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Renewable Polymers from Passion Fruit Vegetable Oils 
Extracted by Different Methods

Polímeros Renováveis obtidos a Partir de Óleos Vegetais de Maracujá 
Extraídos por Diferentes Métodos

Victória R. A. Carneiro,a Caroline Gaglieri,a  Rafael T. Alarcon,b  Gabriel I. Santos,a  Fernanda 
B. Santos,a  Gilbert Bannacha,*

The vegetable oil extraction process can interfere with the characteristics of the final product, including 
color and unsaturated quantity. However, no study has analyzed this effect in vegetable oil-based polymeric 
materials. Therefore, this work evaluates two different extraction methods for passion fruit vegetable 
oil and their influence on polymeric materials, comparing the results with one polymer obtained by 
commercial vegetable oil. The polymers syntheses were performed in the absence of solvent nor catalyst 
and performed by conventional heating. Properties as iodine values and fatty acid profile did not vary 
significantly among the oils. However, color and thermal stability varied between the vegetable oils, 
especially due to the presence of small molecules that can be extracted during the Soxhlet process. As a 
result, the final polymers also presented different colors. For this type of polymerization, the extraction 
processes did not interfere significantly in thermal stability, glass transition, spectroscopic data nor 
morphological properties of final polymers.
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1. Introduction

Polymers from fossil resources have become a problem, due to their slow degradation, 
causing environmental issues. Therefore, scientific research is focused on developing new 
renewable polymers from renewable sources.1,2 Renewable polymers are sustainable and can 
provide better environmental preservation than petroleum-based polymers.2 

Vegetable oils are renewable sources3,4 and can be modified by epoxidation, maleinization, 
acrylation, and carbonation reactions to provide renewable monomers.5-7 The modification 
procedure occurs in the alkene group (unsaturation) presented in the fatty acid chain. Each 
vegetable oil has three fatty acid chains linked by a glyceride backbone.8,9

Different fruit sources provide vegetable oil with different levels of unsaturation. Passion 
fruit provides a vegetable oil with 86% of unsaturation, which consists of linoleic acid (66.3%), 
oleic acid (18.7%), and linolenic acid (0.3%). In addition, these values can be affected by the 
extraction method.10,11

Passion fruit is from the America tropics and is usually used in juice manufacture. Its 
peel and seed are discarded in the juicing process, resulting in a waste of 52%.12-14 Passion 
fruit vegetable oil (PFVO) is extracted directly from its seeds using a solvent, cold-pressing, 
hot-pressing, and other methods. Because the extraction type can interfere with the yield, 
oil quality, and fatty acid profile, the quantity of antioxidants and carotenoids depends on 
the extraction type.15

Polymers based on vegetable oil have broad applications in industry. Polymers from 
renewable sources have been used as biosensors, encapsulating agents, and adsorbents.3 
Furthermore, vegetable oils have been used as photosensitive monomers to produce polymeric 
materials in 3D printers and have increased their application.10

Although it is known that the extraction procedure can interfere with the color and Iodine 
Value (IV), the literature does include studies about the effect of these procedures on the final 
properties of a renewable polymer derived from vegetable oils or in the thermal behavior of the 
vegetable oils. Thus, the present work evaluated how PFVO obtained from different extractions 
can interfere with these physical-chemical properties. 
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2. Experimental Section 

2.1. Chemicals

The reactants maleic anhydride (MA, Sigma-Aldrich, 
>99%), glycerol (Sigma Aldrich, 99.5%), and ethyl 
acetate (LabSynth, 99.3%) were received and used 
in this work without further purification. The first 
vegetable oil (PFVO1) was purchased from Mundo 
dos Óleos® (Brasília, Brazil), which also extracts the 
vegetable oil from seeds using cold pressing in a more 
controlled manner.16 The other vegetable oils (PFVO2 
and PFVO3) were extracted from fruits purchased at a  
local market.

2.2. Extraction procedures

First, the seeds from passion fruit (Passiflora edilus) 
were extracted, washed, and dried at 80 °C for 12 h. They 
were then stored in a dried and cleaned plastic vessel. The 
vegetable oil was extracted using two different processes 
(hot-pressing and Soxhlet solvent extraction). 

