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1.Main text 

Here introduce the paper, and put a nomenclature if necessary, in a box with the same font size as  

 

1. Introduction 

A rapid depletion of conventional energy sources worldwide represents a dire situation that 

demanding a potential replacement to surmount the current energy crisis. Lignocellulose which 

represents a logical candidate for biofuel production as its materials being supplied from a variety of 

resources at a low price. Moreover, it can be used as raw material for chemicals and bio-products [13]. 

The xylose from bioethanol process by-products might be recovered and used for produce xylitol [45]. 

Xylitol is a high-value polyalcohol that is produced by reducing (from hemicellulose fraction of 

lignocellulose) which is among the top 12 value-added chemicals as a building block for organic 
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ABSTRACT 

 
The utilization of lignocellulosic biomass in the development of bioproducts has 
increased significantly in recent years. Biorefinery technologies have focused on 
process integration for the production of different valuable coproducts to reduce the 
overall processing cost. In this study, agricultural wastes from rice straw were used for 
the co-production of bioethanol and xylitol. Bioethanol is produced from the cellulosic 
fraction and xylitol from the hemicellulose fraction after elimination of lignin using 
chemical pre-treatments. The chemical treatment was carried out with diluted Sulfuric 
acid 2.5% at 100 °C for 30 minutes, and then exposed the cellulosic fraction of the 
solid phase resulting from the chemical process to the enzymatic action of the fungus 
Trichoderma harzianum for release sugars and fermented at a later stage using 
Saccharomyces cerevisiae for bioethanol production in a simultaneous saccharification 
and fermentation process. The liquid phase hemicellulose fraction was exposed to the 
action of Meyerozyma guilliermondii strain F22 (Pichia guilliermondii) for xylitol 
production. Resulting was accomplished maximum concentrations and yield was 32.6 
g/L 0.39g/g and 20.1 g/L, 0.44g/g for bioethanol and xylitol respectively of the total 
glucose and xylose presented in rice straw, the co-production of xylitol with ethanol in 
an integrated biorefinery would create economic benefits making the overall 
lignocellulose-based process more cost-effective. 
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synthesis considered by the Department of Energy/USA and has a high market value in food and 

pharmaceutical industries [37]. 

Many yeasts can convert xylose into xylitol. Xylose reductase (XR) catalyzes the initial step of a 

fungal pathway that permits certain organisms, such as Candida boidinii [6] Candida guilliermondii 

[39], Candida tropicalis [18] and Candida parapsilosis [22] to metabolize xylose. Pichia stipitis often 

produces a very low yield of xylitol, but it can be increased after some genetic modifications [40] M. 

guilliermondii displays potential for being used for xylitol production in biorefineries [10,4 and 58]. 

Xylitol, one of the polyol sugars, has a wide range of applications, including sugar replacement in 

food and pharmaceuticals [41]. Xylitol did not require insulin to regulate metabolism in a human’s 

body. Thus, people with diabetes could consume this sugar. Moreover, this sugar also was able to 

prevent dental caries, so considerably applied in toothpaste [41and 38]. The xylitol production has 

increased more than forty times in four decades. The manufacturing of xylitol was reported jointly in 

1978, with a global total of 6 000 tons. In 2016, the estimated global market for xylitol was 190.9 

thousand metric tons, valued at US$725.9 million. The prediction for 2022 is 266.5 thousand metric 

tons, valued more than US$1 Billion [38]. Xylitol exists in fruits and vegetables, although in quantities 

of less than 1%, so its direct extraction is economically unfeasible [3]. Xylitol can be produced 

chemically, and biotechnologically. Chemical processes require catalysts such as ruthenium, 

palladium, and nickel at high temperatures (80-140 °C) and high pressures (±50 atm). Chemical 

processes are usually expensive and require high energy and costs. As an alternative, biotechnological 

replacing traditional chemical processes. Alternatively, lignocellulosic hydrolysate xylose can be 

fermented to produce xylitol [51]. The xylose in the bioethanol process's by-products might be 

recovered and used to produce xylitol. Because xylitol has a higher market value than ethanol, the 

manufacture of xylitol from xylose in hemicellulose should be a better option to fermenting xylose to 

bioethanol [55 and 11].  

