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Abstract

This study presents the synthesis, characterization, and antibacterial evaluation of bio-based
alkyd resins derived from rubber seed oil. The fatty acid composition was analyzed using
Fourier Transform Infrared Spectroscopy (FTIR) and Gas Chromatography—Mass
Spectrometry (GC-MS), while physicochemical properties were determined following
Association of Official Analytical Chemists (AOAC) standard methods. Refined rubber seed
oil (RRO) showed enhanced qualities over crude oil, with iodine value (96 g /100 g), acid
value (0.9 mg KOH/g), saponification value (195.74 mg KOH/g), refractive index (1.48),
viscosity (100), and density (0.91). Alkyd resins were synthesized via alcoholysis and
polyesterification and classified into short, medium, and long oil types. Acid values decreased
during polymerization, with the long oil resin having the lowest (7.60 + 0.40 mg KOH/g), the
medium oil resin achieved the highest degree of polymerization (Dp = 4.15) and functional
group conversion (76%). Nanoparticles (CuO, ZnO, TiO2) at 2% and 4% (wt/wt) were
incorporated and further functionalized with garlic extract to improve antimicrobial
performance. Long oil alkyd resins with hybrid nanoparticles and garlic showed the strongest
antibacterial activity, with inhibition zones reaching 40.5 mm against Staphylococcus aureus.
These results support the development of green, multifunctional coatings for applications in
biomedical, packaging, and environmental sectors.
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Introduction

Alkyd resins are oil-modified polyesters synthesized by the transesterification of triglyceride
oils (or fatty acids), dibasic acids (or acid anhydrides), and polyols with hydroxyl functionality
greater than two(] Ikhuoria et al.,2004). Due to the relatively low cost of their raw materials,
alkyd resins have been widely used as binders in coatings and paint industries, and as
components in industrial and household finishes (Kalu et al.,2023). The functional properties
of alkyd resins, including durability and film hardness, depend strongly on the drying
characteristics of the triglyceride oils utilized in their synthesis (Wagle et al.,2021; Elabor et
al., 2023). Various vegetable oils such as soybean, castor, and palm oils, which contain
polyunsaturated fatty acids like linoleic and linolenic acid, have been traditionally used for
alkyd resin synthesis to impart flexibility, durability, and crosslinking ability to the resulting
polymers (Dizman & Kacgakgil. 2023; Satheesh et al.,2010; Otabor et al.,2019; Lligadas et
al.,2013). In recent years, non-conventional vegetable oils, including rubber seed oil and
jatropha seed oil, have gained attention as alternative triglyceride sources for alkyd resins,
offering similar properties and addressing sustainability concerns
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(Elabor et al, 2023; Akris et al., 2022).
Utilizing non-edible oils like rubber seed oil
reduces competition with food supply
chains, mitigating the global food demand
challenge(Paraskar & Kulkarni, 2021;
Chiplunkar et al., 2017). Natural rubber
(Hevea brasiliensis) seed oil, which is
abundant in  Nigeria and contains
approximately 45% oil classified as semi-
drying, represents a promising feedstock for
polymer synthesis (Flores et al., 2019).
Several studies have demonstrated the
successful production of alkyd resins of
varying chain lengths using crude rubber
seed oil, attributed to its unsaturation level
comparable to that of drying oils commonly
used in alkyd synthesis (Aigbodion & Pillai,
2000). However, alkyd resins derived solely
from rubber seed oil often face limitations
such as poor alkali resistance and
suboptimal drying performance,
necessitating enhancement strategies
(Otabor et al., 2019; George et al., 2000).
Nanoparticle incorporation, especially metal
oxide nanoparticles like titanium dioxide
(Ti0O2), copper oxide (CuO), and zinc oxide
(Zn0O), has emerged as an effective approach
to improve alkyd resin properties. These
nanoparticles enhance drying behavior,
chemical resistance, anticorrosion effects,
thermal stability, mechanical strength, and
antibacterial activity in the resulting
nanocomposite coatings (Sati et al., 2025;
Ifijen et al, 2022). Recent reviews
emphasize the multifunctional benefits of
nanoparticle-modified alkyd resins,
highlighting their potential for eco-friendly,
high-performance coating applications (Sati
et al., 2025; Ifijen et al., 2022).

This study aims to synthesize alkyd resins
from non-edible rubber seed oil of varying
oil  lengths, formulate  low-solvent,
environmentally friendly coatings, and
enhance their protective properties through
the incorporation of metal oxide
nanoparticles.

Materials and methods

Chemicals

All chemicals and reagents used were of
analytical grade and used without further
purification. Sodium hydroxide, potassium
hydroxide, ethanol, chloroform, n-hexane,
sodium methoxide, sulfuric acid, activated
charcoal, potassium iodide, sodium sulfite,
sodium chloride, glycerol, benzoic acid, lead
oxide, xylene, benzene, phthalic anhydride,
maleic anhydride, glacial acetic acid,
acetone, dichloromethane, acetic anhydride,
phenolphthalein, hydrogen
phthalate, petroleum ether, Wij’s reagent,
hydrochloric acid (HCl), ammonium
hydroxide (NH+«OH), and methanol were
obtained from Sigma Aldrich (UK), LGC
Standards (UK), and Cerrilliant (USA).
Seeds Collection and Preparation

Three distinct non-edible seeds—crude
rubber seed oil (RSO) was sourced from
farms and markets in Ilorin, Kwara State,
Nigeria.

