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Abstract  

     This study was carried out to study the ability of producing bioethanol from latus 

leaves as an organic waste rich with cellulose. The study results show that the pre-

treatments (alkali and acidic pre-treatments) increase the amount of the sugar released 

in the media that is accessible for the bacteria to use in the fermentation. The newly 

recorded bacteria Klebsiella oxytoca (SAR) was able to ferment the latus leaves and 

produce bioethanol. The amount of ethanol produced by the bacteria was increased as 

the experiment period increased, until the seventh day when it began to decrease. In 

order to increase the purity of the acquired bioethanol, the resulted ethanol was 

distilled to reduce the water content in the solution, while the dehydration process did 

not have any effect on bioethanol purity.   
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  الخلاصة 
الدراسة        هذه  اجراء  غنية  تم  كفضلات عضوية  الخس  أوراق  من  الحيوي  الايثانول  انتاج  إمكانية  لدراسة 

بينت نتائج الدراسة ان عملية المعالجة المسبقة )القاعدية والحامضية( قد أدت الى زيادة كمية السكر   بالسليلوز.
 Klebsiellaالمتحرر في الوسط والذي يتم استخدامه من قبل البكتريا في عملية التخمر. ان بكتريا الكلبسيلا  

oxytoca (SAR)   .الايثانول الحيوي من أوراق الخس ان الايثانول     المسجلة جديداً كانت قادرة على انتاج 
من    بالانخفاض  أالى اليوم السابع حيث يبد  وصولاالمنتج من قبل البكتريا يبدا بالازدياد كلما ازداد وقت التجربة  
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بينما لم تؤثر    المحلول،اجل زيادة نقاوة الوقود الحيول المتحصل عليه، تم تقطير الايثانول المنتج لإزالة الماء من  
 نقاوة الايثانول المنتج.   على  التجفيفعملية 

 
1. Introduction 

     There is an ever-growing demand for fossil fuel by humans in different life aspects, which 

puts a huge pressure on this finite resource [1,2]. This was accompanied by concerns on the 

increase in greenhouse gases (GHG) emission [3,4]. These concerns motivated many 

researchers for attempting different studies to find alternative, cheap, and eco-friendly resources 

of fuels that will play an important role in minimizing the dependence on fossil fuel and reduce 

global warming and the associated negative environmental impacts [5]. Biofuel is one of these 

alternative sources which is a locally available, sustainable, and reliable resource obtained from 

a renewable source [6]. Biofuels can provide many advantages, such as minimizing GHG 

emissions and global warming, reducing petroleum price fluctuations, as well as reducing the 

dependence on fossil fuel [7]. Bioethanol represents an attractive biofuel which can be defined 

as an alternative and renewable energy source that is produced from organic biomass [8]. The 

process of producing bioethanol contains two main steps, which are the hydrolysis of cellulosic 

and hemicellulose compounds and the fermentation of the resulted reduced sugar to produce 

bioethanol [9]. This study was conducted to investigate the ability of using the newly isolated 

endogenous bacteria Klebsiella oxytoca (SAR) for producing bioethanol from organic wastes 

(latus leaves) through a fermentation process with different pre-treatment methods that enhance 

bio-degradation of cellulose for ethanol production. 

 

2. Materials and Methods 

2.1 Isolation and Identification of Bacterial Species 

     The organic waste (latus leaves) was collected from AL-Rasheed grand vegetables market 

in Baghdad/Iraq. The leaves were cut to pieces and kept in sterilized peptone water for 24 hours 

to enhance the growth of fermenting microorganisms [10]. Then, 1 mL of peptone water that 

contains the microorganism was used to prepare serial dilutions. From each dilution, 1 mL was 

kept in nutrient broth for 24 hours to promote the growth of the bacteria and then 1 mL of the 

nutrient broth was cultured in sterilized UTI medium. The final step was repeated until 

obtaining a pure culture which was sent for identification by using the 16S rRNA technique 

[11] at Wahaj AL-DNA Laboratory in Baghdad. The bacteria used in this study was identified 

as Klebsiella oxytoca (SAR) and was recorded for the first time in Iraq at the NCBI. The 

identified bacterial species was used in the following experiments. 

 

2.2 Bacterial Optimization 

     For the newly recorded Klebsiella oxytoca (SAR), the optimal conditions for growth were 

tested according to Babu et al. [12] and was found to involve incubation at 35°C for 7 days at 

pH value of 7. 

 

2.3 Samples Collection and Processing  

     Latus leaves that were collected from AL-Rasheed grand vegetables market in Baghdad/Iraq 

were cleaned and dried in the sun then grinded by an electrical grinder to obtain a fine powder. 