Seeds were placed in hot-pressing equipment (model 
Yoda MQO 001, Home up), which was heated to 70 °C to 
release the vegetable oil (PFVO2). The other seeds were 
added into the Soxhlet system. Although literature reports 
that hexane extracts vegetable oil in a greater quantity 
than acetone or isopropyl alcohol,17 it was used ethyl 
acetate because it is considered a green solvent (safer and 
sustainable).18 The Soxhlet system was refluxed for 3 h; then, 
the extract was put in a rotary evaporator to evaporate the 
ethyl acetate (60 °C and 400 mmHg)”, obtaining the passion 
fruit vegetable oil (PFVO3). 

2.3. Synthesis of pre-polymer (PP)

The PP was synthesized using a molar proportion of 
maleic anhydride: glycerol equal to 3:2. First, in a beaker, 
the maleic anhydride and glycerol were heated up to 60 
°C (near to its melting temperature)19 and kept at this 
temperature until its completed melting. Then, the system 
was heated up to 120 °C and kept stirring to obtain a viscous, 
yellowish liquid.

2.4. Synthesis of renewable polymers

After the PP synthesis, it was heated to 120 °C, and the 
vegetable oil was added (30 wt% of PP). The temperature 
was increased to 230 °C, kept for 10 minutes, and then 
heated up to 300 °C. After a few minutes, the solid polymers 
(PPFs) were obtained. The three different PFVOs resulted 
in different PPFs: the PFVO1 resulted in the PPF1, PFVO2 
in the PPF2, and PFVO3 in the PPF3.

2.5. Characterization

2.5.1. Iodine value (IV)
The iodine value (IV) measures the average of double 

bonds present in the vegetable oil sample, and it is defined 
as the gram of halogen (iodine) adsorbed by 100 g of sample 
(expressed as gram of I2).10 The IV procedure was obtained 
by titration method following the AOCS 3d-63 method.20 
In addition, it was determined by 1H-NMR, following the 
procedure previously described.5

2.5.2. Mid-Infrared Spectroscopy (MIR)
The spectra in the infrared region of the samples were 

obtained using a Vertex 70 spectrometer (Bruker) through 
the attenuated total reflectance method with a scanning 
range between 600 and 4000 cm-1 (resolution of 4 cm-1) 
using diamond crystal as support.

2.5.3. 1H-NMR analyses
The 1H-NMR (nuclear magnetic resonance) analyses 

were performed to compare the structure of vegetable oil 
obtained from each extraction method. Ascend III 600 
MHz spectrometer was employed for the 1H-NMR spectra 
using tetramethylsilane (TMS) as an internal reference. All 
samples (5 mg) were solubilized in deuterated chloroform 
(CDCl3). The polymers were not analyzed due to their 
insolubility in the usual deuterated solvents. The profile of 
fatty acid chains was determined following the procedure 
in the literature.21 

2.5.4. Ultra-Violet and Visible Light Spectroscopy (UV-Vis)
The Ultra-Violet and Visible Light absorption spectra 

(UV-Vis) of vegetable oils were obtained in a SpectraMax 
M2 spectrophotometer (Molecular Devices) using a 1.0 
cm light path quartz cuvette at room temperature and ethyl 
acetate as solvent. 

2.5.5. Simultaneous Thermogravimetry-Differential 
Thermal Analysis (TG-DTA) and Differential Scanning 
Calorimetry (DSC)

TG-DTA curves were obtained using the thermal 
analysis system from Netzsch, model STA 449 F3. The 
samples were placed in a 200-µL α-alumina open crucible, 
the other parameter were set as heating rate of 10.0 °C min-1 
and a flow rate of 70 mL min-1 in a dry air atmosphere. The 
temperature range and sample mass used for the vegetable 
oils and their respective polymers were 30.0–800.0 °C, and 
27 mg, respectively. 