Oil Extraction and Refining
Approximately 40 g of freeze-dried rubber
seed was extracted with 200 mL of n-hexane
under stirring at 300 rpm for 20 h at 45°C.
After extraction, the solution was filtered,
and the solvent was evaporated using a
rotary vacuum evaporator at 40°C
(Olaoluwa et al., 2017). The extracted oil
was stored at 4°C. Refining was conducted
by degumming, neutralization with alkali,

potassium
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and bleaching, following modified AOAC
procedures.
mass of oil produced

Oil yield (%) =

mass of seed used

Physicochemical characterization of the
seed oil

The physicochemical properties like density,
Viscosity, specific
determination,  peroxide odour
determination, acid value, saponification

gravity, colour

value,

value, free fatty acids and iodine value of
rubber seed oil (RSO) were determined by
American Oil Chemists’ Society (AOCS)

methods (AOAC, 1990; AOAC, 2012;
Bamgboye & Adejumo, 2010)

Nanoparticle Synthesis and Garlic
Functionalization

Metal oxide nanoparticles (CuO, ZnO, TiO-)
and their composites were synthesized using
plantain  leaf and  garlic  extract.
Nanoparticles were added at 2 wt.% and 4
wt.% to the alkyd resin using mechanical
stirring (1200 rpm) and sonication (40 kHz,

120W, 10 minutes). Garlic-enhanced
nanoparticles were prepared by
incorporating  garlic extract into the
nanoparticle suspension prior to resin
blending.

Antibacterial Testing

100

The antibacterial performance of the resin
samples was assessed following the
Japanese g ustrial Standard JIS Z 2801
protocol, which corresponds to ISO 22196:
2011, a standard method for evaluating

antibacterial ~ activity on  non-porous
surfaces. The test organisms included
Escherichia coli (ATCC 25922),

Pseudomonas aeruginosa (ATCC 27853),
and Staphylococcus aureus (ATCC 25923).
Bacterial suspensions were prepared in
sterile saline to a 0.5 McFarland standard,
equivalent to approximately 1.5 x 10*
CFU/mL (Balouiri et al., 2016).

Sterile nutrient agar plates were inoculated
evenly with each bacterial suspension using
a sterile swab. Resin-coated circular discs
(10 mm diameter) were aseptically placed
on the inoculated agar surfaces and
incubated at 37+ 1°C for 24 hours under
aerobic conditions. After incubation, the
clear zones of inhibition surrounding each
disc were measured in millimeters using a
digital Vernier caliper. All tests were
performed in triplicate, and the results are
reported as standard
deviation to reflect reproducibility and
consistency of  antibacterial  activity
(Steinerova et al., 2022; ISO 22196, 2011).

mean values =+

Table 1: Recipe for (short oil) the Formulation of Alkyd Resins

Ingredient (short) of RCO Measurement
Oil/ Glycerol (g) molar ratio 1.68: 1
Phthalic anhydride / Glycerol (g) molar ratio 1.53:

Catalyst (%) 0.1

Xylene of total weight charged (%) 10

Speed (rpm) 700-800

Time (hrs) 4-5hrs
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Alkyd resin preparation

The procedure for alkyd resin synthesis
involved two stages: alcoholysis and
esterification.

Alcoholysis stage

The oil length used for the synthesis of
200g of alkyd resins (short = 80g, medium
=100g, long = 120 g), 0.01 % of CaO
(catalyst) was charged into the reactor. The
mixture was heated up to about 120 °C. At
120 °C, the amount of glycerol was added
(short = 47.42 g, medium = 39.66 g, long =
3191 g) and heated up to 230-250 °C,
maintained for 90 minutes with vigorous
agitation to cause trans esterification of
triglyceride into a mixture of mono- and
diglyceride oils. Alcoholysis was completed
when the sample of the mixture formed
became soluble in 1 to 3 volumes of
anhydrous methanol giving a clear solution.
After this, the reaction temperature was
cooled to 140°C to smooth
introduction of the esterification stage.
Esterification stage

The temperature was lowered to 150°C after
30 minutes, followed by the addition of
phthalic anhydride (short = 72.58 g, medium
= 60.34 g, long = 31.91 g), followed by the
addition of xylene (10% of total weight
charged) into the reaction mixture. The
water of esterification evolved forms an
azeotrope with xylene and is removed at
intervals, after which the temperature is
increased to 245°C continuous stirring to
build the molecular weight of the resin.
Excess xylene was added to remove the
water produced as a by-product and to
increase the reaction rate. Water was thus
removed with the unreacted acid by heating
the bulk to a temperature above 250 °C with

allow

continuous stirring The process of reaction,
of around 150 mins was monitored by
periodically checking of acid number and
viscosity. The resulting solution was stopped
when it was fairly viscous and the acid value
was found below 10. Then, it was cooled to
some extent and poured into a storage
container, while still hot, for further study.
The acid value of in-process samples taken
at intervals was determined by titrating with
a 0.1M KOH solution to the phenolphthalein
end point after dissolution in a mixture of
toluene and ethanol (1:1) (Bobalek &
Chiang, 1964). The acid value is related to
the extent of the reaction:

