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ABSTRACT

This study aimed to examine the physicochemical properties, fatty acid composition, differential scanning calorimetric (DSC)
profile, and Fourier transform infrared (FTIR) spectral properties of sesame oils extracted from ANKSE3 and UMA cultivars of
Sri Lanka. Cold press extraction of the raw seed yielded good quality oil and edible grade defatted residues. Proximate composi-
tional analysis showed that fat was the main constituent of the raw seeds regardless of the cultivar, while protein was the predom-
inant constituent of the defatted residues. The color intensity of the oil of the UMA cultivar was stronger than that of ANKSE3.
High iodine values and lower saponification values were observed in the oils of both cultivars. Both oils contained approximately
85% unsaturated fatty acids (USFAs), and 15% saturated fatty acids (SFAs), with oleic and linoleic acids being the most abundant.
The existence of triacylglycerols (TAGs) of varying melting temperatures was clearly exhibited by distinct exothermic and endo-
thermic peaks of the DSC curves. The occurrence of organic functional groups like alkanes, alkenes, fatty esters, etc. was clearly
demonstrated by FTIR spectra of sesame oils. The findings highlighted the superiority of sesame oils of ANKSE3 and UMA as
nutritious oils due to their high content of USFAs, and defatted residues of sesame as a good source of alternative vegetable pro-
tein for value-added product formulations.

1 | Introduction fatty acid and triacylglycerol compositions (Ndangui et al. 2010).

Apart from their nutritional value in the human diet, oils are

Oil is one of the major concentrated energy sources essential in
the human diet. Studies on exploring newer and underutilized
plants for oil production have gained increasing interest due
to the rising demand for vegetable oils (Raihana et al. 2015).
Assessment of both quality and quantity of various fruit seeds
has increasingly become a focal point of research in the oilseed
industry. The types of seed, their size, and shape are some of the
factors that affect oil quantity, while their quality characteris-
tics differ mainly based on the method of processing, packaging,

also useful as ingredients in novel cosmetic formulations to im-
prove texture, flavor, and other sensorial properties.

Among oils and fats, there are different sub-classes, namely
vegetable oils, animal depot fats, ruminant milk fats, and
marine oils. They differ from one another based on compo-
sitions, physico-chemical characteristics, thermal profile etc.
They are further divided into many sub-groups based on fatty
acid and triacylglycerol compositions. For instance, lauric acid
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predominant oils (coconut and palm kernel oils) are referred
to as lauric oils, palmitic predominant oils (palm oil and its
fractions) are referred to as palmitic oils, oleic acid predom-
inant oils (olive and canola oils) are referred to as oleic oils
and so on. There has been a rising interest in seeds with nu-
tritionally beneficial and healthier polyunsaturated fatty acids
(Wijesekera et al. 2024), as well as the utilization of their by-
products with a focus on upcycling and waste management
(Halaldeen et al. 2024). Owing to their nutritional value, seeds
like guava, pumpkin, okra, and grape are often considered su-
perfoods or functional foods.

Belonging to the family of Pedaliaceae, sesame seed (Sesamum
indicum L.) also shares certain common characteristics of some
of the fruit seeds. Sesame is generally considered an oil-rich seed,
carrying nearly 40%-60% of oil. The highest sesame producers
in the global market are Sudan, India, China, Myanmar, and
Tanzania (Wei et al. 2022). According to some previous stud-
ies, they may contain approximately 50% fat, around 25% pro-
tein and be rich in minerals such as Fe and Ca (Rout et al. 2018).
However, the chemical composition of sesame seeds might be
influenced by factors such as variety, origin, color, and size of
the seed. Sesame oil is an unsaturated edible oil as it contains
high quantities of essential fatty acids. The main fatty acid is the
monounsaturated fatty acid (MUFA) like oleic acid (35%—-54%),
polyunsaturated fatty acid (PUFA) like linoleic acid (39%-59%)
(Hall 2003).

S. indicum, was introduced into arid and semi-arid regions of
Sri Lanka sometime back and is presently under cultivation
on a small scale. Malee, MI, UMA, and ANKSE3 are some
of the varieties developed by the Sri Lanka Department of
Agriculture (Dissanayake and Jayathilaka 2021). Sri Lanka
mainly cultivates sesame to obtain seeds to be used as food in-
gredients, but a small portion is committed to extracting edible
oil. Some studies on sesame cultivation, agronomic practices,
genetic diversity and plant breeding have been performed in
Sri Lanka since 1990 (Dissanayake et al. 2017, 2019; Perera and
Pushpakumara 2014). Rajkumar and Selvakulasingam (2019)
investigated the nutritional composition of sesame seeds,
Bandara et al. (2014) studied the physiochemical properties
of sesame and Bopitiya and Madhujith (2013) explored the
antioxidant capacity and total phenolic content of sesame.
Nonetheless, several important aspects, including inter-
varietal differences of the oils from locally grown sesame
cultivars with regard to their physiochemical properties, DSC
thermal profiles and FTIR spectral characteristics have been
overlooked. In this study, two cultivars namely ANKSE3 and
UMA were selected for investigation in terms of physicochem-
ical characteristics, fatty acid profiling, DSC thermal behav-
ior, FTIR spectral characteristics of oils and to evaluate the
proximate compositions of their defatted residues. The fact of
the matter is that these two sesame types are the most widely
cultivated local cultivars in Sri Lanka and their popularity
among farmers is largely due to high yield and broad adapt-
ability (Dissanayake et al. 2017, 2019). Detailed information on
the nutritional composition of these two seed types, oil qual-
ity and physicochemical characteristics of the oils would be
greatly beneficial for future development.

