. 

~~ the last ~e~ yea.!"s, and particule:ly in the ea!"ly l9?0s, jute has 
bee!l sub~ect to increaseC. con:~·e":.:.tion !'roI!: synthe:.i~s, mair.:~: f!"o:r. 
p~2.:.~::. .. cpy·:~r!e. The S' . .:~cessf'.!: ma~!r.e-: C.ev~::..op!!le:rt 01- p~lyp:--opy:!..en~ 

in direct co~peti:.ion vi:.h ju~e can be attributed to its lo~ price, 
reaiy availability and superior tech.~:ca! perfon:ia.~ce as a res~lt c~ 
superior mecha~ical a~d physical proper":.ies. A typical e~a=ple of 
~he prevai:ing situation is in the area o~ primary carpet backing 
in t~e l!S market., where the s~are of ~ut.e has fallen fr01: over 3J~ 
in l967 to less tha..~ 30~ in 1974. The decl:ne in other m~ke~s a.r.~ 
o~her traditional j~te end-users bas 'beer. equally precipito~s. 

:""c~·..:s o~ t~.:.e ~:""ice :..!::::.:.~ce ~e:.•ee:-.:. :-..:.~e anC. SYT-~!°.L-:-::.c ;:-o:. .. .:~:~, 
"':.:~e £·zv:.v~:. c:~ -:.:.e :,.:..-... e i.nC.·..:$:.:-y -.::.:: C.-=~·e-!!C. o!'"_ t.he :.~.:.~!"'e:s.s:- c:- ::;: 
p!"oC.uc:.ivi:y and ~he C.eve::..op?::ien:., t.hro'..!g:: researc::, o:~ be-::..e!" ;i:::-0::..:::-:~ 

a..~c ne~ e~~-users. ~~:s pro~ec":. ha~ bee~ desig~ec V:.~h -:te :a-:-:e:::-
c.:.. :n I!!::r..c.. 

T'.:le ~acca ~eclaratior:. o~ January l97:! envisaged the es":.a"::!.is~en~ c:~ 

:~~e :~:.er~a~io~a: v-~t~ a mar.date ~o carry out joint researc~ a~c 
develo?~ent ac~ivities. L~~J? subse~uen:.~y fielced a Resear~h ana 
Jevelop~en~ Working Group to reco?IaI:enc priority projec~s to J~te 
~n:.era~iona:. ~he tec~..nica~ cen:.re er.visaged to be estab:is~e~ ur:~e:::­

:~:.e !:::.er~at.io~~: vo-..;.:c. ~e fe~ ~itc res·~:s fro~ var:o~s ~a-:icna: 
~c. in-:er::e.t :i.ona:. re sere.ct ce:-::.res for .:~~.:ctiv.:: tra...'1~:a:.io::. as ~=.C. 

v~en necessary. ~~e ?esear~h and Develop~en~ Wcrk:r.s Grou~ a:so 
s:.resse::i :!'.e nee!! :~c!" ·:~able na::cr.a2. rese::.rch ce::-:!"es t.c ca:-r~· o··­
~~eir ovn research projects vh:ch V:.ll be valuab~e to their ovr. 
~e.":.ional inaus:ries. 

!n t~e country, ~he n:.a:;C.ete for carrying out technolog::.cal researc:-. 
has bee=: give-. t.o t~e 3a.-:glades!:l Jute Research !ns~iti.::e. '!'::e 
Institute co~sist.s of a~ agricultural research ving and e. ~e:hnologice.: 
researc~ ce~~re. Facilities at the techr.ological research cen~re are 
inade~ue.te ~o carry out any me~nir.gful research and develop~e~: ~rc~cc:. 
:r. ~~~itior., t~: cer.~re is uncers~affed e.r.~ :eeks exper:ise :~ e.:: :::~ 

::.~por:ar.t areas o! j~:.e :.ech~o:ogy. As the report o~ the researc:: ~~~ 
ce•1e:op!t.er1: ..,crf:ir.g E;?"OU:;J for J·.l:<e :n'terr.e.tio:-:e.: States, 2.SSis:a.r.ce 
:c :!1e ~a.:-l~:e.:-e~!"'~ :·..l· ... e ~esea;c:: :r.s~:::,t:-:~ :.s ·~rr.e~:.:~, ~.ee~e: -::: 
:.!':.;:-ove :.:.~. c· ... i:. ~e.':::.:-... :.E:s ~or res~a!'c~ a~,C. de·1e:.op~'?n· ... , :~:-es;·e:· .. :·:-? 
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n;ocl:.m: PREP~TION 

(1) Bacteritl 

(2) Fungal 
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OF~':':ON OF THS !-~G!>UI .. AR FER!-~'l'ER 
~BA'!.'C!i :;.·..:~!-::..:.-:r.;.TIO!O 

Day Minus 2 

Day ?-'.inus 1 

Day ? 

