Journal of Scientific & Industri al Research
Yo1. 59 , Ja nu:1 ry 2000, pp 12-22
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The ag ri cul tural products (cellulosic and li gno-cellul osic, including soft- and hard-wood) having being produced by the photosynthetic processes, are virtually inex haustibl e, and coul d be converted into highl y attrac ti ve substrate for bi oconversion processes. T he
structu re of ligno-cellulosic materi al is based on th ree main components: cellulose, hemicellulose and lign in . These th ree components
offe r tre mendous biotechnological potential to be used as substrate in bi oconversion processes and can be effec ti vely exploited for the
prod ucti on of bul k chemi cals and value-added products. It is poin ted out there is an urgent need to develop processes fo r economic
util ization of these residues th rough the advances in biotechnology. Some major products whi ch could be produced from these sources
incl ude ethano l, enzymes (e.g. cellul ases (endoglu canases, exo-cell obiohydrolase and ~- g lu cos id as e ), ligni nases (laccase, Mn- peroxi . dase and Li- peroxidase) , xy lanase, pectinase, amylases, a- and ~ -ga l ac tos i da s es , caffei nase, tann ase), foo d and feed (probiotcis), etc.
Some major residues which need special emphas is include sugar cane bagasse, cassava bagasse and coffee pu lp. It is mentioned that
additi onal research on the pre-treatment of feeds tock is required to improve the com ponents yield and the ce llul ose digestibilit y to the
level, whi ch would make usage of such res idues economi call y viable. Sim ilarly, although much efforts have been made in the past on
the cell ulose hydrolysis , its effective conversion into fermentab le sugars is an area whic h needs furth er inputs in te rms of R&D. It is
argued that much need be done on the hydrolysis of hemicell ulose (a nd soft-wood). An in-depth analys is is presented on the scenari o of
appl icat ions of crops resi dues in developing countries, part ic ularly in Indi a, with special reference to sugar cane bagasse, cassava
bagasse and coffee pulp.

lntr":i uction
T he agricultura l products (cellul os ic and li g no-ce llulos ic , includin g soft- and hard-wood) hav ing be in g produced by the photosy ntheti c processes, are virtua lly in ex haustibl e, and could be converted into hi g hl y attractive substrate for bi ocon vers ion processes . The stru cture of li g no-ce llul os ic mate ri a l is based o n three m ai n
co mpone nts: cel lul ose, hemi cellul ose and li g nin . Ce llulose is a linear ~- D-g lucan , assoc iated with an amo rphous
m atri x of li g nin and hemi cellulose. L ign in is a hi g hl y
abunda nt re newabl e aro mati c materi a l on th e earth. It is
a reca lc itra nt m acro m o lec ul e, co mp osed of hi g hl y
bra nc he d p o l y m e ri c m o lec ul es co n s is tin g of
phenylpropane based monomeric units, linked together
by d iffe re nt types of bon ds . He mi ce llul ose is a n
heteropolysaccharide, composed of neu tral sugars, uro nic
acid and acetyl g roups. All the three compo nents offer
treme ndous biotec hn ologica l pote nt ia l for use as sub-
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strate in bi oco nvers ion processes and can be effecti ve ly
expl oited fo r the production of bulk chemicals and valueadded produc ts.
Untreated li gno-cellulose is degraded very slo wl y by
the mi c ro-organi sms du e to the compact and strin gent
structure of cellul ose and its co mpl ex assoc iati on with
oth e r compo ne nts, thu s leav in g very fe w reacti ve sites
fo r enzy me attac hme nt 1· 3 • T herefore, these resources a re
not directl y access ib le fo r e nzy me hydrol ys is and fe rme ntati on processes, necess itatin g a pre-treatment step~.

