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Abstract Two cotton cultivars TX19 and TX55

(Gossypium hirsutum L. cv.) were planted in the

greenhouse and fibers were harvested at different

stages of development. The percentage of sugars

present on the fibers was determined by High

Performance Liquid Chromatography and the cellu-

lose content was determined using the anthrone

method. The percentage of sugars (sucrose, glucose,

fructose, and galacturonic acid) showed statistically

significant changes during fiber development. The

decrease in the percentages of these sugars as the

secondary cell wall develops was associated with an

increase in the cellulose content. It is important to

point out that these analyses were done on intact

fibers, no cell wall extractions and purifications were

performed.
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Introduction

Cotton fiber is composed of 95% cellulose (1–4

linked b-D-glucose). Several overlapping develop-

mental phases lead to the formation of mature cotton

fibers: initiation, elongation, secondary cell wall

deposition, and finally maturation (Seagull et al.

2000; Jasdanwala et al. 1977; Kim and Triplett 2001;

Wang et al. 2009). The day of flowering is referred to

as anthesis and the term ‘‘days post-anthesis’’ (dpa) is

often used to describe the cotton fiber development.

Fiber initiation, which commences at 0 dpa, signals

the onset of fiber morphogenesis. Fiber growth is

characterized by the synthesis of the primary cell wall

and an increase in fiber length up to *30 mm within

3 weeks after anthesis. The stage of secondary cell

wall development commences in general around 21

dpa and continues for a period of *3 to 6 weeks

post-anthesis. This phase is marked by a massive

deposition of a thick cellulosic wall (Wilkins and

Jernstedt 1999). The transition period between 16 and

21 dpa is considered to represent a developmental

switch in emphasis from primary to secondary cell

synthesis during cotton fiber development. Cotton

fiber secondary cell wall is almost pure cellulose

(Haigler et al. 2005). While the primary cell walls of

fibers have been reported to contain between 35 and

50% cellulose, the remaining portion is composed of

different polysaccharides (Huwyler et al. 1979;

Tokumoto et al. 2002). Several studies have been

conducted to determine the composition of the
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polysaccharides matrix in developing cotton fibers

(Meinert and Delmer 1977; Huwyler et al. 1979;

Tokumoto et al. 2002; Maltby et al. 1979; Timpa and

Triplett 1993). The results showed that acidic poly-

mers (galacturonans), b-glucans (b-1,3-glucans), and

xyloglucans showed significant quantitative changes

during cotton fiber development. These experiments

were performed on extracted polysaccharides matrix

from cell wall through a series of fractionation.

Timpa and Triplett (1993) reported on the analysis

of cell-wall polymers during cotton fiber develop-

ment (Gossypium hirsutum L.). Using Gel Permeation

Chromatography, cell-wall polymers from cotton

fibers at different developmental stages were ana-

lyzed. The authors showed that at the primary cell

wall development stage, cell wall polymers had on

average lower molecular weights than those from

fibers at the secondary cell wall development stage.

However, cellulose macromolecules with high

molecular weight, that are characteristic of mature

cotton, were detected as early as 8 dpa (days post

anthesis). In another study, purified cell walls

prepared from cotton fibers (Gossypium arboreum L.)

at different growth stages, were subjected to succes-

sive extractions to establish pectic, hemicellulosic,

and cellulose fractions (Huwyler et al. 1979). The

results showed that the absolute amounts of fucose,

galactose, manose, rahmnose, arabinose, uronic acid,

and non-cellulosic glucose residues all reached a

maximum at the end of the primary cell wall

formation or at the beginning of the secondary wall

formation (Huwyler et al. 1979).

It has been suggested that, although some synthe-

sis of cellulose was possible from supplied UDP-Glc

(uridine diphosphate-glucose) in vitro, cellulose syn-

thesis occurs more effectively if sucrose, rather than

UDP-Glc, was the supplied substrate (Delmer 1999).

During the growth, sucrose is transformed by

enzymes into glucose and fructose. Then enzymes

convert fructose to glucose and polymerization

reactions between glucose units lead to the formation

of cellulose macromolecules.

In previous research, we reported on the study of

fiber development using Fourier Transform Infrared

spectroscopy (FTIR) and Thermogravimetric Analy-

sis (TGA) (Abidi et al. 2008, 2009). Our results

indicated that these 2 analytical techniques could

provide useful information related to structural

changes that occur during cotton fiber development.

