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Abstract In this research, cotton fabrics were
selectively oxidized by periodate to produce aldehyde
groups at C, and C; positions. Their changes in
physico-chemical properties such as crystallinity,
surface morphology, tensile strength, iodine sorption
value and aldehyde group content were determined by
different analytic methods. It was concluded that the
periodate oxidization could decrease the crystallinity,
reduce the tensile strength and create a number of
aldehyde groups in cotton. Subsequently, the original
and periodate oxidized cotton fabrics were subjected
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to cellulase treatment for evaluating the influences of
oxidization on the enzymatic performance of cellu-
lase. The results indicated the conversion of alcohol to
aldehyde groups promoted the binding of cellulase to
cotton substrates. Meanwhile, it was found that the
higher periodate oxidization led to greater hydrolysis
of cotton because of the higher adsorption ability of
cellulase and larger amorphous areas in cotton after
periodate oxidization.
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Introduction

Cotton contains cellulose of high molecular weight
together with some natural non-cellulosic substances
(Lin et al. 2008; Rajendran and Sivalingam 2013).
Cotton fiber is the most important textile fiber because
it is naturally abundant, biodegradable, comfortable,
stable to chemicals and safe to living bodies (Fu and
Lu2013; Haoetal. 2012a, b). In recent years, cellulase
enzymes have been widely utilized to produce special
finishing effects on cotton substrates such as stone-
washed or bio-polishing appearance (Hao et al. 2017;
Ibrahim et al. 2011). Further, the enzymatic saccha-
rification of cotton cellulose has been an accept-
able way of obtaining diverse cellulosic bio-chemicals
such as glucose and ethanol (Baratieri et al. 2008).
Generally, cellulase refers to a group of enzymes
including endo-glucanase (EC 3.2.1.4), exo-glucanase
(EC 3.2.1.74 and EC 3.2.1.91) and B-glucosidases (EC
3.2.1.21), which can synergistically degrade the 1,
4-beta-D-glycosidic linkages in cotton molecules with
the assistance of mechanical forces (Hao et al. 2014,
Ling et al. 2018; Xia et al. 2017).

When cellulase is used for hydrolyzing cotton,
various factors play important roles such as physical
properties and composition of the substrate, available
surface area, enzyme complex synergy, and physico-
chemical modifications to the substrate (Chang and
Holtzapple 2000; Garcia-Ubasart et al. 2013; Hao
et al. 2016; Hendriks and Zeeman 2009; Laureano-
Perez et al. 2005; Shaikh et al. 2011). Structural
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parameters of cotton including the degree of swelling,
orientation and crystallinity produce remarkable influ-
ences on its enzymatic hydrolysis (Zhang and Lynd
2004). Some physical or chemical pretreatments can
decrease or eliminate the natural recalcitrance of
cellulose towards cellulase attack, leading to higher
hydrolytic effect (Lu et al. 2016). The physical
pretreatment is usually focused on increasing surface
area of cellulosic materials. Mandels et al. (1974)
observed an increase of saccharification ability of
cellulase from Trichoderma viride on the cellulose
pretreated by ball milling. van Wyk (1997) found a
homogenization and ultrasonication pretreatment
could produce a 5-30% increase to the hydrolysis
rate of cellulase for different types of cellulose. Su
et al. (2017) recently disclosed that ultrasound treat-
ment led to the erosion of cellulose, thus increasing its
accessibility and resulting in a significant enhance-
ment in enzymatic hydrolysis. Szabo and Csiszar
(2017) investigated the effect of various factors such
as amplitude of sonication, duration of hydrolysis,
form of the substrates and their movement, and the
distance of fabric layers to the tip of horn on the
efficiency of the enzymatic hydrolysis of cellulose
with low frequency ultrasound. They found that low
frequency ultrasound had a much more pronounced
effect on the enzyme catalyzed hydrolysis of cotton
than the conventional agitating methods.

