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ABSTRACT 
The exploitation of lignocellulosic biomass is receiving an increasing attention due to its 
renewability, abundance and low price value, and can be converted into various valuable 
platform compounds such as furfural, lactic acid, formic acid and levulinic acid. Among 
these products, levulinic acid (LA) is the main compound of biomass hydrolysis, which 
has been classified by the United States Department of Energy as one of the top-12 
promising building blocks. This work reported the transformation of groundnut shell into 
LA. The production of LA was carried out in a 50 cm3 Teflon lined stainless steel reactor. 
The LA produced was extracted from the aqueous mixture using ethyl acetate, about 1g 
of sodium sulphate anhydrous were added to remove the water in the organic layer after 
the aqueous layer was drained and then heated at a temperature of about 78 oC for the 
solvent to evaporate and LA was the residue. The production process was optimized 
using a Taguchi orthogonal array design, with optimum yield of 74.54 % at reaction 
conditions of temperature (180 °C), time (3.5 h), and acid concentration (0.3 M). The FT-
IR spectrum of the produced LA showed absorption at about 1705.13 cm-1 and 3039.91 
cm-1 indicating the conjugated carbonyl and the hydroxyl of carboxylic acid functional 
group. It was recommended that high yields of LA can be achieved across a range of 
optimization variables as long as two out of the three conditions are met: high acid 
catalyst concentration, long reaction time or high temperature within the range tested, 
as LA is relatively stable once formed. Moreover, the results obtained revealed that 
groundnut shell could be a potential substrate for levulinic acid production.  
Keywords: Groundnut shell, Levulinic acid, Optimization, Hydrolysis, Taguchi design. 

 
INTRODUCTION 

The continuous depletion of fossil fuel resources 
and increasing global energy consumption have 

led to considerable attention on the utilization of 

lignocellulosic biomass for production of 
chemicals, fuels, and energy (Cirujana et al., 
2015). Levulinic acid (LA) is lignocellulosic 
biomass derived chemical and regarded as one 

of the top twelve building block chemicals (Ramli 

and Amin, 2015).  One of the main concerns of 
biochemical production is the consumption of 

edible biomass such as corn, sugarcane, soya 
beans, and vegetables as feedstock for biofuels 

generation. This issue has motivated researchers 
around the world to develop second-generation 

technologies for processing non-edible biomass 

(lignocellulosic materials) so that a sustainable 
production of a new generation of fuels and 

chemicals can be achieved without affecting 

food supplies.   
Levulinic acid (LA) also known as 4-

oxopentanoic acid or 4-ketopentanoinc acid is a 
linear C5-alkyl carbon chain. Levulinic acid is a 

widely used industrial chemical with one 

carbonyl, one carboxyl, and �-H in its inner 

structure (Figure 1), which belongs to a short 

chain and non-volatile fatty acid (Darenberg et 
al., 2011). 
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Figure 1: The Molecular Structure of Levulinic Acid 
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Lignocellulosic biomass is the most abundant 

biomass in the world which can be converted 

into various valuable platform compounds such 
as furfural, lactic acid, formic acid and levulinic 

acid by biorefinery processes (Elumaila et al., 
2016). Among these compounds, levulinic acid 

(LA), has wide applications in industry and 
agriculture to produce a variety of products such 

as plasticizer, oil additives and fragrances (Yuan 

et al., 2016). Up to now, the production of LA 
has been broadly investigated from a variety of 

feedstock such as sugars, cellulose, chitin and 
raw lignocellulosic biomass by homogeneous or 

heterogeneous catalysts (Sun et al., 2016). 
Compared with homogeneous mineral acid 
catalysts such as HCl, H2SO4 and H3PO4, 

heterogeneous catalysts such as acidic ion-
exchange resins, heteropoly acids, and metal 

oxides can be easily isolated from the reaction 
mixture and reused, and they have no corrosion 

problem. However, heterogeneous catalysts are 

still not satisfactory in LA production, especially 
from cellulose and raw biomass feedstock, due 

to the solid-solid mass transfer limitation 
(Antonetti et al., 2016).  