Three essential aspects must be considered for economically feasible bioethanol production: feedstock 

pre-treatment technique, enzymatic hydrolysis, and fermentation [15], the fermentation processes of 

lignocellulosic hydrolysate such as simultaneous saccharification and fermentation (SSF), separate 

hydrolysis and fermentation (SHF), consolidated bioprocessing (CBP), and simultaneous 

saccharification and co-fermentation (SSCF) have to be selected carefully for valuable solutions to the 

increasing liquid fuel demand. These techniques are expected to play a significant role in replacement 

of oil-based refineries with lignocellulosic biomass-based biorefineries in the future [46,20 and 54]. 

Rice straw is one of the most abundant lignocellulosic wastes on the world, with an annual production 

of 731 million tons. Rice straw, unlike other straws, is not commonly used as animal feed due to its 

low digestibility, and it appears to have a low social value, thus it is burned openly on the field, 

polluting the air [56 and43]. The use of cellulose-derived hexosans for ethanol production has been 

accomplished, although the pentose fraction has remained industrially unviable to date [25]. This work 

aimed to evaluate the simultaneous co-production of xylitol and bioethanol from rice straw by some 

fungi. 

2. Material and method 

2.1 Study area 

The study was carried out at Industrial Fermentation unit -Applied Industrial Microbiology Dept. 

Agriculture Research Directorate / Ministry of Science and Technology, Iraq from January, 2018 to 

December, 2019). 

2.2 Microorganism  
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The yeast Saccharomyces cerevisiae, Meyerozyma guilliermondii strain F22, and Trichoderma 

harzianum were used in this study. S. cerevisiae was obtained from the local market, Meyerozyma 

guilliermondii strain F22 (Pichia guilliermondii) GenBank: MH429782.1 from protoplast fusion 

between S. cerevisiae and P. stipitis ATCC 58785, which the molecular study using DNA content, 

RAPD, DNA sequences, and protein profile were applied for improvement of biofuel production from 

biomass [44 and 14]. T. harzianum were obtained from the biological control Dept. Agriculture 

Research Directorate / Ministry of Science and Technology, Iraq. S cerevisiae were grown on YPG 

agar (10 g/L yeast extract, 20 g/L peptones, 20 g/L glucose, 25 g/L agar). Seed cultures were prepared 

in YPG media at 30 °C, 200 rpm for incubated overnight before use. Meyerozyma guilliermondii 

strain F22 was grown on a malt agar medium and stored at 4°C. Cells were cultivated on fresh malt 

agar plates to be used within 24 h of incubation at 30°C. Cells were grown of YPX (1% yeast extract, 2 

% peptone, and 3%(w/v) xylose) in an orbital shaker (200 rpm) at 30°Cfor 24 h. T. harzianum was 

grown on slants of Vogel minimum salts medium [32 and7], xylose (1%), and agar at 4ºC. Vogel's 

Medium [28] for 1 liter 50× salts: water 755 mL, Na3 citrate.2H2O 125 g, KH2 PO4 250 g, NH4NO3 

100 g, MgSO4.7 H2O 10 g, CaCl2. 2H2O 5 g, trace element solution 5 ml, and biotin stock solution 

2.5 ml. Enzyme production was carried out under solid-state culture. The microorganism was grown in 

test tubes containing Vogel minimum salts medium and xylose (1% w/v) as the carbon source, during 

7 days, to get spores. These spores were aseptically scraped from the surface of agar plates and re-

suspended in sterile Tween 80 solution (0.1% v/v) in physiological saline, and this solution was used 

as inoculum. 

