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ABSTRACT

Peanut pods, midrib and wood powder residucs were used
throughout the present investigation, as the most abundant wasles. The
isolation and determination the quality of resulted hemicellulose from
these lignocellulosic materials were studied. Also, the influence of
various paramelers i.e, PIL, temperature, enzyme concentration and
isolated hemicellulose concentration on the reaction activity and
reaction velocity of hemicellulase enzyme were evaluated.

From these results the cellulose content for the three
lignocellulosic materials were found o be 35.71, 36.62 and 38.14%
for peanut pods, midrib and wood powder residues, respectively,

On other hand, the crude lignocellulosic materials contained
amounts of hemicellulose reached (38.99 %) for peanut pods residuc
while midrib residue contained (38.31%). However, the hemicellulose
from wood powder residue was found to be (33.16%),

Ihe isolated hemicellulosic polymers contained a high percentage
of hemicellulose components i.e. 79.45, 78.22 and 76.52 for midrib
residue. wood powder residue and peanut pods residue, respectively.

The hemicellulase enzyme shawed its maximum activity at pH 4.8
for both xylan and isolated hemicellulose from midrib residuc. On the
other hand, the maximum reaction activities were found (o be ar pH
equalled to 5.0 for both isolated hemicellulose from peanut pods and
wood powder residues, respectively,

Also, the hemicellulase enzyme showed its maximum activity
at temperature 55°C for xylan and isolated hemicellulose from peanut
pods and wood powder residues. While, the maximum activity was
3°C for isolated hemicellulose from midrib residue,
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However, the maximum activity of hemicellulase enzymes by
using xylan and isolated hemicellulose were found o be 6.96, 6.56
mM/L/min at enzyme concentration of 0.05 mg/ml, 6.70 mM/L/min at
concentration of 007 mg/ml and 7.34 mM/I/min at enzyme
concentration of .10 mg/ml for xvlan, wood powder, peanut pods and
midrib residues, respectively.

The maximum reaction velocity (Vi) lor hemicellulase enzyme
by using xylan cqualled 2734 mg/ml/imin, while the Michael's
constant (K,,) was found to be 0.160 g/L. On the other hand, the
(Vmae) valuse for this enzvme with isolated hemicellulose from peanut
pods, midrib and wood powder residues were 253.3, 196.7 and 220.0
mg/ml/min, respectively. The Ku values were found to be 0.125,
0.160 and 0.175 L for the isolated hemicellulose from
abovementioned materials.

Finally, the enzymatic saccharification ol isolated hemicellulose
from different lignocellulosic wastes under investigation were
determined. The maximum wvalue of saccharification process was
86.6% for xylan as standard substrale at concentration of 23 g/1. after
48 h under optimum conditions of hemicellulase enzyme. On the other
hand, the maximum values of saccharification for isolated
hemicellulose from peanut pods, midrib and wood powder residues
were 81.0, 81.2 and 79.6%. respectively at substrate concentration of
35 g/l and 45 g/L for incubation period 96 h under optimum
conditions of hemicellulase enzymes.

Key words: lHemicellulose — Xylan - Hemicellulase enzyme -
Enzymatic saccharification -

INTRODUCTION

Lignocelluloses are the most abundant renewable resource
available. The efficient exploitation of this resource requires the use of
all of its three major components, i.c., cellulose, hemicellulose, and
lignin. Xylans arc the major hemicellulose in angiosperms where they
account for 20-30% of the dry weight of woody tissue. Xylose is a
useful carbon source lor producing ethanol or xylitol (Nigam and
Singh, 1995; Huitron and Kirchner, 1996).

Hemicellulosic materials are important structural and biomass
components in the cell walls of plant material (Sheldon and William,
1996).
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Agro-industrial and food processing  wastes are available in
Stralegical quantitics alj over the world, whiclh largely becomes a
source of health hazard. The majority of these wastey contain cellulosg
(30-40%), hemieeliulose or xylan (20-40%) and Jj gnin (20-30%). The
use of these wastes for the production of siratepic chemicals and fuel

Lignocellulosic materials need 1o different treatmens before
saccharification by enzymes lo give a high yield of sugars (Rivers and
Emert. 1988; Davig et al., 1989; Ramos gof al., 1992; Doran er af .
1994 and Neureiter ¢ al., 2002).

