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A B S T R A C T   

This paper reports the green way of zinc oxide synthesis using the aqueous extract of the corm (rhizome) of the 
banana plant (Musa spp.) via an eco-friendly microwave approach. Zinc oxide catalysts were prepared in a 
different molar concentration of ZnSO4.7H2O solutions (0.1–0.5 M) and different volume of banana corm extract 
(16 mg/ml; 1–5 ml). The aqueous extract of banana corm plays a role of reducing agents and stabilizer. The 
synthesized zinc oxide catalyst was characterized by instrumental techniques such as UV–Vis spectroscopy, XRD, 
FT-IR, DLS and SEM micrograph. The obtained results have confirmed the creation of sphere-shaped/globular 
zinc oxide with an average particle size of ~370 nm. The varied amount of zinc oxide catalyst (2–3 wt. %) 
was used for the transesterification of fish lipid into biodiesel. The prepared biodiesel was examined via 1H NMR 
spectroscopy and GC-MS. The maximum transesterification efficiency was found to be ~90% for the ZnO catalyst 
at 2.5 wt %. The banana corm extracts (BCE) mediated synthesis of ZnO catalyst has shown for its potential 
application for sustainable biodiesel development.   

1. Introduction 

The rise in energy demands, exploitation of fossil fuel assets and 
ecological alarms impulses the development of alternative renewable 
energy resources for sustainability. The renewable and eco-friendly 
transport fuel i.e. biodiesel incited much attention for transportation/ 
industrial sector due to the several benefits. Chemically, the biodiesel is 
the methyl esters of fatty acids (FAME) which can be obtained from 
animal fats/lipids or edible/non-edible oils via its transesterification. 
Biodiesel is an environment-friendly fuel to substitute the petrodiesel for 
direct use or to blend with petrodiesel (Baskar and Aiswarya, 2015; 
Talebian-Kiakalaieh et al., 2013; Jaiswal and Arun Prasath, 2016).) 

The variety of feedstock resources from plant or animal origin can be 
employed to manufacture the biodiesel. The low-cost, non-edible or 
waste resources for the feedstock are also in the audience to avoid the 
discussion over ‘food’ vs. ‘fuel’ concern (David, 2008). In the waste 

resources, discarded fish waste attracted much attention as a potential 
feedstock in biodiesel production. The fishery trades explore huge 
commercial and nutritional significance in India and abroad. India 
contributes as the second top in the world with ~5.5% of the worldwide 
production of fish owing longest sea shoreline ~8000 km and inland 
fisheries (Venkataraman, 2012). The fish processing industry and 
marketplace produce huge amounts of fish cast-off/waste (head, viscera, 
tail, skin, liver, eyes, fins, etc.) about 1/3rd portion. The extracted crude 
oil from the waste parts of marine/freshwater fish can be deliberated to 
be a substitute resource of low-cost feedstock to produce biodiesel due to 
high contents of long-chain fatty acids (Jaiswal et al., 2014). The lip
ids/fats obtained from waste fish has to undergo for transesterification 
reaction to produce biodiesel. 

The reaction for biodiesel synthesis i.e. transesterification can be 
catalyzed via a wide range of catalysts such as homogeneous, hetero
geneous or enzymatic catalysts under appropriate reaction condition. 
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Traditional homogeneous catalysts have several drawbacks including 
the sensitivity to free fatty acid which marks the formation of soap, 
whereas enzyme catalysts showed its limitation such as high cost, slower 
reaction rate and deactivation by alcohol used as acyl acceptor (Wilson 
and Lee, 2012). In this perspective, heterogeneous catalyst inclines to 
conquer the limitations with the homogeneous and enzymatic catalysts. 
Heterogeneous catalysts have shown its potentials in the line of trans
esterification of low-grade oil with fewer purification steps, mild reac
tion condition and easy separation. Numerous heterogeneous catalysts e. 
g. hydrotalcite, alkali oxides, metal oxides, etc. are well reported to be 
used for the biodiesel synthesis (Helwani et al., 2009; Lee et al., 2014; 
Jha et al., 2016). 

