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ABSTRACT 
 

In order to use sugarcane bagasse as a substrate for citric acid production, a study on a comprehensive 
experimental model was carried out on the acid hydrolysis of sugar cane bagasse as a low value by-product of 
sugar industry. This was aimed at optimizing the fermentable sugar yield. Hydrolysis of the fermentable fraction 
of sugarcane bagasse by sulfuric acid was performed in a semi-pilot (25L) reactor under different conditions of 
temperature, time and acid concentration. After each hydrolysis experiment, the residual lignocellulosic material 
and the sugar containing liquor were investigated using gravimetric analysis and high performance liquid 
chromatography. The results of analysis indicated that the fermentable liquor composition is a clear function of 
reaction conditions. Results confirmed that simple kinetic model as used in this investigation demonstrated a 
close correlation between the model output and the experimental results.  
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Introduction 

 
Microorganisms have long played a major role 

in production of food (dairy, fish and meat products) 
and alcoholic beverages. In addition, several 
products of microbial fermentation are also 
incorporated into food as additives and supplements 
(antioxidants, flavors, colorants, preservatives, 
sweeteners etc . . .). In industrial applications, these 
natural processes can be utilized in a controlled way 
in order to produce a desired product [1].  

Citric acid is one of the most commonly used 
organic acids in food and pharmaceutical industries. 
The food industry is the largest consumer of citric 
acid, using almost 70 % of the total production, 
followed by about 12% for the pharmaceutical 
industry and 18 % for other applications [2]. Its 
pleasant taste, high solubility and flavor-enhancing 
properties have ensured its dominant position in the 
market. Although citric acid can be obtained by 
chemical synthesis, the cost is much higher than 
using fermentation. It is mainly produced by SMF 
(submerged Fermentation), by the filamentous 
fungus Aspergillus- niger on sugar based media. 

According to the low free sugar content, 
lignocellulosic materials are much more difficult to 
convert into citric acid [3,4,5]. Lignocellulose is a 
fibrous material that consists of three major 
components [6]: 

1. Cellulose, which consist of high molecular 
weight polymers of glucose that are held rigidly 
together as bundles of fibers to provide material 

strength. The cellulose typically accounts for some 
40 wt % of the lignocellulose. 

2. Hemicellulose, which consists of shorter 
polymers of various sugars that glue the cellulose 
bundles together. It usually accounts for 25 wt % of 
the lignocellulose. 

3. Lignin, which consists of a tri-dimensional 
polymer of propyl-phenol that is imbedded in and 
bound to the hemicellulose. It provides rigidity to the 
structure. It accounts for 20 wt % of the 
lignocellulose. 

It can be appreciated that the potential of 
fermentable sugar production vary from 60-70 wt % 
[6]. To achieve high sugar yields, lignocellulose must 
first be pretreated with clarifying processes [7,8]. 
The goal of pretreatment is to decrease biomass 
surface area, remove hemicellulose, and break the 
lignin seal. This pre-treatment changes the biomass 
structure and improves downstream processing. 
Pretreatment methods include physical, chemical and 
thermal or some communication of three [9,10,11]. 
Dilute sulfuric acid hydrolysis is the best processing 
options for desirable characteristics like: 

Low cost of chemicals for pretreatment, 
Minimal waste production, 
Limited size reduction, 
Fast reaction and 
High concentration of sugars 
The disadvantage of this process is that it 

requires corrosive acid, neutralization process and 
special materials for reactor construction [10]. The 
hydrolysis reaction for cellulose and hemicellulose 
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conversion into fermentable sugars is 
[12,13,14,15,16]: 

Cellulose  1
k

Glucose 

Hemicellulose  2k
Sugars  

Where k1=k01 (Con acid) n exp (-E/RT) and 
k2=k02 (Con acid) n exp (-E/RT) with Con acid in wt 
fraction of acid. 

Several investigations suggest a selective 
separation of lignocellulosic fractions by the action 
of diluted acid at high temperatures [13]. 

Therefore the objective of this investigation is to 
establish characteristics of acid hydrolysis of 
sugarcane bagasse, which have a high potential for 
citric acid production. 
 
