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Abstract 

Plant Biomass is a "Taluable renewable resouroe !or 

the proc!uotion o! food. fnel and chemicals. Thtt main 

objecti•• of the project ia to investigate the possibility 

and the de-.elopment ot methoda o! oon-.ersion of cellulose 

to protein and glucose aa well as the production of ethanol 

by immObilized 19aat cells. The objective of this 

111ee1on is to re"Tiew the atate of the art 1n these 

1Jrfeet1gat1ons and to otter Ufllistanoe 11: the mode of 
/ tiaail'dng young imeatigatora to gain competence in the 

Mthodoloa ot research and de-.elopment in this 'T&luable 

area. 

1 
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Introcluo~ion 

Cellulose is one of the most abundant renewable 

reeource found ill the green plants. It iS synthesized by 

the process of photosynthesis, alo11g with hemioellul~ses 

and lipin and torm the bulk ot the plant material. The 

annual production ot cellulose is estimated to be approximately 

10W tonee Plant biomaes 1S an extremely 'Y8luable resource 

for the production of tood, .tuel and enera as it is produced 

117 direot photoa7Jlt~eaia f:r:om 1101.ar energy and the technoloa 

of utilisation of this resource ay play a 'Ti ta1 role 1l1 the 

4e~elopunt ot tropical countries. 

Research on the utilization of cellulose tor the 

production of microbial bio-e product waa initiated ill 

l'ational. Chemical Labor&toriea, India about ten ,ears ago. 

!he pzio~ect also inclu48d tm inveatigationa ot aaccharificati:>n 

of celluloee to glucose since glucose ia generally uaed aa 

feed stock tor chemical and fermentation industries. !heee 

projects were aunorted by funds made aftilable from the 

regular budget of the labcratory an" from a Sil"'lfer Jubilee 

Grant of the Council of Soientifio and Industrial Researah 

(India), New Delhi. Te~hnicaJ. assistance tor the project 

was also obtained trom UlfDP through the UN :Pood and 

.lgrioul tr~ Organisation c!uri:ag the period 1973-1978 ( Dm/7' I 

018). Two coneultanta visited the laboratory for 2 man monthe 

and three scientista trom tb.e Natio?!Al Chemical Laboratory 

"ere trained far a total period ot 18 man months in US.l, UI 

and Sweden during the tenure of the technical aeeiatanoe programme. 
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!he F•aent pro jeet was aubmi tted as a pro jeot o"! GoTt. 

of India tor obtaining technical assistance trom the United 

B'ations DeTelo-p•nt Progrume through the agency o"! UNI:OO. 

It waa apprcrnd b;r the trNIDJ and implemented in September of 

1981. The duration of the project is fi'Ye years starting 

September 1981 - August 1986. Pun.de allocated by the UNIJP is 

I 1,272,500 and contributions by the GoTt. of India amount 

to Ra. 7,542,200. 

!h~ objectiveil of the Jlieaion is to review the project 

and ita original objective• and render assistance in the 

proaeciition and accompliahaent of its goal.3 •. 

. The main objectiTea of the project aa outlined are ae 

:tollowa: 

1. Development of a te.,..ntation process tor the production 

of microbial ~iollll8s product fl"om cellulose. 

2. !:levelopment of a proceaa for enzymatic hydrnlyais of 

oelluloae to glucose. 

3. De'Yelopment of a process tor the conversion of gluc1Jse 

to etnanol baaed upon immobilized microbial whole cellw. 

4. De"felopment of procesees !or the production of controlled 

release pesticides by microenca~sulation and monolithio 

llAtriX binding. 

5. Establishment of NOL aa a centre for Reaear~h and 

Dcyelopment in the areas of biotechnology o! cellulose 

util~ation and controlled releaae pesticide formulations, 

pro~iding eerTioe~ and disseminating a~ientitic and technical 

i.llformtion, training in reeea_'l"ch tecbl11.quea in the relevant 
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areas, traiDing abroad ot NCL scientists in relev;mt areas ot 

specialisation. 

!he preaent report consists ot an ertended re~iew of 

the first three objectiTea, a cursory reTiew ot objeoti"Te 4 

and the present status of the study tour ot the senior 

acientiste and tra1ning programme ot the personnel as appr~ved 

in the project. ! aore through re"Tiew ot controlled release 

ot peaticide1 will be provided by the expert who is schedttled 

to T1ait in the month ot October. 

I 
I 
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Present status ot the project 

Iineatigati(;ns carried out in the attainment ot goals 

ot different objecti"Tea were discuaaed with all the members 

of the groupJ. It was also emphasized that such group 

discuaeioma among all the members ot the croup be encouraged 

to be held as often as possible ao as to ensure cross

fertllisation ot ideas among the different inTestigators. ~he . 
progress ot the pro jeots as a whole Jl&1' be accelerated in such 

u 1lltercllsc1pl1Jlar7 programme it there ia a total oommi tmeLt 

o! the 1ll41-Y1dual in-.estigator to learn and contri'bttte to the 

ideas and 1uggeatio111 ot m-.mben ot ditterent cllacipli.Dea. 