Day 1 

{1) 

(2) 

(3) 

( 4) 

Prepare a •taeak plate for isolated single 
coloniea from a r•!trigerated stock culture. 

Inoculate a nutri~nt broth culture in a 
univeasal bottle from a single colony from 
the plate prepared oc d•y - 2. 

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

When iEolated colonies have developed inoculate 
a potato-dextrose agar slan~ froo a sin~le 
colony. Incubate until the gro•th on the 
slant appears fluffy. 

=~ooc the slant with sterile ~edium/w•ter 
cont-.inir.£ o. 1 % tween ec. ( cetergent). Us.! 
;;. steri:e loop to s·;.:s?e?lci ::n~ fu!.gal growth/ 
Epores in the ~edium/water and aseptically 
trar.sfer the susp:ms.:.or. to a steri:e u"''ve:-s..:c 
~se :h.::.s a~ tr.e inoc~lw~. 

Clean uu! vuh the veseel interior and all 
tubes containing liquiC5. 

Calibrate the pH electrode against a standard 
buff er solution (preferably pH for us~ ~~h 
bacteria and pH ~-5 !or use with fungi). Check 
t~e level of electrolyte and top-up if necesa~. 

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

Top up the anto!oam, acid a~d alkali reservoirs. 
(Use 0.5~ acid/alkali and 10 all antifo•c in 
200 ail vater). 

/ .. 



FERMENrER OPERATION 

Day 1 

ON SUBSF.QU!:tl!' DAYS 

(5) 

(6) 

(1) 

(2) 

(3) 

(4) 

(1) 

(2) 

(3) 

(4) 

( 5) 
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Secure the top-pl~te, a11 tubes, bottle-tops 
a~c clips and check that a!l the gla:nd nuts 
on the top-plate are tight. 

Autoclave at 10 PSI for 25 mina. 

Connect all the tubes to the apropriate pumps, 
replace the electrode leaes and connect the 
water supply. Clamp the vessel to its star.d. 

Inoculate the medium (and add the '1,ucos~ if 
autoclaved separately) using the inoculation 
system. 

Check the purity of the inoculum by 

(1) Staining 

(ii) Prepa~in~ a strea.~ plate for isolated 
colonies. (~ecant a few m!. cu:tu;e into 
a sterile univerG-1. u~ine the s~4'l~~e 
Byste::.) 

~djust the stirrer speed (V.ark 4-5), temperature 
control (for cooling only set the temperature 
to 20°c), lir Flow ( 100-200 cc/C"in) cc a!ltifoa.'?I 
addition (set to 10 secs delivery/hour). 

Check the culture purity by 

( i) Staining 

(ii) Preparing a streak plate for isolated 
colonies. 

Check all the tubes !or leakage/blickage• 

Check the lenls in the ac:id/alkali/antifoan: • 
reser•oirs and top up if nece~sary. 

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

If the medium is foaming increase the rate of 
su.tifoam addition. 



(6) 
• 

• 

• 
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Agitate the antifoa: reservoir to emulsify 
· rmy anti!o1r.111 which has separate out • 

Stock culture on agar slant stored in a 
refrigerator 

Petri dishes vi th eterile medium 

Universals with sterile medium (Broth aJJ.d/ 
or slant) 

Sterile medium containing 0.1% tween&:> 
(For !UD.fi) 

Sterile universals containing 0.1% tveen 
(For fungi) 

Sterile pipettes containg 0.1~ tween &:> 
(For fungi) • 
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!SOLA'!'ION c: S:.RK-'!JIDRADIN::i ORGAf:IS~.5 

Bacteria o~ fungi ca!)ab!e of degrading jute cuttin! bark may be pregent 
in the envirollClent but in &raall n\llllbera. The cl .. sic technique for their 
isolation ia enrichment, whereby bark is adde4 to soil or water to enrich • 
or promote the growth of organism& capable of utilising it as a substrate 
for growth. Al.~ernatively nat~rall1 rotting cuttings vil.l contain bark­
degrading crgard.&111.. in higher numbers. 

Take a bea..~er or flask containing 1-2 cm depth or fresh fertile soil and 
add to it cuttings with adhering bark (Trim of! loose fibres). Moisten 
with ~ater (Do not flood other~ise con~itions become anaerobic) and cover 
the vessel. E~ne daily until visible growth is apparent on the bark 
-.nd moisten if necesa>ary. 

For enrichment of anaerobes place the vessel (Uncovered) in an anaerobic 
jar, and for therll!ophiles incubate the vessel {Tied up in a plastic bag 
to prevent dryin0) at 55°c. 