AV, — AV,
T =Py = v, (2)
Or

AV,

v =1F (3)

The average degree of polymerization Dp as
thus Eqn 4:

no of molecules originally present

P no of molecules finally present
Yo 1
A =a-P) (5)

A% = AV, kt + tant 6
ay, = Ao constan (6)

Where AV, is the initial acid value, AV; is
the acid value after time, t, of the reaction, k
is the rate constant and t is the time of
reaction (Oladipo et al., 2013).

Hence, a plot of AV,/AV: should give a
straight line AVo.k from which K can be
obtained. Physicochemical characterization
of the synthesized Alkyd resin was carried
out.

Characterization

GCMS Analysis
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GC-MS analysis was carried out using
Varian 3800 gas—chromatography coupled
with an Agilent MS capillary column (30 m
x 0.25 mm 1id). The equipment was
connected to  varian 4000  Mass
Spectrophotometer (EI mode 70eV: m/2/ -
1000) source temperature 230 ©°C and
quadruple temperature of 150 °C. The
column temperature was initially at 200 °C
(2min) and raise to 300 °C (4 min).
Nitrogen (carrier) gas flow rate was set 1.0
mL/min. 1 pL volume of the oil sample was
mixed with chloroform and injected using
50:1 split ratio. The mass spectrophotometer
was set to scan the sample in the range of
m/z 1 - 1000 with electron impact ionization
mode. The samples were analyzed. A
prepared pooled sample which was injected
at regular intervals, was used as a control to
provide a set of data for repeatability
assessment. NIST Ver. 2.1 MS data library
was used in the interpretation of the GC-MS
chromatograms obtained. GC-MS analysis
(AOAC, 2012).

FTIR Analysis

FTIR analysis was carried out using
Shimadzu equipment. KBr (Potassium
bromide, spectroscopy grade) was grounded
into into powder form pelletized (with a
hydraulic press) and scanned with the
instrument as background. Then, drops of
the oil sample and were mixed with KBr
and pelletized using a hydraulic press,
inserted into the instrument and scanned in
transmittance mode at a frequency range of
4000 — 400 cm’'. The method was also
repeated for the synthesis of alkyd resin.
Green synthesis and modification of
Alkyd resin using Metal Oxide
Nanoparticles

Nanoparticles (CuO, ZnO, TiO:) and their
composites (Cu0O/ZnO, CuO/Ti0.,
ZnO/TiOz, Cu0O/Zn0O/Ti0z) were
synthesized using plantain leaf extract and
garlic extract via green synthesis. The
synthesized  nanoparticles and  their
composites were dispersed into the rubber
alkyd resin matrix at 2% /s and 4% "
using a high-shear mechanical stirrer at 1200
rpm for 30 minutes at room temperature.
Uniform dispersion was ensured through
sonication for 10 minutes. This formulation
is referred to as NP-alkyd.
Garlic-Enhanced Nanoparticle-Modified
Alkyd Resin: Garlic extract was introduced
into the nanoparticle phase to enhanced its
properties.  These  garlic-functionalized
nanoparticles were then incorporated into
alkyd resin following the same method
above. This formulation is referred to as G-
NP-alkyd.

Antimicrobial Analysis

The coating formulations’ antimicrobial
efficacy was tested per the JIS Z 2801 assay.
The Alkyd resin was tested against both
bacterial strains used were Escherichia coli,
Pseudomonas aeruginosa both (Gram-
negative) and  Staphylococcus — aureus
(Gram-positive). These were obtained from
a microbiology culture collection and
maintained on nutrient agar slants.
Overnight cultures were prepared in nutrient
broth and adjusted to a 0.5 McFarland
standard (1.5 x 10* CFU/mL). After
incubation, the diameter of the inhibition
zones (including the disc diameter) was
measured in millimeters using a digital
Vernier caliper. Each test was performed in
triplicate, and the mean + standard deviation
was recorded (Villani et al., 2020).
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Results and Discussions