Specifically, it was possible to determine precisely

the transition phase between primary cell wall

synthesis and secondary cell wall synthesis. It is

important to point out that all FTIR measurements

and TGA tests were performed on intact cotton fibers

at different stages of development. No extractions of

cell wall components were performed. Studying fiber

development using intact fibers present two major

advantages: (1) time consuming cell wall multiple

extractions and purifications are avoided, and (2) the

integrity of the cell wall structure is preserved

allowing to study its composition and variability by

means of FTIR imaging techniques for example.

In this paper, we report on the changes in the sugar

composition of cotton fibers as determined by High

Performance Liquid Chromatography, and the cellu-

lose content as determined by the anthrone method

during the secondary cell wall biogenesis.

Materials and methods

Cotton fibers

For this study, 2 replications (10 plants each) of two

cotton cultivars (Gossypium hirsutum L. cv. TX19

and TX55) were planted in a greenhouse with day/

night cycles varying from 13/11 to 11/13 h and day/

night temperatures of about 31 �C/24 �C. Plants were

grown in 20 L (5 gallons) pots of Sungrow SB 300

potting mix that had been amended with Peters 15-9-

12 slow release fertilizer prior to potting. Plants were

watered as needed. On the day of flowering (0 dpa),

individual flowers were tagged, and 14 developing

bolls per cultivar and per replication were harvested

at 10, 14, 17, 18, 19, 20, 21, 24, 27, 30, 36, 46, and

56 dpa. The pericarp was immediately removed

(excised with scalpel) and isolated ovules were

transferred to cryogenic vials and stored in a Cryo-

biological Storage System filled with liquid nitrogen

until analyses were performed. Each replication was

tested independently.

High performance liquid chromatography (HPLC)

Sample preparation for HPLC analysis was done as

followed: for fibers from TX55 cultivar from 10 to

21 dpa and for fibers from TX19 cultivar from 10 dpa

to 17 dpa, fibers were separated from the seed and
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dried in a Petri dish for 2 days at 40 �C. Then they

were weighed and placed in glass vials (8 mL).

About 4 mL of HPLC water (18.2 megohm water)

were added in the vials and the solutions were

homogenized using Homogenizer Pro200 with 7 mm

generator at 12000–17000 rpm (PRO Scientific, CT).

The solutions were transferred to a 25 mL volumetric

flask and the volume was adjusted with HPLC water.

A sample of the aqueous solution was taken from the

flask with a 10 cm3 syringe on which a 0.2 micron

filter (nylon membrane-polypropylene housing)

(National Scientific, Scottsdale, AZ) was attached.

A 1.5 mL filtered sample was deposited into a

1.5 mL autosampler vial (C4013-15A, National Sci-

entific). Sugars were separated on the columns

(CarboPac PA1 Anion exchange Guard column and

two CarboPac PA1 Anion exchange Analytical

Columns [Dionex Corporation, Sunnyvale, CA]) in

series with a Gradient Eluent system: Eluent 1:

200 mM NaOH and Eluent 2: 500 mM Sodium

Acetate (C3H3Na2 3H2O) and 200 mM NaOH. The

following sugars commonly found in the plant cell

wall were analyzed by HPLC: glucose, sucrose,

fructose, fucose, rhamnose, arabinose, galactose,

xylose, mannose, galacturonic acid, glucuronic acid

(Tokumoto et al. 2002; Huwyler et al. 1979).

For fiber samples from TX55 cultivar (24 to 30

dpa) and for fibers from TX 19 cultivar (18 to 30

dpa), fibers were separated from the seed and dried in

a Petri dish for 2 days at 40 �C. Then, they were

grinded in a Wiley Mill to pass 20 mesh, placed into a

plastic bag and 25 mL of HPLC water were added.

The plastic bag was placed in the stomacher for

homogenization. A sample of the aqueous solution

was taken from the bag with a 10 cm3 syringe on

which a 0.2 micron filter (nylon membrane-polypro-

pylene housing) was attached and the HPLC tests

were performed as indicated above. For fiber samples

from TX 55 cultivar (36 to 56 dpa) and for fibers

from TX19 cultivar (36 dpa to 56 dpa), fibers were

ginned and dried at 40 �C for 2 days. Then, the same

procedure was repeated as with samples from 24 to

30 dpa.