Therefore, although mineral acids have the 

disadvantages of equipment corrosion and 

difficulty in recycling, they have been broadly 

used in producing LA and are beneficial for 

industrial-scale production because of their high 
activity and low cost (Bevilaqua et al., 2013). In 

addition, the corrosion problem of the 
equipment can be partially avoided by the 

employment of dilute acid or acid-resistant 
materials (Antonetti et al., 2016). In terms of 

starting materials used for LA production, 

monosaccharides such as glucose and fructose 
can give high LA yields (Upare et al., 2013). The 

high cost of sugars restricts their application in 
LA production. However, the production of LA 

from cellulose and in particular, from raw and 
waste biomasses is preferred because of their 
abundance and low cost. When cellulose or raw 

lignocellulosic biomass are used as starting 
materials, LA is usually produced by the acid-

catalyzed conversion of cellulose, following a 
reaction pathway in which cellulose is hydrolyzed 

into glucose via enzymatic or acid-catalysis 

methods and the generated glucose is 
dehydrated to 5-hydroxymethylfurfural (HMF), 

followed by a rehydration step converting HMF 
to LA, as shown in Figure 2 (Elumaila et al., 
2016).
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Figure 2: Reaction Pathway for the Acid-catalyzed Conversion of Cellulose to Levulinic Acid 
 

The objectives of this study are to explore the 
potential of groundnut shell as feedstock for 

levulinic acid production and optimize the 

reaction parameters (acid concentration, 
temperature, and reaction time) via 

simultaneous hydrolysis and dehydration. 
 

MATERIAL AND METHODS 
Groundnut shells were collected from the 

processing sites at Adarawa village behind 

Usmanu Danfodiyo University, Sokoto stadium. 
The sample was identified as groundnut shell 

(Arachis hypogaea shell) at the Crop Science 
Department, Faculty of Agriculture, Usmanu 

Danfodiyo University, Sokoto. The shells were 

crushed, milled and sieved. Particles that passed 

through the 40 mm mesh sieve were retained 
and stored in a plastic container until required 

for the analysis 

Method 
The methods described by Mosier et al. (2015) 

and Kuhad et al., (2010) was adopted for the 
extraction of cellulose from dried sample as 

follows: 
Acid Pretreatment 

The dried groundnut shell (3.0 g) was pre-

treated with 3 % (v/v) hydrochloric acid (30 
cm3) for 30 minutes in an autoclave at 121 oC. 

The content was cooled to ambient temperature, 
then filtered, washed to a neutral pH and dried 

overnight at a temperature of 50 oC in an oven. 

This was aimed to remove the hemicelluloses. 
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Alkali Pretreatment 
The oven dried substrate (2.0 g) from acid pre-

treatment was further pretreated with 4 % (w/v) 

sodium hydroxide (20 cm3) for 15 minutes in an 
autoclave at 121 oC to remove lignin. The 

solution was cooled, filtered, washed to a 
neutral pH and oven dried overnight at a 

temperature of 50 oC.  
Cellulose Test 

The method described by Achor et al., (2014) 

was adopted with modification. Briefly, about 0.1 
g Cellulose powder was placed on a watch glass, 

and dispersed in a drop of iodinated zinc 
chloride solution and the color change was 

observed. The cellulose extracted from 
groundnut shell was used for the production of 
levulinic acid. 

Lignin Test (Wiesner Test) 
The oven dried substrate (1.0 g) from alkali pre-

treatment was dissolved with few drops of dilute 
hydrochloric acid on a glass slide. Two drops of 

benzene-1,3,5-triol (phloroglucinol) were added 

and the slide was slowly heated over a bunsen 
burner, until the liquid content was evaporated. 

The slide was then examined under a light 
microscope, (Achor et al., 2014) 

Levulinic acid Production 

The synthetic reaction was carried out in a 50 
cm3 Teflon lined stainless steel reactor. 2.0 g of 

pretreated sample was placed in 20 cm3 of 0.2 M 
HCl aqueous solution and loaded into the 

reactor. The reactor was immersed in the 

paraffin oil bath. Then the closed reactor was 
magnetically stirred at 1000 rpm and heated to 

180 oC using hot plate magnetic stirrer and kept 
for 3.5 hours. After the reaction, the reactor was 

quenched with cold water to stop the reaction 
and a liquid sample after filtration was obtained, 

(Jialei et al., 2017). 

The levulinic acid produced was extracted from 
the aqueous mixture; equal volume of ethyl 

acetate to the levulinic acid mixture was placed 
in a separating funnel; two layers were 

obtained: an organic and aqueous layer, the 
aqueous layer was drained and the organic layer 

was placed in a beaker and approximately 1.0 g 

of sodium sulphate anhydrous was added to 
extract water in the organic layer, then placed in 

a fume cupboard and heated at a temperature 
of about 78 oC to evaporate the solvent and LA 

was the residue (Jialei et al., 2017). 
Optimization of Levulinic acid Production 
Process 

The optimization of levulinic acid production was 
conducted using Minitab 17 statistical software, 

comparing parameters such as temperature, 
time and acid concentration to determine which 

parameters will produce a higher LA yield. The 

Taguchi orthogonal array design was done to 
determine the optimum conditions for the 

production of levulinic acid. Parameters that 
were used for optimization settings are given in 

Table 1, after inserting the minimum and 

maximum of the three parameters, a set of 
experiments were given from the software and 

Table 2 shows the experiments that needed to 
be done to measure the amount of LA produced. 