Physicochemical Properties of the Qils
The physicochemical properties of the oils
crude rubber oil (CRO) and refined rubber
oil (RRO) are presented in Table 2. The
percentage oil yield of CRO is higher than
RRO. The value of the density of CRO is
0.94 (g/cm?), which is comparable to the
value of 0.91 (g/cm?) observed for RRO.
The viscosity value of CRO is 130 (cp, 30
°C), which drops to 100 (cp, 30 °C) for
RRO, reflecting the removal of high
molecular weight impurities. The refractive
index of the two oils remains stable,
confirming minimal alterations to the oil’s
structure. The saponification value of CRO
is 192 (mg/KOH), which increases to 195.75
(mg/KOH) for RRO as seen in Table 2,
further enhances suitability for cosmetics,
polymers, lubricants, and  biodiesel
production (Eze & Agomuo, 2021).
Similarly, the iodine values for the oils were
126 and 96 g I/100g for CRO and RRO,
respectively. The iodine value recorded in
this study was also indicative of the high
unsaturated fatty acid content of both oils.
The iodine value is a measure of the

unsaturation of triglyceride oil (Gunstone et
al., 1994) and is useful for predicting the
drying properties of oils. The iodine value of
the RRO obtained in this study was slightly
lower than that recorded for CRO. The
iodine values of both CRO and RRO
reported in this study fall within the range of
semi-drying oil, which is a potential raw
material in alkyd resin (Nekhavhambe et al.,
2019). The acid value of RRO indicates the
level of free fatty acids formed from
hydrolytic decomposition of glycerides to
free fatty acids (Peters et al, 2022)
compared to RCO. High levels of free fatty
acids are usually caused by age, storage
conditions, and an increase in the extraction
temperature of oils. The high content of free
fatty acids in oils has been attributed to a
reduction in oil quality (Peters et al., 2022).
The acid value of 3.5, obtained for CRO,
was higher than a 0.9 obtained for RRO in
this study. These values translate into 1.75
and 0.45 free fatty acids of RCO and RRO,
respectively. The acid values obtained in
this study show that both CRO and RRO are
good starting materials for the production of
alkyd resin, oil paints and varnishes.

Table 2. The physicochemical properties of the oils crude rubber oil (CRO) and refined rubber

oil (RRO)

Phys1c0.chem1cal Rubber  Oil Rubber Oil (RRO) ASTM Standards
properties (CRO)

Yield (%) 43

Refractive Index 1.49 ASTM D1218
Density at 40°C (g/cm?) 0.94 ASTM D4052
Viscosity (cp, 30 °C) 130 ASTM D445
Acid value, (mg/KOH) 3.5 . ASTM D664
Saponification,(mg/KOH) 192 195.74 ASTM D5558
Iodine Value, (I2/100g) 126 ASTM D1959
%Free Fatty Acid content 1.75 ASTM D1980

(%FFA)
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The refining process significantly affects
several key physicochemical parameters of
rubber seed oil, including its iodine value,
viscosity, acid value, and FFA content, all of
which are essential in determining the oil's
suitability for alkyd resin production and
other industrial applications. The reduction
in iodine value reflects a decrease in
unsaturated fatty acids, improving oxidative
stability but slightly reducing drying ability.
This shift is crucial for achieving the
balance of properties required in high-
performance coatings (Ojo & Adeyemi,
2020). The reduction in FFA content from
1.75% in CRO to 0.45% in RRO enhances
the oil’s  oxidative  stability  and
polymerization consistency, ensuring a more
reliable and durable resin formulation (Rani
& Singh, 2019). The decrease in acid value
from 3.5 mg KOH/g in CRO to 0.9 mg
KOH/g in RRO improves the oil’s suitability
for resin synthesis by minimizing unwanted
side reactions during polymerization (ASTM
D664).

Fatty acid composition

The fatty acid composition of the oils (CRO
and RRO) is presented in Table 3. Crude
rubber seed oil is primarily composed of
unsaturated fatty acids, with linoleic acid

(C1sH3202) being the most abundant,
constituting 37.45 %. This polyunsaturated
fatty acid (PUFA) significantly contributes
to the oil’s drying properties, which are vital
for alkyd resin production, where high
unsaturation is essential for polymerization
during crosslinking. Additionally, oleic acid
(Ci18H3402) is another major component at
25.71%, contributing to the oil’s oxidative
stability and resistance to degradation. These
unsaturated fatty acids impart a low
viscosity and high iodine value to CRO,
enhancing its suitability for industrial
applications, such as paints and coatings,
where drying speed is crucial. However,
during refining, the content of linoleic acid
decreases, which lowers the iodine value
from 126 in CRO to 96 in RRO, indicating a
decrease in unsaturation. This shift enhances
oxidative stability but slightly reduces
drying ability (Ojo & Adeyemi, 2020).
Moreover, oleic acid content increases from
25.71% in CRO to 35.03% in RRO,
improving oxidative stability and resistance
to degradation (Emelike & Eke, 2020). This
increase in oleic acid also leads to a
reduction in viscosity, which makes RRO
more fluid and easier to handle in industrial
applications like alkyd resin synthesis.