The hydrolysis of lignocellulosic materials plays an important role
in the conversion of these rencwahle resources to useful products c.g.
foods, syrups, fuels and chemicals. Grear deals of interest in the
enzymatic hydrolysis of lignocellulosic and exlensive studies of jts
kinetics have peap achieved {(Ristroph and Humphrey, 1985;
Vallander ang Eriksson, 1985 and 1991; Shah and Lee, 1992; Saska
and Ozer, [995Gisclig € al., 1999; Anders o al, 2003 and Salem,
2004),

The present investipation aims 10 study the feasibility of peanut
pods, midrib and wood powder residues as the substrates for the
enzymdlic hydrolysis by using hemicellulase enzymes 10 produce the
soluble reducing sugars (as xylose). Also, the optimum conditions and
Kinetic behavior of hemicellulase enzymes were cvaluated. Also, the
saccharification processes were thoroughly studied to obtain the most
suitable conditions [or the production of xylose syrup from the
dilferent abovementi oned materials under this investigation,

wastes) were obtained from the farm of Faculty of Agricullural at
Meshtohor, Zagazig University, Benha branch, dried and milled then
Passed through 66) mesh sieve, Xylan, D () glucose, 1 ( F) xylose and
all other chemicals were used as analytical grade.

Ash content; total lipid: and crude protein of different
lignocellulosic wastes under investigation were determined according
10 the methods described in AO.AC. (1995).
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Lignin content was carried out by gravimetric method. which
described by (Tanaka et al., 1985).

The most commonly used method for xylose determination is the
orcino! reagent method as described by (Scheider, 1957). The
intensity of green colour developed was measured at 665 nm. Using
pye unicam SP6-665 Uv/vis spectrophotometer.

Cellulose  and hemicellulose ~ content  were estimated
eravimetrically after extraction of the lignocllulosic materials under
investigation according to the method of Chen and Anderson (1980).
lolocellulose was treated with 10% NaOH (100 ml) at 90°C for 3 h
and precipitation with HCl at pH 5.0, The precipitated hemicellulose
was isolated by centrifugation, then washed with ethanol, dried and
weighed.

[emicellulase enzyme assay was done according to the method of
(Ristroph and Humphrey, 1985). The enzyme protein content for the
hemicellulase enzyme was determined by the method described by
(Bradford, 1976).

The effect of pH on the reaction activity ol hemicellulase enZymes
were tested at different pH values- i.e. 3.6, 4.0, 4.4, 48.50,52, 54
56 and pH 6.0 in (0.05) mM acetate buffer using (1%) substralc
concentrations of xylan and isolated hemicellulose from different
lignocellulasic materials under investigation. Then the test tubes were
incubated with enzyme at 50°C for 30 min, followed by measuring
resulting of xylose conient as mentioned before (Scheider, 1957).

The effect of temperature on the activity of hemicellulas
enzymes was determined by the method described by (Dekker. 1983]
The enzyme concentration (1.0 ml) was mixed with (4.0ml) of 1%
xylan suspension in (0.05 mM) acetate buffer (pll 4.8). Xylan wa
used as standard compared with the isolated hemicellulose fror
different lignocellulasic materials then incubated at differer
temperatures from 35 10 60 °C for 30min. The reaction activity ¢
hemicellulase enzyme was determined by measuring the resullit
reducing sugars as xylose (Scheider, 1957).

The enzyme activily of hemicellulases was determined by tl
method described by (Dekker, 1983) by using different conecentratio
of enzyme solution. 1.e. 0.02, 0.03, 0.05, 0.07, 0.1, 0.15, 0.2, 0.3, {
and 0.5 mg/ml buffer. The reaction mixtures Werc adjusted
optimum pll in a solution composed of 1.0 ml enzyme solution a
4.0 ml xylan or isolated hemicellinlose from different lignocellulo
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materials (1% in 0.05 mMm dcelate buffer). The reaction was carried
Qutar S0°C for 30 min. then the formed xylose was determined by the
method, which described by (Scheider, 1957),

The effect of substrate concentration on the reaction veloeily or

Lie -with incubation period of 30 min. The resulting xylpse -was
( ined according to the meothod described above-mentioned.

described by (Saska and Ozer, 1995), Betore starling enzyme
~ reagtion soaking 1% of isolated hemicellulose from the ahove.

