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Abstract— The saxharification of lignocellulosic substrates were studied using aruds cellulase producad from Streptomyces
viridosporus TTA. With the imtention of producing sugar syrup, particulacly glucose, from locally available mataials. a vngple
procedure of enzymatic sacchanticution of Elephant grass (Panicum maximum), ssw dust snd saccharum officinarum {sugar
cane) baggase lignocelluloss were sudiod.  The lignooslluloses were predreated by sutoclaving in 1.0% NaOIl solution
121°C (13Psi) for one hour. Saccharification of the delignified substrates were examined u!in; arude wlluluse produced by the
Slrepmmyccs spp. Maximum enzyme adivity was oblained wlh Elephant grass (3.8 unit mi"), followed by sugar cune baggases
(3.5 unt ml”) and 1.5 unit ml”" for saw dust. A1 1.3 unit ml" enzyme adtivity, saccharifying efficiancy for grass was 12.4%.

12.3% for sugar cane and 4.1% for saw dust, Corresponding glucose produdtion varied with incubation lime and type ol substrate
hydrolysed Amount of glucose producaxd increasod with incubation time for sll the subsirate while it vanad with tvpe of

subsirate.

1. INTRODUCTION

A scemingly endless list of potential sources of cellulose
materials exist  Cellulose materials are the most abundant
nulugal resources (rencwable resources) available to man on
carth. It compnises about 9Y5% of carth’s land based biomass| 1 |.

Through photosynthesis, the single most important physico-
biochemical process of the world on which existence of lile on
carth depends, solar cnergy is stored in plant tissues 1 form of
carbohydrates.  The oxidation of orginic compounds releases
stored cnergy 1o be utilised by organisms to drive essential
metabolic processes. The general data regarding the amount of
light cnergy recesved on the carth and s wtilisation duning
photosynithesis is tentatively available| 1),

Several pos.ubthm.s exist lor wtibising the energy stored in
plant residues.  acid hydrolysis {2,3] or enzyvinatic hvdrolvsis
14.3] 1o sugars, biogas (methane) generation [0,7] and conversion
to a lghly digesuble nuninant feed by chencal or mined
culture fermentation {8 techaiques I the dirst method, the rate
of hvdrolysis, vield and sugar recovered depend on the substrate
source, but all products are avinlable for both hanan and animal
constunpion  as - well  for mdustnal taw  watenals,
Methanogenesis can recover appronximatels 30% ol the energy in
waste libres as mcthane, a readily usable gas. U all agnicultural
residues in the United Sates were fermented o methane, they
would suppty some 10% of the U S national energy nceds |9)

The disadvantages ol acid hvdrolvtic process which include
additional het requirement. corrosive prool equipient provide
an excellent opportunity for the development of enwvsme process
lor lignocelutose hndrolysis |3 There has been considerable
research activity m all the fields of anvmatic ndrolvsis ol
hgnocellulosic matenals J10, 11 12 However.
tndrolysis ol Lgnocellulosie  wastes vields  from cach
hgnocellulosic substrate has been cumied oue I panticular, the
abwliy ot Streptomvees virsdosporus [7A w0 produce cellulase
capable  of  Mdrolysing  Pamcum

civsmalic

mavimum.  Sacclharm

officnarum baggase and suss dust to 1clease glucose iom these
lignocellulosic wastes has nol been adequately studied.  In
recognition of this and to compire the ciergy sicld by the
amount of glucose from these hpnocellulosic wastes which
consitute lignocellulosic wastes mmagement disposal problems.
the present study was initisted

2. MATERIALS AND METHODS
2.1 Lignocellulosic wastes used

The lignocellulosic wastes used w ts study were

i) Panicum maximum (Elcphant Grass)
ll) Saccharum u/hcmamm {(Sugn cane) baggase
i) Saw Dust

2.2 Pretreament of the Lignocelluloste wasies
The Lignocellulosic materils were neated s
described | 12).

i feviotshy

2.3 Micra-organisms nsed

Streptomyees virdosporus TIA was used i this research 1L
was originally isolated from sol sample i Siden DL (M S
Thesis, Department  of  Bactenwolopy  and  Ihochennstry,
University of 1daho Moscow, U.S.A ) and supplied In 110l S, P.
Antai, University ol Calubur, Calubar, Nigena  The organism
was grown on yeast extrict mineral salts Agar[15] Swch culwire
was kept as slant cither on Tovplone Yeast Funct Agar or
Peptone Yeast Extract Agar (Osonly

24 Celluluse production and cellulase ussay

The cellulase was produced according 10 the methods of
Antin and Udotong (1011 by groswang the mganism 1o nuneral
salts medium and assaving for celhilase praduction penodicatiy
Ihe crude culture liltrates methods ol Hen o of |10] was used

i the cnssme assay  Itoanvebwed the Jechmmation ol
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Carboxymethyl cellulase saccharifying activity through the
measurement of the amount of reducing sugar (as glucose)
liberated from 1% carboxymethyl cellulose (CMC) solution 7LF
(low viscosity, sigma).