The pretreated substrate was used as a starting 

material for this experiments and dilute HCl was 
used as a catalyst using a Teflon lined stainless 

steel reactor with a 50 cm3 reaction volume and 
70 bar pressure. 

 

 

Table 1: Experimental Range and Levels of Independent Variables 

Parameter Minimum Maximum 

Temperature (°C) 160  220 

Reaction Time (Hours) 2.0  3.5  

Acid Conc. (M) 0.2  0.35  
 

The ranges of variables were chosen based on 
information from a previous study (Jialei et al., 
2017). The effects of temperature, time and acid 
concentration that affect the hydrolysis and 
dehydration stage were optimized and the 

hexose sugars in the extracted cellulose were 
used as the substrate for levulinic acid 

production. Temperature (160 – 220 oC), 

residence time (2.0 - 3.5 hours) and acid 
concentrations (0.2 - 0.35 M) were selected as 

independent process variables. 16 treatments 
were run in a random order to minimize the 
effect of any unexplained variability in the 

observed responses. The response measured 
was the yields of levulinic acid. 
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RESULTS AND DISCUSSION 
Table 2 and 3 shows the results of 

physicochemical properties of cellulose extracted 

from groundnut shell and taguchi orthogonal 
array design for LA yield. 

 

Table 2: Physicochemical Properties of Cellulose Extracted from Groundnut Shell 

Test Observation Inference 

(i) Cellulose powder  
 + iodinated ZnCl2  

(ii) Cellulose powder + dilute HCl 
+ benzene-1,3,5-triol 

(iii) pH   

Turns violet blue  
 

No reaction  
 

6.9 

Cellulose is present 
 

Lignin is absent 
 

 

 

The optimization of LA was carried out based on 

the three factors variables (reaction 
temperature, reaction time and acid 

concentrations) which are in four different levels 

of the experimental runs. From the set of 
experiments, it showed that the acid hydrolysis 

of pretreated groundnut shell with 0.30 M at 180 

°C, for 3.5 hours gave the highest yield of 74.54 
% LA compared with other parameters (Table 

3), these are the optimum parameters used for 

the LA synthesis. 

 
Table 3: Taguchi Orthogonal Array Design and LA Yield 

Run.  TEMP. (o C) TIME(H) ACID CONC. (M). LA YIELD (%) 

1 160 2.0 0.20 33.56 

2 160 2.5 0.25 46.25 

3 160 3.0 0.30 31.45 

4 160 3.5 0.35 40.10 

5 180 2.0 0.25 52.74 

6 180 2.5 0.20 60.37 

7 180 3.0 0.35 63.42 

8 180 3.5 0.30 74.54 

9 200 2.0 0.30 28.32 

10 200 2.5 0.35 31.46 

11 200 3.0 0.20 26.32 

12 200 3.5 0.25 41.65 

13 220 2.0 0.35 17.48 

14 220 2.5 0.30 25.20 

15 220 3.0 0.25 33.25 

16 220 3.5 0.20 29.62 

 

The general linear model analysis was carried 
out to fit the response variable and to 

investigate the variable that is significant. The ‘P’ 

values for all the factors used were less than 
0.05 this indicated that all the terms are 

statistically significant. The correlation coefficient 
(R2) of the analysis was found to be 96.50 % 

which shows that the variables are significant 

and hence fit this model. 

Identification of Levulinic acid 
Table 4 shows the characteristics FTIR peaks of 

the characterized levulinic acid. The produced 

levulinic acid was identified using Shimadzu-
8400s Fourier Transform Infrared 

Spectrophotometer (FTIR) at 4000-750 cm-1 
transmission rate. 
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Table 4: FT-IR Absorption Bands of Levulinic Acid Produced 

Frequency (cm-1) Bond  Functional group 

3039.91 (m and b) O-H stretch  Hydroxyl 

2939.61 (m) C-H stretch  C-H 

1705.13 (s) 
1751.42 (w) 

C=O stretch 
C=O stretch 

 C=O (Carbonyl) 
C=O (Carbonyl) 

1226.77(m)  C-O stretch  C-O 

 

Where (m) – medium peak, (s) -sharp peak, (w) 
– weak peak and (b) broad peak 

The important vibrations of LA are all seen in 
this FTIR spectrum, vibration such as O-H 