RESULTS AND DISCussion

eal composition of crude apd extracted lignocellulosic
nes:

€ present Investigation, as typical examples of

agricultural residues to evaluage the quality of
Ted hemicelluloge. The chemical tomposilion of the above-
ioned lignocellulosic materiajs is tabulated in Tahle (1).

obtained resujts showed  thyg cellulose apd isolated
ulose Pretreatment by (109 w/v) NaOH und lignin are
il constituents. The tesults show that the cellulose conten( for
¢ lignocellulosie Wastes were found 1o be 3571, 36.62 and
for peamy pods,  midril and  wood powder residues,
clively, The amount of isolared hemicellulgse Irom wood powder
€ conlained Jegg amount (76.529;), while; peanut pods s
* content (79.45%,), However, (he isolated hemicelluloge from
GHD residue was found to be (78.22%).
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Table (1): Chemical composition of crude and pretreated different lignocellulasic wastes (g/100 g
on dry weight basis}).

Peanut pods residue

Midrib residue

Wood powder residue

o | crude __E“wwm_nﬂ._muﬁ Cinde & _.E_m..wﬂ_nﬁ? Crade % | pormseriiuose%s
| Moisture 8.2 7.90 8.40 8.32 7.85 7.43
Mﬂ”ﬂ 3.26 2.80 221 2.09 2.80 2.48
Ash 4.32 6.27 5.81 7.59 557 6.32
_ Ether extract 133 - L27 - 1.32 -
Lignin 16.39 11.48 15.78 12.10 19.01 14.68
Cellulose 3571 L 36.62 : 38.14 e
|=u==.nr. llulnse J399 79.45 38.31 78.22 3316 76.52
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From the oblained resulls, it could be coneluded that the pretreatment
of lignocellulysic materials with NaOj] decreased the lignin from
1639 to 11.48% for peanut pods residue, 19,01 (0 14.68% for wood
powder residue and 15.78 to 12.10% for midrib residuc. Also, this
Pretreatinent causes g decrease in extracted some protein compounds
while the ash content was increased, Therefore NaOH pretreatment of
lignocellulosic residyes under investigation remeves some lignin, thus
increasing the accessibility to the hemicellulose, hence the amount of
lignin removal s proportional with hemicellulose amount in the
extract These results are in agreement with those reported by (Ramos
etal, 1992 and Alves ef al., 2002),

Effect of different parameters on the activity and reaction velocity
of hemieellulase enzyme: '

The reaction activity of hemicellulase enzyme under investigation
Was measured at different pH values with (.05 mM) acetate buffer
and different substrates j.e. Xylan as standard substrate and isolated
bemicellulose from peanul pods, midrib and wood powder residues.

Nine solutions of xylan and isolated hemicellulose from different
abovementioned lignocellulosic wastes were adjusted using pH meter
model RB glass elecirode designed by Sergeant-Weish to pH values of
3.6.4.0,4.4, 48,50,52, 5.4, 5.6 and 6.0

The obtained results are illustrated in Table (2) and Fig. (1). The
enzyme showed its maximum activity al pH 4.8 for both xylan and
isolated hemicellulose from midrib residue were | 1.45 and 9.44

hemicellulose from peanut pods residue and wood powder residuc at
pH 5.0, respectively. The oblained results are in a good agreement
with that reported by (Giselia e al 1999). Also, the same trend was
observed with obtained D-xylase (Table, 1), since the muximum
amount of D-xylose was found at pPH 4.8 and 5.0,

The effect of temperature on the reaction activity of hemicellulase
enzyme was tested at six different temperatures, i.c, 35, 40, 45, 50, 55
and 60°C. The reaction mixtures of the experiments were carried out
at aptimum pH for xylan and isolated hemicellulose from peanut pods,
midrib and waod powder residues with |94 (wiv)  substrate
concentration and incubation period for 30 min,
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Fig. (1): Effect of pH on the activity of hemicellulase enzyme with
xylan and isolated hemicellulose from different wastes

Data in Table (3) and Fig. (2) shows that the reaction activity
reached fo its maximum 8.89 mM/L/min, 6.83 mM/L/min and 6.56
mM/L/min at temperature 55°C for xylan and isolated hemicellulose
from peanut pods and wood powder residues, respectively. On the
other hand, the maximum reaction activity of isolated hemicellulose
from midrib residue was 7.78 mM/L/min at temperature 50°C. These
results indicated that the maximum reaction activity of hemicellulase
enzyme with xylan polysaccharide as standard substrate is higher
when compared with isolated hemicellulose from different
lignocellulosic materials. Such results may be due to that xylan
polysaccharide is considered as homoglycan palysaccharide while the
other hemicellulosic of lignocellulosic wastes are heteroglycan, which
may hinder the action of hemicellulase enzyme, and hence, less
amount of obtained D-xylose. Such values for optimum temperature
and maximum activity arc in agreement with those reported by
Ristroph and Humphrey (1985). Gilbert et al (1992) and Salem
(2004).