72



Aliru O. Mustapha et al., 2025
FRsCS Vol 4 (2)

Table 3. Fatty Acids profile of crude and refined rubber oils

Crude Rubber Oil (CRO) Refined Rubber Oil (RRO)
Composition Saturation = Composition Composition Saturation =~ Composition
(%) (%)
Myristic acid Ci4sH2802  0.16 Caproic acid Ci4H2802  0.13
Palmitic acid CisH3202  10.50 Palmitic acid Ci6H3202  8.93
Palmitoleic acid CicH3002 0.20 Palmitoleic acid Ci6H3002 0.09
Stearic acid CisH36O2  10.25 Heptadecanoic Ci7H3402  0.09
Oleic acid CisH3402  25.71 acid
Linoleic acid CisH3202  37.45 Stearic acid CisH3602  3.80
Arachidic acid C20H4002 0.44 Oleic acid CisH3402 16.52
Linolenic acid CisH3002  14.68 Linoleic acid CisH3202 59.21
cis-11- C20H3302  0.60 Arachidic acid C20H4002 0.16
Eicosenoic acid Linolenic acid CisH3002 9.93
cis-11-Eicosenoic  C20H3s02  0.30
acid C22H4002 0.47
cis-13,16- C24H402  0.37
Docosadienoic
acid
Lignoceric acid
% Saturation 21.35 13.48
% Unsaturation 78.64 % Saturation 86.52

% Unsaturation

The decrease in polyunsaturated fatty acids
(PUFAs) like linolenic acid (CigH3002),
which drops from 14.68% in CRO to 2.56%
in RRO, also plays a significant role in the
oil's suitability for alkyd resin synthesis.
Linolenic acid contributes to the drying
properties of the oil, but excessive amounts
can compromise oxidative stability, leading
to faster degradation. The reduction in
linolenic acid during refining improves the
oil’s oxidative stability while sacrificing
some drying properties. (Rani & Singh,
2019).

FT-IR analysis of the Rubber Oils.

Castor oil — FTIR (KBr, cm™): -O-H (3371
cm), C-H (2927 & 2857 cm™), -COO-
(2357 ecm™), C=C (1593 cm™"), C-H bending
(1365 cm™) and —C-O (1035 cm™).

FTIR study of rubber oil, which supports the
presence of unsaturated acyl groups in the
oils presented in Figure 1. The results show
that the functional groups present in RRO
are similar to those in other vegetable oils
Oladipo et al, (2013). Since the oil is
composed of essential fatty acids and esters
it was observed that its FT-IR spectra were
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found at similar frequencies of absorption;
the O-H carboxylic acid stretch which was
observed at the 3371 cm™* The characteristic
absorption frequency observed between
2927 and 2857cm-1 of the oils showed C-H

stretching vibration of the olefinic functional
group, and the stretching frequency of
alkene C=C was observed at approximately
1593 cm™! (Okieimen et al., 2005).

Transmittance (%)

S
g0 Y694 f
3975 371 2907

TREATED RUBBER SEED OIL

i

f 1365 1035

T T T
4000 3500 3000

T T T T
2000 1500 1000 500

Wavenumber (cm™)

Figure 1. FTIR result of refined rubber oil

The C=O stretching of carboxylic and
triglycerides (ester) was observed at 664 cm”
Uin the oil. The level of unsaturation as well
as the iodine value of vegetable oil have
been determined using the ratios of
intensities of the observed (vC=C) bands at
1650 cm™, as well as v=C-H at 3010 cm’!
and 2853 cm’!, which are well reported in
the literature Mohammadi et al.,(2023). The
physicochemical characteristics of rubber oil
obtained in this study are similar and
comparable to those of the seed oils
currently used in the commercial production
of alkyd resins (Rozali et al., 2023).

Properties of Rubber-Based Alkyd Resins
The synthesis of alkyd resins from rubber oil
involves several key parameters that can be
used to assess the success of the reaction and
the properties of the resulting resin. The acid

values, reaction time and the percentage
conversion of functional groups (%P) for the
finished alkyds were monitored using these
values to ensure complete reaction with a
corresponding higher degree of
polymerization (Dp), as presented in Table
4.

Acid Value

The acid values of the synthesized
Rubber-based resins ranged from 3591+
0.45 to 9.46+ 0.40 mgKOH/g, for short
rubber, 34.75 £ 0.52 to 837 + 0.51 mg
KOH/g for medium rubber and 25.70 + 0.68
to 7.60 = 0.40 mg KOH/g for long rubber
alkyd. The acid values of all the rubber
alkyd-resin show a clear decrease as the
time of reaction proceeds from Too to Ti2o,
reflecting the progressive conversion of free
fatty acids into esterified products. This
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reduction aligns with the observations of
(Adeosun & Oladipo, 2014) and agrees with
reaction time increased, signaling sucess

the findings of (Mustapha et al., 2023) who
also reported a decrease in acid value as the
polymerization as presented in Figure 2.