Material And Methods 
 
Raw material and pre-treatment: 

 
Sugar cane bagasse (Khouzestan, Iran) was dried 

at 323 K until weight was constant. Then it was 
milled to obtain small particles (less than 10 mm). 
All chemicals used in this study were of analytical 
grade. Concentrated sulfuric acid (95-97 wt %), 
Glucose, Xylose and Arabinose were purchased from 
Merk GmbH (Darmstadt, Germany). 
 
Experimental procedures: 
 
Sugarcane bagasse characterization: 

 
Gravimetric analysis was used to determine the 

chemical composition of the sugarcane bagasse used 
in this study. Two-stage acid hydrolysis process was 
used to quantify the amount of C5 and C6 sugars 
[17,6]. In first stage, sugarcane bagasse was 
hydrolyzed in a 72 wt % solution of sulfuric acid at 
293 K for 120 min. After completion, the reaction 
mixture was diluted with water to obtain an acid 
concentration of 4wt % and was rehydrolyzed in the 
second stage at 394 K for 60 min. The liquid phase 
was separated from the solid using a bench scale 
centrifuge for approximately 15-20 min at 1200 rpm. 
The samples were then neutralized using Ba(OH)2 
until a pH of 5-7 was obtained and subsequently 
centrifuged to obtain a particle free solution. The 
composition of this solution was determined using 
high performance liquid chromatography (HPLC) 
equipped with a BioRad Sugar column Aminex 
HPX-87P.  
 
Acid hydrolysis: 

 
The sugarcane bagasse samples were weighed 

and introduced in to a 25L semi-pilot reactor after 
pretreatment. The schematic design of the reactor 
system used for acid hydrolysis is shown in figure1. 

The reactions were carried out in cylindrical 700 
ml glass vessels. The vessels were filled with pre-

determined amount of dried sugarcane bagasse. 
Aqueous solutions of the sulfuric acid at the desired 
concentrations were subsequently added. The reactor 
was then sealed and heated directly with saturated 
steam at constant temperatures. At various reaction 
times, glass vessels were taken from the reactor and 
the liquors were separated from the solid content 
after centrifugal treatment for 15-20 min at 1200 
rpm. The composition of the clear solution was 
determined using HPLC equipped with a BioRad 
Sugar Column Aminex HPX-87P. The solid phase 
was measured using gravimetric analysis. The 
hydrolysis runs were performed through changes in 
the reactor conditions. The effect of temperature, 
sulfuric acid concentration, initial solid concentration 
and residence time during hydrolysis of sugarcane 
bagasse was investigated. For runs 1-7, the sulfuric 
acid concentration was kept constant (a low 
concentration of 1wt %) by increasing the 
temperature from 90 to 453 K. For runs 8-11, the 
temperature was kept constant (373, 393, 447 and 
457 K) by increasing the sulfuric acid concentration 
and for run 12 the effect of initial solid concentration 
was investigated in constant temperature and the 
sulfuric acid concentration (457 K and 1 wt %) by 
increasing the initial solid concentration. All 
experiments were carried out at least in duplicate. 
 
Analytical equipment: 

 
The composition of the liquid phase was 

determined after the reaction, using HPLC system 
consisting of a Hewlett Packard 1050 pump and a 
waters 410 refractive index detector. The applied 
column was Aminex HPX-87P. HPLC-grade water at 
flow rate of 0.55 cm3 min-1 was used as the mobile 
phase and the column was operated at 353 K. 
Moreover the ash content was quantified by 
incubation of the material at 1073 K.  
 
Results and Discussion  

 
Table 1 shows the chemical composition of 

sugarcane bagasse, on dry basis. The amount total 
reducing sugar was measured at 70 wt % consisting 
of 40 wt % C6 and 30 wt % C5. The lignin content 
was measured at 25 wt % and ash at 5 wt %. 

Results of run 1-12 are shown in figure 2-5, the 
yield of fermentable sugars increased with time at 
each temperature and then leveled off in a maximum 
amount which was 1.5g per 5g sugarcane bagasse 
until 395 K. By increasing the temperature the 
maximum amount reaches 3.5 g per 5 g sugarcane 
bagasse up to 453 K. 

