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and screened with a sieve shaker to obtain particle sizes between 0.224-0.850 mm. Samples were stored 
in plastic bags at +4 0C for future use. Celluclast 1.5 L and Novozyme 188 were purchased from Sigma 
Aldrich (St. Louis, USA). Aminex HPX 87P column was purchased from Bio-Rad Laboratories (California, 
USA). All chemicals used were standard analytical grades. 

2.2 Pretreatment and enzymatic digestion of poppy stalk 
High temperature treatment of poppy stalks was performed in a PARR stainless steel reactor at 120 °C for 
30 min using NaOH (1.5-3.0 % (w/v)) and H2SO4 (0.5-1.0 % (v/v)). Approximately 7 g of dry poppy stalks 
were mixed with 70 mL of acid or alkali solution in a Teflon liner. The vessel was heated until desired 
temperature and pretreatment time was initiated. Solution was kept liquid under N2 atmosphere. After 
treatment the reactor vessel was moved from heating jacket. The content of the reactor was cooled down 
to 800C. Then the wet material was filtrated for solid recovery and washed with distilled water until the 
wash water turn to pH 7.0. The pretreated solid was used as the substrate for enzymatic hydrolysis, and 
stored in plastic bags at +4 0C. 
Enzymatic hydrolysis was carried out in stoppered conical flasks (50 mL). The pH was adjusted to 4.8 with 
acetate buffer, and a mixture of cellulase (60 FPU/g dry biomass) and β-Glucosidase (40 CBU/g dry 
biomass) was added to pretreated substrate in a total working volume of 20 mL. The hydrolysis reactions 
were carried out at 50 °C in an incubator for 48 h by shaking at 150 rpm. The reactions were stopped in a 
boiling water bath for 15 minutes and hydrolysates were clarified by centrifuging at 5000 rpm for 5 min. 
The supernatants were analyzed for glucose and xylose using HPLC.  

2.3 Analytical methods 
The chemical composition of raw and pretreated poppy stalks were determined according to NREL (Sluiter 
et al., 2008) methods. 0.3 g solid was hydrolyzed by 3 mL of 72 % (w/w) H2SO4 at 30 °C for 60 min then, 

the reaction mixture was diluted to 4 % (w/w) and autoclaved at 121 °C for 60 min. Lignin was determined 
by solid residue, cellulose and hemicellulose amount were determined from filtrate by using High 
Performance Liquid Chromatography (Agilent 1100). The HPLC system was mainly equipped with a Bio-
Rad Aminex HPX-87P column (300 mm × 7.8 mm), and a refractive index detector. The analytical column 
was operated at 80 °C with 0.2 μm filtered HPLC grade water as the mobile phase. Mobile phase flow rate 
was 0.6 mL/min.  
Enzyme activity of Celluclast 1.5L® was determined by NREL protocols and reported as Filter Paper Unit 
(FPU) (Adney and Baker, 2008). One unit of FPU is defined as the amount of enzyme required to liberate 
1µmol of glucose from Whatman no:1 filter paper per minute at 50 °C. One cellobiose unit (CBU) is the 
amount of enzyme that converts 1 mmoL of cellobiose to 2 mmoL of glucose per min. Cellulose (Eq.1) and 
hemicellulose digestion (%) (Eq.2), glucose recovery (%) (Eq.3)  and total sugar yield (%) (Eq.4) are 
calculated as follows; 
(%)	݊݋݅ݐݏ݁݃݅ܦ	݁ݏ݋݈ݑ݈݈݁ܥ  = ୅୫୭୳୬୲	୭୤	୥୪୳ୡ୭ୱୣ	୮୰୭ୢ୳ୡୣୢ୶଴.ଽ୅୫୭୳୬୲	୭୤	ୡୣ୪୪୳୪୭ୱୣ	୧୬	୮୰ୣ୲୰ୣୟ୲ୣୢ	୮୭୮୮୷  (1) 100ݔ
(%)	݊݋݅ݐݏ݁݃݅ܦ	݁ݏ݋݈ݑ݈݈݁ܿ݅݉݁ܪ  = ୅୫୭୳୬୲	୭୤	୶୷୪୭ୱୣ	୮୰୭ୢ୳ୡୣୢ୶଴.଼଼୅୫୭୳୬୲	୭୤	୦ୣ୫୧ୡୣ୪୪୳୪୭ୱୣ	୧୬	୮୰ୣ୲୰ୣୟ୲ୣୢ	୮୭୮୮୷  (2) 100ݔ

