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Numerous tons of fish waste are annually produced by fish
processing facilities, leading to significant environmental issues
related to emissions and degradation. Nonetheless, a viable
solution exists in the conversion of these wastes into valuable
resources such as biofuels, pharmaceutical ingredients,
fertilizers, and animal feed. Among various waste sources, fish
waste emerges as an optimal raw material for the production of
biodiesel. In this research, fish waste from three distinct species
viz., Ctenopharyngodon idella (grass fish), Oreochromis niloticus
(tilapia), and Sardina pilchardus (sardine), were utilized as
substrates. The wet extraction method yielded 92.15% FW oil.
Physicochemical analysis revealed 3.487 cm-1 free fatty acids
and an acid value of 7,291 cm-1 in FW oil. Post cross-
esterification, the free fatty acid content reduced from 2.543
mg/KOH/Kg to 0.944 mg/KOH/Kg, while the acid value dropped
from 6.452 mg/KOH/Kg to 0.839 mg/KOH/Kg in biodiesel
production. Spectral analysis (FTIR) identified a prominent peak
indicating the presence of a methyl group (CH3) or methylene
group in both crude FW and biodiesel samples. The moisture
content of FW crude oil (0.69%) and biodiesel (0.00%) confirmed
the absence of water post cross-esterification process
completion. Ultimately, transesterification of FW crude oil utilizing
a heterogeneous catalyst derived from fish waste is deemed an
economically efficient approach for biodiesel manufacturing
purposes.
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1. Introduction:

Energy is widely acknowledged as a pivotal element in
the economic advancement of nations. Fossil
resources, including coal, natural gas, and crude oil,
play a significant role in fulfilling the energy demands of
major nations. With the rapid pace of industrialization
and urbanization, global energy consumption is
forecasted to rise by 33% by 2035 (Esmi et al., 2022;
Bateni et al., 2017). The depletion of non-renewable
resources and their detrimental effects on
environmental issues such as global warming have
spurred efforts towards identifying alternative methods
for conserving energy and electricity (Ong et al., 2021;
Khan et al., 2022). Strategies focusing on energy
efficiency and environmentally sustainable energy
production have garnered international attention
(Jayed et al., 2009). Biodiesel refers to long-chain fatty
acid monoalkyl esters derived from renewable sources
like vegetable oils or animal fats (Charpe and Rathod,
2011; Knothe, 2010). Apart from triglyceride-based
biomass such as soybean, palm, castor, and rapeseed
oils, biodiesel can also be synthesized from animal fats
like lard, chicken fat, and fish oil capsules (Wisniewski
et al., 2010; Karkal and Kudre, 2020). The fish
processing industry generates substantial amounts of
tissues and by-products that are often discarded as
fertilizers or animal feed or sold at minimal prices
(Behcet, 2011).

Animal fat-containing feedstocks identified and
considered for biodiesel production include fish waste,
which attracts strong attention because it forms a
significant amount of by-products such as bones,
scales, organs, etc. (Ghaly et al., 2013). This approach
can ensure the availability of raw materials for the local 
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conversion of biodiesel which classically uses
homogeneous catalysts due to their high catalytic activity
(Karkal and Kudre, 2021, 2023). However, several
challenges with homogeneous catalysts that require the
search for suitable substitutes include nonreusable
reactions and saponification in the presence of moisture
(Chen et al., 2015). In this case, heterogeneous catalysts
are used to overcome the disadvantages of homogeneous
catalysts: they are environmentally friendly, non-corrosive
and can be synthesized from biomass and non-biomass
sources (Ling et al., 2019). Piloto-Rodríguez et al. (2013)
reported that reduced reaction time, economic viability, and
improved biodiesel conversion rate are some of the
advantages of heterogeneous catalysts over their
homogeneous counterparts.

In this study, biodiesel production from crude fish waste
(FW) oil was examined using the transesterification
method. 

