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Abstract
The purpose of this study was to obtain xylose-based fermentation media from autohydrolysis liquors of
sun�ower stalk by using commercial xylanase formulation. Xylose is generally produced from xylan by
diluted acid hydrolysis that causes the formation of some unwanted compounds during the process. As an
alternative to dilute acid hydrolysis method, enzymatic hydrolysis of xylan can provide more speci�c
hydrolysis under moderate conditions and does not cause the formation of undesirable compounds. In this
study, xylose production carried out with Trichoderma longibrachiatum xylanase on solubilized xylan form
of sun�ower stalk, which was hydrothermally pretreated for 1 hour at 160ºC.  The effects of substrate
concentration and enzyme activity were investigated for the production of xylose. To obtain a high xylose
yield and selectivity, the optimization study was conducted by the response surface methodology. The
optimum substrate concentration and enzyme activity were found as 60 mg ds/mL CAL and 234 U/mL,
respectively. Under the optimum condition, xylose yield and selectivity were found to be 69.5% and 8.2 g/g,
respectively. This study showed that xylose could be produce with a high yield without requiring a
neutralization process and corrosive chemical reagent apart from water.

Statement Of Novelty
This study presented an alternative route for manufacturing xylose-based fermentation media from
sun�ower stalk in an environmentally friendly way. Xylose production from sun�ower stalk was
accomplished by coupling the hydrothermal treatment with the enzymatic post-hydrolysis. The suggested
method did not require the neutralization process and did not produce the neutralization products. This
study is providing useful information for the future study of the production of xylitol with fermentation and
contributing the information for the commercial microbial manufacture of xylitol.

1. Introduction
Xylose, a �ve-carbon pentose sugar, which is the main building block of hemicellulose, is derived from
xylan-rich lignocellulosic materials and can be the source for the production of various high-value
compounds such as xylitol, sugar alcohol [1,2]. Xylitol is used in many �elds such as medicine, food and
cosmetics industry due to its low calorie value, insulin independent metabolization and not participating in
Maillard reaction with amino acids [1]. The most critical step during the manufacture of xylitol is the
hydrolysis of hemicellulosic fraction of lignocellulosic materials to release xylose. This can be achieved by
either acid or enzyme catalyzed reactions [3-5].

Agricultural waste consists of three fractions as cellulose, hemicellulose and lignin. The ratio of these
fractions varies according to plant species [6]. The hemicellulose structure contains xylan as the main
component [7-9]. It consists of β-D-xylopyranose units linked by β-1-4 glycosidic bonds with arabinose,
glucuronic acid, methyl and acetyl groups added to the xylose backbone [9, 10]. Due to the amorphous
structure of the hemicellulosic fraction of the lignocellulosic biomass [9], it can be hydrolyzed by dilute
acid, but its lignin and cellulosic fractions remain unaffected by acid. Although the simplicity and faster
kinetics make the acid-catalyzed production of xylose a widely used procedure, the acid causes the
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equipment corrosion, requires neutralization of the hydrolysate and generates some degradation products
acting as a potential fermentation inhibitor for the bioconversion process of xylose to other products [5].
These toxic compounds include furan, aliphatic acids and phenolic compounds [4].

The use of xylanase to hydrolyze xylan may be another alternative to acid hydrolysis of it for the release of
xylose [3, 8]. Unlike acid hydrolysis, enzymatic hydrolysis takes place in milder conditions, does not require
corrosive chemical or create industrial waste and degradation products. Since the procedure is more
speci�c method, it allows better fermentability of the xylose solution by the microorganism [5, 11]. The
enzymatic method of sacchari�cation hemicellulose is speci�c to xylose and does not result in microbial
inhibitors [3].