2 | Materials and Methods
2.1 | Sampling
2.1.1 | Sample Collection

Sesame seeds (S. indicum L.) of two locally available cultivars,
namely UMA and ANKSE3, were collected from the Seed
and Planting Material Development Center (SPMDC), Bata-
atha (6.1099°N, 80.9014° E), Hambantota, Sri Lanka, between
February and March 2024. The plants were cross-checked
by a Senior Taxonomist, Dr. D.S.A. Wijesundera, from the
Royal Botanical Garden of Sri Lanka and voucher specimens
of the species were deposited in Pelwehera farm, Dambulla,
Sri Lanka.

2.1.2 | Sample Pre-Treatment

Initially, pure seeds of S. indicum L. of the two cultivars were
manually cleaned and dried in an oven (Biobase, model—BOV-
V230F, China) maintained at 55°C for 2h. After drying, samples
were kept under refrigerated conditions until further experi-
mental work.

2.1.3 | Micro-Expeller Oil Extraction

Sesame seeds were cold pressed using a micro-oil expeller
(Komet DD85 machine, Germany) to extract oil. After oil ex-
traction, the crude oil from each cultivar was purified through
gravitational filtration and defatted residues were collected
separately and kept under refrigerated conditions until further
analysis.

2.2 | Physicochemical Characteristics of the Oil

Color: A Lovibond Tintometer (PFX-I UK) was used to mea-
sure the oil's color and expressed in terms of red (R) and yel-
low (Y) units (Y +5R), by following AOCS Method Cc 13b-45
(AOCS 2017).

Iodine value (IV): IV of the oils was determined by following
AOCS Method Cd 1d-92(AOCS 2022). Initially, 10.0mL of chlo-
roform was added to an iodine flask containing 0.5g of the oil
sample. Subsequently, 25.0mL of iodine solution was intro-
duced, and the flask was kept in the dark for 1h. After the in-
cubation period, 10.0mL of 10% potassium iodide solution was
added, and the mixture was shaken thoroughly. Next, 75.0mL
of distilled water was added to the flask. Then, the mixture was
titrated with 0.1 N sodium thiosulphate until it became nearly
colorless. After adding a 1% starch solution, the titration was
continued until the blue color disappeared.

Iodine value = (B — S) X N x 100 / Weight of oil sample
where B—volume of Na,S,0, used for the blank, S—volume

of Na,S,0, used for the oil sample, N—normality of Na,S,0,
Solution.
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Saponification value (SV): SV of the oils was measured accord-
ing to AOCS method Cd 3-25. Initially, 5g of oil sample was dis-
solved in 50.0 mL of 4% ethanolic KOH in a round bottom flask.
The flask was then refluxed for next 30min to ensure comple-
tion of saponification of the sample. After cooling, a few drops
of phenolphthalein were added to the mixture. 0.5N HCI was
used to titrate the resultant solution until the pink color was
completely disappeared.

Saponification value = (Vg — V) x 28.05 / Weight of oil sample

where V—volume required for the blank; Vi—volume required
for the oil sample.

2.3 | Fatty Acid Analysis

Fatty acid (FA) determination was performed following the
procedure outlined by Wijesekera et al. (2024), with minor ad-
justments. An oil sample (0.4 g) was placed into screw-capped
glass tubes. Into this, a 4.0 mL portion of methanol, along with
0.1 mL of methanolic KOH was added. The mixture was then
heated in a water bath at 60°C for 10 min and subsequently left
to cool. After cooling, a 2.0 mL portion of hexane and a 4.0 mL
portion of distilled water were added to the mixture, and the
contents were vortexed at 2500 rpm for 10 min. Once the layers
were separated, the upper layer was collected and injected into
a gas chromatograph (Agilent 7890B, China) equipped with a
flame ionization detector (FID). The analysis was performed
using a polar capillary column (100 m X 250 um X 0.2 um, CP-
Sil 88 for FAME) with a column pressure of 39.512psi. The
oven temperature was set as follows: an initial temperature
of 100°C for 5min, then raised from 100°C to 180°C at a
rate of 8°C per minute, followed by an increase from 180°C
to 230°C at a rate of 1°C/min and finally held at 230°C for
15min. The temperatures of the injector and detector were set
to 260°C. Nitrogen was used as the carrier gas at a flow rate
of 1.2863mL/min, and the injector was operated with a split
ratio of 50:1. FAs were recognized by comparing their reten-
tion times with those of standard fatty acid methyl esters, and
their percentages were calculated based on their peak areas
relative to the total peak areas of all detected FAs.

2.4 | Thermal Analysis of Oil by DSC

Differential scanning calorimetric (DSC) analysis was per-
formed using the method described by Halaldeen et al. (2024)
with some adjustments. Using an aluminum T-zero pan with
a T-zero hermetic lid, the Q200 differential scanning calorim-
eter (TA Instruments, USA) was employed for the analysis.
At a flow rate of 50.00mL/min, 99.9% pure nitrogen gas was
utilized as the purge gas. A standard DSC aluminum pan was
filled with 10-12mg of the sample (in liquid form) and her-
metically sealed. An empty hermetically sealed aluminum
pan was employed as a reference. The thermal analysis was
conducted using the following temperature program: an iso-
therm at —80°C for 1 min, followed by heating at 5°C/min to

20°C, an isotherm at 20°C for 1 min, and then cooling at 5°C/
min back to —80°C.