2.3 Pre-treatment of rice straw biomass 

Rice straw was obtained from local farmers. The biomass was dried for 24 h at room temperature, cut 

into particles of ~ 2 cm, and ground. Particle size between 100 and 500 μm was selected by sieve, 

afterwards, it was dried in an oven at 55 °C until the moisture content was less than 5% (w/w). The 

temperature of treatment (55 °C for 24 h) was selected due to its high drying efficiency and to prevent 

microbial growth after drying. It was then stored for further use. Ground rice straw100g as (10% w/v) 

was pre-treatment with 2.5 % (v/v) dilute sulphuric acid at 121 °C for 30 min for efficient separation 

cellulose and hydrolyze hemicellulosic sugars [54]. Biomass slurry after pre-treatment was washed and 

separated by filtration (Whatman No 1 filter paper) into solid cellulose phase and liquid hemicellulosic 

hydrolysate phase. Solid-phase was washed with distilled water until the washings were of neutral pH 

and then used for bioethanol fermentation. whereas the liquid hemicellulosic phase was used for the 

estimation of reducing sugars and used for xylitol fermentation. 

2.4 Composition of rice straw. 

The cellulose, hemicellulose, and lignin composition of the rice straw were estimated according to the 

procedure of the National Renewable Energy Laboratory [49 and 36] and the formulas required for 

calculating cellulose and hemicellulose were according to [35]. 

2.5 Experiments on liquid phase (hemicelluloses hydrolysate) for xylitol production 

During the pre-treatment process of lignocellulose biomass, the production of the inhibitors HMF 

(from glucose) and furfural (from xylose) [53 and 31] these inhibitor compounds can inhibit the 

growth of several microorganisms. To detoxify the hemicellulose hydrolysate, the pH of the 

concentrated hydrolysate was increased to 7 using CaO followed by filtration to remove solid maters, 

and the pH of the solution was then re-adjusted to 5.5 using sulfuric acid. The obtained solution was 

centrifuged to remove precipitates. Subsequently, the concentrated hydrolysate was incubated with 3 
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% activated carbon for 60 min in a 1000-mL container (30 °C and 100 rpm). Then, the liquid the 

detoxified hydrolysate was separated using filtration. The hemicellulose hydrolysate media was 

containing ∼45g/L xylose was re-filtrated through a 0.22-µm pore filter membrane system. 

hydrolysates were supplemented with 5 g/l yeast extract supplemented with 5 g/l urea or 5 g/l 

(NH4)2O4 as a nitrogen source [8]. The inoculum culture was 5 % (v/v) 24 h old inoculum culture of 

Meyerozyma guilliermondii strain F22 was used to include the detoxified hemicellulose hydrolysate. 

The fermentation of 250 ml of detoxified hydrolysate was conducted in a 1L fermenter (Lambda 

minifor-bench-top-laboratory-fermenter) and pH adjustment (pH 5.0) at aerobic conditions at 30 ºC for 

60 hr. The rate of agitation was set to 150 rpm and that of aeration to 0.5 vvm. 50% (v/v) silicon 

antifoam agent was used to check the formation of foam during the process. pH and dO2 (dissolved 

oxygen) were also checked but not regulated during fermentation. 

2.6 Experiments on solid phase (cellulosic hydrolysate) for bioethanol production  

    Enzymatic cellulose hydrolysate by Trichoderma harzianum.  

 The production of xylanase was carried out using SSF [16]. In Ten ml of diluents (Vogel’s media) 

was transferred into the 250 ml Erlenmeyer flask containing 10 g of rice straw and mixed well. The 

flasks were cotton plugged and sterilized in an autoclave at 121 C for 15 min. After cooling the flasks 

at room temperature, inoculated them with 1.0 ml of fungal conidial suspension under sterile condition 

and incubated at 30 ºC for seven days. After seven days of fermentation, 50 ml of extractants (distilled 

water, 0.1% glycerol, 0.1% NaCl, 0.1% tween-80, and citrate buffer pH 5) was added into the 

fermented mash flask and rotated on a rotary shaker at 150 rpm for 2 h at 30 º C for maximum 

extraction of enzyme. Then filtered slurry through muslin cloth before being centrifuged at 8000 rpm 

at 4 C for 10 min to separate fungal spores and tiny particles. The clear supernatant was used as a 

source of crude xylanase.  