Since xylan forms a complex with lignin that makes lignocellulosic biomass resistant to acid or enzymatic
hydrolysis, xylose production carries out with two steps: pretreatment of lignocellulosic biomass and
hydrolysis either acid or enzyme of it [12, 13]. For the enzymatic hydrolysis of hemicellulose, lignocellulosic
biomass can be treated with a chemical, mechanical, hydrothermal and/or a combination of these methods
[5, 7, 9, 14, 15]. Among them, hydrothermal pretreatment, known as autohydrolysis, has proven to be an
effective method for the solubilization of hemicellulose to oligomers [9, 16-19]. When xylan including
lignocellulosic biomass is treated at high temperatures (140-220 ℃) for a de�nite time, the hydronium ions
come from water autoionization and acidic groups of xylan depolymerize and solubilize it [9, 20]. Cellulose
and lignin are not signi�cantly affected by the hydrothermal pretreatment [21]. Since water is used during
the process of hydrolysis, a solid phase rich in cellulose and lignin and a liquid phase containing a low
concentration of undesirable by-products (furfural or lignin hydrolysis products) are obtained as the
hydrolysis products [3, 11, 21].

Sun�ower, grown in temperate and subtropical climates, is one of the world's major oil seeds and the crop's
turkey [22]. It is the third oilseeds produced source [23]. that is cultivated in 27,37 million of the world land
area [24]. Based on the 2019 FAO statistical data, Turkey is 6th in the world with 2,1 million tons of
sun�ower production [24]. The stalks of the sun�ower plant, whose seeds are harvested, can be used as
raw materials for the production of paper pulp and bioethanol [25], but these uses represent a small portion
of them. Mainly, they are left behind in the �elds to rot or burned in the �elds that are associated with
environmental risks [26]. In Turkey, around 2.5 million tons of waste per year in the form of sun�ower stalks
are produced [27], and this biomass can be an abundant and renewable resource for soluble sugar,
especially xylose. The previous study indicated that xylan obtained from sun�ower stalk has a more linear
structure than softwood xylan and consists of primarily xylose units (> 90%) [28].

The release of sugars from the lignocellulosic wastes by coupling hydrothermal treatment and enzymatic
post-hydrolysis has been studied by some researchers. However, most of these studies reported enzymatic
hydrolysis of solids spent rather than liquids of lignocellulosic materials [3, 17, 29-32]. The previous studies
were done on corn cob and corn bran autohydrolysis liquors showed that xylose can be obtained with 80%
and 36% yield, respectively [5,33]. Another study reported that autohydrolysis of corn bran and its
subsequent enzymatic hydrolysis revealed that the xylose yield was more than 80% [16].
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This study aimed to evaluate the commercial xylanase formulation for obtaining xylose-based
fermentation media from autohydrolysis liquors of sun�ower stalk. Based thorough our literature review, we
have not coincided with a study about xylose production from sun�ower stalk by coupling the
hydrothermal treatment with the enzymatic post-hydrolysis. It was reported that xylanase from the GH10
family produces more monosaccharides than xylanase from GH11 family [12]. In this research,
Trichoderma longibractium xylanase from GH10 family was preferred for the post-hydrolysis for liquors
obtained from the autohydrolysis. This study determined the optimum substrate concentration and enzyme
activity by using response surface methodology for the production of xylose with high yield.

2. Materials And Methods
2.1. Materials

Sun�ower stalks gathered from local farmers in Turkey, dried with air at room temperature up to 8.3%
moisture content and ground to particles of 2-10 mm in length. A commercial endo-xylanase, from
Trichoderma longibrachiatum was obtained from Danisco (Finland) and Aminex HPX 87H column
(dimension: 300x7.8 mm; average particle size: 25 mm) was purchased from Bio-Rad Laboratories (CA,
USA). All other chemicals used in this study were from Sigma Chemical Company (MO, USA) or Merck
KGaA(Germany) or Alfa Aesar GmbH & Co KG (Germany).