(%)		ݕݎ݁ݒ݋ܴܿ݁	݁ݏ݋ܿݑ݈ܩ  = ୅୫୭୳୬୲	୭୤	୥୪୳ୡ୭ୱୣ	୮୰୭ୢ୳ୡୣୢ୶଴.ଽ୅୫୭୳୬୲	୭୤	ୡୣ୪୪୳୪୭ୱୣ	୧୬	୳୬୮୰ୣ୲୰ୣୟ୲ୣୢ	୮୭୮୮୷  (3) 100ݔ

(%)	݈ܻ݀݁݅	ݎܽ݃ݑܵ	݈ܽݐ݋ܶ  = ୅୫୭୳୬୲	୭୤	୲୭୲ୟ୪	୰ୣୢ୳ୡୣୢ	ୱ୳୥ୟ୰	୮୰୭ୢ୳ୡୣୢ୶଴.ଽ୅୫୭୳୬୲	୭୤	ୡୣ୪୪୳୪୭ୱୣ	ୟ୬ୢ	୦ୣ୫୧ୡୣ୪୪୳୪୭ୱୣ	୧୬	୳୬୮୰ୣ୲୰ୣୟ୲ୣୢ	୮୭୮୮୷  (4) 100ݔ

3. Results and discussions 
3.1 Composition of poppy stalks 
The composition of unpretreated poppy stalks used in this study is presented in Figure 1. The 
holocellulose fraction was 44.81±2.72 % of the dry biomass being a major component at 24.36±1.29 % 
cellulose and the remaining 20.45±1.42 % hemicellulose. Lignin content was 19.79±0.95 %.  

3.2 Effect of alkali and acid pretreatment on the cellulose recovery (%), and lignin and 
hemicellulose removal (%) 
Effect of alkali and acid concentrations on the cellulose recovery (%), lignin and hemicellulose removal (%) 
is shown in Figure 2 and Figure 3, respectively. The insoluble solid recovery of acid pretreated poppy 
stalks was lower than that of alkali pretreatment. Solid recovery ranged from 42.65 % to 56.66 % for alkali 
pretreatment, it was around 46 % for acid pretreatment. The weight loss was mainly due to the removal of 
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lignin and degradation of hemicellulose (Karunanithy and Muthukumarappan, 2011). The highest lignin 
removal (58.89 %) at 120 °C for 30 min was obtained when NaOH concentration of 2.25 %. While 
cellulose recovery (%) ranged from 56.82 % to 94.58 % for alkali pretreatment, it was between 63.66 % 
and 75.33 % for acid pretreatment. Average hemicellulose removal with acid pretreatment was almost 
15 % more than that of alkali pretreatment. Acid concentrations used in this study did not effect on the 
hemicellulose removal, however, hemicellulose removal was decreased with an increase in NaOH 
concentration from 2.25 % to 3.0 %. Results obtained in this study was in agreement with those obtained 
from different crop residues pretreated under similar conditions. The high temperature sodium hydroxide 
pretreatment of cotton stalk was completely removed lignin and efficiency of the enzymatic hydrolysis 
improved to 96 % (Binod et al., 2012). Lignin removal, accessibility, and digestibility of cellulose of corn 
stover were increased by sodium hydroxide pretreatment. Enzymatic hydrolysis efficiency of sodium 
hydroxide pretreated sample was improved (Chen et al., 2009). Highest cellulose in the solid fraction was 
obtained from rice hulls with 1.3 % acid and 33 min pretreatment time (Dagninoa et al, 2013). The 
maximum glucose yield in dilute acid pretreatment of the wheat straw was approximately 50 % where 
retention time, acid concentration and temperature were 30 min, 0.75 % and 160 °C respectively 
(Baboukani et al., 2012). Dilute-acid pretreatment with low severity of barley straw is enhanced the 
enzymatic digestibility and decreased the amount of enzyme loading (Panagiotopoulos et al., 2012).  