In addition, numerous investigation on the synthesized nano
materials/composites are reported such as metal oxides (ZnO, CaO, 
MgO, Ca/Zn, Ca/Mg, etc.), alkali metal oxides (CaO/Al2O3, MgO/Al2O3, 
Li/CaO, etc.), hydrotalcite, Ca/Al/Fe3O4 magnetic composites, poly
meric composites, graphene-based materials and biologically derived 
catalysts to be utilized in catalytic activity and reusability for biodiesel 
production process (Lee et al., 2014; Jha et al., 2016; Jaiswal et al., 
2018a, 2018b; Sudhakar, 2018; Sudhakar et al., 2017). The various 
parameters e.g. temperature, oil to methanol ratio, reaction time and 
catalyst concentration are considered for transesterification. The het
erogeneous catalysts of metal oxides contain positive metal ions (elec
tron acceptors) and negative oxygen ions (proton acceptors). The 
electron and proton acceptors offer adsorptive sites for methanol and 
readily split in the anions of methoxide as well as cations of hydrogen. 
The methoxide anions of the heterogeneous catalysts react with the 
triglyceride of lipid to convert into methyl ester (Sharma et al., 2011). 
Recently, low-cost and efficient catalysts such as bio-derived transition 
metal oxides (e.g. CaO, ZnO, MgO, SiO2, etc.) are gaining interest due to 
the ease of synthesis, non-toxicity and wide range applicability 
including transesterification reaction (Baskar et al., 2018). Among the 
variety of agro-waste materials, leftovers of banana plant considered as 
one of the highly abundant agro-waste (Padam et al., 2014). The phy
tochemicals in the extracts have the potential to act as reducing agents 
and a stabilizer to synthesize metal/metal oxide nanomaterials via green 
and environment-friendly approach for various applications (Padam 
et al., 2014; Dauthal and Mukhopadhyay, 2016). 

In this study, transition metal oxide ZnO heterogeneous catalyst was 
prepared by the mediation of aqueous extract of the banana corm (BCE) 
under the microwave irradiation. The synthesized ZnO catalyst was 
utilized for the biodiesel synthesis via transesterification reaction and 
the conversion efficiency of lipid into FAME was investigated in 
different concentration of biologically synthesized ZnO. 

2. Experimental 

2.1. Materials 

Corms (rhizome) of banana plant (Musa spp.) were collected from the 
village Poornankuppam of Ariyankuppam Commune, Puducherry, India 

(11.865839�N 79.805288�E). Discarded fish wastes (leftover of fish e.g. 
head, tail, skin, viscera, etc.) were collected from the fish market of 
Kalapet, Puducherry, India (12�204.9300N 79�51052.2400E). 

Zinc sulphate heptahydrate (ZnSO4.7H2O), chloroform, methanol, 
ethanol and ethylene glycol were procured from Merck Chemicals, 
India. Potassium bromide (KBr) and deuterated chloroform (CDCl3) 
were purchased from Sigma-Aldrich, India. Milli-Q water was used for 
the preparation of plant extract. 

2.2. Preparation of aqueous extract from the corm (rhizome) of the 
banana plant 

The freshly collected corm (rhizome) of the banana plant was 
cleaned numerous times with water followed by distilled water to 
eliminate soil and other impurities. The banana corm was sliced into 
small pieces and dried in shade. The dried banana corm was ground into 
a fine powder using an electric household grinder. The powdered ba
nana corm was added in Milli-Q in the ratio of 1:10 and kept for stirring 
at 60 �C for 45 min. Then, the aqueous solution was centrifuged at 
10000 rpm for 15 min and separated supernatant was filtered using 
Whatman Filter Paper No. 1. Banana corm extract (16 mg/ml) was kept 
at ambient room temperature for further usage. 

2.3. Synthesis of ZnO under microwave irradiation using BCE 

The preparation of ZnO catalyst was optimized with banana corm 
extract (16 mg/ml; 1–5 ml) mixed with a different molar concentration 
of ZnSO4.7H2O (0.1–0.5 M) solutions and stirred vigorously at 80 �C 
(see Table 1). The resultant solutions were treated under microwave 
irradiation at P-60 (540 Watt) for 15 min in a domestic microwave. The 
microwave treated solution turns brownish-white in colour indicating 
the synthesis of product. The synthesized products were washed several 
times using Milli-Q water followed by ethanol. The obtained product 
was kept in a furnace for calcination at 400 �C for 3 h to remove 
unreacted/impurities. 