Pre-treatment and Hydrolysis of Ligno-cellulose
T he pre-treatme nt process results in th e enl argement
of inner surface area , accompli shed by part ia l so lubili zation and/or degradation of he mi cell u lose and li g ni n.
Th is leads the fract io nati o n of three compone nts and
open ing of the ce llu lose structure .
Ph ystc al and chemical methods a re em p loyed a nd
steam pre-treat ment (includin g steam explosion) could
IJe an effective and economical met hod for fn.tcti onat in ~
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ligno-cellulosic materials 5· 7. This results in the separation of cellulose, hemicellulose and lignin components,
thus paving way for enhanced enzymatic hydrolysis.
Evidently, additional research on the pre-treatment of
feedstock is required to improve the component yield
and the cellulose digestibility to the extent as would make
usage of such residues economically viable .
Similarly, although much efforts have been made in
the past on the cellulose hydrolysis, its effective conversion into fermentable sugars is an area which needs further inputs in terms of research and development. Much,
however, needs to be done on the hydrolysis of hemicellulose (and soft-wood). One important component in this
area is the production of enzymes required for the hydrolysis. Solid state fermentation holds promises on this
aspectx-12.
The hemicellulosic hydrolysate consists mainly of
xylose, glucose, mannose, arabinose, galactose and traces
of other sugars, depending on the kind of the ligno-cellulosic substrate or wood . Pen to san component of hemicellulose results in mainly o-xylose and a smaller quantity of arabinose.

Biotechnological Potential of Ligno-cellulosics
The earliest approach to convert the carbohydrate fractions (of ligno-cellulosics) started some I00 years ago
when Klason lignin determination process was evolved
in which the hemicellulose and cellulose fraction s were
gelatinized in 72% sulphuric acid, and after dilution with
water, were hydrolyzed to get a mixture of five- and sixcarbon (C 5 and Co) sugars. With an abundant availability of ligno-cellulosic residues generated in the agricultural sectors and forests in India, there is an urgent necessity to develop processes for the economic utilization of these residues through the adv ances in biotechnology13-15. Some of the products, possess ing economic
potential in production from such substrates , are mentioned below.
Production of Ethanol Fu el
Cellulosic and hemicellulosic bio mass can be utilized
effectiv ely for the producti on of biofuel ethanol. In several countries, fo r examp le in Canada, De nmark and
Brazil. an extensive program is go mg on with a strategy
that will reduce the cost of bioconversion of biomass to
fuel ethano l in order to mak e it pnce co mpeti tive with
gasoline by the tun1 of the CC: Iliur v. i1 1Canada. thi~ _uro-
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gram has a support of approximately US$ 600,000 per
annum from the National Research Council of Canada
under Bioenergy Development Program. USDA is also
persuading an active program on similar lines since many
years.
Some important aspects of the application of lignocellulosics for fuel ethanol program, which have a direct economical impact, are the delignification and the
hydrolysis of these residues. Although a good amount
of published work is available and continues appearing,
not much has been attained in practical terms, which
could pave way for economical feasibility. Hydrolysis
using enzymes offers several advantages, but the cost of
production of enzymes is very high and so is the case of
hydrolysis.
Thus, the fuel ethanol production in biomass program
needs strategic planning. Research and development in
this area should focus on the pre-treatment of ligno-cellulosics, improved hydrolysis of the substrate, efficient
fermentation utilizing xylose and other five-carbon sugars , and improved ethanol recovery.
Production of Enzymes
There exists an ample opportunity for the production
of a number of enzymes from pre-treated ligno-cellulosic substrates 15 - 17 . These include : cellulases (endoglucanases, exo-cellobiohydrolase and ~-glucosidase) ,
ligninases (laccase, Mn-peroxidase and Li-peroxidase),
xylanase, pectinase, amylases, a- and ~-galactosidas es,
and some others as discussed in the subsequent pages of
this article. As already mentioned, solid state fermentation may be an alternative methodology with economi c
feasibility.