Results of this investigation coupled with data 
available in literature indicate the appropriateness of 
pseudo-homogenous, irreversible, first order kinetics 
for further analysis [19]. This approximation was 
useful when the hydrolysis yield was far from the 
maximum yield in each temperature. The simplified 
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models used for study of the kinetics of hydrolysis 
began with the work of Saeman for hydrolysis of 
Douglas fir wood using sulfuric acid [13, 15]. In this 
study, the hydrolysis of sugar cane bagasse as solid 
phase reaction was investigated using the following 
model:   

Sugarcane bagasse k Sugars  
Where k (min-1) is the rate constant and 

described by equation (1). 
k=k0 (Con acid) n exp (-E/RT)      with Con acid in wt 
fraction of acid                                                        (1)  

The reaction described by the model is a first 
order reaction: 
r =-k [m]                                                                  (2) 

 
Where [m] is the residual mass of each fractions 

(according to maximum yield) 
Integrating equation (2) lead to equation (3): 

 
[m]= [m0] exp (-kt)                                                  (3) 

 
Where [m0] is the initial mass of each fraction 

(according to maximum yield). 
 Using the experimental data which can be seen 

in figures 2-5 and applying equation (3) and 
Arrhenious equation [7,8], the kinetic parameters for 
hydrolysis of sugarcane bagasse were calculated, the 
results of which is shown in table 2.

 
Table 1: Chemical composition of the sugar cane bagasse 

Constituent wt % 
Glucose and Galactose 40 
Xylose and Arabinose 30 
Lignin 25 
Ash 5 

 
Table 2: Kinetic parameters for the hydrolysis of sugarcane bagasse in sulfuric acid solution. 

Temperature (K) Acid Concentration  
(wt %) 

K (min-1) E/R n 

363 1 0.239  
 
 
 
3410 

 
 
 
 
 
 
 
 
 
0.8 

373 1 0.298 
 
383 

1 0.346 
3.5 0.499 
7 0.699 

 
 
395 

1 0.458 
8 0.549 
12 0.742 
18 0.780 

417 1 0.255  
 
 
 
 
 
10540 

 
 
447 

0.1   0.052 
0.3 0.093 
0.5 0.143 
0.7 0.192 
1 0.693 

 
 
457 

0.1 0.081 
0.3 0.181 
0.5 0.255 
0.7 0.817 
1 1.100 
1.5 1.151 

 
One of the kinetic parameters shown in figure 2 

is activation energy containing group (E/R) which 
has two different quantities of 3410 and 10540 which 
are related to two different structural fractions in a 
sense that these two fractions were digested in 
different temperature ranges as shown in figure 2. 
Based on chemical composition of sugarcane bagasse 
as shown in table 1, the lower activation energy 
belongs to hemicellulose structure whereas the 
higher quantity relates to cellulose structure.  

Because of hydrolysis process in high 
temperatures on lignin, hemicellulose and cellulose 
produces some toxic materials () and results shown 
in table 2, it can deducted that the optimal conditions 
for pretreatment of sugarcane bagasse involve a 2-
step dilute acid hydrolysis process.  

Further results indicated that there is an optimal 
initial solid concentration (around 15wt %) in which 
the maximum yield can be obtained (figure 5).   
 
Conclusions: 

 
The results of this investigation showed that the 

reactions under different conditions of temperature, 
time, and the initial solid and acid concentration 
determined that sugarcane bagasse has two fractions 
of fermentable sugars with different activation 
energies, which a simple pseudo-homogenous, 
irreversible, first order kinetic model could 
completely describes the hydrolysis process.
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Fig. 1: Schematic design of the semi-pilot reactor system used for acid hydrolysis 
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Fig. 2: Residual solid separated from sugarcane bagasse hydrolyzate as a function of temperature and reaction 

time in constant sulfuric acid concentration of 1wt%. 
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Fig. 3: Residual solid separated from sugarcane bagasse hydrolyzate as a function of sulfuric acid concentration 

and reaction time in constant temperatures (373 and 395 K). 
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Fig. 4: Residual solid separated from sugarcane bagasse hydrolyzate as a function of sulfuric acid concentration 

and reaction time in constant temperatures (447 and 457 K). 
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Fig. 5: Total sugar production as a function of initial water content in constant sulfuric acid concentration of 1wt 

% and temperature of 457 K. 
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