Chemical pretreatment was also utilized to change
interchain hydrogen bonding of cellulose for improv-
ing the enzymatic hydrolysis to it. Alkali pretreatment
of cellulose was proven to be a positive means of
increasing the hydrolysis rate because the alkali could
swell the cellulose to increase its susceptibility. Liquid
hot water pretreatment could effectively improve the
enzymatic hydrolysis of some cellulosic materials (Lu
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et al. 2016). However, some chemical pretreatments to
cotton might have negative impacts on the hydrolytic
properties of cellulase. Hao et al. (2012b) once
pretreated the cotton with a cationic agent to change
its surface electric properties before cellulase hydrol-
ysis. They revealed that the cationization pretreatment
obviously facilitated the binding efficiency of cellu-
lase protein but the hydrolytic activity towards this
pretreated cotton was reduced because of the move-
ment restriction and dysfunction of cellulase protein
by the cationization.

Chemical modification to cotton by oxidizing
agents is now a novel procedure to add its function-
ality. Oxidation reaction creates various functional
groups including aldehyde, ketone and carboxyl
groups depending on the nature of the oxidant and
specific oxidation conditions. Most oxidations pro-
ceed with low selectivity, but the oxidation of cotton
with periodate is a highly selective process. This
reaction cleaves the C,-C; bond of the glucopyra-
noside ring according to the mechanism of Malaprade
reaction and introduces two aldehyde groups at C-2
and C-3 positions resulting in a dialdehyde compound
(Vicini et al. 2004). Periodate oxidation can minimize
the degradation and largely retain the morphological
and mechanical properties of the starting cotton
materials. Shaikh et al. (2011) once developed
dialdehyde cellulose for enhancing enzymatic hydrol-
ysis of cellulose substrate by hydrolytic (cellulase)
enzymes. They found that the dialdehyde cellulose
could be hydrolyzed to a higher extent than the starting
cellulose at high levels of aldehyde content, which was
attributed to H-bonding of aldehyde with other
hydroxyls in cellulose as well as formation of hemi-
acetal like structures. Further, a series of dialdehyde
cellulose derivatives including dicarboxylate, dicar-
boxy and Schiff’s base were prepared by the authors
for proposing a strategy by chemical modification to
achieve a greater extent of hydrolysis of cellulose.

In this research, the cotton substrate was selectively
oxidized by sodium periodate and subsequently sub-
jected to enzymatic hydrolysis by cellulase. The
modification from oxidation would be evaluated by
the changes in the physico-chemical properties of
cotton using instrumental and chemical analytic
methods. The periodate oxidation would disrupt the
inner structure of cotton, thereby increasing the
accessibility of cellulase to it and thus enhancing the
enzymatic actions of cellulase. Apart from

investigating the influences of periodate oxidization
on enzymatic hydrolysis of cotton, the binding prop-
erties of cellulase to oxidized cotton would be
theoretically analyzed by Langmuir isotherm model.
It was observed that the binding capacity of cellulase
was improved with the increasing oxidation extent of
cotton. Thus, this method could potentially be used to
immobilize more cellulase protein on cotton substrate.

Experimental
Materials

Cotton knit fabrics (175 g/mz) after conventional
preparation were purchased from Sunvim Textile
Company of China. They were boiled in 98 °C hot
distilled water for 15 min prior to use for removing
any residuals. The cellulase enzyme (100 mg/ml
protein content, from Trichoderma reesei) was
obtained from Haiyi Chemicals Company of China
and used directly. Deionized water was employed
throughout the work. All other chemicals were
purchased as analytical reagent from Aladin Chemi-
cals Company and used without further purification.

Periodate oxidation of cotton fabrics

Cotton fabrics were subjected to the oxidation by
sodium periodate in the following method. The cotton
fabrics (5 g for each sample) were treated with two
NalO,4 charges (0.03 mol/l as a low dosage and
0.06 mol/l as a high dosage), respectively, for 6 h in
closed vessels at room temperature in the absence of
light. The liquor ratio was set at 1:50 and the vessels
were stirred gently at a speed of 60 r/min. After
completion of the oxidation, the cotton samples were
soaked into the 0.1 M glycerol solutions for 30 min to
remove unreacted oxidant and then rinsed using cold
distilled water to neutral condition. Finally, the
samples were dried in a regular dryer.