Sample dehydration for cellulose content

determination

An established dehydration procedure for frozen

samples was carried out as previously described

(Abidi et al. 2008; Muller and Jacks 1975; Rajasek-

aran et al. 2006). The dehydration procedure con-

sisted of washing the hydrated sample (previously

rinsed with water) with acidified 2,2-dimethoxypro-

pane (one drop of HCl in 50 mL of 2,2-dimethoxy-

propane), followed by five exchanges for 15 min

each in 100% acetone. In a slightly acidic solution,

2,2-dimethoxypropane is instantly hydrolyzed by

water to form methanol and acetone (Muller and

Jacks 1975).

Cellulose content determination

Cellulose content of developing cotton fibers was

determined using the anthrone method (Viles and

Silverman 1949). The anthrone, a tricyclic hydrocar-

bon (C14H10O), is generally used for cellulose assay

and colorimetric determination of carbohydrates.

This method consisted of adding anthrone solution

(0.05 to 0.20%) in concentrated sulfuric acid to an

aqueous solution of cotton fibers (previously digested

by sulfuric acid). The absorbance of the green color

of the solution is measured using a UV–Vis spectro-

photometer LAMDA650 (PerkinElmer, USA) at

625 nm and it is proportional to the cellulose content

of the sample. Microcrystalline cellulose (Avicel)

was used as a standard for the calibration.

Results and discussion

It is generally accepted that sucrose, the major

translocated sugar via the phloem tissues is the main

source of carbon supplied to the fibers (Tarczynski

et al. 1992; Delmer 1999). During the growth and

development of cotton fibers, sucrose is converted by

enzymes to glucose and fructose. Then, fructose is

converted by enzymes to glucose. This is followed by

polymerization reactions of glucose units to form

cellulose macromolecules. Consequently, all the

intermediate compounds produced during the bio-

synthesis of cellulose from sucrose may be found on

cotton fibers or within the lumen.

The evolution of the percentage of sucrose as

function of dpa for both cultivars is exhibited in

Fig. 1. The percentage of sucrose is much lower than

the percentage of glucose and fructose. There is a

statistically significant effect of the developmental

stage but no effect of cultivars on the percentage of
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sucrose nor there is interaction cultivar*dpa

(Table 1).

Figure 2 shows the evolution of the percentage of

glucose as a function of developmental stages (dpa)

for both TX19 and TX55 cultivars. The statistical

analysis (analysis of variance) shows significant

effects of both cultivars and developmental stage on

the percentage of glucose (Table 2). For fibers from

TX19 cultivar, the percentage of glucose at 10 dpa is

27.3% (expressed on the weight of the fiber). This

percentage decreases as the fiber develops and at 36

dpa it is around 1.2%. For fibers from TX55 cultivar,

the percentage of glucose is much higher at 10 dpa

(39.1%) and starts decreasing beginning at 21 dpa.

Statistically significant interaction cultivar * dpa is

observed. Overall, between 10 dpa and 36 dpa the

percentage of glucose in fibers from TX19 cultivar is

lower than in fibers from TX55 cultivar.

Figure 3 shows the evolution of the percentage of

fructose as a function of the developmental stage for

both cultivars. A gradual decrease is observed for

both cultivars between 10 dpa and 36 dpa. There is

statistically significant effects of both cultivar and the

development stage on the fructose content but no

statistically significant interactions cultivar*dpa

(Table 3).

Figure 4 and Table 4 show the evolution of the

percent of galacturonic acid for both cultivars. During

the early stage of development (between 10 dpa and

18 dpa), fibers from TX19 and TX55 cultivars

exhibited significant differences. Fibers from TX19

cultivar exhibited higher percentages of galacturonic

acid than fibers from TX55 cultivar at 10, 14, and 17

dpa. This percentage decreased beginning at 20 dpa

and leveled of at 0% at 36 dpa.