ISCLk'!'!C!-i OF JELRADil'tG ORG.~:~s~~ 

Isolate pure cu!tures of orgar.isms froc b•rk by preparint streak plates for 
isolated color.ies on suita'::>le (.:,)e:ec'tive) agar and inoculating ag;u- slants 
fro: single co:onies. For ~aerobes use •~ ar.aerobic jar. For ther~ophiles 
incubate at 55°c. 

t• 
Test the pure cu!tures obtained for their ability/degr•de bark by weight 
loss ~easurements of sterilised bark in solid-state !ermentations or other 
apropriate tecbniq~es. 

• 



• 

• 
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PrepOll"e a sl-..nt of bacteria! of funL•l culture. For bacteria use overnight 
incubation. For !Wlgi iacubate until the culture baE sporulated. RemoTe 
the gro..rth from the slant by pipetting }-4 Kl of sterile vater (Containing 
0.1% Tween 8o for Fungi) onto the slant and shaking until a dense suspension 
i~ obtai11.ed 

~~read 0.1 Y.l volume• of the suspension on dried CZuitable) agar plates, and 
irradiate froM a set dista~ce for periods up to 10 mins. Deep the suspension 
at ~0c. Exa!!iine the plates after appropriate incubation. The control (Non­
!rradiated) plate& stculd show confluent growth, whereas irradiated plates 
6ho~ decreasing nu~ber o~ survivors with increasing irradiation time. Choose 
th~ time givinz up tc 1C survivo~s per plate anc u~e ~his treatment of produce 
a:utantso 

If the control does not show confluent growth the suspension is not concentra­
ted enough, if ther~ are a:ore than C~. 10 colonies p~r plate the period of 
irradiation should be increased. Ideally a survival rate of 1-2% is required. 
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~O~ID SUBTRATE FE...~~~AT!CN (Lt.B-SCA~E) 

Weigh out enough material to cover the bottom of the vessel to be used te a 
depth of 3-5 ~ (CA. 25G dry jute cuttings i• a n. Flask is suitable), and 
sterilise by autoclaving. From a fresh culture sporulated if fungal) prepare 
a dell.Be cea/apore suspenaioa (Usiag tveea 80 for fu~gi). If t)le cult\&.....: i& 
to be st<llld.rdisee perform p:ate counts on serial dilutions of the culture and 
6tore the ~~spe~~io~s •t ~0c. ~h~n plate counts c~ be read calculate the 
coDcentratio~ cf organism~ QDd ad~ust the concentration to the required value. 

Using aseptic technique pipette the appropriate volume of culture as evenly 
as pcssib:e over t~e cuttir.gs (so as to give the required i~oculum level and 
re~uired moi&ture content). Incubate the veesel in a l•rge polythene bag 
coLta:ning moist t.osue/cotton wool to prev~nt drying and agitate d.ailJ to 
maintain aerobic co~ditioas. 

• 



• 

• 
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ESTH'J.T!ON OF M!CR09!AL POPUI~'!'ION !?: CUM:INGS 

PRt.VIOOS TO SAP.FLING PREPARE THE FOLLOWING: 

1) Sterile 250 ml fiaaka 

2) Sterile paper trays in a petri Dish 

3) Sterile 250 ml fiasks containing 
100 ml tap ,..ater 

4) Sterile test tubes or flasks 

5) Sterile tap water 

6) Sterile plugged pipettes (placed tip 
inwards in the ca.~nister) 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,., 

8) Sterile medium (Stored if necessary 
i~ a refriEerator) 

ON ':'R: DAY OF S~.FL!NG: 

(1) Soak forceps and scissors in 5.lcohol 

(For collecting aamplea) 

(For veighing cutting&) 

(For washing cuttings) 

(For making dilutions) 

'' 

It 

( For pour plates) 

'' 

(2) Melt the sterile medium and cool in a vater bath at 45°c. 

SAP.PI.ING PROC£Dt:RE 

(1) RemoTe a sample of cuttings !ro~ the bin and place in a sterile flask. 

(2) Remove eamples with forceps flarr.ed in alcohol and veigh out 10G lots · 
(using sterile paper trays and scissors !lamed in alcohol) • 

(3) Place 10G cuttings into 100 ml Rterile vater and shake Tigorously for 
15 !!'.ins. 

(4) Using aseptic technique prepare serial tenfold dilution.a (By transfering 
1 ml into 9 ml and so on). 

(5) Prepare replicate pour plates of suitable dilutions by pipetting 1 ml 
diluted ·~~les into an empty 6terile petri dish, pouring on 15-?.0 ml 
medium at 45 C and gently mixing the con~ents. 

I .. 
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Try 5 motions in one direction <::::~~~~~-::>-.JJ 

A\ Followed by 5 m~tions at ~o to it followed by 5 circular 
mo<ions clock>lisc then an<iclock>li&e. ~ 

(6) Allow the agar to solidify, and incubate plate13 for 24-72 hour• until 
the counts are maximum. 

• 

• 
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