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Abstract: The application of agricultural residues for bioethanol production from Earleaf acacia (Acacia 

auriculiformis) leaves was investigated. Earleaf acacia leaves were dried and hydrolyzed with 3% sulphuric acid to 

obtain glucose for bioethanol production but it was found to have high proportion of furfural. The contents of this 

plant leaves obtained from this investigation were 35.3% furfural, 34.80% free fatty acid, 11.41% alcohol, 8.53% 

nitrogen compounds, 4.94% alkanal, 4.02% glucose, 0.5% alkanone, 0.27% ether and 0.23% alkane. This 

investigation revealed that, a lot of important industrial chemicals can be extracted from plant leaves hence; this will 

convert environmental pollution arisen from plant leaves into useful products. 
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INTRODUCTION  
Earleaf acacia botanically named as Acacia auriculiformis is an evergreen tree with compact spread, often multi-

stemmed plant belonging to the family of Leguminosae [1] and native of Australia, Papua New Guinea, and 

Indonesia [2]. It grows to a height of 35 to 40 feet and its drought resistant [1]. It has flat hard fruit, oblong pod, 

twisted at maturity, splitting to reveal flat black seeds attached by orange, string like aril [2].  
Wood is essentially composed of cellulose, hemicelluloses, lignin, and extractives. Wood is a mixture of three 

natural polymers; cellulose, hemicelluloses and lignin in an approximate ratio of 50:25:25, depending on species, 

biological variations such as genetic differences within species, and growing conditions [3]. Cellulose is a linear 

polysaccharide polymer with many glucose monosaccharide units [4]. Ophardt [4] claimed that cellulose structure 

consists of long polymer chains of glucose units connected by a beta acetal linkage as shown in Fig. 1. Cellulose 

molecules are unbranched chains formed by β-glucose unlike glycogen and starch that are branched polymers 

consisting α-glucose [5].  

Figure 1: Glucose structure showing beta acetal linkage [4] 

Hemicellulose, is a group of complex carbohydrates that, with other carbohydrates (e.g., pectins), surround 

the cellulose fibres of plant cells [6]). Hemicelluloses are shorter, or 'branched polymers of five-carbon sugars 

(pentoses), such as xylose, or six-carbon sugars (hexoses) other than glucose [3]. According to Britannica [6], 

hemicelluloses contain xylans (combination of many molecules of xylose linked together), an uronic acid (i.e., sugar 
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acid), and arabinose. The most common hemicelluloses are: xylan, glucuronoxylan, arabinoxylan, glucomannan and 

xyloglucan [7]. Hemicellulose is a heteropolysaccharides. Two examples of hemicellulose are as depicted in Fig. 2. 

(a) Xylan (b) Arabinoxylan 

Figure 2:  Xylan and Arabinoxylan hemicelluloses [7:8] 

Cellulose and hemicellulose are carbohydrates built up of simple sugars of hexoses and pentoses respectively [3]. 

Hemicelluloses have no chemical relationship to cellulose [6]. Unlike cellulose, hemicellulose structures vary 

considerably among species.  Lignin is a polymer of phenylpropane units. Fig. 3a depicts a sample of lignin. It is 

formed by the removal of water from sugar to create aromatic structure [9]. Its hydrolysis yield aromatic derivatives 

as shown in Fig. 3b. 

(a) (b) 

Figure 3: Chemical structure of a lignin and its monomers [9] 

Earleaf acacia tree was found abundantly in the premises of National Research Institute for Chemical Technology, 

Zaria filling the premises with its dead dry leaves. These leaves are usually collected in heaps and burnt which 

pollutes the environment with particles, smoke and CO2. This investigation was determined to extract glucose from 

Acacia auriculiformis dry leaves for bioethanol production. The dried leaves of Acacia auriculiformis were collected 

within the premises of the National Research Institute for Chemical Technology, NARICT Zaria. The leaves were 

cleaned, pulverized into powder and hydrolyzed in 3% solution of sulphuric acid.  

2. MATERIALS AND METHODS

2.1 Materials 

The materials used in this investigation include; dry leaves of acacia auriculiformis, 3% H2SO4 solution, distilled 

water, magnetic stirrer, conical flask, GC-MS, pH meter, Ca(OH)2 and yeast, 
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2.2 Sugar Extraction 

Dry leaves of Acacia auriculiformis were collected, grounded to powder and sieved. A conical flask of 1000 mL 

capacity was filled with mixture of 50g of fine powder leaves and 500 mL 3% H2SO4 solution [10]. This was heated 

to 120
o
C for 30 minutes on a magnetic stirrer. After hydrolysis, the liquid fraction was separated by filtration 

through filter paper, and the pH was adjusted [11] to 5.46 by the addition of Ca(OH)2. A second filtration was 

carried out to remove CaSO4 by vacuum filtration. The final filtrate was analyzed with GC-MS machine for its 

glucose concentration. 