2.5 | FTIR Measurements

FTIR measurements of the oil samples were performed using the
procedure defined by Gunarathne et al. (2022) with a few amend-
ments. In each measurement, a 100mg portion of KBr (FT-IR
grade, 99% trace metals basis, Sigma Aldrich) was combined with
approximately 1.0mg of oil to create a pellet. The mid-infrared
spectra, ranging from 4000-500cm™!, were recorded using a
FTIR Nicolet iS50 spectrometer (Thermo Nicolet, Madison, WI)
equipped with a deuterated triglycine sulfate (DTGS) detector
and KBr beam splitter. The spectra were obtained by co-adding
64 scans with a resolution of 8cm~!. Each spectrum was com-
pared to a background spectrum of pure KBr, and absorbance
values were recorded in four duplicates.

2.6 | Proximate Analysis

The proximate compositional analysis of sesame seeds and
defatted residues from both cultivars was conducted to eval-
uate moisture, total ash, crude fat, crude fiber and crude pro-
tein contents, following the procedures outlined in the AOAC
International (2019) manual. Moisture content was measured
using an oven (Biobase, model—BOV-V230F, China) by drying
samples at 105°C for 3h until constant weight was achieved
(AOAC Official Method 934.06). Crude fat content was deter-
mined through Soxhlet extraction with hexane (40°C-60°C) as
the solvent (AOAC Official Method 948.22). The ash content was
measured using the dry ashing method (AOAC Official Method
942.05), while crude protein was assessed using the micro
Kjeldahl method (AOAC Official Method 970.02). The crude
fiber content was analyzed by sequential digestion with sulfu-
ric acid and sodium hydroxide solution (AOAC Official Method
962.09). The total carbohydrate content was calculated with
the formula: Total carbohydrate content (%)=100—(Moisture
%+ ash % + protein % + fat % + crude fiber %).

2.7 | Spectral Analysis

Spectral pre-processing and qualitative analysis were carried
out using the manufacturer's software (OMNIC, version 7.0
Thermo Nicolet). The raw spectra of the oils from ANKSE3 and
UMA cultivars were baseline corrected and subjected to a scale
normalization procedure.

2.8 | Statistical Analysis

In this study, all chemical measurements were recorded in trip-
licate (n=3) and data were presented as mean =+ standard devi-
ation (SD). Statistical analysis was carried out using one-way
analysis of variance (ANOVA) followed by Tukey's test, employ-
ing the Minitab 17 software package.
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3 | Results

3.1 | Physicochemical Characteristics of S.
indicum Oil

Comparison of color, IV, and SV of the oils obtained from both
UMA and ANKSE3 cultivars is presented in Table 1. The color
values of ANKSE3 and UMA cultivars were 7.45+0.64 and
13.5+0.14, respectively. The color values of the two oils were re-
markably (p <0.05) different; the UMA cultivar showed a value
higher than the ANKSE3 cultivar. The results were comparable
to the visual appearance of the oils, where the color of the UMA
cultivar was more intense than that of the ANKSE3 cultivar.
According to Table 1, the IV for ANKSE3 and UMA sesame culti-
vars was 105.3+0g/100g and 116.03 +1.79g/100g, respectively.
On the basis of data analysis, a remarkable difference (p <0.05)
was seen between the two cultivars. Overall, the ANKSE3 culti-
var had a higher degree of unsaturation when compared to the
UMA cultivar. According to Table 1, SV of the ANKSE3 cultivar
was 186.81+0.85 (mg of KOH g™!) while that of the UMA culti-
var was 187.94 +1.45 (mg of KOH g™!). Nonetheless, no remark-
able (p>0.05) difference was noticed between them.

3.2 | FA Profile of S. indicum Oil

Figure 1a,b display the GLC chromatograms of fatty acid
methyl esters of oils from ANKSE3 and UMA cultivars. The
quantitative distribution of individual FAs of sesame oils of
the two cultivars is compared as shown in Table 2. The oils
extracted from the two cultivars were found to contain pre-
dominantly USFAs, with total contents of 84.52% and 84.66%,
respectively. Oleic acid was the most dominant unsaturated
FA in both cultivars; ANKSE3 contained a significantly
(p<0.05) higher proportion of oleic acid (50.07%) when com-
pared to UMA (42.31%). In both of these cultivars, the second
most predominant FA was linoleic acid. The proportion of
linoleic acid in the UMA cultivar (42.04%) was comparatively
higher (p <0.05) than that of the ANKSE3 cultivar (34.17%).
Other unsaturated FAs such as linolenic and palmitoleic acids
were found to exist in minute quantities in both cultivars;
linolenic acid contents of ANKSE3 and UMA cultivars were
0.18% +0.03% and 0.22% + 0.03%, respectively, with a signif-
icant (p <0.05) difference between them. The proportions of
palmitoleicacid in oils of ANKSE3 and UMA were 0.10% + 0.0%
and 0.09% +0.0%, respectively, with no remarkable (p>0.05)
difference between them. Palmitic, stearic, arachidic, and be-
henic acids were the saturated acids in the two cultivars; the
total saturated FA contents of ANKSE3 and UMA were 15.41%
and 15.36%, respectively. Being the most abundant saturated
FA, palmitic acid was present at 8.93% +0.40% in the ANKSE3

cultivar while at 9.85% +0.38% in the UMA cultivar. Likewise,
the proportions of stearic acid in both ANKSE3 and UMA
cultivars were 5.91% +0.04% and 4.95% + 0.00%, respectively.
Nonetheless, no remarkable (p>0.05) difference was appar-
ently seen between the two cultivars.