Xylanases are typic ally important enzymes for the
degradation of plant materials (hemicellulose, which
comprises mainly of xylan). Xylans are formed mainly
by he teropoly s accharide of a chain of ~-I ,4xylanopyranose units highly substituted by acetyl,
arabinosyl and glucopiranosyl residues 1x. Most of the
commercially avai lable xylanases are being produced
from the fungi which are active at neutral or acidi c pH
and their optimum temperature for activity is below 45"C.
Thermophilic xylanases, which are active at alkaline
conditions have great potenti al for industrial app lications 19.
One im pot tant aspect in tlte area of enzymes is the
de veio!Jrnerll of tmprovetl fe rllle!llation and cor1tro i su d l-
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egies, using improved strains with higher enzyme titres.
Strain improvement should be focussed using traditional
mutation/selection techniques as well as recombinant
DNA technology 15. Another important issue is th e full
characterization of cellulase (and ligninase) system(s)
used for the hydrolysis and determination of optimum
ratio of its components, with an aim to incorporate required genes in the producing organism.

Production of Food and Fodder
Bioconversion of crop residues for the production of
food and fodder is an area, which needs much attention
particularly in countries like India. Cultivation of foodgrade cellulolytic micro-organisms, for example, Neurospora sitophila, would be an attractive possibility to
convert cellulolytic materials to protein-rich products for
food and fodder. Solid state fermentation is the most
appropriate technology for the production of protein
enriched feed. Mushroom cultivation is another example,
which has already proved its commercial viability.
Cultivation of GRAS (generally regarded as safe)
microbes such as yeasts and basidiomycetes, namely
Polyporus sp., Pleurotus sp., Trichoderma sp., etc. on
ligno-cellulosics should be considered for food and fodder production. It offers attractive socio-economic and
employment opportunities. Such processes do not have
serious legal, ethical or safety consequences. However,
it would be necessary to look into the bio-safety aspects
and analyse the above conditions adequately. Many of
such processes provide useful enzymes, e.g. cellulases
and ligninases, apart from improving the feed value of
the fermented matter by increasing its protein contents J2. 13 ,20-27 .
Probiotics
Gastrointestinal diseases are one of the most common
diseases responsible for a high number of infant death s
as well as health problems in children and adults. Intestinal micro-flora provides protection from such diseases.
Considering the fact that India has a high rate of gastrointestinal diseases, it would be worthwhile to plan
isolating of microbial strains from the intestines of human new-borns and select those strains, which show
probiotic activity. These could be cultivated in culture
media and after characterizing (especially anti-microbial activity) may be used as food supplements for the
humans. Hemicellulosic hydrolysate, prepared from
ligno-cellulosic residues could be a novel substrate for
this purpose7 .

Other Products
The ethanol is a low value product, and it would be
worthwhile to explore the possibilities of its end use for
the production of value-added products. Also, it would
be important to develop associated or complimentary
technologies during fuel ethanol program, which could
produce other value-added by-products so as to improve
the overall economy of the ethanol production. Apart
from this, there exists an ample opportunity in producing many novel value-added products from Iigno-cellulosics. These include a-cellulose, acetone-butanol, xylitol, single-cell protein, aroma compounds, etc. 2x. Organic acids, such as lactic, fumaric, acetic, malic, etc.
and other products such as gibberllic acid, glutamic ac id,
etc. could also be produced using fung i through the bioconversion of cellulosic residues or hemicellulosic hydro\ ysatec,· 2 ~.3o.