For the DSC analyses, a Mettler-Toledo DSC1 Stare 
system was employed, using approximately 10 mg of 
sample, which was placed in a closed aluminum crucible 
with a perforated lid. The equipment was set at a heating 
rate of 10 °C min-1 using a dry air atmosphere with a flow 
rate of 50 mL min-1. The heating/cooling procedures were 
performed in the range of -35–120 °C (for vegetable oils) 
and until 230 °C (polymers).
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2.5.6. Scanning Electron Microscopy (SEM)
An EVO LS15 scanning electronic microscope from 

Zeiss was used to study the morphology of each polymer. 
The samples were prepared by powdering them, placing 
them over a carbon adhesive, and finally plating them 
with gold. The voltage was set at 15 kV, and the samples 
were magnified 1000 times in a high vacuum environment 
(10-3 Pa).

3. Results and Discussion 

The commercial vegetable oil (PFVO1) and the 
extracted passion fruit vegetable oils: PFVO2 (extracted 
by hot-pressing) and PFVO3 (extracted by Sohxlet) can 
be seen in Figure 1a. Each passion fruit vegetable oil has 
a different color (colorless, dark yellow, and dark orange). 
The PFVO3 has the darkest color, exhibiting small particles 
in the suspension, which can be attributed to solid terpenes 
(soluble in ethyl acetate). In addition, the PFVO3 has a 
fruity aroma, unlike the other samples. The different colors 
can be attributed to the small components of each oil, 
which can vary according to the extraction method and the 
ambient conditions in which the plant had been raised.9 
Hence, the synthesized polymers (Figure 1-b) also have 
different colors. The PPF1 and PPF2 exhibited a light-
yellowish color, while PPF3 had a shiny brown color and 
a slight fruity aroma. 

3.1. Iodine value (IV)

The values (in grams of I2 per 100 g of sample) 
obtained by titration for PFVO1, PFVO2, and PFVO3 were 
123.1  ±  1.1; 126.0 ± 0.9; and 121.5 ± 1.2, respectively. 
Although the extraction methods and color differ, all 
samples can be considered semi-drying oils.10 They are 
similar to grape seed oil (121.58 ± 0.86 g I2 per 100 g of 
sample) and soybean oil (126.32 ± 2.08 g I2 per 100 g of 
sample).6, 7

3.2. MIR

Figure 2 exhibits the MIR spectra of PP, PFVO, and PPF1 
samples. The three most important bands in this work are 
outlined in the figure. A wide band between 3670-3150 cm-1 
in the spectrum of PP (Figure 2a), is resulting from O-H 
stretching (highlighted in green). This band is also present 
in the polymer spectrum (Figure 2c). In addition, the PP 
(Figure 2a) does not contain residual maleic anhydride, 
indicated by the absence of the bands at 1776 and 1853 cm-1 
in the PP spectrum.19 In addition, the band at 1643 cm-1 in 
the PP spectrum is associated with C=C stretching from the 
maleic anhydride derivative ester. In the PFVO1 spectrum 
(Figure 2b), the band resulting from this stretching appears 
as a small one at 1654 cm-1 (indicated by a red arrow), while 
in the PPF1 spectrum (Figure 2c), this band is observed at 
1645 cm-1. The intense bands centered at 3008, 2923 and 
2854 cm-1 in PFVO1 spectra (Figure 2b) are resulting from 
the different C-H stretching in the chain, in which the first 
one refers to stretching of vinyl hydrogen from C=C-H, 
the second band refers to methyl groups and the last one 
is resulting from methylene groups.6 These bands are also 
present in PPF1 spectrum (Figure 2c); however, they present 
small intensity, since the fraction of vegetable oil in the 
system is only 30 wt%. 

All spectra display the band of C=O stretching 
(highlighted in red) resulting from carbonyl ester. In the 
PP sample (Figure 2a), it appears at 1716 cm-1, and its 
displacement to lower wavenumber values can be associated 
with the presence of α,β unsaturated conjugation in the PP.22 

Figure 1. Passion fruit vegetable oil images: a) PFVO1, b) PFVO2, and 
c) PFVO3, as well as their respective polymers: d) PPF1, e) PPF2,  

and f) PPF3

Figure 2. MIR spectra of precursors a) PP, b) PFVO1, and  
c) the polymer PPF1
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The intense band at 1747 cm-1 (Figure 2b) is from C=O 
stretching present in the triglycerides chain. In the PPF1 
polymer, the carbonyl band is large at 1728 cm-1 and can 
be assigned to the overlapping of the carbonyl esters from 
PP and PFVO1 chains.22,23