3.3 | DSC Thermal Profiles of S. indicum L. Oil

DSC cooling and heating curves of oils from ANKSE3 and UMA
cultivars are presented in Figure 2a,b, respectively. The DSC
cooling curve provides substantial information on thermal prop-
erties, including the cloud points of oils. According to thermal
literature, cloud point is the temperature at which an oil sample
sets to form a cloud, marking the initial stage of crystallization.

As shown in Figure 2a, three exothermic peaks were observed
in the cooling curves. Based on the observations from Figure 2a,
exothermic peak-1 appeared in the high-temperature region.
Peak-2 corresponds to the mid-temperature region while peak-3
corresponds to the low-temperature region. Although the pat-
tern of the cooling curves of the two cultivars was roughly
similar, remarkable differences (p<0.05) were observed with
regard to certain DSC parameters corresponding to peaks 1, 2,
and 3. The peak maxima of peak 1 in ANKSE3 and UMA were
—8.21°C and —9.14°C, respectively. The peak areas of the major
thermal transition (peak-1) were 6.43J/g for the ANKSE3 cul-
tivar and 5.97]/g for the UMA cultivar, with significant differ-
ences (p <0.05) between them. Significant differences (p <0.05)
were also observed between the two cultivars in the onset
temperatures of peak 1. The onset temperatures of oils from
ANKSE3 and UMA were —5.64°C and —6.64°C, respectively,
indicating the initiation of crystallization tends to begin earlier
for the ANKSE3 cultivar. Additionally, the end-set temperatures
of ANKSE3 (—23.52°C) and UMA (-28.19°C) cultivars also
showed remarkable (p <0.05) differences between them.

All parameters of peak 2 exhibited remarkable differences
(p<0.05) between the two cultivars. For instance, peak maxima
for ANKSE3 and UMA cultivars were recorded at —33.76°C and
—36.24°C, respectively. Similarly, the onset temperature of the
ANKSES3 cultivar was —26.24°C, while that of the UMA cultivar
was —28.19°C. The peak areas of ANKSE3 and UMA cultivars
were 2.48 and 3.12]/g, respectively. Additionally, the end-set
temperatures for peak 2 were —47.47°C for the ANKSE3 cultivar
and —53.67°C for the UMA cultivar with a remarkable differ-
ence (p <0.05) between them.

With regard to parameters like peak maxima, onset temperature
and peak area for peak 3, remarkable (p < 0.05) differences existed
between the two cultivars. Nonetheless, no remarkable (p > 0.05)

TABLE1 | Color,iodine value, and saponification number of oil from ANKSE3 and UMA cultivars.

Variety Iodine value (g I1,/100g) Saponification number (mg KOH/g) Color Y+5R
ANKSES3 cultivar 105.302£0.00 186.81*+0.85 7.452+£0.64
UMA cultivar 116.03°+1.79 187.942+1.45 13.50°+0.14

Note: Each value in the table represents the mean of three replicates + standard deviation. The means within each column bearing different superscripts are

significantly (p <0.05) different.
Abbreviations: IV, iodine value; SV, saponification value.

40f12

Food Science & Nutrition, 2026

85U8017 SUOWILIOD BAIIER.D 8|qedt|dde ay) Aq peusenob afe se[oe VO ‘@SN Jo SN J0j AkiqiT8uluO A8]IM UO (SUONIPUCD-pUe-SLUIR)AL0D A8 | 1M ATelq 1 [BUl|UO//:SANY) SUORIPUOD Pue WS | 8u} 8eS *[9202/T0/y0] Uo ARIqiTauluO A8]IM ‘SSe00Y [eUOeN BUe T LIS AQ 89TT. EUSH/Z00T OT/I0P/W00™A8 1M Aeid 1 jeuluoy//Sdiy Wwoly pepeojumod ‘T ‘9202 ‘LLT.8V02



200.0 5

pA

187.5 4

(@)

175.04

51811

4

152.5-5
150.05
137.5—3
125.0-5
1125
100.0
87.54
75.0
62.5 ]

50.0

4-C16:0

37.5

25.0

f2 - C16:1
>a-c1s;o

5-018:2

8-C22:0

76' C20.0
7 -18:3n3

125 .

oo

T T T T —

370 380 40.0 42.0 44.0 460 480

200.04

500 530 540 560 58.0 60.4

PA
187.5

175.0 (b)
162.5 ]
150.0 4
137.5]
125.0 ]
1125
100.0
375%
750%
]
625

50.0

4-C16:0

37.54

25.0

2 - C16:1

12.54

50499

-C18:1

4

¥ -18:3n3
[8-C22,0

_|
_|

—=3-C180
—
—

76 - C20:0

0.0

323 350 375 40.0 425 45.0

; :
475 50.0 535 550 57.5 60.5

FIGURE1 | Fatty acid chromatograms of oils from ANKSE3 (a) and UMA (b) cultivars.

differences were noticed in end-set temperatures of both cultivars.
The peak maxima for ANKSE3 and UMA cultivars were —57.99°C
and —61.33°C, respectively. Likewise, the onset temperatures
of ANKSE3 and UMA cultivars were —50.39°C and —53.67°C,

respectively. Nonetheless, the peak area of the ANKSE3 cultivar
(10.68J/g) was twice as high as that of the UMA cultivar (5.52]/g),
suggesting the highest energy release during the final stage of
crystallization of the oil from the ANKSE3 cultivar.
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TABLE 2 | Varietal differences in fatty acid compositions of oils
from ANKSE3 and UMA cultivars.