Simultaneous Saccharification fermentation (SSF) 

The solid-phase cellulosic hydrolysate was hydrolysed by 10 mL crude xylanase with its activity of 

750 U/mL and measured with the method of [2]. Enzymatic hydrolysis was performed using a rotary 

shaker incubator at 60 °C with the agitation of 150 rpm with percentages of solids of 5-10% [5]. The 

value of pH was controlled with acetic buffer (pH 5.0). Hydrolysis was stopped after 72 h and 

hydrolysate was collected for monomeric sugar analysis. Around 5 g/L (NH4)2SO4, 1.7 g/L yeast 

nitrogen base, [54] was added, and 10 % inoculum of S. cerevisiae was inoculated at 30 °C and 150 

rpm 1L fermenter (Lambda minifor-bench-top-laboratory-fermenter) for 60 h. Fig. 1 diagram 

describing rice straw processing steps for co-production of bioethanol and xylitol. 
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Fig. 1 - Diagram of co-production of bioethanol and xylitol from hydrolase rice straw.  

2.7 Extraction products  

 Bioethanol extraction 

To extract the bioethanol, the fermented culture was distilled to collect the ethanol [38]. The ethanol 

concentration of the fermentation liquid was determined by measuring the specific gravity of the 

distillate according to [60]. The distillate obtained was used for the analysis of ethanol by Gas 

Chromatography. The concentrations of the total sugar (glucose, xylose) were determined as glucose 

equivalent by the Anthrone method as explained by [1]. 

 Xylitol extraction and determination 

Xylitol extraction by Liquid-liquid extraction [31]. The filtered fermented broth (50 ml) was extracted 

with either ethyl acetate, dichloromethane or chloroform (3 · 50 ml). HPLC was used to identify sugars 

and xylitol in the aqueous fraction with an HPX-87H (300 · 7.8 mm column, at 45 C, using 5 mM 

sulphuric acid as the eluent at 0.6 ml min)1. The eluate was monitored with an RI detector. 

3. Results and discussion  

Table 1 listed the carbohydrate and lignin in the rice straw. In untreated rice straw, the glucan content 

was 34.7%. The content was 20.2 percent of hemicellulose (xylon), + mannan + galactan. The highest 

amount of the xylose favours the xylitol, their sugars represent only a tiny part of the total biomass 

sugar. The components, cellulose, hemicellulose, and lignin are relatively different in terms of the time 

of harvest, cultivation area, and various environmental factors, associated with plant growth [19]. 

Selective fractionation of hemicellulose and its hydrolysis is possible only when the hydrolysis of 

biomass is done via dilute acid or hydrothermal treatment. These two popular pre-treatment 

approaches produce pre-hydrolysate rich in cellulolignin and C5 sugars. Diluted acid reduces the 

severity of the procedure (to 120 °C) but very high temperatures (To 180 °C) are required in 

hydrothermal pre-treatments to treat water as an acid [33]. [21] reported that sulfuric acid was chosen 

from different acids based on the high rice straw saccharification yield. This pre-treatment usually 

disrupts the glycosidic link between hemicellulose and lignin which results enhances cellulose's 

enzymatic accessibility to dissolve hemicellulosic sugars. 
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Table 1. Chemical compositions of untreated and acid-treated rice straw. 

Component % Untreated % Treated % 

Cellulose (glucan) 34.7 ±0.5 36.4 ±03 

Hemicellulose (xylan)  20.2±0.8 23.3±0.2 

Lignin (AIL+ASL)
 *

 16.8±0.3 2.02 ±0.4 

Ash  8.4±0.3 9.4±0.4 

                              Note: * AIL (acid-insoluble lignin); ASL (acid-soluble lignin). The data in the table 

show the mean value and standard deviation. 

3.1 Xylitol production from batch fermentation of hydrolase hemicellulose using Meyerozyma 

guilliermondii strain F22 

The first pre-treatment, which used diluted sulfuric acid to extract the hemicellulose fraction from the 

biomass, was effective. A high concentration of xylose, was found in the acidic liquid hydrolysate. 