2.2. Autohydrolysis

Sun�ower stalk was mixed with water in a ratio of 8:1 kg/kg (liquid/solid) in the batch 1 L- stainless steel
reactor (Parr Reactor, USA). Its autohydrolysis took place at 160°C for 1 h. Spent solid from autohydrolyzed
sun�ower stalk (SSAS) was recovered by the �ltration, washed with water and air-dried, and its moisture
was determined to measure the amount of the dissolved substrate (ds). The �ltrate was concentrated by
vacuum evaporation below 50oC and called concentrated autohydrolysis liquor (CAL).

2.3. Analysis of concentrated autohydrolysis liquor and spent solid from autohydrolysis

Moisture, ash and lignin (Klason and acid soluble) content of SSAS were determined according to the
ASTM [34]. The polysaccharides of the SSAS were hydrolyzed and their monosaccharides compositions
were determined [35, 36]. Ground SSAS (300 mg) was mixed with 72% (w/w) sulphuric acid (3 mL), held at
30°C for 1 h with stirring and at the end of 1 h, acid concentration was diluted to 4% (g/g) with water. After
re�uxing the mixture for 4 h, the sugars in the aliquot of the hydrolysate were analyzed by HPLC. The
amount of polysaccharides and acetyl groups in the reaction products were determined by measuring the
monosaccharides and acetic acid concentration by HPLC and converted to percent parent polysaccharides
(D-glucose to cellulose, D-xylose to xylan and D-arabinose to arabinan). Uronic acid and reducing sugar
contents of SSAS were determined by the m-hydroxydiphenyl method using glucuronic acid as the
standard [37] and DNS method [38] using xylose as the standard, respectively. Furfural amount in the liquor
was determined by adding 1 volume of ethanol into the sample and its absorbance was measured at 277
nm [39].
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HPLC analysis of the sample carried out on a system that had a refractive index detector (Perkin Elmer
Series 200), column oven (Perkin Elmer Series 200) and Aminex HPX 87H column. The �ltered (0.20 mm
membranes) CAL and hydrolyzed CAL with 4% (g/g) sulfuric acid were injected into the HPLC, and the
monosaccharides and acetic acid were eluted from the column at 45oC by using 5 mmol/L H2SO4 as the
mobile phase (�ow rate of 0.5 mL/min). The oligomer concentration was determined by the increase in the
concentrations of monosaccharides before and after the hydrolysis [40].

2.4. Enzymatic xylan hydrolysis

The enzyme activity of T. longibrachiatum xylanase was determined by endo-xylanase assay by using
birchwood xylan as a substrate and one unit is de�ned as the quantity of the enzyme that liberates 1.0
mmol of xylose per minute from the substrate [41]. Hydrolysis of CAL, 10 mL pH 4.6, was started by the
mixing of 1 mL of (23-278 U/mL) xylanase from T. longibrachiatum at 50oC. At regular time intervals, 1 mL
sample was taken and boiled at 100oC for 5 min to inactivate the enzyme and analyzed by its reducing
sugar and HPLC as described above.

2.5. Experimental design and response surface methodology

A 22 central composite design (CCD), consisted of 13 experiments, was used for the optimization study.
Substrate concentration (14.65 and 85.35 mg ds/mL CAL) and enzyme activity (22-277 U/mL) were used
as independent variables (Table 1) while xylose yield and selectivity were taken as the dependent variables.
The quadratic model was selected for the predicting of the optimal point and expressed as

where Y represents response variables (xylose yield and selectivity); b0 is the interception coe�cient; b1 and
b2 are the linear terms; b11 and b22 are the quadratic terms; b12 is the coe�cient for the interaction between
X1 (substrate concentration) and X2 (enzyme activity) that represent the variables studied.

The Design Expert v.7 (Stat-Ease Inc., Minneapolis) program was used for the regression and graphical
analyses of the data obtained. The equations of both models and their statistical signi�cances of the
regression coe�cients were determined by the Fischer's test and Student’s t-test, respectively. The graphical
optimization to �nd the optimum concentrations of the substrate and enzyme was conducted using the
Design-Expert program.