Enzymatic treatment of cotton fabrics

Enzymatic treatment of cotton fabrics was carried out
at55 °C and pH 5.0 in a dyeing machine with a 120r/m
rotation speed. The cotton substrates (2 g for each
sample) were soaked in cellulase solutions (100 ml)
with initial cellulase concentrations of 2.5-40 mg/g of
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cellulase to cotton. An aliquot of 5 mL was withdrawn
after defined time for measuring the residual cellulase
concentration using Bradford method. The sample was
centrifuged at 10,000 rpm for 5 min and the super-
natant was further filtered through a 0.25 pm syringe
filter to remove the impurities. The cotton samples
were washed thoroughly with water (3 x 20 ml,
60 °C for 10 min) and the amount of bound cellulase
was determined by subtracting the free protein from
the initial protein loaded in the solution. Finally, the
treated cotton fabrics were dried and conditioned at
20 °C under 65% relative humidity. The soluble
reducing sugars released after 30 min treatment were
determined according to the DNS method using
glucose for calibration (Miller 1959). All the exper-
iments were run in triplicate and the average data were
presented.

Determination of weight loss and strength
of cotton fabrics

Weight loss of oxidized cotton fabrics, as a result of
treatment, was evaluated by applying the direct
gravimetric method (Hao et al. 2014). The tensile
strength of all cotton fabrics was tested by using a
YMOG65A Tensile Testing Machine (Laizhou Elec-
tronics Corporation, China) with a strain rate of
200 mm/min. Samples pieces of 50 x 200 mm
dimensions were prepared and the distance between
the clamping grips was 100 mm. The final tensile
strength of the fabrics was reported as the mean value
of 20 measurements.

Determination of aldehyde content in cotton
fabrics

Titration method by hydroxylamine hydrochlo-
ride/sodium hydroxide was used to determine the
aldehyde content in cotton samples(Ding et al. 2017;
Zhao and Heindel 1991). The amino groups in
hydroxylamine hydrochloride can react with the
aldehyde groups in cotton, liberating an equimolar
amount of hydrogen chloride to aldehyde groups.
Thus, aldehyde content (mmol/g) can be accurately
quantified by titrating the amount of liberated hydro-
gen chloride using 0.1 M NaOH solution. Each test
was run in triplicate and the mean result was reported.
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Determination of iodine sorption value of cotton
fabrics

Iodine sorption value (ISV) of cotton samples was
determined by previously mentioned method (Pejic
et al. 2015; Siroka et al. 2008). In brief, a sample of
cotton (0.2 g) was immersed in 2 ml I,/KI solution for
5 min. After that, 100 ml of saturated sodium sulphate
was added and the specimen shaken for 1 h at 25 °C.
After that, the solution was filtered and the iodine
concentration of the sample and blank solution was
determined by titration using 0.02 M sodium
thiosulphate.

Assessment of cotton wettability

The wettability of cotton was determined by the water
drop absorbency according to the AATCC Test
Method 79-2000. A drop of deionized water was
dropped from a fixed height onto the smooth surface of
sample and meanwhile the time for the water drop to
be absorbed was recorded as the wetting time (s).

Fluorescence measurement

Intrinsic fluorescence spectra of cellulase were plotted
using a Cary Eclipse fluorescence spectrophotometer
with quartz cuvette under an excitation wavelength of
280 nm. Emission spectra were rectified using buffer
solution as a blank before sample testing. All the
measurements were subsequently carried out within
the range from 300 to 550 nm under a constant
600 nm/min scanning speed at 25 °C.

FTIR, XRD and SEM analysis

FTIR spectra of cotton fabrics were recorded using a
Nicolet Spectrometer with a universal ATR sampling
accessory. All samples were investigated from 4000 to
400 cm™' with an accumulation of 40 scans and
resolution of 4 cm™'. For X-ray diffraction (XRD)
analysis, the cotton samples were ground into fine
powder and then tested from 5 to 40° diffraction angle
at 2° min~' scan rate on an X-ray powder diffrac-
tometer. The crystallinity index (Crl) was calculated
according to the ratio of the area from the crystalline
phase to total area after a deconvolution process using
PeakFit Software. The morphology of cotton fabrics
was evaluated by a field-emission scanning electron
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microscope (JEOL JSM-5300) operated at the 15 kV
accelerating voltage.