Moreover, the region highlighted in blue is characteristic 
of C-O stretching. Although bands are common in all 
samples, in the PPF1 spectrum (Figure 2c), two new bands 
are observed at 1263 cm-1 and 1302 cm-1 (indicated by blue 
arrows). These bands indicate the presence of new esters, 
different from those observed in PP and VO samples. Due 
to the similarity between the MIR spectra, the respective 
spectra are shown in Figure S1.

3.3. 1H-NMR of vegetable oils

Figures 3a to 3c display the main regions of 1H-NMR 
spectra of the PFVO samples. The complete spectra can be 
seen in Figure S2 (in Supplementary Material). They all 
present the same signals without significant changes. The 
signal at 0.98 ppm (magnified in Figure 3) is a characteristic 
triplet resulting from the methyl hydrogens of the linoleate 
chain. As a result, they present a small amount of this 
fatty ester (Table 1). Although the values of the saturated 

chains are close to 18% in all samples, the number of 
polyunsaturated chains is higher in the PFVO2 and PFVO3 
samples. The linoleic chain is the most abundant in all 
samples of passion fruit vegetable oil, which is in accordance 
with other works in the literature.24-26 In addition, the IV 
values calculated by 1H-NMR (Table 1) are very similar to 
those obtained by titration, corroborating that all samples 
are considered semi-drying oil.

3.4. UV-Vis

Ultra-violet and visible light spectroscopy analyses 
(UV-Vis) were performed to verify why each sample has 
a different color. Spectra of the samples can be seen in 
Figure 4. 

The most intense band in all spectra refers to the allowed 
transition π→π* attributed to carbonyl groups (C=O) from 
the triglycerides. Usually, this band occurs around 190 nm 
in simple carbonyl compounds. However, a bathochromic 
displacement leads to longer wavelengths due to unsaturated 
bonds from the fatty acid chains. In the PFVO1 spectrum, 
the band associated with the π→π* transition from the 
carbonyl groups appears at 252 nm. In the spectra of PFVO2 
and PFVO3, the π→π* transition from the carbonyl groups 

Table 1. IV and percentage of unsaturated and saturated chains obtained by 1H-NMR for each passion fruit vegetable oil.

IV by 1H-NMR Oleic (%) Linoleic (%) Linolenic (%)
Total of 

monounsaturated 
(%)

Total of 
polyunsaturated 

(%)

Total of 
saturated (%)

PFVO1 119.4 30.1 48.1 4.4 30.1 52.5 17.4

PFVO2 128.2 20.6 59.3 2.1 20.6 61.4 18.0

PFVO3 121.5 22.2 55.7 3.3 22.2 59.0 18.8

PFVO3- heated until 240 °C 122.4 23.2 54.5 3.1 23.2 57.6 19.2

Figure 3. 1H-NMR spectra (600 MHz, CDCl3) of different passion fruit vegetable oils: a) PFVO1, b) PFVO2, and c) PFVO3, representative structure of 
a triglyceride and its respective protons
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exhibits a bathochromic displacement compared to the 
previous samples, which is evidenced at 290 nm and 288 
nm, respectively. 

A minor intensity band can be observed in all samples 
next to the π→π* transition band at larger wavelengths, 
corresponding to the prohibited n→π* transition of the 
carbonyl groups. This band does not evidence a pronounced 
bathochromic displacement similar to the π→π* transition 
band due to increased unsaturated bonds. In the PFVO2 and 
PFVO3 spectra, this band appears at 325 nm.

The PFVO2 and PFVO3 samples present larger 
bathochromic displacement than PFVO1 in both π→π* and 
n→π* transitions from the carbonyl group. Furthermore, 
the PFVO3 sample presents other n→π* transitions on the 
visible region related to the conjugation between unsaturated 
bonds (C=C) and the carbonyl group (C=O), which explains 
the brownish color in the sample. This may be associated 
with the presence of small molecules in the sample, which 
were also extracted by Soxhlet (their presence will be better 
discussed in the next section). Bands with a wavelength less 
than 250 nm are related to the π→π* transitions from the 
unsaturated bond between carbons (C=C).