3. Results And Discussions
3.1. Composition of autohydrolysis liquor and spent solid of autohydrolyzed sun�ower stalks In the former
work, it was reported that cellulose (36%) was the main component of sun�ower stalk, followed by xylan
(22%) and lignin (klason lignin: 26% and acid soluble lignin: 1%). The rest of the constituents of it were
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arabinan (0.7%), acetyl groups (3%), uronic acid (6%), protein (1%) and ash (3%) [28]. The autohydrolysis of
sun�ower stalk was accomplished at 160oC for 1 h according to the result of the previous study [12] and
from the autohydrolysis of 100 kg sun�ower stalk, 25 kg of the total dissolved substrate (ds) was obtained.
The main components of the liquor were xylooligomers, some monosaccharides (mainly xylose followed
by glucose and arabinose) and acetic acid, which were derived from either cellulose or hemicellulose
fraction of the sun�ower stalk. The resulting liquor was concentrated and the composition of concentrated
autohydrolysis liquor (CAL) is presented in Table 2. The concentration of xylooligomer in the CAL of the
sun�ower stalk was 27 g/L. In addition to xylooligomer, acetyl groups linked to oligomer, glucooligomer
deriving from cellulosic components of the raw materials, arabinooligomer were present in the CAL, and
their levels were 3.30, 1.35 and 1.50 g/L, respectively. The furfural production, dehydration product of the
sugars, remained at low levels (Table 2) when the results were compared with a previous study done with
dilute acid hydrolysis [28]. As expected, the pretreatment solubilized the hemicellulosic fraction of the
sun�ower stalk to a certain grade and changed the combination of dry matter. Table 3 indicates the
composition of spent solid from autohydrolyzed sun�ower stalk (SSAS). With the hydrolytic treatment of
lignocellulosic materials, hemicellulose became partially soluble, the main component of SSAS was
cellulose (43%) followed by lignin (32%) and hemicellulose (18%). The previous studies on the
determination of the composition of spent solid of the hydrothermally treated sun�ower stalk showed
similar results, its major component was cellulose (47.9%) followed by lignin and hemicelluloses [32, 42].
The different studies reported similar results for the autohydrolysis of other lignocellulosic material
sources. The autohydrolysis of agave bagasse at 160 ℃ for 50 min showed that it had a main component
as cellulose (35%), followed by lignin (25%) and hemicellulose (6%) [31]. The previous study presented that
cellulose (78%), lignin (6%) and hemicellulose (1%) constituted the solid phase of autohydrolyzed wheat
straw (at 190℃ for 15 minutes) [43]. It was reported that the xylan content in the solid residues decreases
with the increase of the pretreatment temperature [17, 19]. The differences in composition and structure of
the sun�ower stalk and autohydrolysis process conditions were thought to be the reasons for differences in
results between this study and those previously reported. 3.2. Enzymatic hydrolysis To get a loud yield of
xylose, CAL was hydrolyzed by T. longibrachiatum xylanase from the GH10 family, the commercial endo-
xylanase preparation. In general, unlike GH11 xylanases, GH10 xylanases produce low-DP
oligosaccharides, mainly xylose monomer and xylobiose [44, 45]. Since the autohydrolysis solubilizes the
hemicellulosic fraction of the sun�ower stalk as oligomers, its CAL is an ideal substrate for the xylanases
to produce xylose. The use of the high concentration of the substrate may decrease the yield due to
enzyme inhibitory activity that presents in the reaction mixture, while keeping the enzyme level high may
cause an increase in product cost. Therefore, it is necessary to �nd the ideal substrate concentration and
enzyme activity. The different concentrations of CAL of the sun�ower stalk were treated at different levels
of T.longibrachiatum xylanase for 46 hr at pH 4.6 and 50 oC. The experimental range and levels of the
substrate concentration and enzyme activity investigated are given in Table 1. It was observed that all the
hydrolysis progress curves of CAL (Figure 1) showed an increase in the �rst 24-hr and �atten after 24 hr.
The highest reducing sugar was obtained at 11th run (75 mg ds/mL CAL and 240 U/mL) and the reducing
sugar concentration of this run was 21 mg/mL at the end of the 24 hr. The lowest reducing sugar was
obtained at the 10th run (14.65 mg ds/mL CAL and 150 U/mL) and it was 3.8 mg/mL after 24 hr hydrolysis
period. The compositions of the hydrolysis products at the end of 24-hr reaction are presented in Figure 2.
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The highest xylose (10.2 mg/mL) and glucose (1.1 mg/mL) were found at 11th run and the highest