Some Typical Agricultural By-products
Although, there are a number of crop residues available in huge quantities, some of these, like sugarcane
bagasse, wheat straw, cassava bagasse, coffee pulp, etc .
need special mention.
Sugarcane Bagasse
Sugarcane bagasse is a fibrous residue of cane-stalks
left over after the crushing and extraction of the juice
from the sugarcane. With a targeted (cane) sugar production of 171.19 lakh tones at the end of 9'h Five-year
plan in 1999-2000, it is expected that there would be
huge amount of sugarcane bagasse available for bioconversion. It is a ligno-cellulosic residue and is almost completely used by the sugar factories themselves as fuel
for the boilers. It consists of cellulose, hemicellulose and
lignin in approx . 50, 25 and 25 % ratio, respectively. It
must be noted that hemicellulose and lignin are
underutilized, as they do not offer adequate calorific
value when burnt. Because of its low ash content, bagasse offers numerous advantages in comparison to other
crop residues such as rice straw and wheat straw, which
have 17.5 and 11.0%, ash contents respectively, for usage in bioconversion processes using microbial cultures.
Also, in comparison to other agricultural residues , bagasse can be considered as a rich solar energy reservoir
due to its high yields (about 80 tones per hectare in
comparison to about I, 2 and 20 tons per hectare for
wheat, other grasses and trees, respectively) and annual
regeneration capacity.
In recent years, attempts are being made towards more
efficient utilization of sugarcane bagasse. Several pro-
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cesses and products have been reported which utili ze
. sugarcane bagasse as a raw materi al. These inc lude electricity generation, pulp and paper production, and generation of products based e n fermentation. In the present
paper, we have limited our discussion to th e applicati on
of bagasse for the bioconversion proc~sses only. The
products, obtained from the bagasse include chemicals
and metabolites such as ethanol, organic acids, enzymes,
aroma compounds, mushrooms and protein-enriched
animal feed (single cell protein), etc.
One of the significant applications of the bagasse\ has
been for the production of protein-enriched cattle feed
and enzymes 31 _3y . The awareness about the utilisation of
renewable natural resources such as bagasse for valueaddition has led to the development of several processes
for the production of protein enriched cattle feed . Although, the economy of such processes in submerged
fermentation is affected severely, by the high cost of product iso lation (and low value of the product), s imultaneous isolation and marketing of cellulases enzymes compensate to so me extent. Similarly, the enzymatic saccharifi cation of cellulose though has been demonstrated to
be uneconomical , yet cellulases are increasingly being
used for the extraction offruitjuices, starch and oil from
woody material s. These enzymes can be recovered rather
eas ily from the fermented matter involving so lid state
fermentation of bagasse, making this system appropriate for protein en richment and cellulases production from
bagasse. However, it remains the fact that in spite of
these advances, the commercial exploitation of bagasse\
based processes remains limited.
Bagasse could also been used for the production of
biofuel (et9anol) 40-42 . However, processes for ethanol
production from bagasse do require the raw material in
substantial quantities . This would adversely affect its
use as fu el in the sugar mills and wou ld necessitate searc h
for same alternative fuel for that industry, which has
largely been un successful so fa r (mainly due to the economic reasons ). In addition, ethanoi production from
bagasse needs its hydroly sis, which requi res large quantity of cellulases enzymes for saccharificlltion. Since
processes for the production of cellulases are presently
quite expensive and uneconom ical, th ese bioconversions
are not lucrative. Thu s, much effort is needed to deve lop
the appropriate tec hn ology for th e eco nomical p:·oduction of sacc harifyin g enzymes and also the improved
conditions of hydrolysis. Another aspect in th is regard
is the development of techno logy for efficient utilisation of ethanol so produced. In thi ~.; re gard, it is appro-
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priate to mention here the Brazilian Biofuel Program.
This programm for cars, has not been fully successful
due to some factors on a global scenario. The experiment itself has indicated that the system is not commercially viable at themoment. Such programmes, however