3.5. TG/DTG-DTA curves

The TG/DTG-DTA curves for PFVO1, PFVO2 and 
PFVO3 are presented in Figure 5, while the respective 
polymers are shown in Figure 6. In addition, the information 
related to each step of mass loss is provided in Table S1. 

All the vegetable oil samples have a similar TG curve 
profile except for PFVO3 (Figure 5c). The other two 
PFVO samples are stable up to 270.0 °C, with two steps of 
mass losses associated with exothermic peaks in the DTA 
curve (Table S1). The TG curve for PFVO3 (Figure  5c) 
shows a small and continuous step of mass loss from 
68.8 to 240.0 °C (Δm = 4.97%) that may be attributed to 
degradation/evaporation of volatile compounds in vegetable 

oil from passion fruit.25 This mass loss, which will be 
better discussed in the DSC section, cannot be attributed 
to residual ethyl acetate due to the absence of the signal at 
2.05 ppm (Figure S2c) from ethyl acetate as a contaminant 
in deuterated chloroform.27 In addition, the IV value did not 
change after this mass loss, which indicates that it is not 

Figure 4. UV-Vis spectra of different passion fruit vegetable oils: 
PFVO1, PFVO2, and PFVO3

Figure 5. TG/DTG-DTA curves of different passion fruit vegetable oils: 
a) PFVO1, b) PFVO2, and c) PFVO3

Figure 6. TG/DTG-DTA curves of polymers obtained from different 
passion fruit vegetable oils: a) PPVO1, b) PPVO2, and c) PPVO3
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the degradation of the triglyceride chain of PFVO3. These 
chains start the degradation process at 287.6 °C, and two 
steps of mass loss are observed in the TG curve related to 
vegetable oil degradation and associated with exothermic 
peaks in the DTA curve. Table 1 shows the detailed thermal 
events. Despite the similarity of TG curves, the DTG curves 
are different. While the PFVO2 exhibited two overlapping 
and consecutive steps in DTG (resulting in one mass loss 
in the TG curve), the samples PFVO1 and PFVO3 have one 
broad peak in the DTG curve. These results suggest that 
the thermal decomposition of PFVO is not the same, which 
could be attributed to small changes in their composition.

The polymers (Figure 6) also have a similar TG curve 
profile: a small and continuous mass loss before their 
thermal stability associated with the water evaporation, 
which can be present on the surface or in cages (from the 
condensation reaction in the polymerization process). Then, 
two steps of mass loss associated with exothermic peaks 
are observed in TG-DTA curves. The shape and intensity 
of the exothermic peaks in DTA curves differ for each 
sample. For example, three exothermic peaks (with similar 
intensity) are observed in the DTA curve of PPF1 (Figure 6a) 
related to the second mass loss and are less intense than the 
exothermic peak observed for the third mass loss. However, 
for the PFOV2 (Figure 6b), all exothermic peaks show 
similar intensity. The DTA curves indicate changes in the 
thermal decomposition of polymers. This is supported by the 
changes in the maximum degradation rate for each polymer. 

3.6. DSC curves

The cyclic DSC curves of PFVO1 and PFVO2 are 
present in Figures 7a and 7b, respectively. They exhibited 
a similar behavior: an exothermic event related to the 
crystallization process in the cooling and an endothermic 
event associated with the melting process in the heating. The 
temperature peaks and enthalpy do not change significantly 
between these samples (Table S2). 