The effect of enzyme concentration on the reaction activily of
hemicellulase enzyme was tested with different concentrations ie.
0.02, 0,03, 0.05, 0.07, 0.10, 0.15 and 0,20 mg/ml. The reaction
mixtures were carried out at optimum temperature and optimum pH
for each isolated hemicellulose from  dillerent lignocellulosic
materials al 1% (w/v) substrate concentration.
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Table (2): Effect of pPH on the activity

from different Nt wastes

_| H vulue 1 Xylan  Peanut pods Midrib Wood powder
_ residue | residue residue
Obfained .»_.:._.5 Obtained .»n:«.:«, Criataimied Activily Obtained | Activity
* ‘ of Dxylose | mM/Ltmin of D-xylose | mM/L/min of D-xylose ﬁZEEE of D-xvlose | mM/L/min
L | umay NC 7 A I R ol i i
348 __a.ﬂ.. bluM! 150.00 500 | 12333 .:_ Iuﬁl
40 q.._u E_ 936, | |~.=.m|o.___ = il uc Zm ___ n _:_ _u..nm. q &I
44 T 32460 | o2 BT B tmﬁsf 762 | 15667 | 522
48 _Mas0 |_h..hm 276.67 9.20 233, uu e .44 18334 611
m c 294.9 ae P_ﬂ._ 286.67 ‘ 9.56 ua_ auruu m I8 H‘“EF ]l 738
Mﬁrau | m _3 266.67 889 | 24667 667 | 8317 | 19656 | 6355
‘v\ E_ 67 ngf‘ 7.89 E m.. _ 772 | 13000 | 433
NE 53 2 156.67 = qa mq 539 _ 116.67 ‘ 389
g _ W0 | 1s0.00 | ¢ 1 13000 [ 433 | {16314 | 388 | 96ds | WA

wi»: acls as standard u:ca?sz

of hemicellulase enzyme with svlan

and isolated hemicellulose
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Fig. (2): Effect of temperature on the activity of hemicellulase
enzyme with xylan and isolated hemicellulose from
different wastes

The obtained results are shown in lable (4) and Fig. (3). From
these data indicate that the activity of hemicellulase enzyme was
increased by increasing the enzyme concentration until reached to its
maximum reaction velocity at the oplimum enzyme concentrations.
The maximum activity of hemiccllase enzymes by using xylan as
standard substrate was found to be 6.96 mM/L/min at enzyme
concentration of 0.05 mg/ml. On the other hand, the maximum
activity of hemicillulase enzyme by using isolated hemicellulose from
peanut pods rtesidue gave reaction activity 6.70 mM/L/min af
concentration of 0.07 mg/ml. The maximum reaction activity witk
isolated hemicellulose from midrib and wood powder residues were
7.34 and 6.56 mM/L/min at enzyme concentration of 0.05 and 0.1(
mg/ml, respectively.

The above results indicated that increasing enzyme concentratior
more than the optimum values led to a decrease in the overall reactior
activity. The differentiations in optimum enzyme concentration may
be due to the nature of isolated hemicellulose from differen
lignocellulosic materials and the inhibition effect of the product (as D
xylose), which eflect in opposite direction of the reaction. Suct
explanation was introduced by (Dekker, 1983 and Gibert er al., 1992).
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Table (3): Effect of temperature

on the activity of hemicellulase cozyme with

xvlan and isolated

—hemicellulose —BEH@E:HM_E||| et el g e
i Hh Xylan | Peanut pods ﬂ Midrib [ Wood powder ﬁ
. residue residue | residuog
Femperature Obtained | Activity Obtained HzﬂaWIcrﬂm_Qlwﬂnﬂ..W | Obiained _l}ﬂ..ﬂ
(°C) al mM/L/min af mM/Limin of mM/Limin of 3?__._.....___.?1‘
‘ D-aylose Deaylose D-xylose D-xylose
_I (mM/1) _ : (mM/L) | e g
S ;_rﬁﬁ4r§r_|@..ral 189 | !
o LT 103.33 _ 344 73.33 2
— 35 | 17667 | 589 | i30.00
ﬁ||m=|| _ 240,00 800 | 15333
55 [ 26667 | gs9 .00
65 173.33 578 !