Fig. 1 Evolution of the percentage of sucrose as function of

developmental stage (the percentage is expressed in percent of

the weight of the fiber)

Table 1 Variance analysis: effect of developmental stage

(days post-anthesis) and cultivars on the percentage of sucrose

(expressed in percent of the weight of the fiber)

Parameter df F Probability % Sucrosea

Intercept 1 551.0 0.000001

Cultivar 1 1.9 0.181953

dpa 12 12.9 0.000001

10 3.2 a

14 2.7 a

17 2.8 ab

18 2.8 ab

19 2.8 ab

20 2.8 ab

21 2.3 abc

24 1.7 cd

27 1.4 cd

30 1.3 cd

36 0.9 de

46 0.5 de

56 0.1 e

Cultivar*dpa 12 1.0 0.465392

Error 26

df, degrees of freedom; F, variance ratio, aValues not followed

by the same letter are significantly different with a = 5%

(according to Newman-Keuls tests)

Fig. 2 Evolution of the percentage of glucose as function of

developmental stage (the percentage is expressed in percent of

the weight of the fiber)
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Fucose, arabinose, galactose, mannose, and xylose

were detected only as traces, while less than 0.3% of

rhamnnose and glucuronic acid were detected.

Cellulose content was measured using the

anthrone method. Microcrystalline cellulose (Avicel)

was used as a standard for calibration of the UV–Vis

Table 2 Variance analysis: effect of developmental stage

(days post-anthesis) and cultivars on the percentage of glucose

(expressed in percent of the weight of the fiber)

Parameter df F Probability % Glucosea

TX19 TX55

Intercept 1 714.3 0.000001

Cultivar 1 82.5 0.000001

dpa 12 30.8 0.000001

10 27.3 bcd 39.1 ab

14 27.9 bcd 36.5 ab

17 21.5 cde 45.0 a

18 18.3 cdef 45.0 a

19 15.2 def 40.1 ab

20 14.1 def 38.4 ab

21 11.4 ef 31.5 abc

24 7.5 ef 17.0 cdef

27 5.1 ef 7.2 ef

30 3.1 f 8.0 ef

36 1.2 f 3.0 f

46 1.9 f 2.2 f

56 0.1 f 0.4 f

Cultivar*dpa 12 4.5 0.000649

Error 26

df, degrees of freedom; F, variance ratio, aValues not followed

by the same letter are significantly different with a = 5%

(according to Newman-Keuls tests)

Fig. 3 Evolution of the percentage of fructose as function of

developmental stage (the percentage is expressed in percent of

the weight of the fiber)

Table 3 Variance analysis: effect of developmental stage

(days post-anthesis) and on the percentage of fructose

(expressed in percent of the weight of the fiber)

Parameter df F Probability % Fructosea

Intercept 1 1127.1 0.000001

Cultivar 1 34.7 0.000003

dpa 12 48.9 0.000001

10 30.3 a

14 27.6 a

17 21.3 b

18 20.8 b

19 20.5 b

20 19.5 b

21 14.1 c

24 9.7 d

27 6.3 de

30 5.3 de

36 1.5 e

46 1.4 e

56 0.3 e

Cultivar*dpa 12 1.8 0.104889

Error 26

df, degrees of freedom; F, variance ratio, aValues not followed

by the same letter are significantly different with a = 5%

(according to Newman-Keuls tests)

Fig. 4 Evolution of the percentage of galacturonic acid as

function of developmental stage (the percentage is expressed in

percent of the weight of the fiber)
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spectrophotometer. Figure 5 shows the evolution of

the cellulose content as a function of dpa for both

cultivars. The statistical analysis shows significant

effects of both cultivar and developmental stage on

the cellulose content (Table 5). There is also statis-

tically significant interaction cultivar*dpa. For fibers

from TX 19 cultivar, the cellulose content is around

10.3% at 10 dpa. There is no statistically significant

change in the cellulose content between 10 dpa and

14 dpa. However, at 17 dpa the cellulose content

jumps to 33.9% and then to 56.9% at 18 dpa. This

drastic increase in the amount of cellulose is attrib-

uted to the initiation of the secondary cell wall

synthesis around 17 dpa. The fast cellulose rate

synthesis occurs between 14 dpa and 24 dpa. During

this period, the cellulose content increases from 10.7

to 80.4%. Significant but slow increase of cellulose

content is observed beyond 24 dpa. The final amount

of cellulose in fibers from TX19 is 95.0%. These

results are in agreement with previous results

(Tokumoto et al. 2002). The authors reported that

the amount of cellulose increased continuously

during fiber development, and that the increase was

very important at the end of the fiber elongation

phase (beginning of the thickening stage).