3.0 RESULTS AND DISCUSSION  
The pH of the sample filtrate after first filtration was 1.44. This was neutralized with hydrated lime to a pH of 5.46. 

The alcohol level for the first day was tested with alcohol hydrometer (alkoholometer) and was found to be zero. 

The refractive index was found to be 1.335 at 26
o
C. The alcohol remained at 0% for six days. Table 1 presented the 

GC-MS analysis of the hydrolysis product. 

Table 1: Components of Acarcia auriculiformis leaf 

Compound MF Composition (%) Chemical Compounds (%) 

Levoglucosenone C6H6O3 3.56 
Glucose 

4.02 

1,6;2,3-Dianhydr-4-deoxy-beta, -d-lyxo-hexopyrannose C6H8O3 0.188 

1,4;3,6-Dianhydro-alpha-d-glucopyranose C6H8O4 0.272 

Furfural C5H4O2 20.872 
Furfural 

35.300 

3-Furaldehyde C5H4O2 5.218 

2-furaldehyde, 5-methyl C6H6O2 9.21 
6-methyl-3-pyridazinone C5H6N2O 3.07 3.07 

2-methoxypyrazine C5H6N2O 3.07 3.07 

4-Hydroxypyridine C5H5NO 0.228 Hydroxypyridine 

 0.684 3-Hydroxypyridine C5H5NO 0.228 

2-Hydroxypyridine C5H5NO 0.228 
1,1,3,3-tetramethylbutylamine C8H19N 0.76 Other N compounds 

1.708 2-Methyliminoperhydro-1,3-ozazine C5H10N2O 0.76 

4-Methyl-2-oxopentanenitrile C6H9NO 0.188 
2-(1-methyl-2-propenyl)bicyclo[2,2]heptane C11H18 0.228 Alkane 

2-Furanmethanol C5H6O2 10.68 10.68 
5-(2-propynyloxy)-2-pentanol C8H14O2 0.188 

Other Furfury alcohol 0.732 2-butene-1,4-diol C4H8O2 0.544 

2,4-pentadienoic acid C5H6O2 3.56 

FFA 

34.796 

Nanoic acid C9H18O2 1.892 

Decanoic acid C10H20O2 2.9 
Tetradecenoic acid C14H26O2 4.184 

Hexadecanoic acid C16H32O2 5.8 

Hexadecenoic acid C16H30O2 8.368 
Octadecanoic acid C18H36O2 1.892 

Octadecenoic acid C18H34O2 4.184 

Nonadecanoic acid C19H38O2 2.016 
Heptanal C7H14O 0.376 

Alkanal 

4.94 

2,3-dimethylpentanal C7H14O 0.38 

Octadecenal C18H34O 4.184 
5-Hydroxy-2,7-dimethyl-4-octanone C10H20O2 0.272 Alkanone 

0.500 Ethanone, 1-(2-furanyl)-2-hydroxy C6H6O3 0.228 

1,4-diethoxy-2-butene C8H16O2 0.272 Ether 

Total 100 

The component with the highest composition was furfural 35.3% followed by free fatty acid 34.796%. Others 

include; furan alcohol 11.412%, Nitrogen compound 8.532%, alkanal 4.94%, glucose 4.02%, alkanone 0.272%, 

ether 0.272% and alkane 0.228%. Fig. 5 depicts the statistical distribution of the hydrolysis products of the earleaf 

acacia tree leaves. 

3.1 Glucose 

The glucose content of the leaf was (4.02%) too insignificant for the desired objective of the intended research 

(bioethanol production). This indicates that the leaves do not contain much cellulose which is the parent source of 

glucose. 

3.2 Furfural 
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Furfural is a colourless, sweet smelling, heterocyclic liquid aldehyde, with a ring structure at right [12] as shown in 

Fig. 3. It has a molecular formula of C4H3OCHO. Furfural was first isolated by Johann Dobereiner in 1821 during 

the synthesis of formic acid [13]. John Stenhouse later in 1840 produced it from crop materials such as corns, oats, 

bran and sawdust with dilute sulphuric acid and established its empirical formula (C5H4O2). The structure of furfural 

was deduced by Carl Harrries in 1901. According to Ebert, [14] furfural is regarded as a renewable building block 

for the synthesis of plastics and industrial and household chemicals. Structural formula of furfural is presented in 

Fig. 4.

 Figure 4: Structural formula of furfural 

Figure 5: Distribution of the components composition of acacia auriculiformis leaf. 

Furfural is produced by removing water from or dehydrating five-carbon sugars such as xylose and arabinose [12]. 