need special considerations due t\l circumstances prevailing at specific geographical locations such as in Brazil
or other countries with no or limited oil reserves.
As mentioned earlier, almost the entire quantity of
the bagasse produced is used by the sugar industry as
fuel for boilers, which is its necessity-based economical
and efficient application. However, processes such as
production of enzymes and other products (e.g. organic
acids, etc.) utilizing bagasse as so lid substrate/support
would need relatively only its small fraction. This may
not adversely affect its supply to the sugar mill s and thus
appears attractive for such bioprocesses. The negative
effect, if any, could be compensated through the use of
more efficient furnaces in the sugar mills .
Bagasse hemicellulose hydrolys ate has been used as
sub strate for the production of some value-added productsw;o. Although there are only a few groups working
in this area, in Brazil , much efforts are required to be
made to achieve efficient hydrolysi s. Control of formation (o r removal) of toxic compounds such as furan deriv a tive s (2-furaldehyde and 5-hydroxyrnethyl-2furaldehyde) and organic acids (e.g. formic acid, acetic
ac id , levu linic ac id ) which are formed during hydro lys is
and which affect adversely the microbial growth are other
important aspects to be worked out 10-' 2 • Efforts should
be made to remove (or minimize) these inhibitory factors, us ing different pre-treatment process such as steam
stripping, neutralization of the hydroly sate with the alkali or activated charcoal, ion exc lusi on chromatography, so lvent-extraction, enzymatic detoxification and
mol ecular siev in g, etc. Enzymatic detoxification may
hold promi ses in this direction. Lignin obtained by th e
hydrolysis cou ld be a nove l source for the production of
many aromatic phenolic compounds. The deve lopment
of improved strains is an important area for li gnin degradation.
Since untreated bagasse is degraded very slowl y by
the micro-organi sms, a pre-treatment step may be useful
for the improved substrate utilization. Evident ly, addi tional R&D on the pre-treatment of bagasse is required
to improve the components yie ld and cellu lose diges tibi lity to th e extent, which would make its use econolllica ll y viable.
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Cassa va Bagasse
Cassava (Manihot esculenta Cranz) is an important
source of food and dietary calories for a large population in tropical countries in the Asia, the Africa and Latin
America. Cassava ranks sixth in the world's important
food crops and is the basic food for more than 700 million people in several countries 53-55 . It has remarkable
capacity to adapt various agro-ecological conditions. It
is also considered as a low risk crop. In view of its
drought-resistant nature and non-requirement of any specific growth conditions, much attention has been paid
on its agricultural aspects for increasing its production
all over the world during the past 15-20 years. Consequently, the global production of cassava has steadily
increased from about 75 million tons in 1961-1965 to
162 million tons in 1998. India ranks third among the
Asian countries in its production (about 5.0-5.5 million
tons fresh roots), but the average yields on per hectare
basis are highest in India, which are about 20 tons/hectare in comparison to 9-10 tons/hectare as the world average.
The industrial processing of cassava generates solid
as well as liquid residues. Solid wastes include peels
and bagasse (Figure I). The processing of 250-300 tons
of cassava tubers produces about 1.6 tons of solid peels
and about 280 tons of bagasse with high moisture content (85 % ). Cassava bagasse is a fibrous residue, which
contains about 20-50% starch on dry weight basis. Its
composition may show variation probably due to most
of its processing being done under poorly controlled technological conditions. In addition, the composition may
also differ because of the use of different crop varieties.
Starch is the main component determined as carbohydrates. Cassava bagasse does not show any cyanide content. However, its poor protein content makes it unattractive as animal feed.
Because of its low ash content, cassava bagasse also
could offer numerous advantages for usage in
bioconversion processes in comparison to other crop
residues, such as rice straw and wheat straw, whose ash
contents are 17.5 and 11.0%, respectively. In comparison to other agricultural residues, cassava bagasse can
be considered as a rich solar energy reservoir due to its
(cassava's) easy regeneration capacity. When compared
with sugar cane bagasse, it offers advantages, as it does
not require any pre-treatment and can be easily attacked
by the microorganisms .