Component ANKSE3 UMA

Palmitic acid (C16:0) 8.932+0.40 9.854+0.38
Palmitoleic acid (C16:1) 0.10°+0.00 0.09+0.00
Stearic acid (C18:0) 5.912+0.04 4.952+0.00
Oleic acid (C18:1) 50.07°+0.25 42.312+0.15
Linoleic acid (C18:2) 34.17°+0.07 42.04°+0.29
Linolenic acid (C18:3) 0.18*+0.03 0.22°+0.03
Arachidic acid (C20:0) 0.57°+0.00 0.50%+0.00
Behenic acid (C22:0) 0.082+0.28 0.06%+0.00
Y Unsaturated FAs 84.52 84.66

Y Saturated FAs 15.41 15.36

Note: Each value in the table represents the mean of three replicates. Means
within each row bearing different superscripts are significantly (p <0.05)
different.
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FIGURE 2 | DSC cooling (a) and heating (b) curves of oils from
ANKSE3 and UMA cultivars.

DSC heating curves of ANKSE3 and UMA cultivars are shown
in Figure 2b. DSC heating curves provide valuable information,
including the melting point of an oil and phase transitions due

to varied distribution of TAG groups. They also might help in
visualizing deviations caused by oil adulterations. Based on
visual observations, the heating curves of both cultivars were
roughly similar. Major thermal transition (peak-3) appearing in
the mid-temperature region is associated with peak-1 and peak-2
as shoulder peaks. A significant (p <0.05) difference was seen
between ANKSE3 and UMA cultivars with regard to the peak
maxima of the major peak (Peak 3) at —14.27°C and —17.08°C,
respectively. The peak area values of ANKSE3 and UMA cul-
tivars were 20.13 and 21.14J/g, respectively with a significant
(p<0.05) difference between them. Similarly, the onset tem-
peratures of ANKSE3 and UMA cultivars were —19.14°C and
—23.12°C, respectively. In addition, the end-set temperatures
of peak 3 for ANKSE3 and UMA cultivars were —7.38°C and
—9.64°C, respectively. In fact, remarkable (p <0.05) differences
were observed between the two cultivars with regard to both
onset and end-set temperatures.

In the low-temperature region, a minor thermal transition
(peak-4) was observed in both cultivars. This particular ther-
mal transition was found to occur at —28.37°C and —31.46°C
for ANKSE3 and UMA cultivars, respectively. The onset tem-
peratures of peak-4 were at —33.71°C for the ANKSE3 cultivar
and —36.61°C for the UMA cultivar. Based on statistical anal-
ysis, remarkable differences (p<0.05) were detected between
the two cultivars regarding peak maxima and onset tempera-
ture. Similarly, the end-set temperatures were —22.99°C for
the ANKSE3 cultivar and —23.12°C for the UMA cultivar. The
peak area values of ANKSE3 and UMA cultivars were 3.14 and
3.77]/g, respectively, but no remarkable variation (p>0.05) was
noticed between the cultivars with regard to peak area and end-
set temperature.

3.4 | FTIR Characterization of Sesame Oil From
the Two Cultivars

Figure 3a,b illustrate the FTIR spectra of oils from ANKSE3
and UMA cultivars, respectively. According to Figure 3a,b,
FTIR spectral patterns of the oils from the two cultivars were
roughly similar. This similarity could be due to similar compo-
sition in triglycerides, which are the predominant component
of fats and oils. The concrete bands and identification of func-
tional groups were based on the previous findings reported in
the literature. The peak 1 (P1) at ~3010cm™! corresponds to
the terminal (vinyl) C—H stretching of alkenes. As shown in
Figure 2, the distinguished peaks of P2 and P3 appearing at
~2925 and ~2855cm™! were caused by the asymmetrical and
symmetrical C—H stretching of methylene groups, respec-
tively. This was primarily due to the widespread occurrence
of aliphatic chains in triacylglycerols. Further, the peak P4
appearing at ~1740cm~! was a distinctive sharp peak corre-
sponding to the C=O0 stretching vibration of aliphatic ester
moieties occurring in lipid biomolecules. This is a distinct oil
peak commonly observed in most fats and oils, as they are
composed of 98% triacylglycerol molecules. The blunt peak P5
at ~1655cm™! is usually assigned to C=C stretching vibration
of alkenes.

Peaks in the fingerprint region are primarily suggestive of
the presence of hydrocarbons and esters of oils and fats. For
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instance, the peak P6 observed at ~1455cm™' was associated
with the asymmetric C—H bending of methyl groups, while P7
at ~1377cm™! resulted due to the symmetric C—H bending of
hydrocarbons, validating the presence of alkanes (CH,) in the
oils. The appearance of peak P8 at ~1238cm~! corresponds
to the C—O stretching vibration of esters. The appearance of
peaks P9 and P10 at ~1163cm~! and ~1100cm~! was caused
by C—O stretching vibrations associated with esters or ethers.

(a)
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FIGURE 3 | FTIR spectral overlay of oils from ANKSE3 (a) and
UMA (b) cultivars.

Furthermore, peak P11 found at ~722cm™' was attributed to
(CH,)n bending vibration. The weak peak P12 appearing at
~585cm™!, was due to C—S stretching of thiols, O—H bending of
alcohol and C—TI stretching of aliphatic iodo compounds.

3.5 | Proximate Composition of Defatted Residues

Results of the proximate compositions of raw sesame seeds and
defatted residues of the two cultivars are presented in Table 3.
Fat was detected as the most dominant nutrient component in
the raw sesame seeds of both cultivars, while protein was the
most abundant nutrient component present in the defatted res-
idues. The crude fat contents of raw sesame from the ANKSE3
and UMA cultivars were 42.01% and 43.75%, respectively. The
crude fat content of defatted residues of ANKSE3 and UMA was
19.59% and 22.20%, respectively. It is clear that the fat contents
of defatted residues from the two cultivars were approximately
half that of the raw sesame.