These pentose sugars are commonly obtained by the hydrolysis of hemicellulose fraction of biomass wastes like 

cornstalks, corncobs and the husks of peanuts and oats [12]. These sugars further dehydrate under the same 

condition to furfural with the elimination of water as illustrated in eqn. 1. 

OHOHCOHC ndehydratio

22455105 3   (1) 

Furfural has a lot of useful applications which include; as solvent for nitrocellulose, as a fungicide, weed killer and 

for making furan [12]. It is used for production of fertilizers, plastics and paints [14], tetrahydrofuran by 

hydrogenation [15]. It is used as a solvent for refining lubricating oils, as a fungicide and weed killer and in the 

production of tetrahydrofuran, an important industrial solvent [14] 

3.3. Pyridazinone 
Another useful product from the leaf was pyridazinone found to be 3.07% as presented in Table 1. Pyridazinones are 

derivatives of pyridazine which belong to an important group of heterocyclic compounds containing two nitrogen 

atoms at 1 and 2 positions in a six member ring [16]. They have very useful applications in pharmacology 

(pharmacy). Asif [17] reported that substantial number of pyridazines and pyridazinones have been reported to 

possess antimicrobial, antitubercular, analgesic and anti-inflammatory, antipyretic, antifeedant, herbicidal, 
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antiplatelet, anticancer, cardiovascular and neurological disorder and other anticipated biological and 

pharmacological activities. This confirmed the usefulness of this plant leaf for variety of applications. 

3.4 2-furanmethanol 

Another useful product is furanmethanol, one of a class of heterocyclic aromatic compounds characterized by five-

membered ring structure consisting of five CH groups and two oxygen atoms as depicted in Fig. 5. It is found useful 

in Furan polymers, in making Sealants and Cements, Urea-formadehyde and Phenolic Resins, as a Solvent, Foundry 

cores, Flavorings [15]. Its structural formula is presented in Fig. 6. 

Figure 6: Structural formula of 2-furanmethanol 

3.5 Methoxypyrazine 

Methoxypyrazines is chemical known for vegetative odours characteristic of green bell peppers and peas [16]. 2-

methoxypyrazine about 3.07% was also found in the product. This compound has an aromatic flavor found naturally 

in grape and wine. It was first artificially added to wine in 2004 [18]. Rajchl et al, [19] reported that, the most 

important methoxypyrazines, MPs in wines are 3-isobutyl-2-methoxypyrazine (IBMP), 3-sec-butyl-2-

methoxypyrazine (SBMP), and 3-isopropyl-2-methoxypyrazine (IPMP). This can be isolated for wine industry. Fig. 

7 depicts the structural formula of 2-methoxypyrazine.   

Figure 7: Structural formula of 2-methoxypyrazine. 

3.6 Hydroxypyridine 

Three isomers of hydroxypyridines were found in the hydrolysis extraction product which were; 4- 

Hydroxypyridine, 3- Hydroxypyridine and 2- Hydroxypyridine constituted 0.684%. These compounds are aromatic 

N-heterocyclic pollutant compounds. They inhibit photosystem in plants and can irritate eyes, skin, lung, and 

gastrointestinal tract [20]). Hence, these compounds required to be removed from the product mixture for some of 

the products to be used for pharmaceutical raw materials. 

Other N compounds found in the extract were 2-Methyliminoperhydro-1,3-ozazine, 4-Methyl-2-oxopentanenitrile 

and 1,1,3,3-tetramethylbutylamine 

3.7 Fatty Acids 

The extract from the leaves had 34.8% fatty acid which can be esterified to produce biodiesel. Biodiesel is a biofuel 

currently being used in compression ignition engines as whole, blending and additive with petro-diesel. With this 

proportion of fatty acids in the acacia leaf, the plant leaves could be used as feedstock for biodiesel production.  

4. CONCLUSION

Acid hydrolysis of earleaf acacia leaves was carried out at 120
o
C for 30 minutes to extract glucose. The leaves 

extract was found to contain very useful chemicals for petrochemical, pharmaceutical, solvent, fertilizer, flavor and 

foundry. Utilization of this plant leaves for petrochemical, pharmaceutical, fertilizer and foundry industries would 

generate employment, economic empowerment to the rural women and youths and reduction of environmental 

pollution.   

ACKNOWLEDGMENT  

This study was funded by National Research Institute for Chemical Technology (NARICT), Zaria and the authors 

are highly appreciated. 

REFERENCES 

International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-4, July 2015
ISSN: 2395-3470

www.ijseas.com

466



 

1. Edward F. Gilman and Dennis G. Watson, Acacia auriculiformis: Earleaf Acacia. Retrieved from:

http://edis.ifas.ufl.edu/st004

2. A. Cunn. ex Benth, Acacia auriculiformis, Fabaceae (Leguminosae)/Pea Family

3. Irving S. Goldstein, Chemicals from wood, Outlook for the future, Eighth World Forestry Congress,

Djakarta, October 1978.