Acid Value

40
35
30
25
20
15
10

Acid value

0 20 40 60

80 100 120 140

Reation time

—8—short —@—medium long

Figure 2. Acid Value of rubber alkyd resin

Degree of polymerization (Dp)

The degree of polymerization (Dp) is an
indicator of the extent of polymer chain
formation in the resin, reflecting the
molecular weight and structural complexity
of the alkyd resin as presented in Table 4.
Dp increased from 0 to 3.80, 4.15 and 3.38
for short, medium and long rubber alkyd
resin, respectively, as the time of reaction
proceeded from To to Tiz0. This rise in Dp is
typical of alkyd resin synthesis, , resulting in
resins with enhanced mechanical and
thermal properties (Menkiti & Onukwuli,
2011). Similar trends were observed in the
report of (MacDonald & McKeen, 1994),
which highlighted the importance of
reaction time in controlling polymerization
of the resin as presented in Figure 3.
Functional group percentage conversion
(Yo P)

The percentage conversion (%P) of
functional groups provides a quantitative
measure of the overall extent of the
esterification reaction, as presented in Table
4, the % P of the increased from 0 % to 73
%, 76% and 70% for short, medium and
long rubber based-alkyd resin respectively,
as the reaction time increase from To toT120,
these data indicate that as the reaction time
increases, a greater proportion of the rubber
seed oil is converted into alkyd resin. This
aligns with findings by (Uzoh et al., 2016),
who reported similar trends in functional
group conversion during the synthesis of
alkyd resins from rubber seed oil. This
upward trend highlights the growing
incorporation of the oil’s fatty acids into the
resin structure, facilitating the formation of a
more complete network as
presented in Figure 4.

polymer
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Figure 3: Degree of polymerization (Dp) of rubber alkyd resin
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Figure 4. Percentage conversion (%P) of rubber alkyd resin
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Table 5: Acid value of rubber-based-alkyd resin

S/N  Reaction Short Medium Long
time Acid value Dp %P Acidvalue Dp % Acidvalue Dp %P
P

1 To.o 35.91+0.45 - - 34.75+0.52 - - 25.70+£0.65 - -

2 T30 24.75+0.11 1.45 31  25.56+£0.88 136 26 19.18+0.92 1.34 25
3 Teo 21.34+0.16 1.68 41  21.740.28 1.60 38 11.96+0.71 2.15 54
4 Too 14.69+0.48 2.44 59  13.224049 2.63 62 9.99+0.96 2.57 61

5 Ti20 9.46+0.40 3.80 73 837+0.51 4.15 76 7.60£0.40 338 70

(Dp) degree of polymerization, (P) conversion of functional groups, (%P) percentage conversion of

functional groups.

The characterization data of alkyd resins
synthesized from long rubber seed oil reveal
that reaction time plays a critical role in the
resin’s physicochemical properties. The
significant reduction in acid value, increase
in degree of polymerization, and rise in
functional group percentage conversion over
time confirm that prolonged reaction times
GC-MS Analysis

The GC-MS analysis of rubber alkyd resin
reveals a diverse range of chemical
constituents, offering insights into the resin's
structural composition and its potential
industrial applications. Among the most
prominent compounds in the short rubber
alkyd resin were phthalic anhydride (9.53
%), oleic acid (19.12 %), and 9-
octadecenoic acid (Z)-, methyl ester (7.35
%) as presented in Figure 5. The following
fatty acids were identified in the medium
resin, which include n-hexadecanoic acid
(5.70 %), hexadecanoic acid, methyl ester
(3.56 %), 9-octadecenoic acid (Z)-, methyl
ester (7.87 %), and 9-octadecenoic acid (E)
(34.60 %) as presented in Figure 6. These
compounds are integral to the resin's drying
properties,  oxidative  stability,  and
flexibility. Specifically, 9-octadecenoic acid

lead to more efficient esterification and
improved resin quality. These findings are
consistent ~with  established literature
(Ibrahim & Al-Sabagh, 2020), and suggest
that long rubber seed oil is a promising
feedstock for the production of high-
performance, eco-friendly alkyd resins
suitable  for  industrial  applications.
(E), which dominates the profile with 34.60
%, 1s a monounsaturated fatty acid that
contributes to the resin’s ability to undergo
oxidative curing, a key feature of alkyd
resins used in coatings, While for long
rubber-alkyd  resin, the predominant
compounds identified in the long rubber
alkyd resin include linoelaidic acid (15.85%
and 11.41 %), 9,17-octadecadienal (Z)
(14.66 % and 18.72 %), 1H-indene, 2-butyl-
5-hexyloctahydro (18.68 %), and
octadecanoic  acid, 2,3-dihydroxypropyl
ester (12.60 %), as presented in Figure 7.
The presence of these compounds aligns
with findings by (Patel & Desai, 2020), who
demonstrated that unsaturated fatty acids
and their derivatives significantly contribute
to the polymerization and oxidative curing
processes in alkyd resins. The significance
of this compound in alkyd resins has been
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corroborated by (Patel & Desai, 2020), who noted that such
fatty acids enhance polymerization and curing efficiency, improving the resin's overall durability
and resistance to cracking.
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FTIR Analysis of Rubber Alkyd Resins
The FT-IR spectra of the short, medium and
long alkyd resins are presented in Figure 8.
The major functional groups are listed in
below.