[19] reported that thermal acidic pre-treatments generate thermally degraded inhibitor products such as 

furfural (2-furaldehyde), hydroxymethylfurfural (5-hydroxymethyl-2-furaldehyde, 5-HMF), and other 

aliphatic acids (acetic, formic, and levulinic acid). The inhibitory effects of these compounds were 

resolved using calcium salt precipitation and a charcoal column in this study, allowing the xylose sugar 

to be used. Other detoxification techniques include physical methods (evaporation, stream stripping, 

solvent extraction, phase separation, membrane filtration, and so on), chemical methods (ion-exchange 

column), and biological methods (enzyme filtration) [29]. [53] expected that detoxification of 

hydrolysate biomass before fermented Meyerozyma caribbica Y67 to produce xylitol. It can lower 

inhibitor concentrations, allowing microbial growth will continue unhindered and more products to be 

made. The liquid hydrolysate used to produce xylitol was rich in xylose, comprising about 83% of total 

sugars at its concentration of 18 g/L. The hemicellulose fraction is the liquid phase from acid 

hydrolysis of rice straw composed of sugars mainly xylose and other sugars glucose, mannan, and 

galactan, with great potential for xylitol production by hydrogenation [12]. The hydrolysate was 

concentrated to increase the content of xylose before using in fermentation. Table 2 shows that 

45.03+0.3 g/ L of xylose was produced. However, some amount of glucose was found in the 

hemicellulosic hydrolysate 

In batch fermentation kinetics of Meyerozyma guilliermondii strain F22 of hemicellulosic hydrolysate 

rice straw, Glucose was initially used for cell growth and was quickly consumed within 12 h. The 

presence of glucose in the hydrolysate at low concentration is helpful because this easily metabolized 

carbon source can be utilised by the yeast cell for growth, increasing the xylose available for 

conversion to xylitol after glucose depletion, xylose utilization in bacteria, fungi and yeast faces 

significant obstacles due to the preference of microbes for glucose as a carbon substrate over xylose, 

commonly known as carbon catabolite repression which causes largely ignored biochemical route for 

the xylitol production [47]. According to [57], concentrations of monomeric sugars in the hydrolysed 

liquor, used as a fermentation medium, may cause osmotic stress. This can either inhibit the generation 

of the enzyme xylose reductase, or cause bioethanol to be produced. Glucose [9] can significantly 

affect the xylitol production by M. guilliermondii. Xylose reductase and xylitol dehydrogenase are 

both inhibited in the presence of hexoses. When using hemicellulosic hydrolysate as substrates, 

glucose catabolite repression will be a major factor prevention xylose from being converted to xylitol 

due to the presence of glucose. Oxygen is a critical component for xylose uptake since the shift to 

anaerobic conditions stopped both xylose utilisation and metabolic activity. In a related study, the 

maximum xylitol yield for Candida tropicalis under semi-aerobic conditions, was 0.62 g/g xylose, 
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while under microaerobic conditions, the maximum yield was 0.36 g/g [57]. Our previous study in 

protoplast fusion between S. cerevisiae and P. stipitis obtained fusant, fusant which appear decrease in 

bioethanol production compare with a parent were selected for current study on xylitol production. [4] 

reported that Meyerozyma guilliermondii, a non-conventional yeast, is being considered as a 

biotechnological candidate for xylitol processing. This is in agreement with the aforementioned [33] 

about the improvement of xylitol production from sugarcane bagasse by using phylogenetically 

identified as Pichia fermentans isolated from a chemical mutagenesis using ethyl methanesulfonate 

(EMS). This mutant produced maximum xylitol titers and yields of 34.0 g/L and 0.68 g/g, respectively 

compared with the control wild type strain 27.0 g / L xylitol with a conversion yield of 0.45 g / g under 

the same production conditions. Pichia stipitis FPL-YS30, a xyl3-Δ1 fusant that metabolizes xylose 

under aerobic and oxygen-limited culture conditions produced a negligible amount of bioethanol and 

converted xylose mainly into xylitol with comparable yields 0.30 and 0.27 g /g respectively [40].  

 xylitol concentration   20.1 g/L in this study was comparable with the reported value of 25.1 g/L by 

co-culture of S. cerevisiae and C. tropicalis in [59] with lower productivity. In this study was attained 

0.44g/g compare with 0.58 g/g which could be a result of different composition of hydrolysate rice 

straw and detoxification /concentration steps implemented led to maximum sugar yield 81 % 

conversion and continuous co-production process used in a membrane bioreactor. The maximum 

xylitol production by Meyerozyma caribbica Y67 on sugarcane hydrolysates at 24 hr showed 3.2   g/L, 

whereas the xylitol production on corncobs showed 3.4 g/L [53]. M. guilliermondii shows the ability 

for xylitol production in biorefineries [10,4 and 58]). Candida guilliermondii, the anamorph stage of 