2.4. Materials characterization 

The preparation of ZnO with the aqueous extract of the banana corm 
was characterized using UV-VIS-NIR Spectrometer in the range of 
200–800 nm. The phase purity and lattice parameter of the synthesized 
ZnO catalyst was analyzed by X-ray diffractometer (X’Pert PRO, PAN- 
analytical) with Cu Kα radiation (λ ¼ 1.5406 Å) in the range 15–80�

with the step size of 0.015�. Infrared spectra (400–4000 cm-1) of the 
samples were recorded by Fourier transform infrared spectrometer 
(Make: Thermo Nicolet, Model: 6700) using KBr pellet technique. The 
size of ZnO was measured by dynamic light scattering (Malvern Pan
alytical, MAL1043157). The surface configuration of the synthesized 
ZnO was characterized by SEM (scanning electron microscope) micro
graph (Make: Hitachi, Model: S–3400N). 

2.5. Biodiesel synthesis from fish lipids and analysis 

The discarded fish wastes/residues were collected from the local fish 
market at Kalapet, Puducherry. The fish waste was kept for drying in an 
oven at 60 �C and ground into the fine powder, and subsequently, the 
lipid extraction was carried out by the Folch’s method (Folch et al., 
1957). The extracted and purified fish lipids were used for trans
esterification. The purified fish lipid was preheated at 70 �C to remove 
moisture from the lipids. The synthesized ZnO catalysts (2–3 wt. %) was 
mixed in fish lipids and stirred for a few minutes to make it slurry and, 
successively methanol was added and allowed to stir continuously with 
a mechanical stirrer until the transesterification reaction. The reaction 
conditions for transesterification were 6:1 ratio of methanol to lipids at 
70 � 2 �C for 4 h. The biodiesel phase at the top layer was separated by 
centrifuge at 2000 rpm for 15 min; subsequently, a hot water 

Table 1 
Synthesis of ZnO using a varied concentration of BCE and ZnSO4.7H2O solution.  

S. 
No. 

Banana Corm 
Extract (ml) 

ZnSO4.7H2O 
(Molar) 

Time 
(min) 

Microwave 
Irradiation 
Power (Watt) 

1. 1 ml 0.1 M 15 P-60 (540 Watt) 
2. 1 ml 0.2 M 15 P-60 (540 Watt) 
3. 1 ml 0.3 M 15 P-60 (540 Watt) 
4. 1 ml 0.4 M 15 P-60 (540 Watt) 
5. 1 ml 0.5 M 15 P-60 (540 Watt) 
6. 2 ml 0.2 M 15 P-60 (540 Watt) 
7. 3 ml 0.2 M 15 P-60 (540 Watt) 
8. 4 ml 0.2 M 15 P-60 (540 Watt) 
9. 5 ml 0.2 M 15 P-60 (540 Watt) 
10. 0 ml 0.2 M 15 P-60 (540 Watt)  
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purification step was carried out. The transformation of lipids to bio
diesel was calculated by 1H NMR spectroscopy using the ratio of inte
grated signals (area under the signal acquired by integration) at 
3.68 ppm (ACH3) and at 2.28 ppm (ACH2). The content of fatty acids 
methyl esters (FAME) was analyzed by GC-MS using instrument acqui
sition parameters; oven: initial temp 60 �C for 2.80 min, ramp 10 �C/min 
to 300 �C, hold 6 min, InjAauto 260 �C, volume 0 μL, split 10:1, carrier 
gas He, solvent delay 2.80 min, transfer temp 225 �C, source temp 
225 �C, scan: 40 to 600Da, column 30.0m � 250 μm. 

3. Results and discussion 

3.1. UV–Vis spectroscopy of ZnO synthesis 

Fig. 1 represents the optical absorbance spectra for the blank BCE 
(16 mg/ml) and BCE mediated synthesis of ZnO using a different molar 
concentration of ZnSO4.7H2O (0.1–0.5 M) solution. The typical exciton 
absorption peak of blank banana corm extract (BCE) was observed at 
252 nm which was shifted at 288 nm during the synthesis of ZnO using a 
different molar concentration of the solutions of ZnSO4.7H2O. The in
crease in molar concentration of the solutions of ZnSO4.7H2O increases 
the absorbance peak intensity at 0.2 M and then after decreases from 

Fig. 1. UV–Vis spectra of ZnO synthesis at varied ZnSO4.7H2O.  