Protein is the second most abundant macronutrient in sesame
seeds. In fact, the oil extraction caused notable changes in protein,
moisture, fiber and ash contents of defatted residues. According
to Table 3, the protein content of raw sesame seeds ranged from
18.99% to 19.84%, while defatted residue ranged from 34.45% to
36.1%, where no remarkable (p>0.05) difference was noticed
in between the two cultivars. Moisture content of the defatted
residues (5.76%—6.96%) was slightly higher than that of raw ses-
ame seed (4.36%-4.77%). Likewise, the ash content of the defat-
ted residues significantly (p<0.05) increased (9.48%-11.32%)
when compared to that of raw sesame seeds (5.63%-6.22%). The
crude fiber content of raw sesame seed ranged from 5.67% to
6.97%, while defatted residues ranged from 7.24% to 9.1%, with
a difference being statistically significant (p <0.05) between the
cultivars. Total carbohydrate refers to the sum of all types of car-
bohydrates, including dietary fiber, sugars, starches etc. The total
carbohydrate content of the ANKSE3 cultivar (18.93% +0.18%)
was lower than that of the UMA cultivar (20.16% +0.28%).
Nonetheless, the results showed a notable increase in total carbo-
hydrate content in defatted residues of ANKSE3 when compared
to the raw seeds. Conversely, there was a significant decrease in
the total carbohydrate content of defatted residue of UMA when
compared to that of its raw sesame.

TABLE 3 | Proximate composition of whole sesame seed and defatted residues of ANKSE3 and UMA cultivars.

Raw sesame seed Defatted residue

Parameters ANKSE3 UMA ANKSE3 UMA
Moisture (%) 4.77°+0.03 4.36%+0.12 6.968 +0.07 5.76A +0.66
Fat (%) 42.01°+1.02 43.752+1.00 19.594+1.76 22.204+1.44
Protein (%) 18.992+0.42 19.842+0.48 34.454+0.47 36.14+0.33
Fiber (%) 6.972+0.33 5.672+0.40 9.18+0.43 7.2454+0.40
Ash (%) 5.632+0.04 6.22°+0.03 9.48%+0.06 11.328+0.09
Total carbohydrate (%) 18.932+0.18 20.16°+0.28 20.41B+0.41 17.374+0.78

Note: Each value in the table represents the mean of three replicates + standard deviation. Means that do not share a similar simple superscription letter in the same
row in raw seeds and a similar capital superscription letter in the same row in defatted residue are significantly (p <0.05) different.
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4 | Discussion

4.1 | Physicochemical Characteristics of S.
indicum Oil

The color is an important quality parameter to ensure the
freshness of vegetable oils. Two different types of pigments
are generally responsible for the color of vegetable oils: natu-
rally occurring lipid-soluble pigments (carotenoids and chlo-
rophylls) and process-induced pigments, which are produced
during oil processing (Chen and Sun 2023). Generally, the color
of sesame oil might vary with cultivar differences and process-
ing methods. According to the results of this study, the color of
the UMA cultivar was more intense than that of the ANKSE3
cultivar probably due to the high content of carotenoids. Other
than this, the roasting temperature might strongly influence
the oil color due to Maillard reaction products. Owing to this
reason, the color of the oil from unroasted sesame was yellow,
while that of the roasted sesame was either brown or dark
brown (Oboulbiga et al. 2023). Relatively, unroasted fresh ses-
ame oil is slightly deeper in color when compared to coconut
oil (SLS: 32 2017).

Sesame oil is generally found to have a higher IV when compared
to coconut oil (7.8g/100g) and olive oil (84.1g/100g), indicat-
ing a higher degree of unsaturation because of its higher pro-
portion of unsaturated FAs. A previous study by Hwang (2005)
showed that the I'V of sesame oil ranged from 104 to 120g/100g.
According to another study, the I'V for sesame oil is 106.6, which
was due to the fact that, sesame oil contained roughly about 35%
oleic acid and 47% linoleic acid (Kruatian and Jitmanee 2013). A
high unsaturated FA content would make oils more prone to ox-
idation. Nevertheless, sesame oil contains a significant amount
of antioxidants and vitamin E, which are meant to reduce oxi-
dation. Oils that contain abundant mono and polyunsaturated
fatty acids such as sesame oil are good at maintaining hypercho-
lesterolemia conditions and reducing the risk of cardiovascular
disease (Gouveia et al. 2017).

In any fat or oil, SV provides information about the average
molecular weight of the constituent fatty acids. According to
Borchani et al. (2010), SV of sesame oil was 186.6 mg KOHg™!,
which was roughly similar to the results obtained in this study.
Previous reports stated that a high SV for sesame oil is generally
beneficial for cosmetics and skincare products due to its good
emulsification ability (Wei et al. 2022). When compared to ses-
ame oil, coconut oil was found to have a higher SV (248 mg of
KOHg™) (Kruatian and Jitmanee 2013).

4.2 | Fatty Acid Profiles of S. indicum Oil

FA composition of sesame oil is vital in determining its nutri-
tional and functional attributes. According to the data of this
study, the oils consisted of approximately 84.5% USFAs and 15%
SFAs. As mentioned before, oleic and linoleic acids were iden-
tified as the major USFAs in the two oils. These results are in
agreement with the findings reported by Kurt (2018), who said
that sesame oil from various countries was found to possess
more than 80% USFAs, predominantly oleic and linoleic acids.
This observation underscores the global uniformity in the FA

profile of sesame oil, making it a reliable source of unsatu-
rated FAs.