For fibers from TX55 cultivar, there is no signif-

icant change of cellulose content between 10 dpa and

20 dpa. The average cellulose content is 9.1%. The

cellulose content jumps to 34.1% at 21 dpa and to

68.3% at 24 dpa. Between 27 dpa and 56 dpa, there is

no statistically significant difference in the cellulose

content. The final amount of cellulose in fibers from

TX55 at 56 dpa is around 88.4%.

The comparison of the cellulose content of fibers

from TX19 and TX55 shows that the cellulose

synthesis in fibers from TX19 starts as early as 18

dpa. However, in fibers from TX55 cultivar, the

cellulose synthesis starts at 24 dpa. There is 6 days

difference in the cellulose synthesis and, therefore, in

the secondary cell wall initiation. This result is

extremely important because a few days difference in

the initiation of the secondary cell wall synthesis

could have a large impact on fiber maturity at the end

of the growing season. Indeed, at the end of

maturation phase (56 dpa) cellulose content of fibers

from TX19 is 95.0% while it is only 88.4% in fibers

from TX55 cultivar. It is important to point out that

fiber maturity is a major yield component and an

important fiber quality trait that is directly linked to

the quantity of cellulose during the secondary cell

wall synthesis. Low maturity fibers tend to be weak

and to break during processing (ginning, opening,

Table 4 Variance analysis: effect of developmental stage

(days post-anthesis) and cultivars on the percentage of

galacturonic acid (expressed in percent of the weight of the

fiber)

Parameter df F Probability % Galacturonic

acida

Intercept 1 73.4 0.000001

Cultivar 1 5.3 0.029838

dpa 12 5.3 0.000181

10 3.5 a

14 2.6 ab

17 2.8 a

18 1.9 abc

19 1.9 abc

20 1.5 abc

21 1.1 abc

24 0.3 bc

27 0.2 bc

30 0.2 bc

36 0.1 c

46 0.0 bc

56 0.0 bc

Cultivar*dpa 12 1.5 0.172426

Error 26

df, degrees of freedom; F, variance ratio, aValues not followed

by the same letter are significantly different with a = 5%

(according to Newman-Keuls tests)

Fig. 5 Evolution of the cellulose content as function of

developmental stage (dpa)

158 Cellulose (2010) 17:153–160

123



carding, weaving). This results in poor yarn quality

and ultimately leads to poor quality fabrics with

lower dye affinity (appearance of white specks).

It is important to stress that although the percent-

ages of sucrose, glucose, and fructose are lower in

fibers from TX19 cultivar compared to fibers from

TX55 cultivar at every developmental stages, the

cellulose content in these fibers is higher compared to

fibers from TX55 cultivar. This leads us to hypoth-

esize that the enzymatic activities (biosynthesis of

cellulose from sucrose) is more elevated in fibers

from TX19 cultivar than in fibers from TX55 cultivar.

This hypothesis needs to be confirmed.

Conclusion

High Performance Liquid Chromatography analysis

of sugars content on fibers harvested at different

stages of development shows statistically significant

changes of the percentages of sucrose, glucose,

fructose, and galacturonic acid. The percentages of

these sugars decrease as the secondary cell wall

develops. These sugars are essential for cellulose

synthesis allowing the formation of the secondary cell

wall. Indeed, the amount of cellulose content deter-

mined by the anthrone method increases as the fiber

develops. All these analyses were performed on intact

fibers. No cell wall extractions and purifications were

performed.

Acknowledgments The authors would like to thank the

Texas Department of Agriculture, Food and Fibers Research

Grant Program for providing the financial support for this

project.

References

Abidi N, Hequet E, Cabrales L, Gannaway J, Wilkins T, Wells

LW (2008) Evaluating cell wall structure and composition

of developing cotton fibers using Fourier transform

infrared spectroscopy and thermogravimetric analysis.

J Appl Polym Sci 107:476–486

Abidi N, Cabrales L, E. Hequet (2009) Fourier transform

infrared spectroscopic approach to the study of the sec-

ondary cell wall development in cotton fiber. Cellulose.

doi:10.1007/s10570-009-9366-1

Delmer DP (1999) Cellulose biosynthesis in developing cotton

fibers. In: Basra AS (ed) Cotton fibers, developmental

biology, quality improvement, and textile processing.