Fig. 2. UV–Vis spectra of ZnO synthesis at varied BCE.  

Fig. 3. XRD pattern of ZnO catalyst.  

Table 2 
FT-IR Spectral peaks of banana corm powder, banana corm extract and syn
thesized ZnO.  

S. 
No. 

Absorption peak 
(cm-1) 

Bond/functional groups 

1. 3441 OH stretching vibrations 
2. 2991 C–H stretching band vibration 
3. 1648 C¼C stretch in aromatic ring and C–

–O stretch in 
polyphenols 

4. 1388 C–H bending alkane group 
5. 1270 C–N stretching of the amine group 
6. 1040 C–O stretching in amino acid 
7. 476 The hexagonal phase of ZnO stretching band  

Fig. 4. FTIR spectra of optimized ZnO catalyst, BCE and BCP.  
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0.3–0.5 M concentrations (Fig. 1). 
In Fig. 2, the optical absorbance spectra for the blank ZnSO4.7H2O 

solution and BCE mediated synthesis of ZnO in the varied volume of BCE 
(0–5 ml) has shown. The typical exciton absorption peak of blank 
ZnSO4.7H2O solution was observed at 320 nm which was shifted to
wards at 288 nm during the synthesis of ZnO using varied volume con
centration of BCE. It was observed that without using BCE (0 ml) in 
ZnSO4.7H2O solution, there is no indication for the formation of ZnO as 
shown in the spectra of Fig. 2. The absorption peak intensity increases 
with an increase in volume with a decrease at 4 ml concentration as 
optimum (Fig. 2). The absorption edge intensity in volume optimization 
shows a systematic shift towards the lower wavelength or higher energy 
(blue shift) at 282 nm compared to 288 nm which indicates the reduc
tion in particles size of biologically synthesized ZnO catalysts (Dobrucka 
and Dugaszewska, 2016). The optimized sample synthesized ZnO using 
4 ml BCE and 0.2 M ZnSO4.7H2O solution were used for further 

instrumental characterization and as catalysts in the transesterification 
reaction. 

3.2. X-ray diffraction of biologically synthesized ZnO catalyst 

The XRD pattern of BCE mediated biologically synthesized ZnO 
catalyst and standard ICSD reference has presented in Fig. 3. The cor
responding diffraction peaks at 31.8� (0 10), 34.5� (0 0 2), 36.3� (0 1 1), 
47.6� (0 1 2), 56.7� (1 1 0), 63.0� (0 1 3), 66.5� (020), 68.1� (1 1 2), 69.2�
(0 2 1) and 77.1� (0 2 2) attributed to the indexing planes of ZnO, 
signifying the hexagonal crystal system (ICSD Card No.: 98-001-1316) 
(Bi et al., 2017). The crystallite size was calculated 14.64 nm using 
highest intensity peaks (Full width at half maximum (0 1 1) 0.596� and 
peak position 36.447�) for the synthesized ZnO by Debye-Scherrer 
equation [Crystallite size (D) ¼ Kλ/(β cos θ)]. 

Fig. 5. DLS of ZnO catalyst.  

Fig. 6. SEM micrograph of ZnO catalyst.  
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3.3. Fourier-transform infrared spectroscopy of synthesized ZnO catalyst 

The IR spectrum of the optimized ZnO catalyst, BCE and BCP (banana 
corm powder) has represented in Table 2 and Fig. 4. The characteristics 
absorption band vibration at 476 cm-1 corresponds to the Zn–O 

stretching band vibration. The vibration band in the fingerprint region 
at 1382 cm-1 signifies the stretching band of C–H and at the 1638 cm-1 

denotes C––C as well as C––O stretching vibration of functional groups, 
which indicates the presence of organic species of corm extract. The 
additional peaks at 3441 cm-1 attributes the stretching vibration and 
bending mode of O–H group appears due to for adsorbed water mole
cules. The remaining band vibrations ascribed to organic impurities 
originating from the root extract mediated synthesis of ZnO catalyst 
(Suresh et al., 2018; Rengasamy et al., 2016). 