The DSC curve of PFVO3 is exhibited in Figure 7c. 
The temperature range used for it was higher to study the 
mass loss observed in its TG curve (Figure 5c), which 
was absent in the other passion fruit vegetable oils. It also 
presents the crystallization and melting processes during 
the first cooling and first heating, respectively. However, 
after the melting of the sample, an endothermic event was 
observed (Tp = 174.5 °C and ΔH = 47.0 J g-1), which may 
be attributed to the evaporation of volatile compounds that 
can be found in passion fruit vegetable oil.25 The sample 
was heated to 240 °C, and then a MIR and 1H NMR were 
collected (Figures S3 and S4, respectively). The samples 
present similar profiles in both analyses. However, a small 
change is observed in the region between 1250-1000 cm-1 
by MIR (magnified in Figure S3), especially the absence 
of the band at 1047 cm-1 (red arrow) and modification 
of the one at 1238 cm-1 (blue arrow) after the heating. 
Small changes are also observed in 1H  NMR spectra, 

and they are magnified in Figure S4. Most small signals 
from 3.80-3.50 and 2.00-1.70 ppm disappeared after the 
sample heating. In addition, the IV value obtained by 
1H NMR was equal to 122.4, and the fatty acid profile is 
very similar to that obtained before the heating (Table 1). 
These results corroborate the presence of small volatile 
molecules in PFVO3, which were extracted together with 
the triglyceride in the extraction process and resulted in 
the small mass loss in the TG curve (Figure 5c, Table S1) 
and the endothermic event observed in the first heating 
in DSC curve (Figure 7c). These volatile compounds 
could be esters, ketones, aldehydes, and terpenes and 
result in the aromatic properties of oil.25 Consequently, 
the crystallization and melting enthalpy decrease in the 
second stage. Moreover, the crystallization and melting 
processes dislocate to higher temperatures (Table S2) and 
are observed an exothermic peak during the second heating 
(Tp = 194.2 °C and ΔH = 22.3 J g-1), which may be attributed 
to the degradation of less volatile compounds (confirmed 
by observation of small particles suspended in the PFVO3 
after opening the crucible at the end of analysis). 

The DSC curves obtained for the polymers PPF are 
shown in Figure 8. All samples had a broad endotherm event 
in the first heating associated with the water evaporation 
(from surface and cages), observed in the first mass loss 
in the TG curve for each polymer. In addition, all samples 
presented a glass transition in the cooling stage and were 
more visible in the second heating. Although the onset 

Figure 7. DSC curves of a) PFVO1, b) PFVO2, and c) PFVO3
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temperature (Tonset) did not vary more than 11 °C (Table S3), 
it was possible to establish an order: PPF3< PPF1< PPF2.

3.7. SEM

Figure 9 exhibits the SEM images of obtained polymers. 
All samples exhibit an irregular surface, but each one have 
unique irregularities. The presence of porous could be 
related to the evaporation of water in the PP throughout 
the polymer synthesis. This property makes these polymers 
interesting as adsorbents, as investigated in a previous paper 
using macadamia vegetable oil as the precursor.28

4. Conclusions 

Using a pre-polymer system and passion fruit vegetable 
oils produced by different extraction methods, renewable 
polymeric materials without using catalysts were obtained. 

Figure 8. DSC curves of polymers a) PPF1, b) PPF2, and c) PPF3

Figure 9. SEM images of a) PPF1, b) PPF2, and c) PPF3

Furthermore, the vegetable oils presented a similar IV 
(around 123 g I2 per gram of sample), thus considered 
semi-drying oils. The MIR analysis showed that the 
polymerization reaction occurred by consumption of the 
double bond of alkenes. In 1H-NMR spectra of vegetable 
oils, all samples presented linoleic chains as the major 
polyunsaturated chains. In addition, TG/DTG-DTA 
curves of vegetable oils indicated that all samples, except 
for the PFVO3, were stable up to 270.0 °C. The lower 
thermal stability of PFVO3 could be associated with 
volatile molecules evaporation/degradation. Although the 
polymeric materials had less thermal stability due to the 
presence of water (on the surface or in cages), their thermal 
degradation profile was not considerably affected. The 
DSC curves of polymers also exhibited similar Tg values. 
Therefore, based on the previous results, the changes in the 
extraction procedures interfered with the physical chemical 
properties of the different passion fruit vegetable oils, 
which agrees with other papers in the literature. However, 
for the polymeric materials synthesized in the present 
work, the extraction procedure interfered mainly with the 
color of the final polymer without significant changes in 
the other properties, including thermal stability, Tg values, 
spectroscopic data, and morphology.
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