FA distributions of ANKSE3 and UMA cultivars differed sig-
nificantly (p <0.05), with notable variations in oleic and lin-
oleic acid contents. By overall, their degree of unsaturation was
roughly similar quantitatively. According to Saeed et al. (2015),
black sesame oil was found to contain 50% oleic acid and 50%
linoleic acid, while white sesame oil was found to contain 42%
oleic acid and 43% linoleic acid. These findings were comparable
to the studies reported in India by Thakur et al. (2018), where
similar ranges were found for oleic and linoleic acids in both of
the sesame cultivars. In a separate study, Agidew et al. (2021)
reported that among Ethiopian sesame cultivars, linoleic acid
was the major FA, followed by oleic, palmitic, and stearic acid.
Furthermore, the amounts of linolenic and palmitoleic acids
were reported to be less than 1%.

Linoleic is an essential FA required for various body functions,
but the human body cannot synthesize it on its own, and must
obtain it through food. It contributes to cholesterol metabolism
by increasing the toughness of vascular epithelial cells, and
supporting human growth and development (Wei et al. 2022).
Furthermore, a diet rich in monounsaturated FAs (MUFA)
helps prevent conditions like coronary heart disease (Reaven
et al. 2015). Another study indicated that the proportion of pal-
mitic acid (11%-21%) was comparatively higher than that of
stearic acid (2%-5%) (Saeed et al. 2015). According to Agidew
et al. (2021), the palmitic acid content ranged from 9% to 11%,
while the stearic acid content ranged from 5% to 6%. Arachidic
acid and behenic acid were detected in trace amounts, contrib-
uting less than 1% to the overall fatty acid profile. These findings
aligned closely with the results of the present study.

FA profiles might vary significantly among oils, influencing
their nutritional and functional properties. Coconut and palm
kernel oils have displayed different FA profiles when compared
to sesame oil. While sesame oil is known for higher linoleic acid,
both coconut and palm kernel oils are notable for their high lau-
ric acid content. According to Tan and Che Man (2000), coconut
oil (51.1%) and palm kernel oil (55.8%) contain high lauric acid
content but lower linoleic acid content compared to sesame oil.
Hazelnut oil, canola and olive oils primarily consisted of oleic
acid, accounting for 74.9%, 63%, and 72.5%, respectively. By
overall, the variability in FA profiles underscores the diverse ap-
plications of these oils in nutrition and industry.

4.3 | DSC Thermal Profiles of S. indicum Oil

As per the report by Tan and Che Man (2000), the cooling
curve of sesame oil had exothermic peaks 1, 2, and 3, repre-
senting three primary TAG groups: monounsaturated (SSU),
diunsaturated (SUU), and triunsaturated (UUU), respectively.
These observations were attributed to the distribution of un-
saturated fatty acids of sesame oil such as oleic acid (39%-43%)
and linoleic acid (40%-44%) (Rajagukguk et al. 2022). On par
with the cooling curves of sesame oil as reported by Tan and
Che Man (2000), a pattern of three distinct and well-defined
peaks was in the thermal profile of this study. According to
the previous study, DSC curves of sesame oil were found to
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display maximum temperatures of Peak 1, Peak 2, and Peak 3
as —14.09°C, —39.94°C and —66.62°C, respectively. These values
differed considerably from those obtained in this study.

As indicated by this study, the crystallization temperature of
sesame oil was comparatively lower than those of either coconut
oil or palm oil. This could be due to the existence of an abun-
dant amount of saturated FAs like lauric and palmitic acids in
coconut and palm oils, which significantly affect the onset of
crystallization (Tan and Che Man 2000). Similarly, canola and
olive oils were found to display lower crystallization tempera-
tures when compared to sesame oil. They were also reported to
display three exothermic peaks with a distinctly sharp and tall
peak. This is said to be due to the high oleic acid contents in
canola and olive oils (Tan and Che Man 2000). In contrast to
this, oils of ANKSE3 and UMA cultivars showed significantly
different thermal curves, with differing peak areas and greater
onset and peak maxima temperatures. This difference might be
due to the complex composition or stronger interactions within
their fatty acid profiles.

The findings of our study suggest that the melting points of the
oils of ANKSE3 and UMA were at —14.27°C and —17.08°C, re-
spectively. The observed difference in the melting temperature
could be attributed to their differences in unsaturated fatty
acids such as oleic acid (42%-50%) and linoleic acid (34%—42.0%)
(Table 2). In the study of Tan and Che Man (2000), the tempera-
ture values of the major and minor peaks of pure sesame oil
were detected at —21.45°C and —9.62°C, respectively. According
to another sesame oil study by Rajagukguk et al. (2022), the
major peaks of melting curves were at an average temperature
of —19.93°C, while the minor peak was at —5.89°C. Their study,
however, revealed that sesame oil recovered using hexane as a
solvent and cold press extraction methods showed minor differ-
ences in their average melting peak temperatures. This minute
variation could be due to differences in the compositions of the
oils resulting from the different extraction methods. A study by
Fahimdanesh et al. (2014) stated an endothermic (melting) crite-
ria based on DCS for the authentication of sesame oil; the noted
peak maxima of the major and minor peaks were —19.75°C and
—34.92°C, respectively. According to this study, when sesame oil
was mixed with three different concentrations of sunflower and
corn oils, the peaks of the melting curves tended to shift to lower
temperature regions. This movement was attributed to the in-
creased proportion of saturated FAs in sunflower and corn oils
(Fahimdanesh et al. 2014).