3.4. Dynamic light scattering spectroscopy of biologically synthesized ZnO 
catalyst 

The particle size of the biologically synthesized ZnO catalyst was 
analyzed by DLS spectroscopy as represented in Fig. 5. It was observed 
that most of the sizes of particles were in varied range. The average 
particle size distribution (Z-Average) was recorded as 372 nm (Geetha 
Devi and Sakthi Velu, 2016). 

3.5. Scanning electron microscopy of synthesized ZnO catalyst 

The SEM micrograph of synthesized optimized ZnO has represented 
in Fig. 6 (a, b, c and d). The micrograph shows the formation of a sphere- 
shaped/globular structure of ZnO catalyst with varied sizes (Fig. 5 a and 
b). It is clearly observed that the agglomeration had been taken place. 
The higher magnification of SEM images has shown the presence of 
agglomeration in the sample (Fig. 6 c and d). The XRD pattern and FTIR 

Fig. 7. Proposed transesterification reaction mechanism of fish lipid using ZnO catalyst.  

Fig. 8. FAME conversion efficiency at a varied amount of ZnO catalysts.  
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spectrum support the synthesized particles as biologically synthesized 
ZnO. 

3.6. Active component and transesterification reaction mechanism of the 
ZnO catalyst 

The proposed transesterification reaction mechanism of fish lipid 

using ZnO catalysts is indicated in Fig. 7. The transesterification reaction 
of fish lipid with methanol was performed at 70 � 2 �C for 4 h to obtain 
biodiesel (FAME) and glycerol. The biologically synthesized ZnO acted 
as a catalyst in the transesterification of fish lipid. In the proposed 
transesterification reaction mechanism, in step I, the ZnO catalysts show 
the transfer of a proton from methanol to form a methoxide anion. In 
step II, the carbonyl carbon of the triglycerides of the fish lipid was 
reacted with the methoxide anion to form 1 mol of FAME and 1 mol of 
diglyceride through the intermediate methoxycarbonyl. Similarly, step 
III and IV followed the process to form FAME from diglyceride and 
monoglyceride formed during the transesterification reaction (Rengas
amy et al., 2016; Geetha Devi and Sakthi Velu, 2016). As a final point, 
1 mol of triglyceride reacted with the 3 mol of methanol to form 3 mol of 
respective FAME (biodiesel) and 1 mol of glycerol byproduct from fish 
lipid. 

Fig. 9. 1H NMR of fish lipid and fish biodiesel.  

Table 3 
FAME conversion at different concentration of ZnO catalysts.  

S. 
No. 

ZnO Catalyst (wt. 
%) 

ACH3 (ppm)  ACH2 (ppm)  FAME Conversion 
(%) 

1. 2.0 2.56 2.13 80.12 
2. 2.5 3.99 2.96 89.86 
3. 3.0 1.99 1.59 83.43  
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3.7. 1H NMR spectroscopy of fish lipid and fish biodiesel 

The conversion of fish lipid into the biodiesel (FAME) was analyzed 
via 1H NMR spectroscopy and the recorded spectra are represented in 
Fig. 9. A strong singlet signal at 3.68 ppm designates methoxy proton of 
methyl ester (—CO2CH3) formation of FAMEs, while triplets at 2.28 ppm 
denote α-methylenes proton of fatty acid derivatives. The disappearance 
of the signal at 4.14–4.33 ppm in the fish biodiesel sample indicates the 
disappearance of the proton attached to the glycerol moiety of mono-, 
di-, or triacylglycerols. The conversion of lipids to biodiesel was esti
mated by 1H NMR spectroscopy using the ratio of integrated signals 
(area under the signal obtained by integration) at 3.68 ppm (ACH3) and 
at 2.28 ppm (ACH2) using equation [C ¼ 100 ð2 � ACH3 Þ= ð3 � ACH2 Þ] 
(Madhu et al., 2017). 