2. Materials and Me﻿thods:

2.1. Collection and processing of fish waste samples:
Three distinct types of fish waste from Ctenopharyngodon
idella (Grass fish), Oreochromis niloticus (Tilapia) and
Sardina pilchardus (Sardine), was collected from the
neighborhood fish market, Karaikudi, Tamil Nadu. The
gallbladder, fish vesicles, and intestinal contents were
segregated from the fish waste samples and were washed
three times with tap water. These samples were blotted
using filter paper and then freeze-dried for 6-7 hrs. After the
dehydration process, these samples were homogenized in
a homogenizer, while a small amount of tough tissue, such
as the intestinal tissue, which could not be completely
homogenized, was discarded via a large-hole screen. The
remaining homogenate biomass was evenly divided into
several small containers and stored at -20˚C until use.

2.2. Sample Pre-Treatment :
To ensure successful extraction of oil, the fish waste
samples were pretreated as described by Demirbas et al.
(2016). The fish waste samples were washed using
distilled water several times to remove dirt and the
remaining blood. Then the samples were dried in a hot air
oven at 55˚C - 60˚C till complete dryness. The dried
sample was crushed into powder form in a mortar pestle
and stored in sealed plastic bags at 4˚C until use.

2.3. Extraction of Fish Waste Oil (FWO):
 The Fish Waste Oil (FWO) was extracted with petroleum
ether using Soxhlet TM 2043. Extraction was done based
on the manual of Soxhlet TM 2043, where 60˚C
temperature was maintained. The extracted crude fish oil
was then kept in the laboratory chiller for further analysis.

2.4. Biodiesel Production:
2.4.1 Pretreatment of FWO
Pretreatment of FWO was carried out by method
described by Agu et al. (2024).  The FWO was filtered in
vacuum to remove impurities and water. It was then 
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degummed with phosphoric acid and water to remove
polar components such as phospholipids, lecithin,
pigments, and contaminants such as heavy metals.
Neutralization was accomplished by adding potassium
hydroxide to remove free fatty acids from the soap. Silica
gel column chromatography was used to remove
impurities and colors using (90% cyclohexane and 10%
ethyl acetate) as the solvent. It was then easily dried by
heating at 1050C for 15 minutes. Finally, deodorization
was carried out by vacuum heating.

2.4.2 Transesterification Process
Neutralization of FWO was carried out using 5N
Potassium hydroxide (KOH). The resulting mixture was
heated at a temperature of 110°C for a duration of 15
minutes to eliminate any residual moisture.
Subsequently, the transesterification process was
conducted within a sealed Erlenmeyer flask with a
volume of 250 ml, containing a reaction mixture of 150
ml. This flask was positioned in a temperature-controlled
water bath and placed on a magnetic stirrer with a
consistent stirring rate set at 200 rpm. Following a
reaction period of 30 minutes, the catalyst was separated
from the mixture through centrifugation at 6000 rpm for
15 minutes. Post-centrifugation, the supernatant
comprising glycerol (lower phase) and biodiesel (upper
phase) were segregated using a separating funnel. To
eliminate any remnants of unreacted catalyst, methanol,
and glycerol, the biodiesel underwent washing with 0.5 M
citric acid for half an hour, followed by an additional
heating step lasting ten minutes to ensure thorough
drying of any remaining moisture. The citric acid residue
was separated via centrifugation at 4000 rpm for 7
minutes. The biodiesel layer was then collected and its
yield calculated using the formula:

2.5. Physicochemical Properties of FWO and Biodiesel:
2.5.1 Oil yield
The total oil content of oil extract was determined by
using AOAC, (2000) method. Chloroform: Methanol (1:1)
was used for oil extraction in Soxhlet apparatus. The
cover was introduced into the extractor, and the oil
extraction was performed for 2 hours at 60˚C. The
solvent was recovered under separation by using a
rotary evaporator (RVO 400) at 65C. The oil residue was
allowed to dry and the mass was recorded. The total oil
content was calculated as (Tilamia et al., 2018). 