Food Products Press, New York, pp 85–112

Haigler CH, Zhang D, Wilkerson CG (2005) Biotechnological

improvement of cotton fibre maturity. Physiol Plant

124:285–294

Huwyler HR, Franz G, Meier H (1979) Changes in the com-

position of cotton fibre cell walls during development.

Planta 146:635–642

Jasdanwala RT, Singh YD, Chinoy JJ (1977) Auxin metabo-

lism in developing cotton hairs. J Exp Bot 28:1111–1116

Kim HJ, Triplett BA (2001) Cotton fiber growth in planta and

in vitro. Models for plant cell wall elongation and cell

biogenesis. Plant Physiol 127:1361–1366

Maltby D, Carpita NC, Montezinos D, Kulow C, Delmer DP

(1979) b-1, 3-glucan in developing cotton fibers, structure,

localization, and relationship of synthesis to that of sec-

ondary wall cellulose. Plant Physiol 63:1158–1164

Meinert MC, Delmer DP (1977) Changes in biochemical

composition of the cell wall of the cotton fiber during

development. Plant Physiol 59:1088–1097

Muller LL, Jacks TJ (1975) Rapid chemical dehydration of

samples for electron microscopic examinations. J Histo-

chem Cytochem 23(2):107–110

Rajasekaran K, Muir AJ, Ingber BF, French AD (2006) A

dehydration method for immature or wet cotton fibers for

light and electron microscopy. Textile Res J 76(6):514–

518

Seagull RW, Oliveri O, Murphy K, Binder A, Kothari S (2000)

Cotton fiber growth and development 2. Changes in cell

diameter and wall birefringence. J Cotton Sci 4:97–104

Table 5 Variance analysis: effect of developmental stage

(days post-anthesis) and cultivar on the cellulose content

Parameter df F Probability % Cellulosea

TX19 TX55

Intercept 1 7786.5 0.000001

Variety 1 258.9 0.000001

dpa 12 202.1 0.000001

10 10.3 f 9.1 f

14 10.7 f 8.1 f

17 33.9 e 7.8 f

18 56.9 d 9.8 f

19 60.1 d 10.6 f

20 65.1 cd 9.0 f

21 74.3 bc 34.0 e

24 80.4 ab 68.3 cd

27 86.5 ab 81.8 ab

30 92.6 a 85.6 ab

36 84.7 ab 81.3 ab

46 89.1 ab 86.8 ab

56 95.0 a 88.4 ab

Variety *dpa 12 21.9 0.000001

Error 26

df, degrees of freedom; F, variance ratio. aValues not followed

by the same letter are significantly different with a = 5%

(according to Newman-Keuls tests)

Cellulose (2010) 17:153–160 159

123

http://dx.doi.org/10.1007/s10570-009-9366-1


Tarczynski MC, Byrne DN, Miller WB (1992) High perfor-

mance liquid chromatography analysis of carbohydrates

of cotton-phloem sap and honeydew produced by Bemisia
tabaci feeding on cotton. Plant Physiol 98:753–756

Timpa JD, Triplett BA (1993) Analysis of cell-wall polymers

during cotton fiber development. Planta 189:101–108

Tokumoto H, Wakabayashi K, Kamisaka S, Hoson T (2002)

Changes in the sugar composition and molecular mass

distribution of matrix polysaccharides during cotton fiber

development. Plant Cell Physiol 43(4):411–418

Viles FJ Jr, Silverman L (1949) Determination of starch and

cellulose with anthrone. Anal Chem 21(8):950–953

Wang Y, Shu H, Chen B, McGriffen ME, Zhang W, Xu N,

Zhou Z (2009) The rate of cellulose increase is highly

related to cotton fibre strength and is significantly deter-

mined by its genetic background and boll period tem-

perature. Plant Growth Regul 57:203–209

Wilkins TA, Jernstedt JA (1999) Molecular genetics of

developing cotton fibers. In: Basra AS (ed) Cotton fibers,

developmental biology, quality improvement, and textile

processing. Food Products Press, New York, pp 231–269

160 Cellulose (2010) 17:153–160

123


	Changes in sugar composition and cellulose content during the secondary cell wall biogenesis in cotton fibers
	Abstract
	Introduction
	Materials and methods
	Cotton fibers
	High performance liquid chromatography (HPLC)
	Sample dehydration for cellulose content determination
	Cellulose content determination

	Results and discussion
	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