 

Figure 1. Composition of unpretreated pappy stalk 

3.3 Effect of alkali and acid pretreatment on the enzymatic hydrolysis 
Table 1 shows the effect of NaOH and H2SO4 concentrations on cellulose and hemicellulose digestibility. 
With the enzyme combination used in this study (a mixture of 60 FPU cellulase/g dry biomass and 40 CBU 
β-Glucosidase /g dry biomass), cellulose and hemicellulose digestibility increased with increased 
concentration of alkali, and reached to 90.68 % and 84.70 %, respectively, at 3.0 % of NaOH. At this 
concentration released glucose and xylose amounts after enzymatic hydrolysis were 409 and 122 mg/g, 
respectively. In contrast to NaOH, glucose content slightly increased from 335.15 mg/g to 366.96 mg/g 
when acid concentration increased from 0.5 % to 1.0 %, whereas xylose content decreased to 3.33 mg/g 
with acid concentration due to solubility of xylose in the acid solution.  
Increasing NaOH concentration from 1.5 % to 3.0 % (w/v), increased the glucose recovery (%) and total 
sugar yield (%) almost 2-fold (Figure 4). The highest recoveries of glucose and total sugar were 85.87 % 
and 63.32 % respectively, and reached at the concentration of 3.00 % NaOH. 
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Figure 2. Effect of NaOH concentration on the cellulose recovery, lignin and hemicellulose removal of 
poppy stalks at pretreated 120oC for 30 min 

 

Figure 3. Effect of H2SO4 concentration on the cellulose recovery, lignin and hemicellulose removal of 
poppy stalks pretreated at 120 °C for 30 min 

Dilute acid pretreatment is reported to increase surface area, removes hemicelluloses and alters lignin 
structure (Kumar et al, 2009). Cellulose digestibility of acid pretreated poppy stalks was between 84.39 
and 89.04 %, which were similar to those obtain from alkali pretreatment (Table 1). However, 
hemicellulose digestibility was very low (3.89 % and 27.13 %) when compared to those obtained from 
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NaOH pretreatment, due to hemicellulose dissolved in acid solution. Glucose recovery only 12 % 
increased with an increased acid concentration from 0.5 % to 1.0 %. Acid concentration did not alter to 
total sugar yield, the average sugar yield was only 38.0 %.  
Similar results reported in previous studies. For example, Ioelovich and Morag (2012) who applied both 
dilute H2SO4 and NaOH to four materials and found the alkali to be more efficient in terms of sugar yields. 
Sodium hydroxide pretreatment of cotton stalk waste was reported to effective for producing fermentable 
sugars. The process efficiency, based on glucose recovery was given as 53 % (Parameswaran Binod 
2012)  

Table 1. Effect of alkali and acid concentration on the cellulose and hemicellulose digestibility and sugar 
recovery of pretreated poppy stalks at 120 °C for 30 min 

Concentration 
Glucose 
(mg/g pretreated 
poppy stalks) 

Xylose 
(mg/g pretreated 
poppy stalks) 

Cellulose 
digestion 
(%) 

Hemicellulose 
digestion % 

NaOH (w/v, %) 
1.50 171.72±1.64 34.43±0.97 45.12±2.68 53.24±0.1 
2.25 323.16±8.84 65.34±0.65 89.61±2.43 55.47±2.54 
3.00 409.82±10.19 122.80±0.79 90.68±3.78 84.70±6.68 
H2SO4 (v/v%) 
0.50 335.15±1.50 24.67±0.02 89.04±2.01 27.13±0.40 
1.00 366.76±8.67 3.33±0.01 84.39±0.79 3.89±0.02 

 

Figure 4. Glucose and total sugar recovery at different alkali and acid concentration at 120 °C, 30 min 

4. Conclusion 
In response to dilute alkaline (NaOH) and acid (H2SO4) pretreatments of poppy stalks at 120oC for 30min, 
the maximum glucose and total sugar recoveries of 85.87% and 63.32%, respectively were obtained when 
the poppy stalk was pretreated with 3.0% NaOH concentration. While total sugar recovery increased 
gradually in increased concentration of NaOH, H2SO4 concentration did not effect on the total sugar yield 
of poppy stalks, and slightly effected on the glucose recovery. Compared to acid hydrolysis, NaOH 
pretreatment appeared to improve enzymatic biodegradability due to the higher delignification ability of 
alkali. Further investigations should be done to optimize alkali pretreatment process. 
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