2.5.2 Moisture content determination
The moisture content of oil samples before and after
heating was determined by the Association of Official



Analytical Chemists (AOAC, 2004) method. Firstly, the
weight of the previously dried (1 hr at 100ºC) crucible with
cover was taken and 5-15 g of sample was placed on it.
The samples were dried to constant weights in an oven at
105°C, cooled in desiccators and weighed. Drying, cooling
and weighing were repeated until the two consecutive
weights were the same. From these weights the
percentage of moisture was calculated as follows:

2.5.3 Density value
The density value of fish oil was determined by(AOAC,
2004) weighing the mass in gram with relative to the
known volume of sample in triplicate reading as follows: 10
ml of Sample 1 was taken and weighed to weigh 12.8 g;
again same volume and sample weigh 9.3 g and third
reading of 9.7 g. While test 2 of same sample with same
volume of 10 ml weigh 8.6, 8.25 and 9.1 while third reading
is 10.7 g, 9.6 g and 9.47 g based this mass and volume,
density value determined as: Mean average of three mass
values versus volume is 31.8 g, 25.95 and 30.01 g. Based
this mass and volume, density value determined as:

2.5.4 Acid value measurement
The acid value was determined by the ISO 660:1996
(International Organization of Standardization, 1996)
method. Approximately 2 g of oil was mixed with 10 ml
ethanol, followed by two drops of phenolphthalein. The
Combination was boiled for about five mins and then
titrated with 0.1N KOH till a pale pink color seemed. The
acid value was calculated using the following equation:

2.5.5 Free fatty acid determination
By titrating the alcoholic solution of the oils with an
aqueous solution of sodium hydroxide using
phenolphthalein indicator, the free fatty acid concentration
was determined (Aletor et al., 1990). Approximately 10g of
the oil was assessed into the conical flask. 50 ml of alcohol
ether mixture in equal volume was added and it was
warmed in a laboratory hotplate stirrer to obtain a
homogeneous mixture. 1 mL of phenolphthalein indicator
was then added and was titrated with 0.1N NaOH until a
fairly pink endpoint was obtained. 

2.5.6 Saponification value measurement
Saponification value was determined by the Association
of Official Analytical Chemists (AOAC, 2005). Typically, 4
g of oil sample was taken in 250 mL conical flask and
added with 50 mL alcoholic KOH and mixed thoroughly.
A condenser was fitted to the conical flask and the
mixture was heated between 60 and 70oC for an hr. The
hot mixture was titrated with 0.5 N HCl using 2 drops of
1% phenolphthalein indicator until a colorless solution
was obtained. A blank titration was also accompanied
side by side. The saponification value was calculated
using the following formula:

Where B = HCl (mL) for blank, S = HCl (mL) for sample
and N = Normality of HCl

2.6 Fourier Transform Infrared Spectroscopy (FTIR)
analysis of FWO and Biodiesel:
Both the FWO and the biodiesel derived from FWO were
subjected to evaluation via infrared spectroscopy to
analyze the composition of functional groups present in
these samples. . The spectrum pattern was recorded in
transmission (%) versus wavelength (cm‾1) mode in the
ranges of 3500 – 1000 cm‾1 Agu et al. (2024).

3. Results & Discussions:

3.1 Physicochemical Characteristics of FWO and
Biodiesel:
The physicochemical attributes of the FWO (Table 1)
and the resulting biodiesel derived from FWO (Table 2)
were evaluated. The extraction technique employed was
wet reduction, as documented by Agu et al. (2024), who
achieved a yield of approximately 96.85% from catfish
waste oil (CFW). Similarly, Karlkal and Kudre (2021)
obtained a yield of about 95.2% by weight from marine
fish waste (MFW). The moisture content percentage in
the FW oil was found to be 0.69%, aligning closely with
the findings reported by de Medeiros et al,. (2019) for fish
waste residue utilized in biodiesel production under
extraction conditions of 60°C and 120 minutes.
Furthermore, a lower moisture content value of 0.073%
was previously recorded by Agu et al. (2024) for CFW oil,
while Karlkal and Kudre (2021) reported a moisture
content of 0.14 wt% for MFW, both demonstrating lower
values compared to the present study's results.