arabinose concentration (0.022 g/L) was found in the 3rd run. Since plant xylans are partially acetylated,
the concentration of acetic acid increased with the increase in the substrate concentration. The highest
acetic acid (1.9 mg/mL) concentration was found in the 13th run. Since the solid residue, SSAS, had 18%
hemicelluloses (Table 3), it was also hydrolyzed with T. longibrachiatum xylanase for 48 hr at pH 4.6 and
temperature 50 °C. The result of the hydrolysis reaction (Figure 3A and B) was monitored by measuring the
individual sugar concentration in the hydrolysate and the highest sugar concentration was determined as
xylose and then glucose. The highest xylose yield was found after 24-hr hydrolysis period (19% or 3.0
mg/mL xylose) while the highest glucose level was found after the 48-hr hydrolysis period (2.5 mg/mL)
(Figure 3A). The conversion of residual xylan to xylose increased with the hydrolysis time, but the selectivity
(the ratio of xylose to other sugar) decreased due to the release of glucose and arabinose (Figure 3B). This
is because xylanases from the GH10 family are less speci�c to xylan [8] and can also act on cellulose
substrates [46]. It is not easy to compare the results we obtained in this study with the results obtained in
previous studies due to differences in the type of biomass or hydrolytic reagent. The spent solid is mainly
composed of cellulose followed by xylan, if cellulase was used as an enzyme, the yield of glucose is higher
or if xylanase was used, the yield of xylose is higher at the end of the hydrolysis process. A study on the
enzymatic hydrolysis of spent solid of hydrothermally processed corn bran with different xylanase activity
from Eupenicillium parvum 4-14 and Aspergillus oryzae showed that A. oryzae derived enzyme had higher
cellulase activity and it produced xylose and glucose with 6.96% and 31.04% yields, while E. parvum 4-14
derived enzyme had high hemicellulase activity and produced xylose and glucose with 45.43% and 16.77%
yields [16]. The study done on the spent solid of the hydrothermally treated corn bran with enzymes with
xylanase different commercial xylanase showed that xylose and glucose were obtained as 8% and 1%
yield, respectively, but when cellulase was used for the enzymatic hydrolysis, glucose yield was more than
25% [3]. The previous studies on the production of sugars from enzymatic hydrolysis of spent solid of
hydrothermally treated lignocellulosic biomass showed that cellulosic enzymes produced glucose with a
higher yield than hemicellulosic sugars [3, 16, 29, 32]. 3.3. Optimization The design of this research
including response variables is given in Table 4, the percentage conversion ratio of xyloligomers to xylose
in autohydrolysis liquors is expressed as xylose yield, the ability of xylanase to hydrolyze xylan is
expressed as selectivity. In this study, high xylose yield and selectivity were desired to keep other hydrolysis
products low in the hydrolyzate. According to Table 4, the highest xylose yield is 59.09% (substrate: 50 mg
ds/mL CAL, enzyme: 150 U/mL), the highest selectivity is 9.90 g/g, obtained, at run 9 (substrate: 25 mg
ds/mL CAL, enzyme: 60 U/mL). The lowest xylose yield is 37.42% at run 7 (substrate: 50 mg ds/mL CAL,
enzyme: 22.74 U/mL). Among the experiments with the same substrate concentrations, but different
enzyme activity (runs 1, 2, 5, 6, 7, 8 and 12), run 7 was found to have the lowest xylose yield. At the same
substrate concentration, increasing enzyme level from 22.74 to 150 U/mL increased the xylose yield.
However, increasing the enzyme level to more than 150 U/mL did not make signi�cant changes in the yield.
The quadratic models for xylose yield and selectivity are shown in the Eq. (2) and Eq. (3), in which Y1 and
Y2 represent the xylose yield and selectivity, respectively, as the function of the substrate level (X1) and
enzyme activity (X2). To �t the experimental data and response function, the regression analysis was
performed. The quadratic models for xylose yield and selectivity were appraised by ANOVA (Table 5). The
p-values (<0.05) and F values (33.4 and 102.44) of both models showed their signi�cance. Besides, the
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models did not show a lack of �t and the determination coe�cients (R2) for the xylose yield (Y1) and the
selectivity (Y2) were 0.96 and 0.99, respectively. The adjusted determination coe�cient (Adj R2, 0.93 and
0.98) also veri�ed the importance of the models. Table 5 presents Pred R2 values that are in acceptable
accord with the Adj R2 values, showing a good adjustment between the determined and estimated values.
It was seen that the experiments were precise and reliable, with lower values of the coe�cient of variation