Pichia guilliermondii, is one of several Candida species capable of producing xylitol, and since certain 

Candida species are pathogenic, M. guilliermondii (Pichia guilliermondii) has been marketed as the 

favored yeast species for use in the food and health industries [42]. The maximum production of 

xylitol obtained in this study was higher than those obtained using C. tropicalis in corncob hydrolysate 

(17.1 g/L) and wheat straw hydrolysate (15.8 g/L) reported previously in [42 and 8], respectively. the 

conversion of xylose to bioethanol can be stimulated to the levels of other sugars present. 

 

 

Figure 2: Batch fermentation of the xylose extract by the Meyerozyma guilliermondii strain F22 
using hemicellulosic hydrolysate rice straw at 30 °C and 150 rpm for 60 h. 

Yeast cell growth was slow until 12 h, according to a lag phase, and then increased exponentially 

before entering a stationary phase between 36 and 50 h (Figure 2). The concentration of xylose 

decreased gradually due to cell growth. All of the xylose in the culture broth was depleted at 60 h. The 

highest xylitol concentration was 20.2 ± 0.8 g/L at 60 h, giving a xylitol yield of 0.44 g/g. In the 

current study, yeast strains Meyerozyma guilliermondii strain F22 (Pichia guilliermondii) resulting 
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from the genetic modification of the protoplast were used in the study, as many studies indicated that 

yeasts that consume xylose to produce ethanol when exposed to the genetic modification inhibit this 

pathway and produce xylitol. 

Many yeasts convert xylose to xylitol, but it increases following some genetic modifications [40] using 

D-xylulokinase mutant of Pichia stipitis converted the stover hydrolysate into xylitol with the highest 

xylitol yield (0.61 g/g and volumetric productivity (0.18 g/Lh). Also, many recent studies have 

employed genetic modification with reliable engineering to improve xylitol productivity [8,5,12,40 and 

17]. [19] was obtained 35.2± 0.8 g/L xylitol concentration within 61 h for a yield of 0.44 g/g during 

batch fermentation empty palm fruit bunch fibre using the adapted Candida tropicalis and the post-pre-

treated xylose solution,  

liquid¬_liquid extraction was used to recover xylitol from a fermented medium. The unwanted 

impurities were extracted from the broth using ethyl acetate according to recommendations [30] for 

preference in the extraction process over chloroform or dichloromethane. Because of the low product 

concentration and complex composition of the fermented broth, xylitol recovering and purification is 

the most difficult step in this process. However, no method for efficiently purifying and recovering 

xylitol, which is required for the production of xylitol to become economically competitive. Liquid–

liquid extraction is used to purify solutions in a variety of industrial applications in recovering 

dissolved chemicals or remove unwanted impurities. It is simple, clean, fast, and easy owing to its low 

boiling points [30]. 

3.2 Bioethanol production from Simultaneous Saccharification fermentation (SSF)of cellulosic 

hydrolysed   

Biological conversion of carbohydrates in lignocelluloses to ethanol can be realized by SSF of the pre-

treated raw material. Lignocellulolytic enzyme complexes play a crucial role in the hydrolysis of 

lignocellulosic biomass [28]. Reduced number of process reactors is one of the features of SSF, which 

integrates enzymatic hydrolysis and fermentation in one reactor. In SSF, the released sugars from 

enzymatic hydrolysis are simultaneously utilised by the fermenting microorganism as S. cerevisiae 

during fermentation avoiding effect inhibition of enzymes and also lowering the risk of contamination 