After that, the powder was kept in polyethylene bags in the refrigerator at 4ºC [13].  

 

2.4 Experimental Work  

     In the experimental work, the first step was to prepare the latus leaves for fermentation by 

the bacteria. Two experiments were made, i.e. with and without pre-treatment of the cellulosic 

content of the latus leaves, as follows: 
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2.4.1. Without pre-treatment 

     Fifty gram of dried latus leaves were soaked in 1 litre of distilled water and then used directly 

in the fermentation process. 

 

2.4.2. Pre-treatment processes   

A. Pre-treatment with sulfuric acid (H2SO4)   

    Fifty grams of dried latus leaves were pre-treated with 0.5 L of diluted H2SO4 (2 %) and 

placed on a hot plate stirrer for 60 minutes at 130 °C with 500 rpm [12].  

B. Pre-treatment with Hydrochloric acid (HCL)  

      Fifty grams of dried latus leaves were pre-treated with 0.5 L of diluted HCL (5%) then 

placed on a hot plate stirrer for two hours at 130 °C and 500 rpm [14].  

C. Pre-treatment with Sodium hydroxide (NaOH)  

      Fifty grams of dried latus leaves were pre-treated with 500 ml of diluted NaOH (1%) then 

placed on a hot plate stirrer at room temperature for 3 hours [15]. 

For A, B, and C, after pre-treatment, the samples were filtered and the volume of each was 

completed to 1 litre with distilled water. The pH value was set at 8, then the samples were ready 

for fermentation.  

 

2.5. Fermentation Process 

     The samples with and without pre-treatment were autoclaved, then the bacterial inoculum 

was added to each sample in sterilized conditions. After that, the samples were incubated for 

seven days. Both ethanol concentration and sugar content were measured every two days [16]. 

 

2.6. Distillation Process  

     In order to obtain the produced ethanol, the fermented solution was distilled by passing 

through a condenser column depending on the variation between water and ethanol boiling 

point [17]. During this process, the fermented solution was set on a digital heating mantle and 

ethanol vapor was condensed and collected. Then, a second distillation was carried out to 

increase ethanol purity. 

 

2.7. Dehydration Process 

     This process was performed to maximize ethanol purity, through which 5 gm of calcium 

oxide (CaO) was added to ethanol that resulted from the second distillation and mixed gently 

for 10 minutes. After that, the mixture was distilled again [18]. 

 

2.8. Measuring Sugar Content 

     The phenol-sulfuric acid method was used in this study to measure sugar content of each 

sample. At first, 10 mL of each sample was collected and centrifuged. Then, 1 mL of phenol 

reagent (5%) with 5 ml of concentrated H2SO4 was added to 1 mL of the supernatant of each 

sample and mixed well. After that, the mixture was kept in a water bath for 30 minutes at 30°C, 

then sample concentration was measured by using a spectrophotometer [19].    

       

2.9. Ethanol Measurement 

     Ethanol concentration of each sample was measured by using two methods, as follows: 

1-Daily measuring ethanol vapor by using a Lab Quest 3 ethanol sensor. 

2-After each distillation process, ethanol concentration was measured by using high 

performance liquid chromatography (HPLC) (Sykam, Germany) technique.  

 

3. Results and Discussion  

     The bacterial species was recorded for the first time in Iraq and identified by using the 16S 

rRNA test. At first, DNA extraction and electrophoresis were achieved, then the purity of the 
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sample was tested using the nanodrop technique (Nabi /Korea) under the 260-280 column. 

Sample purity is considered good when it ranges from 1.8 to 2.0 [20]. The prepared sample 

showed a good purity, as shown in Table 1. 

 

Table 1: Nucleic acid concentration and sample purity of Klebsiella oxytoca (SAR).   

Sample number Bacteria  Nucleic acid conc. 

(ng/ µl) 

260/280 purity 

1 1(Klebsiella VTI) 63.2 1.878 

  

The results of PCR test are shown in Figure2 and Table 2.  

 

 
Figure 1: PCR product with a band size of 1250 bp. The product was subjected to 

electrophoresis on 2% agarose at 5 volt/cm2 using 1x TBE buffer for 1hr. N: DNA ladder (100). 

 

Table 2: PCR results of Klebsiella oxytoca (SAR) 

Sample number bacteria DNA Result 
PCR Result 16srRNA 

1250 bp 

1 1(Klebsiella VTI) + + 

 

Finally, sequencing was carried out by Macrogen company in Korea and the findings were 

recorded at the NCBI. The bacterial species was used in the experiments that followed. It is 

well known that 16S rRNA gene sequencing is currently considered as method for biochemical 

identification of unidentified bacteria [21]. 