The free fatty acid content (3.487) and acid value (7.291)
of FW oil demonstrate a correlation with the free fatty acid
content (3.593 mgKOH/Kg) and acid value (7.186
mgKOH/Kg) previously documented by Agu et al,.
(2024) for use in CFW oil.However, these findings were
juxtaposed with the reported values for fatty acids and
free fatty acids in MFW extracted oil, which stood at 6.07
mgKOH/g and 3.1%, respectively (Karlkal and Kudre,
2021). These outcomes suggest that further optimization

Density value =     Mass(g) /
 Volume(ml)
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or esterification processes are required prior to
transesterification.

The saponification value of CFW oil (295.557 mg/KOH/Kg)
surpasses the value of 295.557 mg/KOH/Kg put forth by
Agu et al. (2024). Fish oil exhibits a saponification value of
196.35 mg/g (Santya et al., 2019), indicating a high
triglyceride content suitable as raw material for biodiesel
production. The viscosity of CFW oil (48,782 mm2s·1 @
40°C) is relevant to diesel engine atomization processes
and aligns with the viscosity of MFW at 43 cP @ 25°C
according to Karlkal and Kudre (2021). Nevertheless,
these values exceed the ASTM's recommended range of
1.9 to 4.1, signifying that further processing through
transesterification is imperative to evaluate its viability as a
biodiesel feedstock material.

Table 2 presents the physicochemical characteristics of
biodiesel derived from FW crude oil through a
transesterification process. Certain parameters in Table 2
are specific to biodiesel and serve as criteria for assessing
the quality of the transesterified oil, as well as for
comparing it with previously documented models and
studies on biodiesel. Following the transesterification
procedure, there is a reduction in the levels of free fatty
acids and acid value in the biodiesel produced from crude
oil compared to the initial crude oil (as indicated in Table 1).
This underscores the significant role that transesterification
plays in the production of biodiesel. Kinematic viscosity
assumes critical importance in overseeing the atomization
process within diesel engines owing to insufficient
lubrication. Inadequate viscosity can lead to leaks,
whereas overly viscous oil may result in incomplete
combustion (Bhuiya et al., 2016; Balat et al., 2011).
Consequently, regulatory bodies and design standards
generally establish acceptable viscosity ranges and
standards from this viewpoint. 

S.No Parameters Values

1
Oil yield (%)

92.15

2 Moisture (%)
0.69

3 Density (Kg/m3)
749.6

4 Molecular weight (g/mol) 589.375

5 Saponification (mgKOH/kg) 303.372

6 Free fatty acid (mgKOH/kg) 3.487

7 Acid value (mgKOH/kg) 7.291

Table 1: Physiochemical properties of Extracted oil from FW

S.No Parameters Values

1
Free fatty acid (mgKOH/kg)  2.543

2
Acid value (mgKOH/kg) 6.452

3 Moisture (%) 0.00

4 Density (Kg/m3) 702.5

Table 2 : Physiochemical properties of Biodiesel from FW

3.2. Fourier Transform Infrared Spectroscopy (FTIR)
analysis of FWO and Biodiesel 

The FTIR spectra patterns of the original (a) and
biodiesel (b) derived from FW oil are displayed in
Figures 1 and 2. The FTIR spectroscopic analysis was
utilized to comprehend potential alterations in functional
groups and the tentative assignment of peaks in both
the original and resultant biodiesel from FW oil, as
outlined in Table 3. As illustrated in Figures 1 and 2,
prominent peaks at 2922.38 and 2853.62 cm‾1 were
observed in the original FW oil sample. Similarly,
corresponding peaks at 2922.61 and 2854.44 cm‾1
were identified in the biodiesel derived from FW oil,
attributed to the methyl (CH3) or methylene group within
ester compounds. Additionally, the absorption peak at
1744.4 cm‾1 presents in the original FW oil shifted  to
1736.9 cm‾1 in the biodiesel, signifying C=O stretching
characteristic of carbonyl esters. Furthermore, peaks at
1459.94 cm‾1 in the original FW oil transitioned to
values of 1457.11 and 1564.54 cm‾1 in the biodiesel,
indicating C=H stretching within methyl esters. The
peaks observed at 1157.43 and 1168.99 cm‾1 in both
the original FW oil and biodiesel were associated with
stretching vibrations of -C-O- ester groups. Lastly,
overlapping methylene –CH3 functionalities were
denoted by peaks located at 721.18 cm‾1, consistent
across both the original FW oil and its resulting biodiesel
products.