(C.V. 3.41 and 1.34%). Adequate precision (signal to noise ratio) greater than 4 indicates adequacy of the
model precision. The ratios of both the models (16.7 and 30.3) were found greater than 4 (Table 5). Figure
4 presents the diagnostic plots to be used to assess the su�ciency of the models. As seen from Figures 4A
and 4D, the predicted and determined values for both responses are in agreement with each other
su�ciently. A normally distributed was observed in the normal % probability plots of residuals for both
responses without deviation of the (Figure 4B and 4E). All the data points lied within the limits (±3) in the
internally studentized residuals plots (Figure 4C and 4F). Figure 5 presents the response surface plots to
predict the xylose yield and selectivity over the independent variables (substrate concentration and enzyme
activity). The maximum xylose yield (59%) was obtained at 36 mg ds/mL CAL substrate level and 196
U/mL enzyme activity (Figure 5A). The maximum selectivity (9.8 gg-1) was get at 25 mg ds/mL CAL
substrate concentration and 60 U/mL enzyme activity (Figure 5B). Decreased xylose yield and increased
selectivity with the increase in the substrate concentration, while increased xylose yield and decreased
selectivity with the increase in enzyme level were observed (Figure 2 and 5). Both the factors displayed
(enzyme and substrate level) signi�cant linear (p<0.05) effects on xylose yield. Substrate
concentrationxenyzme level showed positive signi�cant effects on both responses. The quadratic
coe�cient of enzyme level presented signi�cant negative effects on both responses, but that of substrate
concentration showed signi�cant effect on the selectivity and non signi�cant effect on the yield (Table 5).
Based on the two models, a graphical optimization was conducted by overlaying the contour plots of the
models (Figure 6). The optimum operating condition with high levels of xylose e�ciency and selectivity
was chosen by applying the following criteria: xylose yield>50 and selectivity> 9 gg-1, and 60 mg ds/mL
CAL substrate concentration and 234 U/mL enzyme level were chosen as the optimal working conditions
foreboded through the program. To con�rm the result, the enzymatic hydrolysis was conducted in duplicate
at the optimum conditions. The change in xylose, glucose, acetic acid, xylose yield and selectivity along the
hydrolysis process, conducted at the optimum conditions, are offered in Figure 7. As appeared from Figure
7A, xylose concentration increases up to 24 hr. The maximum xylose concentration was measured at 48 hr
as 9.3 mg/mL; after this point, its concentration decreased. The maximum glucose concentration was
measured at 72 hr as 1.7 mg/mL. Xylose yield was found as 70% for 24 hr and 72% for the 48 hr hydrolysis
period while selectivity was found maximum at 24 hr as 8.2 g/g and decreased with time (Figure 7B). Since
the reaction taking longer than 24 hr did not cause an important rise in xylose yield, 24-hr hydrolysis seems
suitable for the production of xylose. Table 6 presents the results of the optimization work and the results
of estimated conditions suggested by the statistical program used for the optimization. Xylose yield
obtained in the experiment is higher than the predicted value while selectivity is slightly lower than the
predicted value. The differences in lignocellulosic material, pretreatment conditions and enzyme source
make it di�cult to compare the data obtained in this study with the results obtained from previous studies.
In the previous study about the enzymatic hydrolysis of palm waste autohydrolysis liquor (treated at 121ºC
for 20-80 min) with T. viride xylanase, xylose yield was found as 25.64% [47]. Another study about
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hydrolysis of the autohydrolysis liquor of corn husk, obtained at 190ºC for 10 min, with the enzyme cocktail
including endoxylanase, beta xylobiase and arabinofuranosidase reported the xylose yield as 35% [37]. A
study on the production of xylose by the coupling of the hydrothermal treatment with the enzymatic post-
hydrolysis of corn cob found the xylose yield as 80% [5]. As a result of hydrolysis of the liquor obtained as
a result of autohydrolysis of tobacco stalks at 160 ° C for 1 hour, 79.8% xylose yield was obtained with T.
longibrachiatum xylanase [48]. The hydrolysis of the autohydrolysis liquor of corn bran, obtained at 165ºC
for 40 min, with the enzyme blend from Aspergillus oryzae and Eupenicillium parvum xylanase reported the
xylose yield as more than 80% [16]. The results obtained from this work seen that the xylose can be
obtained with high yield by the coupling of the hydrothermal treatment and enzymatic hydrolysis methods.