Results and discussion

Physicochemical properties of periodate oxidized
cotton

During the periodate oxidization process, the glu-
copyranose rings in cotton are selectively cleaved at
vicinal C-2 and C-3 positions and the attached
secondary diol moieties are turned into aldehyde
groups (Guigo et al. 2014). Mid-infrared spectra can
be used to detect the changes in the cotton after
oxidation. Figure 1 shows the FT-IR spectra of
original and oxidized cotton. For all samples, the
broad peaks around 3300 cm™' and 2900 cm™ ' are
assigned to O—H and C—H stretching, respectively. For
the oxidized cotton, a new characteristic band appears
at around 1730 cm ™" due to the stretching vibration of
the C=0 bonds in the aldehyde groups newly gener-
ated (Fan et al. 2001). Usually, the identification of the
aldehyde groups in cotton is difficult because they can
present in hydrated forms or as hemiacetal which do
not show a classical peak of the aldehyde (Vicini et al.
2004). Other characteristic bands at 1429 cm™' (CH,
scissoring motion), 1372 cm~' (C-H bending) and
1163 cm™' (C-O-C bond vibration) don’t show
apparent changes after the periodate oxidation (Lin
et al. 2008). The absorption band at 890 cm™'
indicates the presence of hemiacetal C—O-C bridges

Transmittance(a.u.)

Original
Low dosage periodate oxidized
——High dosage periodate oxidized

- L] - L) L L) - L] - L) - L]
4000 3500 3000 2500 2000 1500 1000
Wavenumber(cm'1)

Fig. 1 The FTIR spectra of different cotton samples

in cotton samples. A small 890 cm ™' peak is inher-
ently present in the spectrum of original cotton
because intramolecular hemiacetal groups are also
present in its molecular backbone (Zhang et al. 2017).

XRD analysis is widely employed for evaluating
the crystallinity of cotton substrate (French and
Santiago Cintrén 2013; Langan et al. 2001; Nishiyama
et al. 2012; Sugiyama et al. 1991; Wada et al. 1997,
Yue et al. 2012). The XRD spectra of original and
periodate oxidized cotton are presented in Fig. 2 to
demonstrate the changes in crystalline structure after
periodate oxidation. The diffractograms show that no
new crystalline lattice type is developed after oxida-
tion. By using the XRD deconvolution method, the
crystallinity index (Crl) is calculated to be 59.3%,
57.0% and 52.6% for original, low and high dosage
periodate oxidized samples, respectively. This defi-
nitely reveals the periodate oxidation can slightly
decrease the crystallinity of cotton. The loss in
crystallinity is because the periodate oxidation can
disrupt of the order structure of cotton. Many previous
studies have also shown the periodate oxidation results
in a continuous decrease in crystallinity of cellulose
(Kim et al. 2000; Siller et al. 2015; Rowland and
Cousins 1966; Varma and Chavan 1995). However,
some researchers have reported a slight increase in
crystallinity after periodate oxidation due to partial
dissolution of the oxidized fraction (Xu and Huang
2011). In addition, some authors have concluded that
the crystallinity and ultrastructure of cellulose are kept
intact because the oxidation is only performed at the

— Original
—Low dosage periodate oxidized
—High dosage periodate oxidized

Intensity,a.u.

5 10 15 20 25 30 35 40
26,deg

Fig. 2 The XRD patterns of different cotton samples
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cellulose surface, leaving the core unaffected (Guigo
et al. 2014).

SEM micrographs of original and oxidized cotton
samples are shown in Fig. 3. The typical appearance
with rifts, twists and wrinkles can be observed on the
original cotton. No obvious difference is shown for
low dosage periodate oxidized one. Upon oxidation
with higher dosage of NalOy, the rift patterns on the
fabric are clearly changed and even occasional breaks
are generated, signifying the surface oxidative dam-
age. This means the periodate oxidation can break the
glycoside bonds to result in degradation and fracture
of cotton framework (Liu et al. 2012).

Other properties of cotton such as the iodine
sorption value (ISV), tensile strength, aldehyde con-
tent and hydrophilicity are displayed in Fig. 4. The
ISV of cotton can disclose the accessibility of cotton
amorphous region to aqueous solutions. As shown in
Fig. 4a, the average ISV is 67.0 mg/g, 94.1 mg/g and
109.3 mg/g for original, low and high dosage perio-
date treated cotton, respectively. The higher ISV value
of cotton after oxidation in comparison to the starting
one suggests that there is a structural change in favor
of increasing the amorphous area (Fakin et al. 2006;
Pejic et al. 2015).

