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A Simple Method for D-Xylose Extraction From Jute Stick and Rice Husk
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Abstract: Hydrolysis of agricultural wastes of jute sticks and rice husks were studied to extract D-xylose. When jute
sticks was used as substrate, 1N H:S0.was found to be suitable for D-xylose extraction at boiling temperature after
a period of 1Th. 1N H;SO,was also found best for D-xylose extraction from rice husks. No cellobiose was detected in

hydrolysate.
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Introduction

Biomass has served as a substrate in microbial processes for
the production of alcoholic beverages for thousands of years.
Recently that broader applications of this material have been
envisaged. Thus biotechnologists are now developing efficient
systems for the production of liquid fuels, pharmaceutical,
foods and chemical feedstocks from "waste” organic materials
{Magee and Kosaric, 1985). Bangladesh is an agriculture
based country where jute is one of the major cash crops.
Everyyear there is mass production of various species of jute
plants throughout Bangladesh in order to obtain fibers. But
the jute sticks are discarded almost as a vvaste or used as a
burning fuel in rural areas. Jute stick is a lignocellulosic
material and in nature this is one of the moest abundant,
continuously renewable organic resources. Their major
components, cellulose, hemicellulose and lignin, vary with
plant species. It has great potential as an ecologically
advantageous feedstock for the production of valuable
products including a number of useful chemicals and liquid
fuels. Hemicellulose is a polymer of several different sugars
and sugar derivatives. Roughly 76% of the monomers for
hemicellulose are pentoses, and the sugar D-xylose is roughly
76% of these sugars. That’s why another name for
hemicellulose is xylan. Hemicellulose can constitute up b
39% of agricultural residues by dry weight, with the
aldopentose D-xylose (usually not less than 95%]
(Winkelhausen and Kuzmanowva, 1998} forming the main
constituent of this fraction when derived from hardwood or
agricultural residues (Singh and Mishra, 19956; Kern et al,
1998). Cellulose, the most abundant carbohydrate on the
earth, is almost always found associated with hemicellulose
and lignin. Most fast-growing woody and annual crops are
high in hemicellulosic sugars such as D-xylose.

In industrial application, one of the desirable property is the
ability to utilize readily available cheap resources as starting
substrates for bioconversion processes. Sugarcane was the
basis for the World’s first renewable biofuel program in Brazil.
Corn is the basis for the present renewable ethanol fuel
industry in the United States. The sucrose produced by
sugarcane, sugarbeet and sweet sorghum can be fermented
directly after squeezing them from the crop. The residues left
over after removing fermentable sugars can also be utilized.
In some cases they end up as animal feeds, but manvy
agricultural residues can be converted into additiona
fermentable sugars through saccharification with cellulases
and hemicellulases. Numerous wvaste streams are often
inexpensive to obtain and in many instances they have a
negative value attributable to current disposal costs. Waste
streams with lower lignin contents and smaller particle sizes

are easier to deal with than those with higher lignin contents
and larger particle sizes. This renevvable resource will become
more wvaluable when methods of converting them into
chemicals, materials and fuels are developed through research.
These multi functional chemicals can be used as raw
materials, among numercus other applications and other
advances made in a number of technical areas which have
contributed to the reduction of the cost of renewable
chemicals. Therefore, this has made the mission of this
experiment to extract D-xylose from waste like jute sticks and
rice husks.

Materials and Methods

Rice husks and jute sticks from different varieties of jute plants
{Corchorus capsularis var. O-9897 and var. C-443) and allied
fibrous plant kenaf {Hibiscus cannabinus var. C-95) were used
in this experiment. Different acid/alkali (HS0,, HCl and
MNaOH) were used to hydrolysis of jute stick pieces/powder and
rice husks. D-Xylose isomerase was commercially obtained
from Novo Industry Co. Ltd., Japan.

High performance liquid chromatography {HPLC, Nihonbunko
HPLC 880 PU liquid chromatography, Shimadzu RID-8A
refractive index detector and Shimadzu C-R 6A chromatopac)
was done to detect the presence of D-xylose using a Hitachi
HPLC column GL-811 and the separation was achieved &
60°C using 10-4 M NaOH at a flow rate of 1.0 ml/ min.

