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Tuble 1. Percent reducing sugar produced from radiation-induced bond cleavage in agricultural
eellulosic wastes

Dose Reducing sugar, %2
(K] Rice straw Corn husk Rice hull
0 0,00 0.00 0.00
100 0.03 1.38 0.22
Bl 2.85 2,69 0.13
300 9.06 315 0.34
400 9.73 3.52 0.59
500 3.13 7.13 1.20

I sample was suspended in distilled H50, and autoclaved for 30 minutes at 20 psig. Aftes
filtration, the filtrate was analyzed for reducing sugar.

2Mean values of three replicates, cach of duplicate trials for all samples except com husk for
which mean valacs are 2 replicates, cach of 2 trials.

materials increased with increasing radiation doses. There was however, a decrease
in the reducing sugar of rice straw irradiated at 500 KGy, The HPLC data shown in
Table 2 indicate the presence of glucose, xylose, cellobiose and other unidentified
compounds. Qur data agree quite well with those reported in the literature.
Schuchmann and von Sonntag {1978) found glucose, gluconic acid, arabinose,
xvlose and L-threo-tetradialdose in measurable amounts in irradiated cellobiose
which is the disaccharide unit of cellulose. Furthermore, Bludovsky & Duchacek
(1979) detected glucose, xylose, arabinose, glucuranic acid, formic acid and malon-
dizldehyde in irradiated cotton cellulose.

Table 2. ldentification of water-extracted saccharides from cellulosic samples by HPLC 1

Dose Saccharides

{KGy) Rice straw Rive hull

0 - 100 unidentificd peaks unidentified peaks

200 glurose, unidenti- glucose. xylose
fied peaks

300 glucose, unidenti- unidentified peaks
fied peaks

400 glucose, xylose, unidentificd peaks
cellobiose,
malondialdehvde

500 gilucose, malun- unidentificd peaks
dialdechyde

IThe sample was suspended in distiled Ha0, and auteclaved for 30 minutes at 20 psig. HPLC
was undertaken on the filtrate with the folowing parametars:

column: Dextropak; solvent: H2Q, 2 ml/min.

detector: Rl
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straw. As shown in Tuble 3. cellwdose und rice szraw vielt cellobiose, glucose and
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‘Table 3. Concentratton of sugars produced after acid hydrolysis of unirradiated and irradiated
cetlnlosic materials

A, Rice straw

Sugar %

Dose. KGy Cellohiose Glucose Arahinase Xylose

0 7.00 « 2.04 1580+ 1.20 5.08 + 1.46 2818 + 467 ab
i 5.37 £ 3.58 17.45 ¢+ 1.47 5.8+ 1.50 28.90 ¢ 383 4b
200 5.36 ¢+ 3.94 16.33 + 1.05 6.50+1.17 2630+ 327
300 5.90 ¢+ 3.89 16.83 r 062 6.72+0.71 3342 + 325
400 5.33+ 363 17.601 057 6.82 1249 3593 : 3.29¢
500 5.56 1+ 3.91 1760+ 1.97 4.80 = 0.67 31,30+ 4.29 abc
8. Celtulase

Sruyar '?Fl

Nase, KGy Cellobinse tincose i Yviose

i} 0.28 £ 0.57 4,95 +{1.74 a 028 +0.43
100 0,09 +018 7.17 +0.56 ab 0.311 + 0.48
204 0.42 + 0.66 ' 11161+ 1.19be 075+ 040
ing .08 + 0.80 1242+ .11¢ 1.20 » 0.64
400 2.09 + 1.48 18.30 1 0.93 d .77+ 1.21
500 1.8 1.38 2064 £ 6024 1.0+ 147

Flhe constituents were separated by TLC using Kieselguhr plates and the solvent syvstem. ethyl
acetatesisapropanol-watcr (65 + 215 + [1.5). Ariline Phrhalate wis used as the spray reagent.

;\!can vaines 1 5 D, ot four replicates, each with two trials,

Means follywed by the same lctter are not significantly ditferent from each other at $45 level

using DMRT,

B Ay 1wo means having a commuon letter are act significantly different at 1% ievel (DMRT).

sylase after acid hydrolysis. Arabinose was also present in the hydrolysate of rice
straw. One sput was not identified because of lack ot corresponding standard.
Glucose s the main component in the hydrolysate of celfulose, while in the rice
straw hydrolysate, xylose is the predominant component. The presence of xylose
in the hydrolysate of cellulose may be due cither to the hydrolysis of the radioivtic
products of celluose or 1o the direct radiolytic attack on the giucose moieties
of celiniose resulting in the liberation of free xylose. On the other hand. the xylose
cresent in the hydrolysate of rice straw comes mainly from the acid hvdrolysis of
hernicelinlose which is a component of the latter. For both celluiose and rice straw,
the contribution of a direct radiolytic attack oo the monomeric units 1o liberate
free xylose may be minimal as mav be noted later in enzyme-catalyzed samples
whierzin the xylose produced which is a measure of the above mechanism, is present
in relatively non-quantifiable amounts (Table 4).
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trace amounts below the detection Limit. No xylose: can be produced by
cellulase-catalyzed hydrolysis of rice straw since this enzyme is specific for cellu-
lose. Thus, the low xylose content in the hydrolysates suggests that the direct
radiolytic attack on the glucose and xylose moieties of cellulose and hemicellulose
respectively, resulting in the liberation of free xylose is a- minor mechanism in the
gamma-radiolysis of these macromolecules. Thus while radiation can exert an effect
on the monomeric units of the macromolecules, its enhancing action on the acid
and enzymatic hydrolyses of these macromolecules may be attributed to its effeet
on their supermolecular structures. .

The radiation-induced changes in the structures of the agncultu:al cellulomc
wastes may result in the conversion of these wastes into better substrates for
cellulolytic microorganisms..To test-this postulate, T. reesei was allowed to grow
in unirradiated and irradiated rice straw, and its production of the enzyme cellulose
measured, Table 5 shows that T. reesei produces more enzyme when grown in irra-
diated rice straw. The data discount the possibility that high radiation doses may
generate substances that may become toxic to the growth of the microorganism.
In addition to making the cellulose molecule more accessible to the microorganism,
the radiation treatment may induce other changes that result in more nutrients for
the microorganism. The results of this study have wide applications in the various
aspects of biomass conversion. ’ '

The data just presented clearly show that gamma irradiation enhances the
acid and enzymatic saccharification of some cellulosic materials. The extent of the
observed radiation effects depends on the type of substrate used. The differential
response of the substrates cannot be due to radiation-induced changes in the mole-
cular structure of cellulose alone. Such response may be attributed also to changes
in the supermolecular structure of cellulose molecules relative to one another and
to other components of the cellulosic materials.

Table 5. Effect of radiation on the production of cellulase by Trichoderma reesei 1

Dose, KGy Concentration of Cellulase, mg/ml

0 : 2.11 + 0.52 a2
100 ' 269+0.70b
200 ‘, , 3.03£0.41cd
300 | | 3220344
400 o o . 334:027de
500 368+ 043¢

1Mean values ¢ S.D. of four replicates, each of duplicate trials. s .
2Any two means having a common letter are not significantly different at 1% level (DMRT).
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In conclusion, the present study has demonstrated the enhancing effect of
gamma irradiation on the acid and enzymatic saccharification of cellulose and agri-
cultural cellulosic wastes. The data indicate that the observed radiation effect
results from the action of gamma radiation on the molecular and supermolecular
structures of the cellulosic materials.
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