The FTIR spectra patterns of the raw (a) and biodiesel (b)
derived from FW oil are illustrated in Figures 1 and 2. The
analysis employed FTIR spectroscopy to elucidate
potential alterations in functional groups and to
provisionally assign peak values for both the raw material
and the resulting biodiesel from FW oil (Table 3).
Noteworthy peaks at 2922.38 and 2922.61 cm‾1 were
evident in both the raw oil and biodiesel derived from FW
oil, indicating distinctive vibrational attributes of methyl
(CH3) present in the ester chain of biodiesel as noted by
previous studies (Fadhil et al., 2015; de Medeiros et al.,
2019; Anand et al., 2015).

Moreover, an absorption peak at 1743.89 cm‾1 observed
in the raw FW oil shifted to 1741.19 cm‾1 in the biodiesel,
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S.No

Wavenumber (cm-1)

Peak assignments

FWO Biodiesel

1 2922.38 2922.61
methyl (CH3) or methylene group in ester

2 2853.62 2922.61 methyl (CH3) or methylene group in ester

3 1743.89 1741.19 C = O Carbonyl group

4 - 1564.54
C–H stretching of methyl ester

5 1459.94 1457.11
C–H stretching of methyl ester

6 1157.43 1168.99 -C-O- ester group stretching

7 1157.43 720.65 -C-O- ester group stretching

signifying the C = O stretching of carbonyl ester
functionality. This resonance was also identified by Fadhil
et al. (2015) at a similar frequency of 1751 cm‾1 in
Cyprinus carpio fish oil, attributing it to the C = O stretching
vibration of carbonyl ester. Similarly, de Medeiros et al.,
(2019) recognized a comparable peak at 1740 cm‾1 in fish
waste oil residue associated with the C = O stretching of
carbonyl groups.

The peaks detected at 1459.94cm‾1 in the raw oil and
within a range of 1564.54 – 1457.11cm‾1 in biodiesel

corresponded to characteristic vibrations of –CH
groupfound in methyl esters, underscoring the
conversion process from FW oil triglycerides to fatty acid
methyl esters.

Subsequent to transesterification, new peaks emerged at
1036.2 and 857.3 cm‾1 specifically in FW biodiesel that
were absent in the raw material, attributed to O-CH3
stretching effects as documented by Kudre et al. (2017).
The methylene –CH3 overlap was attributed to the peaks
at 721.18 cm‾1 and 720.65 cm‾1, which were detected
in both the unprocessed and biodiesel forms of FW oil.

Table 3: Peak and spectroscopic assignments of the FWO and biodiesel

Fig. 1 : FTIR spectroscopic analysis of FWO
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4. Conclusion:
In the present study, fish waste used as feedstock for
biodiesel production is expected to solve the problem of
high concentrations of FFA, water and other impurities. The
physicochemical properties of FW crude oil highlight the
necessity of transesterification. However, the produced
biodiesel has improved physicochemical properties but
requires additional processing to meet the requirements of
conventional biodiesel standards. The appearance of
stretching vibrations of the ester group, observed from the
FTIR results, is indicative of the conversion of FW crude oil
to biodiesel. Therefore, local biodiesel companies can
exploit the potential of FW oil as a suitable low-cost
feedstock and help reduce the threat of fish waste disposal
problems.
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