2.5 Hydrolysis of the Lignocellulosic materials

To determine the susceptibility of the lignocellulose to the
enzyme, 5 g (5%) of the pre-treated lignocellulose substrates
were hydrolysed with 100 ml of phosphate buffered (pH 7.2)
crude cellulase at 55°C with stirring.  Samples (1.0 ml) were
removed at 0.5, 1, 2, 4, 6, 8, 12, 24, 36, and 48 h and analysed
for total reducing sugars [17)

2.6 Assay for glucose _
Glucose was estimated using the Somogyi-Nelson method
{18, 19] as previously described [4].

3. RESULTS

3.1 Cellulase production and assay

S. viridoisporus TTA were grown in mineral salt-cellulose
broth. AfRer 10 days incubation at 37°C, cellulase activities
were detetnl.  The activities were found to increase with
incubation time. When incubated for 14 days, highest enzyme
activity of 1.2 FPU ml' was obtained (Fig. 1). The enzyme
aclivities were least (1.5 unils/ml) when the organism was grown
on saw dust and highest (3.8 units/ml) with elephant grass
(Table 1)

Table 1:  Ccllulase activity (LU. mi-1) of crude celiulase
produced by S, viridosporus TTA growing on lignocellulose
substrates

CM-Cellulase
Lignocellulose Saccharifying
Substrate - Activity (units/ml)?
1. Saw dust 13
2. Sugar canc bagasse 15
3 Flepharf grass 34

*One unit of Ldlhoxwm.(h\lu,t.llul.tsx. (LM(_aa\.)lsd«.tmed as
the amount of cuzyme releasing 1.0 mole ol glucose from 1%
carboxvthyleellulose (CMC) in | hour at 535°C, pH 6.0,

3.1 Lignocellulose Indrolysis

Carbohvdrate content was highest in grass (71.9%), followed
by sugar cane hagasse (68.8%) It was least in saw dust
(65.2%). Pescentage of Klasson lignin was highest in saw dust
(30.1%) while 25.2% and 19.4% were obtained in sugar cane
bagasse and elephant grass. respectively (Table 2).

Table 2:  Chemical composition (Lignin and carbohydrate
content) of Lignoeeltulosic substrates

Klasson A Cnrhoh"\dlbal::hs'w
Substrate (i) Lign (*0) (1t) (1it)
Saw dust 30| 652
Sugar cane bagasse 252 (R
Elephant prass 194 ne

1) Fals mulligrams of cach substrate was assined
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ii) Lignin content was determined by modified Klasson method
4]
iii) carbohydrate content of lignocellulosic substrates.

Table 3: Glucose production (mg/ml) as a result of 48 hours
hydrolysis of lignocellulosic materials with Streptomyces
viridosporus TTA.

Substrate
Time
(hrs) Sugar cane Elephant Saw
o bogasse  prass o dust

2 0.9 0.6 -

4 1.2 1.0 -

8 1.6 1.5 -
12 1.7 1.9 0.2
24 26 33 0.4
36 29 3.5 0.7
48 2.6 38 0.9

3.3 Rate of hydrolysis

Table 3 shows glucose production with time when the
different lignoceilulose substrates were hydrolysed. Ilighest
hydrolysis was obtained afler 48 hours. The rate of glucose
production depended on time.

3.4 Degree of Saccharification

S. viridisporus TTA at 1.3 FP Unit ml" activity caused a
12.4% saccharification of grass, 12.3% ol sugar canc and 4.1%
saw dust. Saw dust showed the lcast susceplibility to the
enzyme, and hence less glucose production (0.9).

4. DISCUSSION

The use of acid for the degradation of lignocellulosic
materials into glucose has long been achieved as reported by
many investigators (2, 4, 10, 11]. Due to corrosion problems.
particularly with hydrochloric acid and sulphuric acid as well as
polentially adverse cnvironmental effects due to cmissions [rom
the acid hydrolvsis processes, enzvmatic hydrolysis of
lignoceliulose has been preferred [12, 20]. In view of the nature
of lignocellulose, this hvdrolysis however cannot be successiully
achieved without the initial pre-treatment of the material since
the major obstacle to enzvinatic saccharification is the prescnce
of lignin and the crystalline cellulose. Various methods of pre-
treotment have been suggested [2] but most commended is the
method of Tovama and Ogawa [21] used in this studv. The
combination of milling and autociaving at 121°C (15 Psi - high
pressure steaming) of material in a 1% NaOH solution for 1
hour used in this studv has given an excellent pre-treatment of
the lignocellulosic wastes. _

Cellulase source is another essential factor in this study. as
well as the process that can vield total hyvdrolysis of substrate.
Cellulasc is a complex enzyme containing chictly endo-and exo-
beta-glucanase pius cellubiase (beta-glucosidae){12]

The carboxvmethyl cellulase activity has been reported to
have high sacchanfving etficiency compared to'other methods

" 12}, Table | indicates the carboxyimetiv] cellulasi activity with

the dillerent lignocetlnlosic materials used in this study
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Fig. 2: Glucose produced during 43 hours hydrolysis of sugar cane bagasse (Saccharum officinarum)
Elephant grass (Panicum maximum) and saw dust.