Xylan acts as standard substratg,
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Table (4): Effect of enzyme concentration on the activity

hemicellulose from different wastes

of hemicellulase enzyme with xylan and isolated

Fnzyme _ Xylan Peanut pods Midrib Wood powder =}
concentration residue residue residue
Obtained | Awctivity Obtaimed | Aclivity | Obtained  Activity Obtained | Activity #
of mM/L/min of mM/L/min of m¥1/Limin of m™/L/min
D-x lose D-xylosc D-xylose -xyviose
(mM/1) {(mM/LY) {mM/L) {mM/L}
[Eala ), HgS I8 124 | 413 | 7964 | 265 | 9650 122 | 6640 221 |
___0.03 | 15000 | 300 13945 | 4.65 136,20 454 | 12420 4.14
0.05 208.67 6.96 189.65 5,69 21045 7.02 138.55 4,62
07 [ teeer | S8 [ aeLi0 | em [ 15 ] TM TR 55 |
o1 | 15532 518 174.35 581 | 198.20 6.61 196,80 | 6.56
0.15 138.20 4.61 155.56 5.8 165.258 5.51 165,25 5.51
0.20 83.33 2.78 13820 | 461 12400 | 413 12520 | 417 |

Xylan acts as standard substrate.
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Fig. (3): Effect of enzyme concentration on the aclivity of
hemicellulase cnzyme  with xylan  and isolated
hemicellulose from different wastes

The effect of different substrate concentrations were tested at

0.025, 0.05, 0.10, 0.15, 0.20, 0.30, 0.40 and 0.50 2/L using (0.05 mM)

acctate buffer solution at optimum pH and temperature which

estimated before were mentioned in Table {5) and Fig. (4a & b). The
rate of the most enzyme reaction were increascd up to a certain point
with increasing concentration of substrate till it reached its maximum

'.'i.']DCit}' (Vnmx}-

|=o=%ytin —8— Pasnut poda resitue —a— Midrib reaitne % Weed powdes rusiiun | |

200,00 | eeee

\
\
|
|
"
A\
W

Dbdained ar D-ayloes {mlanL)

090 e ole 030 (LR ] LRI w60
Bubstrate conc., (9100 ml) |

Fig, (4a): Effec of substrate concentration on the reaction velocily
of hemicellulase enzyme with xylan and isolated
hemicellulose from different wastes
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From the obtained results the maximum reaction velocity (V)
for hemicellulasc enzyme by using xylan as standard substralc was
determined and equalled to 273.4 mg/ml/min, while the Michael’s
constant (K.) was found 1 be 0.160 g/T. which can be obtained by the
half point of maximum reaction velocity (Vimax)-

On the other hand, the Vs for this enzyme with isolated
hemicellulose from different lignocellulosic materials were 2533,
196.7 and 220.0 mg/ml/min, respectively. While, K. for the above-
mentioned isolated hemicellulose were 0.125, 0,160 and 0.175 g/L for
peanut pods, midrib and wood powder residues, respectively.

¢) Midrib residue d) Wood powder residue

Fig. (4b): Linewecaver-Burk plots of isolated hemicellulose fro
from different wastes.

The obtained resulis indicate that the Ve value of xylan
polysaccharide 18 higher than that obtained by using peanut pods,
midrib and wood powder residues as substrate. This observation ma;
be due to that the percentage of pentoses Sugars as xylose monmer i
the isolated hemicellulose from the ubovementioned substrates is
lower than that found in xylan homoglycan p:}lyﬁauchaﬁdc. Also,
Lineweaver and Burk plots (1954) were carried out and are illustrat
in Tig. (4b). There are alignment between the Lwo technigues.
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Table (5): Lifect of substrate concentration on the reaction velocity of hemicelluluse enzyme with xylan and isolated hemicellulose
Irom different wastes.