Short-FTIR (KBr, cm™): -O-H (3418 cm’
), C-H (2920 cm™), -COO- (2339 cm™),
C=C (1623 cm™), -C-O (1105 cm™).
Medium-FTIR (KBr, cm™): -O-H (3418
cm™), C-H (2884 cm™), -COO- (2359 cm™),
C=C (1626 cm™), -C-O bending (1307 cm™)
and —~C-O-C (1028 cm™).

Long-FTIR (KBr, cm™): -O-H (3418 cm™),
C-H (2933 cm™), -COO- (2368 cm™), C=C
(1627 cm), -C-O (1070 cm™).

The IR spectra of the short, medium & long
rubber-based alkyd resins were identical and
similar in all aspects. Consequently, the
spectra support the presence of ester,
aromatic, and hydroxyl groups and olefinic
double bonds in the alkyd resins. The strong

120

absorption bands at 2339 cm™!, 2359 cm! &
2368 cm’! for short, medium and long
respectively, show a characteristic of the
stretching frequency of the carbonyl group
of the alkyd resins. A sharp absorption peak
appears at 1623 cm™!, 1626 cm™ & 1627 cm
! for short, medium and long respectively,
which are characteristic of the unsaturation
group on the alkyd resin backbone. The
broad-band at 3418 cm™ present in all the
alkyd resins confirms the presence of -OH
groups and is characteristic of alkyd resins
(Elabor et al., 2023). A strong absorption
due to the symmetrical -C-O-C stretching
band at 1105 cm™, 1028 cm™ & 1070 cm’!
for short, medium and long, respectively.
These peaks are attributed to the stretching
of the ether group, which were also observed
(Elabor et al., 2023; Chiplunkar & Pratap,
2016).
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Figure 8:

FTIR Comparative spectra of different Rubber Oils Alkyd resin
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Antibacterial Analysis

The antibacterial potential of the prepared
rubber alkyd resin-based modified with
garlic extracts and (CuO, ZnO,TiO:) and
their composites were assessed using the
zone of inhibition (ZOI) assay, against
Staphylococcus aureus, Escherichia coli and
Pseudomonas aeruginosa with susceptibility
thresholds defined as resistant (<10 mm),
intermediate (10-20 mm), and susceptible
(>20 mm) as present in Table 6 and Table 7
and Fig 9 and Figure 10.

Escherichia coli ATCC 9637

Test isolate shows: Short-oil resin
performed best (20 mm), while medium and
long-oil resins showed similar, lower
activities (15 mm). CuO and ZnO
nanoparticles modified with garlic extract in
short-rubber alkyd resin showed notable
antibacterial effects, with inhibition zones of
38 £ 990 mm and 31 + 12.73 mm,
respectively. The ZnO/TiO: nanocomposite
in medium resin displayed the highest
inhibition zone (31 £ 12.73 mm), suggesting
enhanced efficacy through the combined
action of ZnO and TiO: nanoparticles,
synergistically amplified by garlic. This
supports  previous findings on the
antimicrobial efficacy of garlic-modified
nanoparticles (Kumar & Kumar, 2019). In
the long-oil rubber resin, the CuO/ZnO/TiO-
composite produced a zone of inhibition of
38 + 2.83 mm, again underscoring the
synergistic role of the three nanoparticles
combined with garlic extract.

P. aeruginosa ATCC 10145

Test isolate: Long oil resin exhibited the
highest inhibition (17.5 mm), Medium oil
was moderate (15 mm) and Short oil had the

lowest (12.5 mm). ZnO modified with garlic
extract in short-rubber alkyd resin showed
the highest susceptibility with a ZOI of 20 +
2.73 mm, classifying it as susceptible (S).
CuO and CuO/ZnO, showed intermediate
activity with ZOlIs of 17.5 £ 1.73 mm and
17.5 £ 11.73 mm, respectively and TiO: and
its composites demonstrated limited activity,
with TiO: alone being resistant (12.5 =+
11.53 mm). for medium rubber alkyd resin,
CuO exhibited strong antibacterial activity
with a ZOI of 30 + 2.30 mm, CuO/TiO:
composite demonstrated susceptibility (29.5
+ 1.73 mm). ZnO and CuO/ZnO showed
intermediate activity. Furthermore, for long
alkyd resin, all tested nanoparticles &
composites were either resistant or
intermediate, with no ZOI surpassing the 20
mm threshold.

Staphylococcus aureus ATCC 13709

Test isolate: The medium-oil alkyd resin
showed the highest antibacterial activity (30
mm), followed by the short-oil (17.5 mm)
and long-oil resin (15 mm). The CuO/ZnO
composite modified with garlic extract in the
short-oil resin demonstrated the highest ZOI
(375 £ 17.68 mm), indicating strong
synergistic activity. Other composites, such
as CuO/TiO2 (32.5 = 3.54 mm) and
Zn0O/TiO2 (29 £ 4.24 mm), also exhibited
strong antibacterial effects. In medium-oil
resin, CuO and ZnO individually produced
high ZOIs (37 £ 32.53 mm and 37 £ 25.46
mm, respectively), though they displayed
very large standard deviations, indicating
inconsistency among replicates. These
variations suggest formulation or dispersion-
related  variability, possibly due to
incomplete nanoparticle homogenization,
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agglomeration, or differences in resin
viscosity during mixing and curing. In long-
oil resin, the CuO/ZnO/TiO:> composite
maintained strong activity (34 + 14.14 mm),
further emphasizing its potential. ZnO/TiO-
also showed good efficacy (34.5 + 0.71
mm).