!he euocesa ot the ])?'Oject •111 be ensured 1! the groups 

interact aa a single cob.esive unit. The ditterent groups 

presented their research conducted ao ta;r in their respective 

areas and their resul'ta are summari,;ed as tollowe in this report: 

1. Studies on IU.crobial Biomass Production 

Pretreatment ot rice straw tor its ~1ocouversion to protein 

b7 Pe.Dioillium J._anthinellum was inve~tigated w1 th a ·1iev: to 

reduoe the coat of pretreatment aa well as to minimize the 

pollution problem due to alkaline et:nuenta. Rice atraw was 

aoalced ill water contlJ.ning 0.5 - 1.0 g ot NaOH per 10 g ot 

atraw, and steamed tor 120 min. The saapeMion was then 

neutralized and used as aueh as carbon source tor the growth 

ot the organiam. Such pretreated substrate ga¥.~e yields ot 

biomaaa with 20 - 2~ protein. 

Subetitvtiona ot reagent grade ohemioals by commercial 

chemicals especially fertilizer grada ammonium sulfate as 
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n1 trogen source did not result in significant diminution 

nt the yields ot biomass. 

Semicontinuous production ot biomass was attempted by 

the draw and :till method. .l bout a~ o t the culture ot a 

· batch fermentation was harvested after 48 h o! fermentation 

lceepi12g 20J' tor the nut cycle. Fresh nutrient medium was 

replenished in the termentor and the culture was allowed to 

grow fOr a farther 48 h. The protein oo.::&tcnt of the biomass 

ranged t.rom 13 - 1~ in two succeaaiTe rum and then started 

1l1 decline. 

Bagaase was subjected to pretreatment by exposing it to 

stea at 7 q/ cm2 tor 30 l41J1 and used u carbon aourott tor 

!!.• janthinellum. Protein Ji.eld8 in auoh experiments were 

5 - ~. 

Preliminary toxlcity teats tor MBP :trom !!.• :anthinellu.m 

were carried out on mice by incorporating JCBP upto 2°" in the 

feeds tor extended periods upto 12 months. No aymptome ot 

toxioi ty were notice~ and weight gain was comparable to the 

control !ed on normal diet. 

~zymatic hyd;:OlJ'!iS ot cellulose to glucose 

Usillg the wild strain o! P. tul!iculoaum, experiments -
were undertaken in instrumented !ermentors to optimize the 

fermentation parameters in batch culture. Maximum F.P. 

activities (cellulase compl9x) ot 3 IU/ml and productivities 

ot 30 IU/'ml have been obtained. 

Work on mutation and atrain improvement to achieve higher 

enzyme activity and producti~ity was continued. Several 
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mutants have been isolated by UV and chemical mutagenesis 

of l• :funiculosum as well as Scl•.rotium rol!sii which give 30 -

5°" higher FP, activities in shake flasks. A UV. mutant gi ~ing 

40 - 6~ increase in FP activity in shake flask experiments 

when U-ied in an instrumented . !ermentor, contirmed the 

superiority in the produ.~tion of FP activity. 

Experiments were conducted on the methods of recovery o! 

cellulaae complex adsorbed on to the cellulose substrate in 

order to facilitate the zie-use of the enzyme. Prelimimry 

investigations on the ".".ddi tion of surfactants such as Tlteen-80 

to elution ~!era aeftm to enhance the recovery ot the enzyme. 

Conversion of glucose t~ ethanol bt ~obilized yeast cells 

Ezperilllenta were carried out with 1east cells immobilized 
-

in an open-~e gelatin matriX ue!ng packed bed reactors !Cl: the 

continuous fermentation of sugar cane molasses to ethanol. 

The experiments were designed to study the e!!eot ot external. 

di!tueion on the rate of fermentation. 

Some isolates o! ethanol tolerant s~·ains o! yeast are 

being tested tor stability under conditions ot contimlous 

production of ethanol. One of the isolates gave productiTity 

of 55 g/1/h tor g,C w/v ethanol concentration at conversion 

efficiency of 95~ to 10~ when used OTer a period o~ one 

month continuously. 

Soale up studies are under way tor the production o:t 

10 to 20 litres ethanol/day. Conditions for the production of 

1eaat cells under submerged conditions are being etandardi~ed 

uaillg c:ane molasses medium wit.a. supplements. Equipment tor 

the preparation ot gelatin beads with entrapped ~ast eclla 

is ile1ng designed. Several µaiireatment p:coceduree tor the 

o1_1!rif1cation o! molasees and conditions tor prevention o! 

