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A com bined tech nol ogy of high-tem per a ture heat ing and mi cro wave is pro posed to
treat bam boo sub strates prior to en zy matic hy dro ly sis to over come the lim its of ei -
ther tech nol ogy. The com bined tech nol ogy helps to pro mote the re duc ing sugar
yield from en zy matic hy dro ly sis of bam boo. The pro tein ad sorp tion test indicated
that more en zyme pro teins could ad sorb on the sur face of bam boo pretreated by the
com bined tech nol ogy. Thus, the pos si bil ity of en zymes to hy dro lyze bam boo
increased. Mean while, X-ray diffractometry tested re vealed that the com bined
tech nol ogy bene fited the re moval of non-cel lu losic sub stances from bam boo and
re sulted in a higher crystallinity.  
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In tro duc tion

In re cent years, more and more at ten tions have been paid on bam boo in the fi ber pro -
cess ing due to its ex cel lent prop er ties [1]. Typ i cally fi ber pro cess ing mainly re lies on chem i cal
deg ra da tion, which con sumes high en ergy and causes server en vi ron men tal pol lu tion. It is of ut -
most im por tance to de velop the eco-friendly pro cesses with lim ited lib er a tion of pollutions to
at tain sus tain able uti li za tion of bam boo. The im ple men ta tion of en zymes can help in achiev ing
this ob jec tive.

Pre vi ous in ves ti ga tions pointed out the pos si bil ity for en zymes to hy dro lyze the bam -
boo [1-3]. How ever, the ef fect of en zymes is greatly re strained due to bam boo's nat u rally ex -
tra-com pacted struc ture. Great ef forts should be paid to seek re li able pretreatments to en hance
the en zyme ac ces si bil ity to wards bam boo. In this work, high-tem per a ture heat ing and mi cro -
wave were adopted to pretreat the bam boo with the pur pose to en hance the en zy matic hy dro ly sis 
in subsequence.

Ma te ri als and meth ods

Ma te ri als

Bam boo pow ders were passed through a No. 80 mesh sieve and ex tracted by to lu ene
and eth a nol with a vol ume ra tio of 1:2 for 4~6 hours. Then the pow ders were washed by the dis -
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tilled wa ter and dried. Cellusoft 8000L was kindly pro vided by Novozymes and xylanase from
Streptomyces sp. FA1 was of fered by the State Key Lab o ra tory of Jiangnan Uni ver sity. All the
other chem i cals were of re agent grade and were pur chased from J&K Chem i cal Ltd., Shang hai.

Meth ods

High-tem per a ture heat ing and mi cro wave pretreatments

Erlenmeyer flasks con tain ing a to tal vol ume of 10 ml deionized wa ter and 0.15 g of
bam boo pow ders were placed in a high pres sure re ac tor at 120 °C for 30 minutes for high-tem -
per a ture heat ing. Mi cro wave treat ing was car ried out at 390 W for 23 minutes.

In flu ence of pre treat ment on en zy matic hy dro ly sis of bam boo

Bam boo pow ders with dif fer ent pretreatments were sub jected to com bined cellulase
(cellusoft L) and xylanase hy dro ly sis as de scribed in our pre vi ous work [2], with a to tal re ac tion
vol ume of 25 ml, con sist ing 15 U of cellusoft 8000 L and 309 U of xylanase as well as 0.15 g of
bam boo pow ders at pH = 7, 50 °C for 12 hours. Re ac tion li quor was sam pled at spec i fied times
and cen tri fuged at 10,000 rpm for 10 minutes to ob tain the supernatant for sugar yield ing test ac -
cord ing to the mod i fied dinitrosalicylic method [3].

Pro tein ad sorp tion test 

Bam boo pow ders weighted 0.15g were placed in the Erlenmeyer flasks with 15 U of
cellusoft 8000 L and 309 U of xylanase prop erly di luted with dis tilled wa ter. The to tal re ac tion
vol ume was lim ited to 25 ml. The in cu ba tion was car ried out at 4 °C in the re frig er a tor. Re ac tion
liq uid was sam pled and the pro tein con tent was tested by a mod i fied Brad ford method [3].

X-ray diffractometry

Bam boo pow ders with and with out com bined pretreating of high-tem per a ture heat ing
and mi cro wave were col lected, cleaned, and dried for crystallinity test. The X-ray dif frac tion
pat terns was ob tained by us ing a D8 Super Speed Pow der X-ray Diffractometer (Bruker Axs
GmbH, Karsruhe, Ger many) with the fol low ing op er at ing con di tions: 6-40°, Cu, 40 kV, 40 mA,
0.02°, 4° per minute.