4. Conclusion
This study presented an alternative way to produce xylose from sun�ower stalk by combining enzymatic
hydrolysis and autohydrolysis. The optimum substrate and enzyme concentration were found as 60 mg
ds/mL CAL and 234 U/mL, respectively where xylose yield and selectivity were 69.5% and 8.2 g/g. This
research provides information about the enzymatic production of xylose with a high yield without requiring
a neutralization process and corrosive chemical reagent apart from water. Besides, this study supplies
bene�cial data for further works on the manufacture of xylitol with fermentation and contribute to the
information for the commercial microbial production of xylitol.
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Tables
Table 1. Experimental range and levels of the independent process variables

Independent variable Symbol Range and levels

-a -1 0 +1 +a

Substrate concentration

(mg ds/mL CAL)

X1 14.65 25 50 75 85.35

Enzyme activity (U/mL) X2 2.27 6 15 24 27.73

 

Table 2. Composition of the concentrated autohydrolysis liguors (CAL) of sun�ower stalk
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Compound Amount (g/L concentrated autohydrolysis liquor)

Glucose  (g/L) 1.90±0.30

Xylose  (g/L) 5.00±0.09

Arabinose (g/L) 0.45±0.02

Acetic acid (g/L) 1.72+0.15

Glucooligomer (g/L) 1.35±0.15

Xylooligomer (g/L) 26.58±4.72

Arabinooligomer (g/L) 1.50±0.10

Acetyl groups linked to oligomer (g/L) 3.30±0.42

Furfural  (g/L) 0.64±0.04

Uronic acid (g/L) 0.05±0.00

 

Table 3. Composition of the spent solid from autohydrolyzed sun�ower stalk (SSAS)

Compound Amount (g/100 g SSAS)

Cellulose 42.62±1.4

Xylan 18.07±0.93

Arabinan 0

Acetyl groups 1.60+0.08

Uronic acid 4.05±0.20

Klason lignin 30.34±3.32

Acid soluble lignin 1.82±0.00

Ash 1.41±0.16

Others (by difference) 0.09

 

Table 4. Experimental design and results obtained by the hydrolysis of CAL of sun�ower stalk by
Trichoderma longibrachiatum xylanase
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Run Variables Responses

X1(mg ds/mL CAL) X2 (U/mL) Y1 (%) Y2 (g/g)