4. Charles E. Ophardt. Cellulose, virtual ChemBook, Retrieved from: http://www.elmhurst.edu

5. Xi Jin (2010). Breaking Down Cellulose, retrieved from: http://large.stanford.edu/course/2010

6. Encyclopedia Britannica. Hemicellulose, retrieved from: 

http://www.britannica.com/EBchecked/topic/260780/hemicellulose
7. Sigma-Aldrich Co LLC, 2015. Hemicellulose, Xylanase, Hemicellulose and Xylan, retrieved from:

http://www.sigmaaldrich.com

8. Xiao Liu (2010). Xylan

9. Fikret Kaya, John A. Heitmann and Thomas W. Joyce (2000). Influence of lignin and its degradation

product son, enzymatic hydrolysis of xylan, Journal of Biotechnology 80 (2000) 241–247

10. Mohit s. Mishra,  Chandrashekhar B., Tanushree Chatterjee and kanwal singh, Production  of  Bio-ethanol

from  Jatropha  Oilseed  Cakes  Via  Dilute Acid Hydrolysis and Fermentation by Saccharomyces

cerevisiae, International Journal of Biotechnology Applications, ISSN: 0975–2943 & E-ISSN: 0975–9123,

Vol. 3, Issue 1, 2011, pp-41-47

11. Ricardo Salviano dos Santos, Alice Lopes de Macedo, Lílian de Araujo Pantoja and Alexandre Soares dos

Santos, Bioethanol from Jatropha Seed Cakes Produced by Acid Hydrolysis Followed by Fermentation

with Baker’s Yeast, International Journal of Applied Science and Technology, Vol. 4, No. 4; July 2014

12. Farlex, Furfural, Based on WordNet 3.0, Farlex clipart collection. © 2003-2012 Princeton University,

Farlex Inc.

13. Wikipedia the free encyclopedia, Furfural, retrieved from: http://en.wikipedia.org/wiki/furfural accessed

22/11.2014.,

14. Jessica Ebert. Furfural: Future Feedstock for Fuels and Chemicals, Biomass Magazine. Retrieved from:

http://biomassmagazine.com/articles/1950/furfural-future-feedstock-for-fuels-and-chemicals

15. Chemicalland21, retrieved from:  http://www.chemicalland21.com/industrialchem/solalc/FURFURAL.htm

16. Mohammad Asif and Anita Singh. Exploring Potential, Synthetic Methods and General Chemistry of

Pyridazine and Pyridazinone: A Brief Introduction, International Journal of ChemTech Research, 2010,

Vol.2, No.2, pp 1112-1128

17. Mohammed Asif (2011). General study of pyridazine compounds against cyclooxygenase enzyme and their

relation with analgesic, anti-inflammatory and anti-arthritic activities, retrieved from:

http://www.cysonline.org/text.asp?2010/1/3/3/76447
18. Peter Hartmann (2003). The Effect of Wine Matrix Ingredients on 3- Alkyl- 2- methoxypyrazines

Measurements by Headspace Solid- Phase Microextraction (HS- SPME), Thesis submitted to the Faculty of

Virginia Polytechnic Institute and State University in partial fulfillment of the requirements for the degree

of Master of Science in Chemistry.

19. Rajchl A., Čížková H., Voldřich M., Lukešová D., Panovská Z. (2009): Methoxypyrazines in Sauvignon

blanc wines, detection of addition of artificial aroma. Czech J. Food Sci., 27: 256–266.

20. Daniel Baron (2012). 4-Hydroxypyridine Pathway Map. Retrieved from:  http://eawag-

bbd.ethz.ch/hpd/hpd_map.html

International Journal of Scientific Engineering and Applied Science (IJSEAS) - Volume-1, Issue-4, July 2015
ISSN: 2395-3470

www.ijseas.com

467

http://edis.ifas.ufl.edu/st004
http://www.elmhurst.edu/
http://large.stanford.edu/course/2010
http://www.britannica.com/EBchecked/topic/260780/hemicellulose
http://www.sigmaaldrich.com/
http://en.wikipedia.org/wiki/furfural
http://biomassmagazine.com/articles/1950/furfural-future-feedstock-for-fuels-and-chemicals
http://www.chemicalland21.com/industrialchem/solalc/FURFURAL.htm
http://www.cysonline.org/text.asp?2010/1/3/3/76447
http://eawag-bbd.ethz.ch/hpd/hpd_map.html
http://eawag-bbd.ethz.ch/hpd/hpd_map.html