Periodate oxidation involves a depolymerisation
process of cotton and brings about its destruction. As
also shown in Fig. 4a, the periodate oxidation results
in rapid strength loss of cotton. This is mainly
attributed to the combined effect of molecular scission
due to non-Malaprade side reactions and the formation
of hemi-acetal crosslinks between aldehyde and
alcohol groups. Chains scission has once been con-
sidered as the single cause of strength loss. However,
the formation of crosslinks between molecular chains

15kV. /7 x2,500 10pm 15kV

x2,500 10u , 15kV

will restrict their free movement relative to one
another and inevitably reduce the number that can be
extended simultaneously. Consequently, molecular
chains in the cotton that would have broken simulta-
neously will break successively in the oxidized ones to
decrease their tensile strength (Nevell and Zeronian
1962).

As shown in Fig. 4b, the aldehyde content is
54.1 umol/g, 113.3 pmol/g and 187.4 pmol/g for
original, low and high dosage periodate treated cotton,
respectively. Higher concentration of periodate cre-
ates more aldehyde groups in the cotton. However, the
obtained results are significantly lower than that in
periodate oxidized viscose samples (1284.0 pmol/g)
probably because of higher accessibility of viscose
fibers to the oxidizing agent (Nikolic et al. 2014). For
the wettability shown in Fig. 4b, it is observed that the
water absorbency time is increased from 1.6 s for
original cotton to 7.5 s and 18.1 s for low and high
dosage periodate oxidized cotton, respectively. This
indicates the conversion of hydroxyl to aldehyde
groups will reduce the hydrophilicity of cotton sub-
strate because of weaker water combination ability of
aldehyde groups than the hydroxyl groups.

The enzymatic actions of cellulase on periodate
oxidized cotton

The binding ability of cellulase

The effective binding of cellulase on cotton surface to
form an enzyme—substrate complex is a key step for

enzymatic attack (Wang et al. 2018). Cellulase
molecules have intrinsic fluorescence in the aqueous

r

x2,500 10um

Fig. 3 The SEM micrographs of a original, b low dosage periodate oxidized and ¢ high dosage periodate oxidized cotton samples
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solution, which can be used to trace their transfer from
solution onto the cotton. The emission spectra of
cellulase before and after cotton immersion are
presented in Fig. 5. It is noticed that the cellulase in
solution shows a high emission peak at about 358 nm.
After the cotton immersion, the position of emission
peaks do not shift but a significant decrease of
fluorescence intensity occurs. This means some cellu-
lase molecules are spontaneously bound by cotton due
to the existing attractive forces such as electrostatic
forces, van der Waals forces and hydrophobic inter-
actions between them. Cellulose-binding domains
(CBDs) in the cellulase structure also play an impor-
tant role in its binding to cellulose substrates. Appar-
ently, higher periodate dosage results in higher
binding of cellulase. This indicates the conversion of

@ Cellulase solution
250 @ Dby original cotton
by low dosage periodate oxidized cotton
@ by high dosage periodate oxidized cotton
200 -
-
3
£ 150 \
>
=
g
£ 100 -
-
£
50
0 -

T T T T T T T T T
300 350 400 450 500
Wavelength (nm)

Fig. 5 The fluorescence of cellulase solution (200 mg/L)
before and after the immersion of different cotton

oxidized oxidized  oxidized
alcohol to aldehyde groups facilitates the mutual
interactions between them. The aldehyde groups
newly created in the oxidized cotton can react with
amino groups in cellulase protein to form Schiff’s base
(schematically illustrated in Fig. 6). Due to the large
number of amino groups distributed in the cellulase
protein, there is a possibility for the multipoint bonds
between the oxidized cotton and cellulase (Nikolic
et al. 2017). Although periodate ion is capable of
entering the cotton to oxidize inside glucose unit, the
cellulase protein molecules are too huge to access the
interior aldehyde groups and thus the main attachment
occurs only on the surface of oxidized cotton.

The adsorption isotherm expresses the specific
relation between the free cellulase and its degree of
accumulation on cotton surface at a constant temper-
ature. Figure 7 presents the adsorption isotherms of
cellulase on different cotton fabrics at 25 °C. Lang-
muir model has been widely employed for analyzing
the adsorption data of cellulase on cellulosic substrates
because it provides a good fit in most cases and
represents a simple model to reflect the interactions
between them (Peitersen et al. 1977). The Langmuir
model suggests the uptake of cellulase on the cotton
surface by a monolayer occupation and its linear form
is as follows (Hao et al. 2012b; Li et al. 2012):