[ Substrate B Xyisn Feanut poals residuc __ Midrib residue Wopd ﬁ.osiﬂ residue ==
CBenr | | s | vy | 0] | ot | Viets | T | ot | o ) o e T
| pepnet] | Y] tmgml) (L3 Fungfmy A¥) gyl vy
wozs 100 6333 iR 2667 217 | 237 46.67 1658 | 37 3667 1750 | 364
e 0.00 | TheT 62,10 6067 138 5121 3.3 | 214 650 ITETE
010 10,00 93.33 185,13 19132 .59 56,67 7568 | 132 58T 500 | 1625 |
| LIS 067 12000 13229 155.32 072 133 95185 | 108 §1.33 10154 | 94
20 {1 15000y a7 .o 13820 18925 LS - I T I T
8w 1 am 210801 T | 036 | TERA) | JM2E | WM | SMeS 13495 | vaz
040 | 24 37337 183,33 051 | 1wh67 | iS0[0 | 230 15304 | 068
| osg 1,08 17333 | 2012 | 040 168,47 nad 1Han 189,07 | 07 143,33 1296 | 061 |
Vo= 1704 mpprmlmin 1434 mp/m b min 196.7 mgonl/min 2200 iy /ml min
K= 0. 160 gil. WIS gl | 0,160 g1, 8175 gL
Talile (6): Enzymatic saccharification of yylun and isolated hemicellulose From different wastes.
_l Saccharification %)
Time Xylan Peanut pods residue | Midrih residuc | Wood powder residue
{hy gl 3Spl | 45pl | 25gL | 35gl. | dsgl | 35 gl | 35g0. [ 45gL  25p1 | 35gL | 359,
_| 1 435 | 46l .7 39.1 421 453 329 425 468 | 405 479 | a3
| 1 553 .0 | 66D 41.2 44.0 408 4B.6 511 57.0 6.3 58.7 506
[- o 39.3 60,1 701 47.9 Si.1 604 61.2 633 60.8 62.9 6l.6 643
4 728 7.3 N 596 | 64.7 67.2 0.0 65.4 68.2 642 5.4 HE.0

48 b #4.9 W22 | 6bd 728 0.4 739 706 | T8 | 704 6.1 718
96 70.5 8.6 .8 755 | 810 7.6 Nz 8.2 700 | o686 | 87 | 796
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Iowever, the differentiation in the obtained values of (Kp) may
be due 10 ransformation of isolated hernicellulose into & form high!y
resigtant 10 enzymatic attack, and differ in the main units of structure,
which lead to reduce (he affinity between {he active sites ol enzyme
and substrate concentration.

These results are differ partially with those observed by (Ristroph
and Humphery, 1985) they found that the apparent K, values and
V gy OF Xylanases enzymes from Thermomonspora Sp- were 1.34 g/l
and 0,066 pmol (ml/min at xylan concentrations hetween 0.5 10 4.0
g/L.. However, palop ef al. (1991) found that the values of Ka and
Vax WETeE 1.05 /L and 0.118 mol/ml/min of xylan as substrale
concentration when evaluated of xylanase enzyme from Clostridium
celerecrescens.

Enzymati¢ saccharification of xylan and isolated hemicellulose
from lignucellulusic wastes:

gaccharification processes Were carried out for xylan as 2 standarc
qubstrate and jsolated hemicellulose from peanut pods. midrib an
wood powder residues at different concentrations of 25. 35 and 45 ¢f
using (0.03 mM) acetate puffer solution. These processes Were applie
by hemicellulase enzyme mixture under optimutm conditions. T
experiments were achieved in a shaking water bath at optimum P
and temperature for different periods ve. 1,2, 12, 24, 48 and g6
The obtained resulls are illustrated in Table (6).

From thesc data, 1t can be concluded that {he maximum value
caccharification process for xylan at substrate concentration 25 ¢
after 48 h under optimum conditions of hemicellulase enzymes \
86.6%.

On the other hand, the enzymatic saccharification of isolt
pemicellutose from peanut pods, midrib and wood powder resic
was determined. The maximum yalues of saccharification pro
were 81.0, 81,2 and 79.6% for isolated hemicellulose from pe
pous, midrib and wood powder residues, respectively at subs
concentration of 35 gL and 45 gL after 96 h under opti
conditions of hemicellulase enzymes. Such results might be attril
to that the isolated hemicellulose and hence its content of per
monomers from peanut pods and midrib residues WEre higher tha
found in wood powder residue as shown in Table (1). These 1

are in agreement with those prwinuﬂy obtained bY (Ramos
1992 and Soderstrom. 2003).
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