 

     This study was conducted to find an alternative, more sustainable, and cheaper energy source 

in comparison with fossil fuel. During this study, the newly recorded sub-strain Klebsiella 

oxytoca (SAR) was used to produce bioethanol from organic waste (latus leaves). The contents 

of latus leaves is illustrated in Figure1.   
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Figure 2: The most important contents of latus leaves. 

 

     As shown in Figure 1, high levels of cellulose, hemicellulose, and lignin were observed. The 

breakdown of these complex compounds to monosaccharides that can be utilized by bacteria to 

produce ethanol requires fermentation with different pre-treatment processes [22]. In this study, 

three types of pre-treatment represented by H2SO4, HCl, and NaOH were used to discover their 

effects on sugar concentration that can be available for fermentation by bacteria, as shown in 

Figure2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Sugar content provided after each pre-treatment. 

 

     The results show that the highest sugar content was recorded when the latus leaves were pre-

treated with H2SO4, followed by NaOH, and HCL, whereas the lowest was without pre-

treatment. This can be easily explained by the fact that the pre-treatment increased the release 

of monosaccharides resulting from the breakdown of cellulose and hemicellulose [23].  The 

results of this study are in agreement with the findings of Babu et al. [12] who found that the 

pre-treatment process was important in reducing the crystallinity of cellulose as well as 

removing lignin and hemicellulose and increasing the porosity of the lignocellulosic materials.  
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Figure 4: The changes in sugar content throughout the study period. 

 

      The sugar present in each sample was consumed by the bacteria to produce ethanol through 

the saccharification process [24], as shown in Figure3. 

 

     Ethanol concentration was measured daily by using an ethanol sensor. The results indicated 

that the maximum concentration was obtained from the pre-treatment with HCL (7288 ppm), 

followed by NaOH (6987 ppm) and H2SO4 (4852 ppm), while the lowest result was 3140 ppm 

in the group without pre-treatment, as shown in Table 1. This may be due to the fact that HCL 

was able to convert cellulose and hemicellulose to simple sugar (monomers) through the 

breakdown of the polymeric bonds [25]. On the other hand, NaOH pre-treatment acts on the 

ester bond between the lignin and the carbohydrate, or even between the lignin and other lignin 

components, which leads to the breakdown of the lignocellulosic materials [26]. These results 

are similar to the findings of Radillo et al. [27] and Iranmahboob et al. [28], who found that the 

pre-treatment alters the lignocellulosic matrix, thus allowing the subsequent hydrolytic 

degradation of polysaccharides to monosaccharides (saccharification). 

 

Table 1: Ethanol concentration produced by K. oxytoca SAR throughout seven days. 

Days 
Without   Pre-

treatment (ppm) 

Pre-treatment(ppm) 

HCL H2SO4 NaOH 

1 1037 1433 1620 3024 

3 3140 5466 3917 4440 

5 1614 7288 4852 6987 

7 1421 3503 4455 6413 

          

     After each experiment, two distillation processes were performed to obtain the resulted 

ethanol, the concentration of which was measured with the HPLC technique, as appears in 

Figure4. 
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Figure 5: Ethanol concentrations measured by HPLC. (A) 1st distillation without pre-treatment. 

(B) 1st distillation pre-treated with NaOH. (C) 1st distillation pre-treated with H2SO4. (D) 1st 

distillation pre-treated with HCL. 

 

     Ethanol concentrations obtained from the fermentation process are show in Table 2. The 

results showed that there was no difference between the first and the second distillations in 

terms of ethanol concentration and purity. The results of this study disagree with the findings 

of [19], who found an increase in the purity of ethanol resulted from the fermentation process 

starting from the second distillation step. 

 

Table 2: Ethanol concentrations in the first and second distillations. 

 
Without 

pre-treatment (ppm) 

pre-treatment (ppm) 

NaOH HCL H2So4 

Ethanol Concentration 22.339 12.93 27.65 23.97 

 

2.5. Conclusions 

     Klebsiella oxytoca (SAR) showed the ability to produce bioethanol from organic waste (latus 

leave). It was obvious that the pre-treatments (acidic and alkaline) increase the amount of 

ethanol produced through the breakdown of cellulosic materials to a simpler sugar that can be 

utilized by the bacteria as a substrate for the fermentation process.    

 

 

(A) 

(D)  

(B)  

(C) 
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