Extraction method from jute stick: Jute sticks were cut into
small pieces and also crashed mechanically to powder form
using grinder. The hydrolysis was done using the following
methods:

Method 1: Samples (2.5 g) were boiled for Th with 1N HQ
{60 ml). The debris was then discarded and the supernatant
was neutralized by TN NaOH with continucus stirring. After
neutralization, the supernatant (~pH 7.0} was filtered by
course filter paper and deionized by passage through Diaion
SKIB (H+ form} and Amberlite IRA-411 (CO,> form] ion
exchange resins for HPLC analysis.

Method 2: Samples (2.5 g} were boiled in distilled water for 1
h and after filtered through the course filter, supernatant was
deionized and analyzed by HPLC analysis.

Method 3: Samples (2.5 g} were boiled for 1 hin 10% NaOH
{60 ml} and neutralized with TN HCl. Then again hydrolysis in
1N HCI for 1 h by boiling which was done then filtered and
supernatant was neutralized by 1N NaOH. Finally, supernatant
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wwas deionized and analyzed by HPLC analysis.

Method 4: Sarmples (2.5 gl were boiled for 1 hin 1M H,50,
(50 ml). After boiling, the sample was filtered and the
super natant wwas nedtralized (~pH 7.0) by CaCO0; and
deionized by abowe menticned resins for HPLC analysis.

In order to determine the suitable boiling time, jute stick (small
pieces and powwder formlwere boilled betwween 30 min to 3 h
wwhere same process wwas followed as mentioned in method-4.
The comparative study of D-xylese extraction from jute stick
of small pieces and poveder form wvere done using the same
process described in method-4.  Different warieties of jute
plants (08837, C-443) and allied fibercus plant (kenaf) were
also tested to extract D-xylose using the same procedure
described in method-4.

Extraztion method from rice husks: Rice husks (~8.0g) vwere
hwdrolyzad in different concentration (M) of H50, (100 mi)
ranging from Q. 1M to 1M by beiling for 1Th. Each sample was
neutralized (~pH 7.0] by CaC0,; and the supernatant was
collected by filtration. After deionization with the resins
described previously, HPLC was done for the detection of D-
xylose.

Confimation of the product as D-xylose: The product wwas
confirmed as D-xylose by analysiz of the retention time and
peak area of HPLC in tweo different weays. Firstly, an enzymatic
reaction of the product with commercially awvailable
immchilized D-xylose isomerase was done which was then
HPLC in the abowve menticned condition. In another way, equal
concentration (0.5%]) of D-xylose and the product was mixed
together and HPLC was carried out in order to knowvy the
product authenticity.

Results and Discussion

Considering different chemical treatments on jute stick, it was
found that among the four methods, only TN H 90, showed
the best result (Fig. 1) where only D-xylose was extracted
wyithout producing amy residu al by-product during the reaction.
Although D-xylose vwes found in other methods but separation
of D-xylose from the hydrolyzed sample in all the other three
methods are difficult which require warious column
chromatography techniques therefore method-4 was found to
be the best among them where there is no need to D-xylose
separ ation. It was also observed in the experiment that h
heydroly sis with 1N HSD, seemed to be optimum for the
extracton of D-wylose (Fig. 21 and prolonged hwdrobysis
produced by-product in the hydrolyzed besides D-xylose. In
case of D-xylose extraction from small pieces of jute stick and
jute stick poweder, it was found that small pieces of stick are
better than the poweder [Fig. 3.  Among the waricus
concentration (M) of H .80 jtested for D-xylose extraction from
rice husks, 1M H,S0,wvwas also found to be better than other
concentrations (Fig. 41 where no by-product was produced .
Test wwas also carried out to knowy the suitable source of D-
xyloseamong warious sticks of different wvarieties of jute plant
and allied fiber. Results shovws that jute stick of wariety O-
98387 wwas better source (Fig. Bl From the results of
confirmation of the product as D-xylose, it was observedthat
only one peak was found from the HPLC of the mixture of
authentic D-xylose and the product (Fig. @a). After the
enzymatic reaction of the product, another peak was found
alongwith D-xylose which retention time (18.1 minl is same
as that of D-wylulese (Fig. @bl So the product extracted from
jute sticks and rice husks was confirmed as D-xylose.
Enwvirenmental engineers find lots of pentoses in natural
eraronments and in wastes that hawve plant materials, such as
undigested foods and paper. Knowing something about
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jute [war. O-2887] stick [Poweder and small pieces).
pentoses  helps  in understanding wvaste treatment,