C_Co 1
qmaka

qe B Qmax

where (. represents the theoretical maximum bind-
ing capacity of per unit weight of cotton substrate and
Ky characterizes the affinity of cellulase to cotton,
respectively.
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Fig. 7 The adsorption isotherms of cellulase on different cotton
fabrics in the initial cellulase concentration range 50-800 mg/L
at 25 °C

By plotting C./q. against C,, the results of Lang-
muir parameters are determined and listed in Table 1.
In the range of tested concentrations, the high data

Table 1 Langmuir fitting parameters of cellulase on cotton
fabrics in the initial cellulase concentration range 50-800 mg/
L

Samples Langmuir parameters
Qmax (mg/g) KL(L/mg)
Original 10.31 £ 0.5 0.018 £ 0.0009

Low dosage periodate 10.92 £ 0.3  0.020 £ 0.0008

oxidized

High dosage periodate 11.93 £ 0.8 0.024 + 0.0015

oxidized

@ Springer

Cellulase Binding of cellulase

conformity to the Langmuir model suggests the
binding of cellulase to cotton takes place in a
monolayer manner. The mean binding capacity
reaches 10.31 mg/g, 10.92 mg/g and 11.93 mg/g for
original, low dosage and high dosage periodate
oxidized cotton, respectively, meaning the conversion
of alcohol to aldehyde groups promotes the binding of
cellulase to cotton substrates.

The hydrolytic properties of cellulase

Once the cellulase is bound by cotton substrates, the
water molecules are rapidly transferred to their active
sites and the chemical reaction between water and
cellulose is catalyzed immediately. Commonly, the
extent of enzymatic hydrolysis largely depends on the
nature of cotton substrate present in the solution. The
experimental results of enzymatic hydrolysis to
different cotton fabrics are shown in Fig. 8a, where
it is observed that the total reducing sugar increases
with the increasing initial cellulase concentrations.
This means the enzymatic degree is determined by the
concentrations of the complex formed by cellulase and
cotton. It is also found that the higher periodate
oxidization generates greater hydrolysis of cotton.
This result is in accordance with the cellulase binding
data, meaning more cellulase on cotton can lead to
greater hydrolysis. Moreover, the periodate oxidiza-
tion creates more amorphous area in cotton structure,
which will lead to an increased number of available
hydrolytic sites for cellulase. As shown in Fig. 8b, the
hydrolytic degree of cotton fabrics can also be testified
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Fig. 8 a the amounts of reducing sugar from different cotton
fabrics and b the weight loss of different cotton fabrics at various
cellulase concentrations after 60 min treatment

by measuring their weight loss during the cellulase
treatment. The aggressive attacks of cellulase to the
surface and accessible amorphous areas of the cotton
will remove the microfibrils from the surface and yield
short-chain oligomers, resulting measurable weight
loss. Accordingly, higher periodate oxidization leads
to higher weight loss because of the same reason as
reducing sugar analysis.

Conclusions

The cotton fabrics were selectively oxidized by
periodate to produce aldehyde groups in them. FTIR
analysis indicated a new characteristic band appeared
at around 1730 cm ™" due to the stretching vibration of
the C=0 bonds in the aldehyde groups. XRD analysis
definitely demonstrated the oxidation slightly

decreased the crystallinity of cotton because the
periodate oxidation could disrupt the order structure
of cotton sample. SEM micrographs showed the high
dosage periodate oxidization resulted in some surface
oxidative damage. Moreover, the periodate oxidiza-
tion could generate obvious changes in other physico-
chemical properties such as tensile strength, wettabil-
ity and ISV. The aldehyde content was increased from
54.1 umol/g for original to 113.3 pmol/g and
187.4 pmol/g for low and high dosage periodate
oxidized cotton, respectively. The conversion of
alcohol to aldehyde groups resulted in obvious
decrease in cotton wettability in terms of the water
absorption time. Subsequently, the original and peri-
odate oxidized cotton fabrics were subjected to
cellulase treatment. It was determined by Langmuir
adsorption model that higher periodate oxidation
resulted in higher binding of cellulase to cotton bulk
because the aldehyde groups newly created in the
oxidized cotton could react with amino groups in
cellulase to form Schiff’s base. Finally, it was found
the enhanced binding of cellulase and enlarged
amorphous area in cotton structure as available
hydrolytic sites led to greater hydrolysis of cotton.
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