1 
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contamination of leactors a.re being e%amined. 

Plan ot .tuture work 

Production o:t yeast cells and immobilization tor scale 

up atudieas 1'ill be standardized. The ettect ot parameters 

such aa bead size, reactor design and configuration will be 

examined. In~%pe?l8ive pretreatment procedures adequate 

tor suitably dilutad molasses and prevention ot the microbial 

contamination of the reactors would be studied. ! pilot 

scale reactor with the production capacity or 10 to 20 litre 

ethanol/day will ~ set up. Preliminary cost benefit anal;rsis 

o:t the pilot scale reactor is e%pected. 

Preliminary studies on the membrane composition ot 

ethanol tolerant yeast and e:t:torta to il'lproTe ethanol 

tolerance through genetic manipulation will be initiated. 

The planned activity and estimated time tor its completion 

is giTeD schematically as shown 1l1 scheme (1). 

Controlled Release Tvehnology 

S&tistactory progrees have been made in the encapaulation 

of carbo:turan in starch xanthate and polYTinylaloohol matrices. 

The major problem encountered is the non-availability ot 

carboturan in pure :torm and sufficient quantities ot abate 

·and durs ban. 

Methods tor determining the release rates :tor these 

formulations by ohe:'llical methods and bioassay are in progress. 

TraillJ.ng 

Study tour tor 2 s~n!cr ~cient1sts as p&cpos~d in the 

original project document has been implemented. 



Ethanol ~oa molasses - immobilized cell process - bar chart starting month September 1982 

Month Ho. 

Aotivit;y 

1. Production of yeast 
in 15 litre 
fermenter 

2. a) Immobilization on 
commercial chemicals 
b) Immobilization 
equipment fer PP 

3. Reactor de~elopment 
a) Sterilization 
b) ~a transfer 
et.feet 
o) E.f.teot of bed 
geometry 
d) Stability studies 
e) Calculations on 
vacuum nashing 

4. Pilot plant incl. 
ethanol rcoov~ry 
a) Pretreatment plant 

bl Reactor 
o Distillation plant 
d Integrated pilot 

plant 

1 2 ' 4 5 

Boheme (1) 

6 7 a 
~ 9 10 

I 

•D 

I 
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Two scientisto !rs. c. SivaRaI:Jan and N.G. Karanth have 

comi>leted thes.ir "lisite to several laboratories during the 

period lpril 21 - June 10, 1982~ ! have axam.ined their reports 

whiol:l are being transmitted to the agency. 

The trainees have been selected ~d the schedule tor 

their t:rainjng has been prepal"ed. 

Egui"ment 

The list of equipment obtained to date and those which 

haTe been requisitioned so tar is submitted he?'ewith in 

the AP'PendiX. 

ntere seems to be some delay (perhaps unavoidable) in 

obtaining equipment !or the proj~ct. HoweTer, i! the agency 

aende aome 1.ni'urmation regarding the etat1ls '! the purchase 

order, 1 t may help the investigators to ·plan tutu.re iD"lestigations. 
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Rgcomm~dations 

Most progress has 'been made only in -t;he area of 

conTet'Sion ot gluaose to ethanol by immobilized yeast cells 

while the progress 111 the area of biomass :trom cellulose 

and cellulose to glucose has been rather slow. Hence it is 

reoommeAded -

1. To prepare a conceptual scheme o! the OTer all project 

as an integrated unit !ur tl:.~ utilization of plant biomass as a 

renewable resource tar the production ct food, tnel and 

enera. 

2. !o identity the ~M in the scheme as defined in the 

project do~nt. 

3. To streamline the investigations on the production of 

biomue and glucose as a single unit. 

4. In order to accomplish recommendation (3) one single 

organism may be used for the production ot biomass and 

oonTersion to glucose. 

5. Optimize the environmental conditions !or the growth 

ot th~ organism on eoluble substrates such as glucose at 

the :1nitial stages. 

6. Opti:aization may be preferably done in continuous 

cultures, tor optimization under conditions of continuous 

cultivatio~. in JJ.Y experience, facilitate the 1:1caling-up 

o t the process. 

7. Enzyme production may be optj mized u ,:, batch process 

from the reaulta obtained in (6) or aa a. ~ontinuous two 

stage process. 

a. To interact more extellli'Yely with expertise &'Yailable 

1 
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1n other groups at NCL tor designing experiments on the 

impr'oTementa ot strains used in the project. 

9. Regarding trainees: Dlring my discussions with 

De's. SivaRama"l and lfitra, it wu p~inted out that trainees in 

certain areas require more than 111% aontha and in other cases 

leas than six months. Hence I r-ecommend that under special 

c1rcUJ111tancea, the train1ng period m&J' be mde tle:ible as 

1012« u the coat ot trainees in totai does not exceed the 

allocated budget. 