It is important to note that several
formulations  exhibited high standard
deviations—for example, the CuO/ZnO
composite in S. aureus tests (37.5 = 17.68
mm), and ZnO in medium-oil resins (37 +
25.46 mm). These values indicate poor
reproducibility and potential intra-sample
heterogeneity. Such variability may arise
from uneven dispersion of nanoparticles
within the alkyd matrix, inadequate mixing,
or aggregation of  garlic-modified
nanomaterials, which can affect uniformity
and antimicrobial release profiles.

All antibacterial tests were performed in
triplicate (n = 3), and the results are
presented as mean + standard deviation.
Although clear trends were observed, future
work should incorporate statistical analysis
to validate observed differences and
quantify significance. Furthermore,
graphical data should include error bars, and
cases of high variability should be explicitly
discussed to aid interpretation.
Mechanistic  gaps: The
antibacterial ~ activity = of

enhanced
Cu0O/ZnO
combinations compared to TiO- alone may
be attributed to synergistic ROS generation
and ion-mediated membrane disruption.
Cu?" and Zn*" ions are known to penetrate
bacterial membranes, inhibit enzymes, and
induce oxidative damage, whereas TiO:
primarily exhibits photocatalytic effects,

which are limited in the absence of UV
activation (Rajendran et al., 2021).
Conclusion

In conclusion, this study developed bio-
based antimicrobial alkyd resins from rubber
seed oil. The results showed that refined
rubber seed oil (RRO) improved the
physicochemical properties and performance
characteristics of the finished alkyd resins
compared to crude rubber seed oil (CRO).
Medium rubber alkyd resin, with an acid
value of 837 and a percentage
polymerization of 76%, demonstrated solid
polymerization efficiency and a strong
balance between reactivity and stability. The
long rubber seed oil-based alkyd resin
exhibited notable antibacterial activity,
particularly with CuO/ZnO and ZnO
nanoparticles; however, antibacterial
efficacy varied among bacterial strains, with
some resistance observed in Pseudomonas
aeruginosa in the long alkyd resin. FTIR
and GC-MS analyses confirmed the
chemical structure and functional groups of
the resins, supporting the suitability of
rubber seed oil as a promising raw material
for the coatings industry. It is important to
note some limitations, including possible
nanoparticle aggregation and potential long-
term stability issues, which may affect
sustained antibacterial performance and
require further investigation. This work
contributes to expanding the value of non-
conventional rubber seed oil, potentially
benefiting agricultural and rural
development through increased demand.
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Table 6: Antibacterial activities of alkyd resins against test isolate.
Akyld resin (zone diameter of inhibition in mm)

S. aureus E. coli P. aeruginosa
Rubber Short 17.5 20 12.5
Medium 30 15 15
Long 15 15 17.5

Interpretation: Susceptible (> 20 mm zone of inhibition), Intermediate (>10-20 mm zone of inhibition), Resistant: (< 10 mm zone of inhibition).

Table 7: Antibacterial activities of rubber oil-alkyd resin with metal oxide nanoparticles modified with garlic extract against E. coli,
P. aeruginosa and Staphylococcus aureus

Bacterial Extracts at 100mg/ml (zone diameter of inhibition in mm)
agent CuO0 ZnO TiO2 CuO/TiOz  ZnO/Ti02 CuO/ZnO  CuO/ZnO/TiO:
Echerichia Short 38+9.90 R 21549.19  20.5£13.44  20.5:0.71  31.5428.99  27.5+4.95
o Medium  18+0.00 R 26:1.41 27541061 R 241556 20+7.07

Long 32542475 347.07 16.542.12  3020.00 26552333  19.5:636  38+2.83

Short 1755173 2042.73 12.511.53  15£12.73 R 17551173 14.5£1.73
Pseudomonas )

, Medium  3042.30 15+4.13 151224 2954173 15£1.73 2251373 2043.73
aerngmmond Long 154117 15£1.23 1754258 R 1542.73 1755173 1542.73
Staphylococeus SHO 2141273 17.5+0.71  27.5£10.61  32.5£3.54  29+424  37.5£17.68  21.5+4.95

Medium ~ 37+£32.53  37+25.46  23+11.31 18.549.19 1554071  22.543.54  20+£7.07
aureus Long 4047.07 30+7.07 2654212 32551061  345+0.71  37.5£3.54  34+14.14

Susceptible (> 20 mm zone of inhibition), Intermediate (>10-20 mm zone of inhibition), R= Resistant: (< 10 mm zone of inhibition).
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Antibacterial activities of AKkyld resins against test isole
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Figure 9: Antibacterial activities of alkyd resins against the test isolate
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