Saw dust recorded lowest value (1.5 unit/ml), an indication of
low susceptibility of enzymes to saw dust components.

The chemical composition of the materials used, aller pre-
trealment is presented in Table 2. The percentages of lignin in
saw dust was highest (30.1%), followed by sugar cane bagasse
(20.2%) and then elephant grass (19.4%). This again gives
possible explanation to low glucose value obtained from saw
dust on Table 3 (low carbohydrate component and high lignin
content). The saccharifying percentage for this ccllulosic
material (4.1%) is comparatively low beccause of the low
susceplibility of the lignin in saw dust to cnzymalic degradation.
Sugar canc bagasse and clephant grass comparcd favourably in

saccharifying percentages, glucose production and caibobydrates
contents. Elephant grass scems the best amnong them with high
potential for glucose production. However, sugar cane has been
reported to be most susceptible to Thermomonospora fusca YX
cellulase. With such report, studies on the hydrolysis of
lignocellulosic materials is diflicult to compare. The kind and
concentration of enzyme and substrate, the condition of
saccharificalion and the assays used for the determination could
influence enzyma activilies and reaction preduction according to
Ericksson [22).
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Cellulase is an inducible enzyme. Micro-organisms do not
synthesise this enzyme unless cellulose is present in the
environment [4, 5). Thus, at initial stage of hydrolysis, (in the
presence of large or optimal amount of cellulose substrate) the
titre of cellulase increased. The rate of glucose production
decteased with increased incubation time (Table 3, Fig 1). The
enzyme activity relates to glucose production and this falls as
incubation time progresses (corresponding with cellulose
dep!uticn). Glucose can be preferentially metabolised by micro-
0T : 1.3 and in large scale production, the combined action of
induction end repression of cellulase may lead to low yields
(and/or loss) of glucose obtainable from lignocellulosic
hydrolysis.{4]. This is why workers [3, 4] have suggested the
use of catabolite repression resistant mutants in lignocellulosic
hydrolysis. [f genetically improved cellulytic organisms such as
Streptomyces spp used in this study, is used, it will be free from
catabolite repression. Ilence cellulase induction can encourage
large. scale bioconversion of lignocellulosic materials, the largest
\natural and renewable sources of raw materials on earth
currently being discarded as wastes.

From this study, lignocelulosic wastes have the potential of
being exploited not only as industrial raw materials but also as
glucose energy basc for man and animal [eeds.

" Glucose production from lignocellulosic waste can be
unlimited source of cnergy. All living systems expend energy,
not only for growth also to survive when not growing. This
energy is ultimately derived from energy from the sunlight (solar
cnergy) directly or indireetly through chemical transformation of
organic molecules denived trom photosynthesis [2, 3| If this
stored solar cnerpy in lignocellulosic wastes can be adequately
utilised through enzymatic hydrolysis and production of glucose,
thus can help to hamess the inexhuustible encrgy of the sun, A
molecule of glucose is capable of vielding two molecules of ATP
by fermentation.  In acrobic espiration, ATP are produced from
every molecule of glucose completely oxidised 2, 3]. In terms of
the total lree encrgy available from complete oxidation of
glucose about 30% is recovered in acrobic pathway, the rest is
released as heat  In addition, glucose can be used lo make
solvents. plastics and other chemicals now made from petroteum.
It can be converled mto single cell protein or it can be fermented
to a clean burning (uel such as cthanol 2).

5. CONCLUSION

The cnwsmatic conversion process of  lignocellulosic
substrates is one of the mamy options to be expected for
hamessing solar energy stored in plants through photosynthesis.
Conversion o only a {raction of the vast quantity of celtlulose
produced  annually  to such  energyerich  storable  material
(glucose) which can be fenmented for cthyl aleohol production
Can and undoubtedly will help us in sustaining industrial
development and subsequently maintaining our way of life.
With this we need not become subservient to iy nation with
regards 1o the supphy ol energy lor our continued industrial
progress and expansion. 1l we, through this know-how, ingenuity
and dedication, are capable of developing practical and cconomic
processes that can harness the inexhaustible energy ol the sun,
even in lignocellulosic wastes.
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