10. ,m Thel\Y.l1t ot the Chief Technical AdTiser m&7 be 

scheduled in June 198'. 
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!PPE?rnIX 

List ot Equipment 

1981 Budgt 

Item Requiaitioli !ctual Cost/ 

I. Eau1iment ReceiTed 
1. Pharmacia 1fodel P-3 

Periataltic pump with tubings. 
2. Shilladzu Jlodel RliTF Gu 

Chromatograph wit~ aoceseor.es. 

'· Hewlett-Paot&'t'd Model 1082 B 
H.P.L.C. syatem with accessories. 

4. Shimadtru UV-T1s1ble Spectre-
photometer ~del UV-240 Graphieord. 

5. !~yota Crown 2 !lodel MS 112R SEICJ3. 
6. canon lfodel !P-400 Plain paper 

copier with acceaeoriea. 

II. !quifi:l'It requisitioned on which no 
rece vcd from ONfw 

1. liew Brumnriok Hodel FS-314 3 Unit 
:taboratory termentor 14 L capacity 
•1th D1ssolved oxygen indicator 
recorder ('' lo.) and auto pH 
controller/recorder Kodel pH 22 
and aooeeaories. 

2. Sew Bl:'unawick Model ID-50 Dissolved 
oxygen 1nd1oator-recorder with 
accea1oriea. 

'· lew Bl:'tllJswick Kodel pH 22 pH 
oontroller/~eoorder oith accessories. 

4. Nitrogen determination system 
using KjelcJ&hl. method. 

5. Intra-red gas analyaer for co2• 
6. Paramagnetic gas oxygen analyzer. 
7. a) lmS model SP-116 st~1dard 

Kicrogen termentor 16 L 
capacity with acceaaoriea, 
pipi~ and valve oonneotions. 

Noe Eat. Coat. 

81/3 3,040.00 

81/4 20,085.00 

81,"j 57,015.00 

81/S 17,240.00 

81 /13 8,285.00 
81/16 10,870.00 

feedback baa been 

81/12 25,000.00 

81/1 2,830.00 

81/2 4,845.00 

81/11 10,000.00 

81/10 10,000.00 
A1/9 7,000.00 
81/14! 41,000.00 
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Item 

b) lli~oproceesor control unit 
tor abo'Te. 

c) NBS-IF 150 Fermentor (100 I.) 
with acceaeoriea and piping 
and 'T&lve coimeotiona. 

8. Beeman Jlodel m-s-UV-visible 
computing 81'8Ctropbotometer •1th 
acceeaories ar.nd spares. 

9. Reciprocating water bath shaker 
New B4-u.aaw1ck :Kadel R-86. 

1 o. Paychotherm Inoubater shaker 
llli .,,del G-27. 

Requisition Actual Cost/ 
No. Est. Cost 

81/14A 41,000.00 

81/14! 98,000.00 

81/15 30,000.00 

81/6 3.285.00 

81/7 10,000.00 
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1982 Budget 

It .. Requisition Est. cost 
No. US S 

1. Sorvall RC-5 Superspeed Retrigerated 15,000.l)O 
centri~ with accessories. 

2. LltB UV Jlonitoring system with accessories 

82/1 

82/2 
82/3 
82/4 

15,000.00 
a,000.00 

18,000.00 
3. Beclcm&D Paramagnetic oxygen analyzer 
4. :lodular type uni.Tarsal mill with 

aoceasoriea. 
5. Buch! Kodel RB-120 Rotaft.' witb 

accessories. · 
6. Sh••clsu top loading digital balance 
7. Shillla4m UV-Tisible recorclillg 

spectrophotometer Model UV-240 
a. IBS Kodel IX>-50 41eao1Ted ox;rg•n 

indicator/recorder with accessories. 
9. IiD lllDl.ti perpex peristaltic pumps. 

10. Glucose analyzer YSI Koc!el 23!-2'0 
with acceaeor1ea. 

11. Eeaential accessories tor HPLC 
HrJWlett-Packard !lodel 1082 B. 

12. !nal.Jtical balance mettler 
(1em1-m1oro). 

i3. 1lini spray drier Buchi !lodel 190. 
14. Beckman Intra-red 002 analyzer. 

15. Peycbotherm Incubator shaker 
BBS Model G-27 with accessories. 

16. pB controller Gallentamp !lodel FBL-720. 

.• - ···.-. -, . 

82/5 

82/6 
S2i7 

82/S 

82/9 
82/10 

82/11 
(Old 81/5 
continued) 

82/12 

82/13 
82/14 

82/15 

82/16 

1,500.00 

1,200.00 
18,000.00 

6,000.00 

4,000.00 
6,000.00 

15,000.00. 

1,000.00 

11,000.00 
10,000.00 

1~.000.00 

5,000.00 
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