1 50 150.00 57.37 9.64

2 50 150.00 57.15 9.66

3 75 60.00 40.78 7.42

4 25 240 58.20 8.18

5 50 277.26 55.51 9.15

6 50 150 59.09 9.46

7 50 22.74 37.42 8.71

8 50 150 53.74 9.62

9 25 60 51.39 9.90

10 14.65 150 58.56 8.78

11 75 240 57.75 9.11

12 50 150 55.16 9.47

13 85.35 150 50.13 7.67

X1: Substrat (g ds/mL CAL); X2: Enzyme(U/mL); Y1 (xylose yield)= 100 x (Xyl/Xylmax);

Y2 (selectivity) = Xyl/Total other sugar relased from CAL during hydrolysis (Xyl/Glc).

Xyl = xylose concentration obtained by the enzymatic hydrolysis of CAL,

Xylmax= maximum xylose concentration in the CAL,

Glc = glucose concentration obtained in the hydrolysate.

 

Table 5. Analysis of variance for xylose yield and selectivity
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Source Sum of squares Degress
of
freedom

Mean square F-value P-value

Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2

Model 544.42 7.47 5 5 108.88 1.49 33.00 102.36 0.0001 <0.0001

X1 66.02 1.22 1 1 66.02 1.22 20.01 83.35 0.0029 <
0.0001

X2 304.59 0.044 1 1 304.59 0.044 92.32 3.00 <0.0001 0.1267

X1 X2 25.81 2.91 1 1 25.81 2.91 7.82 199.16 0.0266 <
0.0001

X1
2 3.14 2.97 1 1 3.14 2.97 0.95 203.68 0.3618 <

0.0001

X2
2 147.97 0.63 1 1 147.97 0.63 44.85 43.24 0.0003 0.0003

Residual 23.079 0.10 7 7 3.30          

Lack of �t 5.79 0.065 3 3 1.93 0.022 0.45 2.29 0.7332 0.2202

Pure error 17.30 0.038 4 4 4.33          

Total 567.52 7.57 12 12            

Xylose
Yield

R2 : 0.96,  Adj R2 : 0.93,  Pred R2 : 0.88,  Adeq Precision : 16.7  C.V.% : 3.41,  Std. Dev. : 1.82,
 PRESS : 68.2

Selectivity R2 : 0.99,  Adj R2 : 0.98,  Pred R2 : 0.93,  Adeq Precision : 30.3  C.V.% : 1.35,  Std. Dev. : 0.12,
 PRESS : 0.52

 

Table 6. The results for xylose yield and selectivity obtained at the optimum hydrolysis conditions and the
predicted results for xylose yield and selectivity suggested by the program

Substrate                     
(mg ds/mL CAL)

Enzyme
(U/mL)

Yield
(Predicted)
(%)

Selectivity
(Predicted) (g/g)

Yield  
(Actual)
(%)

Selectivity
(Actual) (g/g)

60 234 57.9 9.4 69.5+8.5 8.2+0.5

Figures
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Figure 1

The hydrolysis progress curves of CAL of sun�ower stalk at different substrate concentration and enzyme
activity.



Page 18/23

Figure 2

Formation of xylose, glucose, arabinose, acetic acid and furfural at different substrate concentration and
enzyme activity.
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Figure 3

Enzymatic hydrolysis of SSAS with T. longibrachiatum xylanase. Substrate concentration: 0.1 g dry
SSAS/mL, Enzyme activity: 600 U/mL
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Figure 4

Diagnostic plots for the model adequacy for xylose yield and selectivity



Page 21/23

Figure 5

Response surface and countour plots A: Effect of enzyme activity and substrate concentration on xylose
yield, B: Effect of enzyme activity and substrate concentration on selectivity.
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Figure 6

Overlaying plots of xylose yield and selectivity.
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Figure 7

Enzymatic hydrolysis of CAL of sun�ower stalk with T. longibrachiatum xylanase at optimum enzyme
activity and substrate concentration.
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