bioconversion of cellulosic materials, and deterioration &
wiood (Chiang er af, 1881, Ahmed, 2001, Winkelhausen and
Kuzmanowva, 1888).  The major potential biodegradabe
agricultural and agro-industrial cellulesic wastes awailable in
Banglacdesh are nce stravy, rice husk, wheat strawve, sugar cane
bagasse, saww dust, jute stick, jute mills wastes etc. (Tareq,
188B). There are mary different biomass feedstocks. They
include crops, specifically grown for bicenergy, warious
agricultural residues, wood residues and vwaste streams. Their
costs  and  awvailability  wary  widely. Collection  and
transportation costs are often critical . Jute stick and rice husk
hawve been chosen as model substrates because of  their
abundance, high carbohydrate content (84% cellulose and
349 hemicellulose) (Mohiuddin et al, 1987, Al et &/, 1991]),
inexpensive and constantly awailable, although jute grovws
seasonally.  During the past few years both fungal and
bacterial cellulases hawve been explored to dewvelop the
saccharification technology but the technology is yet to
devvelop because it is a complicated process, affected by a
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Fig. 4 HFLC chromatograms of D-xylose extraction from
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Fig. B HPLC chromatograms of D-xylose extracted from
different varieties of jute sticks {var. O-B887 and C-

4437 and allied fibrous plant (Kenaf).
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Fig. 7:  Schematic ocutline formthesproduction of various rare
sugars from D-xylose. 1. present method; 2, O
wylose isomerase [Sanchez and Smiley, 1875); 3
My cobasterium - smegmatis (lzumeri and Tuzaki,
1988); 4, L-Rlb ose isomerase (Bhmed &t &/, 1293):
5, Aloaligenes sp. JO1B (Khan et &/, 1891); 8, L+

Rhamnose isomerase (Bhuiyan et &, 1338).

number of factors like substrate type, pretreatment,
termperature, pH, time, characteristic of enzyme preparation
and reuse of enzyme (Mandels and Sternberg, 19781, On the
other hand, this report supports a wvery simple chemical
extraction process where this kind of parameters are needed
not 1o be regulated.

The criginal process for the large scale production o
sweeteners from corn starch based primarily on  acid
hrpdrohysis of starch, resulted in low yields and the production
of undesirable byproducts through carbohydrate modification
IG.G. Taylor, US patent 3,348,972 19687). In contrast, the
current process utilizes simple chemical steps, where only D-
wylose can be extracted. It was also observed from HPLC
analysis that no cellobiose was produced from these samples.
Different aspects of the conversion of D-xylose by pro- and
eukaryotic micreorganisms are considered, including the
transport of this pentose into the cells and its metabolism. D-
Hylose isomerase is a very commen enzyme found in wvarious
bacteria [Sanchez and Smiley, 1878). The results suggested

cem et the hydrolysis of jute stick and rice husk has good

potential for the production of D-xylose which can be further
‘usefor the production of various rare monosaccharide like D-
hyxose, L-hyxose (Fig. 7). Moreowver, various alditols [Stankowvic
and Kowvacowska, 1991; lzumori and Tuzaki, 1988) can be

" cbtained from the D-xylose. On the other hand D-xylose can

also be used for diagnosis of intestinal malabsorption h

__children and also used as a parameter in the so-called "xylose-

capacity-limit" test, in order to recognize small intestine and
kidney failure. (Majjar et &l 1282]. Although very small scale
where very small amount of D-xwlose was extracted from
these vwaste products, butwith further study on this ground
can pawve the way for extraction of D-xylose in large amount.
JWe hope that these cbservations may contribute 1o a better
understanding of utilization of these waste materials for the
production of useful product (Chiang et &, 1881, Ahmed,
2001; Winkelhausen and Kuzmanowa, 1988, Pronk et al,
Moreower, the production method described here is
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also cost effective.
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