(3039.91 cm-1) which is broad and intense 
stretching for carboxylic group, a very strong 

absorption at 1705.13 cm-1 which corresponds to 

absorption of carbonyl (C=O) stretching for 
ketone of the carboxylic group, and C-H 

(2939.61 cm-1) stretching for alkane was 
observed in this spectrum. The sp2 hybridized C-

O vibration stretching for carboxylic group which 

absorbs around 1226.77 cm-1 differentiates the 
C-O stretching for alcohol an sp3 hybridized that 

absorbs around 1000-1150 cm-1. Another thing 
that differentiates this spectrum from that of 

alcohol is the broad O-H stretching, both 
carboxylic acid and alcohol hence these broad 

absorptions but the O-H vibration stretching for 

carboxyl group absorbs around 2500-3300 cm-1 
whereas the O-H vibration stretching for 

alcohols absorbs between 3200-3500 cm-1 and 
these have confirmed the presence of carboxyl 

group in the spectrum as shown in Figure 3. 

 

 
Figure 3: FT-IR Spectrum of LA produced from Groundnut shell 
 

Effect of Reaction Temperature on the 
Synthesis of LA 

In the catalytic conversion of lignocellulosic 

biomass, the reaction temperature is an 
important effect factor that plays a crucial role in 

determining the products’ distribution (Yuan et 
al., 2016). LA is generally produced by the 

rehydration of 5-hydroxymethylfurfural (Rout et 
al., 2016), which is obtained by the dehydration 
of glucose or fructose through eliminating three 

water molecules (Fachiri et al., 2015). The 
hydrolysis of cellulose to glucose is considered to 

be a key step in the production of LA directly 
from lignocellulosic biomass (Huang and Fu, 

2013). Generally, the production of levulinic acid 

requires higher temperatures as compared with 

the hydrolysis of cellulose (Sun et al., 2016). 
The influence of the reaction temperature on the 

synthesis of LA from pretreated groundnut shell 

was investigated (Figure 4). When the reaction 
was conducted at 160 oC, the LA yield increased 

slowly with the increasing reaction time, and a 
LA yield of 51.45 % was attained in a 3.0 hours’ 

reaction time. When the temperature was 
increased to 180 oC the LA yields increased 
rapidly from 51.45 % to 74.74 % between 2.0 to 

3.5 hours’ respectively. As the reaction 
temperature increased from 200 oC to 220 oC a 

decreased in LA yield with time was observed 
compared to a temperature of 180 oC. Thus, 180 
oC was considered an optimum temperature for 

the production of LA from groundnut shell. 
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Figure 4: Interaction Plot Showing Effect of Reaction Temperature on the Synthesis of LA. 

 
Effect of Acid Concentration on the 

Synthesis of LA 

The effect of the acid concentration on the 
catalytic synthesis of LA from the pretreated 

groundnut shell was investigated (Figure 5). 
When the reaction was performed in 0.2 M HCl 

aqueous solution, the LA yield increased rapidly 

with the prolonged reaction time, and LA yield of 
60.37 % was achieved at 2.5 hours’ reaction 

time and decreased to 26.32 % at 3.0 hours. 

With increased in HCl concentration, the LA yield 
significantly increased, and maximum LA yields 

of 74.54 % at 3.5 hours and 63.42 % at 3.0 
hours were obtained for 0.3 M and 0.35 M HCl 

aqueous solutions, respectively. 
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Figure 5: Interaction Plot Showing Effect of Acid Concentration on the Synthesis of LA. 
 

CONCLUSION 

The production of chemicals from biomass 
represents a major challenge because of the 

complex nature of the biomass substrate and 
non-cellulose components. Product yields and 
process viability can be enhanced if the 

hemicellulose and lignin components are 
removed. This study illustrated that levulinic acid 

production from groundnut shell and 
optimization of process variables were 

performed using one-stage process. Maximum 
levulinic acid yield (74.54 %) was obtained at 

optimum conditions of temperature (180 °C), 

time (3.5 hours) and acid concentration of (0.3 

M). From the result obtained, it can be 

concluded that groundnut shell could be a 
potential raw material for the production of a 

bio-based chemical such as levulinic acid. High 
yields of levulinic acid can be achieved across a 
range of optimization variables as long as two 

out of the three conditions are met: high acid 
catalyst concentration, long reaction time or 

high temperature within the range tested, as 
levulinic acid is relatively stable once formed. 

However, increasing the temperature to 200 °C 
shows a decrease in LA yield with increasing 

reaction time. 
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