The aim to determine the optimized amount of catalyst with fixed 
reaction parameters for transesterification has revealed that the 2.5 wt 
% of biologically synthesized ZnO has higher efficiency of trans
esterification conversion (Fig. 8). It was observed that as the amount of 
the catalyst increases from 2.0–2.5 wt %, the conversion efficiency 
increased while increasing amount of catalyst from the 2.5–3.0 dropped 
the conversion efficiency (Table 3). Consequently, it can be assumed 

that the optimized amount of catalyst ensured the fastest trans
esterification reaction rates for the studied parameters. 

3.8. GC-MS of fish biodiesel 

The synthesized biodiesel from fish lipid was analyzed by GC-MS and 
represented in the chromatogram (Fig. 10). The constituents were pre
dicted by NIST library matching as shown in Table 4. The analysis of fish 
biodiesel shown the presence of FAME constituents viz. 5-hydroxy-2,4- 
dimethylpentanoic acid methyl ester (C8H16O3), pentadecanoic acid 
methyl ester (C16H32O2), 9-hexadecenoic acid methyl ester (C17H32O2), 
13-docosenoic acid methyl ester (C23H44O2), ethyl 13-methyl-tetradeca
noic acid methyl ester (C17H34O2), hexacosanoic acid methyl ester 
(C27H54O2), 9-octadecenoic acid methyl ester (C19H36O2), 2-methyl-tet
radecanoic acid methyl ester (C16H32O2), 10,13-octadecadiynoic acid 
methyl ester (C19H30O2), eicosanoic acid methyl ester (C21H42O2), Cis- 
5,8,11,14,17-eicosapentaenoic acid methyl ester (C21H32O2), 9,12-octa
decadiynoic acid methyl ester (C19H30O2) and10,13-octadecadiynoic 
acid methyl ester (C19H30O2) (Madhu et al., 2017). 

Fig. 10. GC-MS chromatogram of fish biodiesel.  
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4. Conclusion 

The ZnO catalyst was successfully prepared via green approaches 
with the aqueous extract of banana corm via microwave irradiation. The 
structural analysis of the optimized sample was characterized via XRD 
which confirmed the phase presence of hexagonal crystal system of ZnO 
with crystallinity 14.64 nm. FTIR spectroscopy coincides the charac
teristics of stretching band vibration for Zn–O at 476 cm-1. The average 
particles size found to be 372 nm by DLS spectroscopy. The SEM 
micrograph of ZnO represented a sphere-shaped/globular with a varied 
size range. The biologically synthesized ZnO catalysts were used to 
produce biodiesel from fish lipid. The transesterification conversion 
efficiency of fish lipid to biodiesel was calculated via1 H NMR spec
troscopy studies and found to be the highest 89.86% with ZnO catalyst 
(2.5 wt %). The GC-MS has confirmed the main constituents of FAME in 
fish biodiesel. The study represents the potential transesterification of 
lipid for sustainable biodiesel production. 
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Main composition of FAMEs in fish biodiesel.  

S. 
No. 

RT Composition 
(%) 

Formula Compound Name (FAME) 

1. 14.883 8.443 C8H16O3 5-hydroxy-2,4- 
dimethylpentanoic acid methyl 
ester 

2. 15.849 0.853 C16H32O2 Pentadecanoic acid methyl ester 
3. 16.619 9.929 C17H32O2 9-hexadecenoic acid methyl ester 
4. 16.804 17.287 C23H44O2 13-docosenoic acid methyl ester 
5. 17.079 10.856 C17H34O2 Ethyl 13-methyl-tetradecanoic 

acid methyl ester 
6. 17.774 0.756 C27H54O2 Hexacosanoic acid methyl ester 
7. 18.530 23.925 C19H36O2 9-octadecenoic acid methyl ester 
8. 18.800 4.600 C16H32O2 2-methyl-tetradecanoic acid 

methyl ester 
9. 20.100 8.128 C19H30O2 10,13-octadecadiynoic acid 

methyl ester 
10. 20.365 1.149 C21H42O2 Eicosanoic acid methyl ester 
11. 20.746 0.934 C21H32O2 Cis-5,8,11,14,17- 

eicosapentaenoic acid methyl 
ester 

12. 21.481 8.532 C19H30O2 9,12-octadecadiynoic acid 
methyl ester 

13. 21.576 2.574 C19H30O2 10,13-octadecadiynoic acid 
methyl ester  
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