Cassava bagasse has been used for bioconversion
mainly in SSF such as for aroma compounds, organic
acids, and biotransformation into foog and feed using
edible fungal cultures. Cassava bagasse hydroly sate
could be used for the cultivation of microbial strains to
produce value added compounds such as organic acids,
aroma compounds (in addition to the traditional applications for the production of food and fodder and other
products).

Coffee Pulp
Coffee ( Coffea sp.) is one of the most important agricultural commodities in the world. Its production is
around one million tons per year in more than 50 countries. At different stages, from harvesting to the processing and consumption, several residues, viz. coffee husk,
leaves and spent-ground are generated in more than two
millions tons quantity yearly. Depending upon the
processing method, wet or dry, used for coffee cherries,
the solid residues obtained are termed as pulp or husk,
respectively (Figure 2) . Coffee pulp and husk are rich
in organic compounds and nutrients but also contain
compounds such as caffeine, tannins, and polyphenols,
which make them toxic in nature, limiting their efficient
utilization (Table I). Their disposal rather poses serious
environmental concerns.
Brazil is the largest producer of coffee, producing
about 30 million sacs per year. India ranks fifth in its
production along with Guatemala, Vietnam and Cote
d'Ivoire, producing about five million sacs per year. In
India, coffee cultivation is mostly distributed in the southem hill ranges. It is considered as an important exportoriented plantation crop, earning about 450 million dollars per year. During the past 50 years, many modifications have been made towards improving the quality of
Indian coffee and controlling the diseases. Improved agricultural practices using hybrid varieties have resulted
in high increases in the yields. However, not much attention has been paid on economic utilization of coffee
pulp obtained from the processing of coffee. There is an
urgent need to plan strategies for its efficient utilization
through biotechnological means.
Some attempts have been made to use coffee pulp for
composting or vermicomposting. Although coffee pulp
has also been used as cattle feed, the presence of antiphysiological agents, such as caffeine etc. make it unsuitable for this . In recent years, focus has shifted on
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Figure I -Industri al processing of cassava

application of coffee pulp as substrate in bioprocesses
for production of value-added products such as aroma
compounds, organic acids, mushrooms, etc.
One of the most important applications of coffee pulp
and husk has been in the production of enzymes such as
pectinase, tannase, caffeinase, etc . 13 · 155657 . Several mushrooms have been cultivated successfully on residues of
coffee. These include Lentinus edodes (which is one of
the most important edible mushrooms cultivated worldwide and has excellent organoleptical properties of flavour and aroma), Pleurotus sp. (which is also appreciated for its n~tritional and therapeutical qualities), and
Volvariella sp.sx-fio_ The results showed that the coffee
industry residues, viz. coffee husk, coffee spent ground
and coffee leaves can be used for the cultivation of these
mushrooms . The biotechnological advances could lead
an effective and economical way to utilize these residues
for mushroom cultivation and can improve the economy
of the coffee industry.
Studies have also been made towards the detoxification of the coffee pulp and husk through biological

means. If the toxic constituents could be removed , or at
least degraded to a reasonably low level, it would open
new avenues in their utilization as a cattle feed and as a
substrate in bioprocesses. Several researchers have been
working on the detoxification of coffee pulp and hu sk
through different means including physical, chemical and
microbial methods6 1-66 • Some of the physical and chemical methods, though have demonstrated good successes,
they worked out to be very expensive and could not provide economic feasibility. This has resulted in the entire
focus now on the microbial methods .
In the microbial methods, the focuss has been generally on the application of filamentous fungi such as Penici llium curtosum., P. rouquefortii, P. verrucosum,
.
'
Phanerochaete chrysosponum
an d Rh tzopus
sp. 64671\X
· · ,
mostly in the solid state fermentation (SSF), seve ral
strains of bacteria such as Bacillus coagulans, Pseudomonas aeruginosa and P. putida have also been found
to have the capacity to degrade caffeine69 · 72 . Brand et
a/. 65 reported that Rhizopus sp. appeared superior to P.
chrysosporium as it resulted in better degradation of caffeine and tannin in relatively shorter period.
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Attempts have also been made to produce organic
acids and some other products as aroma compounds, citric acid and gibberllic acid from the coffee husk 29.3°·7 u 4 .