Re sults and dis cus sion

Ef fects of high-tem per a ture heat ing and
mi cro wave pretreatments on bam boo's
en zy matic hy dro ly sis 

Fig ure 1 showed the re duc ing sugar yield of
com bined cellulase and xylanase hy dro ly sis of
bam boo pow ders with and with out pretre-
atments. As shown in fig. 1, the change of op ti -
cal dis place ment (OD) value cor re sponded to
the vari a tion of re duc ing sugar yield. High est
OD value was ob tained from the bam boo pow -
ders pretreated in the com bi na tion of high-tem -
per a ture heat ing and mi cro wave af ter 4 hours
in cu ba tion by en zymes, in di cat ing the high est
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Fig ure 1. Re duc ing sugar yield of com bined
cellulase and xylanase hy dro ly sis with dif fer ent
pretreatments



yield could be achieved un der this treat ing con -
di tion. The re duc ing sugar yield from the bam -
boo pow ders pretreated by the com bined tech -
nol ogy was higher than the sum of yield treated
by ei ther tech nol ogy. The mech a nism of mi cro -
wave heat ing and high-tem per a ture heat ing in
the pres sure re ac tor is dif fer ent from each other. 
As pre sented in fig. 2, mi cro wave heat ing is
mainly caused by in ter nal heat gen er a tion due
to ab sorp tion of elec tri cal en ergy from the mi -
cro wave field. The cou pling in ter ac tion among
the po lar mol e cules in the re ac tion sys tem re -
sults in the mi cro wave heat ing of ma te ri als.
High-tem per a ture heat ing in the pres sure re ac -
tor can heat the sam ples by di rect or in di rect
heat source with an op po site heat gen er a tion
from mi cro wave. Tak ing the full ad van tages of
these two heat ing meth ods, bam boo struc ture
can be loos ened and thus be come more ac ces si -
ble to en zymes.

Char ac ter iza tion of bam boo pow ders with
dif fer ent pretreatments

Fig ure 3 showed the av er age amount of pro -
tein that ad sorbed on bam boo pow ders. It is ap -
par ent that with the time pro long ing, more pro tein
could be ad sorbed on the sur face of bam boo. Af -
ter 10 min utes in cu ba tion, bam boo pow ders
pretreated with com bined tech nol ogy showed a
higher pro tein ad sorp tion. It is known that the en -
zymes only take ef fects when their pro tein can
prop erly ad sorb on the bam boo sur face. The more
en zyme pro tein can be at tached on the sub strates,
the more ef fi cient ef fort en zyme can pro vide.
Such re sult in di cated that the com bined tech nol -
ogy helped to swell bam boo struc ture and break
the macromolecular chain of cel lu lose. There fore, 
more chem i cal bonds with the pos si bil ity to bind
en zymes were ex posed and more ac tive sites with
cat a lytic po ten tial were avail able for en zymes.
The X-ray diffractograms of bam boo pow ders
with dif fer ent pretreatments were pre sented in fig. 
4. The crystallinity of orig i nal bam boo pow ders
was 34%. The crystallinity of bam boo pow ders
reached 48% af ter treat ing by the com bined tech -
nol ogy of high-tem per a ture heat ing and mi cro -
wave. The in crease of crystallinity proved the re -
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Fig ure 2. Tem per a ture pro file of mi cro wave and 
high-tem per a ture heat ing in high pres sure
re ac tor (for color image see journal web-site)

Fig ure 3. Mon i tor ing of pro tein con tent (%) on
bam boo pow ders with dif fer ent pretreatments

Fig ure 4. The X-ray diffractograms of bam boo
pow ders with/with out pre treat ment



moval of hemicellulose, pec tin, waxes as well as other sub stances in amor phous re gion to some
con tent.

Con clu sions

The in flu ence of dif fer ent pretreatments on cellulase-xylanase hy dro ly sis of bam boo
was in ves ti gated. It is con cluded that the bam boo pow ders pretreated with a com bined tech nol -
ogy of high-tem per a ture heat ing and mi cro wave showed pos i tive ef fect to en hance en zy matic
hy dro ly sis in subsequence. The com bi na tion of dif fer ent heat ing meth ods can lead to a swol len
and loosen struc ture of bam boo, thus more ac tive sites with cat a lytic po ten tial were ex posed to
en zymes and fi nally ben e fit ted the en zyme per for mance. Mean while, the re moval of the sub -
stances in amor phous re gion can help to re duce the bur den of en zy matic hy dro ly sis of bam boo.
It is rec om mended that the com bined tech nol ogy of high-tem per a ture heat ing and mi cro wave is
the pre ferred method to pretreat bam boo for en zy matic hy dro ly sis.
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