[20 and 54]. Table 2 shows that 82.02+0.3 g/ L of glucose was produced from cellulosic hydrolysate 

phase rice straw after concentration.  SSF kinetics is shown in Fig. 3 S. cerevisiae completely utilized 

glucose within 48 h and produced the maximum bioethanol production of 33.4 ± 0.5 g/L with the yield 

and production values of 0.40 ± 0.01 g/g and 1.34 ± 0.01 g/L-h, respectively. The removal of 

hemicellulose in the first pre-treatment stage which used diluted sulfuric acid increased the biomass's 

pore sizes. As a result, it improved cellulase accessibility and digestibility [19]. After rice straw was 

pretreated with acid, the solid cellulose phase has been saccharified to produce sugar reduction using 

the crude enzyme secreted by the Trichoderma harzianum to produce reducing sugars. Pre-treated solid 

with glucose composition was utilized as substrate for ethanol production in (SSF) using S. cerevisiae 

and enzyme cellulase from Trichoderma as found superior as compared to the other fungal strains [34]. 

The microbial cellulase system is responsible for the generation of glucose from cellulose. 

Endoglucanases, exoglucanases, and β-glucosidases are the three main groups of cellulases [27 and 

50]. Recently commercial research has numerously expanded towards low-cost, easily available, and 

relevant feedstock for large-scale industrial of biofuels [21]. 
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Figure 3: profile of glucose utilization for bioethanol production in simultaneous saccharification and 

fermentation (SSF) using S. cerevisiae and enzyme cellulase from Trichoderma harzianum using 

cellulosic hydrolysed rice straw at 30 °C and 150 rpm for 60 h. 

 A low level of glucose accumulation indicated a proper balance between enzyme and yeast cell 

performances during SSF. Yeast cell growth was observed in the first 24 h. The pre-treated solid with 

a glucose composition of 82.02+0.3g/L was utilized as substrate for bioethanol production in (SSF) 

using S. cerevisiae and enzyme cellulase. [48] reported that the SSF and rice straw released a high 

amount of reducing sugars (728.45 mg/g) at 60°C and pH 5.0 after 48 h using cellulolytic enzymes of 

Myceliophthora thermophila at resulted in 18.07 g/L ethanol after 72 h fermentation by S. cerevisiae. 

Table 2: Kinetic parameters for production of bioethanol and xylitol from rice straw. maximum 

production and production for ethanol and xylitol. 

 Reducing sugars  

g/L 

Fermentation kinetics 

Glucose Xylose Bioethanol Xylitol 

g/L Yield g/g QP 

g/Lh 

Concentration 

g/L 

Yield 

g/g 

QP g/Lh 

Solid-phase 82.02+0.3  32.6 0.39 1.34    

 

Liquid-

phase 

3.12+0.12 45.03+0.3    20.1 0.44 0.42 

 

Solid-phase was cellulosic hydrolysate 

 Liquid-phase was hemicelluloses hydrolysate 

Bioethanol production by S. cerevisiae by fermenting the enzymatic hydrolysate of cellulosic fraction  

Xylitol production by Meyerozyma guilliermondii strain F22 by fermenting the hemicellulosic 

hydrolysate obtained by the acid hydrolysis 

Table (2) showed the maximum concentrations of bioethanol and xylitol in batch cultures and SSF 

were recorded at 32.6 g/L (0.39 g/g yield) and 20.1 g/L (0.44 g/g yield), respectively, comparable to 

the result of [49]as the ethanol and xylitol productions were recorded at 31.5 g/L (0.42 g/g yield) and 

26.5 g/L (0.58 g/g yield), in the single cultures co-production of ethanol and xylitol from rice straw 

hydrolysate. Author studies in co-production process ethanol and xylitol as 7.3 g/L (0.28 g/g yield) and 

15.8 g/L (0.33 g/g yield) from wheat straw hydrolysate using C. tropicalis and 33.4 g/L (0.44 g/g yield) 

[26] and 25.1 g/L (0.55 g/g yield) from rice straw using S. cerevisiae, C. tropicalis [8]. Simultaneous 

xylitol and bioethanol production was achieved using rapeseed straw hydrolysate, comparable to this 

work, with 0.42 g/g and 0.12 g/g, respectively [23]. Coproduction of bioethanol and other value-added 
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by-products from waste biomass is a cost-effective technique for enhancing the cost competitiveness 

of bioethanol production. One of the most researched products has been the production of xylitol by 

biotechnological application. The microbial pathway to xylitol processing is less energy-intensive and 

environmentally friendly. 
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