Table I -Composition of coffee pulp/husk
Components
(d ry wt basis)

Composition, %

Conclusions
Carbohydrates
Proteins
Fibres
Fat
Caffeine
Tannins
Polyphenols

45-50
7-10
18-21
2.5
0.9-1 .3
1.8-8 .56
0.8-1.2

It can be concluded that the bio-conversion of
sugarscane bagasse could be advantageous economically
in some cases, e.g. for the production of enzymes, amino
acids and drugs. These processes require only small quantities of bagasse, which would not affec~ adversely the
present usage of bagasse by the sugar factories. Slight

r
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downfall in its availability could be compensated through
the improved fuel management such as by using more
efficient furnaces in the mills or by controlling the losses,
energy auditing, etc . Diversion of bagasse in large quantity for any other purpose may disrupt the present set-up
of sugar factories (its present use as fuel). This could be
possible only if some alternative economical fuel for the
sugar factories could be found (which so far has largely
been unsuccessful). Hence, bioprocesses which need
large quantities of bagasse could eventually be conside~ed only if surplus bagasse availability were ensured to
meet such demands . 1
The ethanol production from bagasse needs renewed
considerations. One important aspect in this regard would
be to develop associated or complimentary technologies
during the fuel ethanol programme, which could produce other value-added by-products which could improve
the overall economy of the ethanol production. However, since ethanol is a low-value product, it would be
worth exploring the possibilities of its end-use for the
production of value-added products .
Similarly, the bioconversion of cassava bagasse could
be economically useful in some cases, e.g. for the production of enzymes, organic acids, feed, etc . Since cassava bagasse is degraded easily by microorganisms without any pre-treatment, it offers advantages in comparison with sugarcane bagasse. The production of microbial enzymes could be an area to be exploited using cassava bagasse. Biotransformed cassava bagasse could be
used as cattle feed. However, these too require evaluation from economical considerations. In this regard, economic constraints may not favour liquid fermentation
for such processes. However, SSF may hold promise and
focus should be made on developing suitable SSF technologies. Development of efficient microbial strains,
mainly fungal cultures, suitable for bioconversion of
cassava bagasse is still a largely unexplored area. Efforts should also be made on improving the conditions
of cassava bagasse hydrolysis. Its effective conversion
into fermentable sugars is an area, which needs further
inputs in terms of research and development. Cassava
bagasse hydrolysate could serve as a good substrate for
-generating of value-added products .
Coffee pulp and husk contain small amounts of caffeine and tannins, which make it toxic in nature, resulting in their disposal problem. However, it is rich in organic nature, which makes it an ideal substrate for microbial processes for the production of value-added prod-
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ucts . Attempts have been made to detoxify it for improved application as feed, and to produce several products such as enzymes, organic acids, flavours and aroma
compounds, and mushrooms, etc. from coffee pulp/husk.
Solid state fermentation has been mostly employed for
bioconversion processes.

Future Programmes, Resources and Strategies
There is a strong need to continue the research and
development projects exploring the biotechnological
potential of agro-industrial residues . Financial sup11orts
for such projects should continue to be provided by the
funding agencies under public sector/government, as it
is less likelihood that Indian industrieswould support
this activity in a strong way. These projects should be
sponsored primarily to academic and research institutions, and encouragement should be given to link such
projects with industries for the development and marketing.
Bioco'nversion of crop residues for value addition has
significant potential. It is an environmentally sound biotechnological application for sustainable development.
On one hand it helps in solving the disposal problem of
many otherwise under/non-utilized residues, on the other
hand it provides economic opportunities. With the advent of biotechnology, bioconversion of crop residues
holds tremendous prospects and favourable socio-economic impacts.
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