As mentioned previously, the DSC melting point values were
relatively lower in sesame oil when compared to the coconut
and palm kernel oils, which are rich in lauric acid (Tan and Che
Man 2000). According to Tan and Che Man (2000), canola and
olive oils exhibited a sharp, tall endothermic peak with shoul-
der peaks, showing a different pattern compared to sesame oil.
Specifically, the melting behavior of oils from ANKSE3 and
UMA cultivars was found to display a roughly similar pattern,
but the thermal transitions of the ANKSE3 cultivar showed
the highest onset, peak maxima and endset temperatures. The
major melting peak at the higher temperature region indicated
the presence of a high amount of unsaturated FAs like oleic and
linoleic acids. The minor peak at the lower temperature region
(peak-4) highlighted the thermal behavior of low melting TAGs,

including unsaturated and minor saturated FAs. According to
Table 2, both of these cultivars displayed differences in unsat-
urated fatty acids such as oleic acid (42%-50%) and linoleic acid
(34%-42.0%).

4.4 | FTIR Spectral Characterization of S.
indicum Oil

The FTIR study provides valuable information about the or-
ganic functional groups present in oil obtained from two local
cultivars of sesame seed. Overall, the oils of ANKSE3 and
UMA cultivars presented roughly similar spectral character-
istics. Nonetheless, slight variations in peak intensities of the
two cultivars were observed, especially within the fingerprint
region (1500-950cm™). As a notable feature, the intensity of
peaks within the fingerprint region was relatively higher for the
ANKSES3 cultivar when compared to the UMA cultivar. Based
on information from past literature, the presence of hydrocar-
bons and esters in the oils is indicated by the peaks that appear
in the fingerprint region.

The most predominant peaks of the two oils namely P1 to P4 ap-
peared within the 3010-1740cm™! wavenumber range. In both
of the spectra, no peaks appeared within the 3600-3400cm™!
range. This observation suggested that the oils are free from hy-
droxyl group (—OH), which are typically arising due to mois-
ture, phenolic compounds or other hydrophilic substances.
Interestingly, the spectrum of sesame oil presented a sharp peak
P1 at ~3010cm™!, which is also frequently observed in other un-
saturated oils such as olive oil but is exhibited as a weak peak by
coconut oil. It is agreed that the peak appearing in this region is
mainly associated with the cis —C=C—H stretching, indicating
the degree of unsaturation of the oils (Rohman 2017). According
to this study, sesame oil contains about 85% of USFAs, with
a high content of oleic and linoleic acids, which would have
caused this peak (P1). Similar to sesame oil, the FTIR spectra of
rapeseed and Terminalia catappa oils were also reported to dis-
play a sharp peak around ~3010cm™!, suggesting the presence of
USFAs in these oils (Halaldeen et al. 2024; Lu et al. 2014).

The prominent peaks P2 and P3 were due to the asymmetrical
and symmetrical C—H stretching of methylene groups, while
P4 was attributed to the ester carbonyl functional group of the
triglycerides (Nandiyanto et al. 2023; Miller and Coates 2025).
Previous study reports suggested that this distinct peak at
~1745cm™! was commonly found in the majority of the edible
oils, including animal fats (Gunarathne et al. 2022). Further,
the C=C stretching vibration of alkenes compounds is typically
thought to be represented by the blunt peak P5 at ~1640cm™".
Interestingly, this peak is absent in the FTIR spectrum of lau-
ric oils but appears in other oils such as canola oil, olive oil,
and rapeseed oil (Lu et al. 2014; Che Man and Rohman 2013;
Rohman 2017). According to Mirghani et al. (2023), sesamol oc-
curring in sesame oils may also be responsible for the stretch-
ing vibration at ~1636cm™!. Based on previous research by Che
Man and Rohman (2013), the distinguishing peak of this region
was attributed to USFAs in some oils. In contrast to the spectra
of some other vegetable oils, sesame oil did not exhibit a peak
at ~962cm™!, highlighting the rare occurrence of —HC=CH-
(trans-) double bond (Rohman 2017). The absence of trans
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double bonds in edible oils is advantageous in the context of food
safety measures undertaken by regulatory authorities.

4.5 | Proximate Composition of Defatted Residues

Sesame (S. indicum L.) is known as an oil crop and its economic
value is primarily due to high oil content. According to Perera
et al. (2023), black sesame produced in Sri Lanka was found to
have 48.46% oil. In a separate study, Singh et al. (2015) showed
the crude oil contents of white sesame and black sesame culti-
vars were 47.79% and 48.21%, respectively. The sources of origin,
variety, geographical location, etc. are generally attributed to ob-
served variationsin oil contents(Sabihaetal. 2020). Furthermore,
in an exploratory study of the general nutritional composition of
selected grains, Rajkumar and Selvakulasingam (2019) found
that sesame had the highest crude fat content of 52.93%.

Sesame seed is generally considered a low-moisture seed with
a prolonged shelf life (Rajkumar and Selvakulasingam 2019).
Unal and Yalcin (2008) evaluated the moisture content of var-
ious sesame cultivars across different regions of Turkey; the
range was between 4.16% and 4.62%. The findings reported were
roughly similar to the results obtained in our study. Owing to its
high content of protein, the defatted residue of sesame can be
effectively utilized as a supplement in an extensive range of food
products. It may be valuable for enhancing diets and addressing
issues of protein-malnutrition. For comparison purposes, how-
ever, there is hardly any literature on the proximate composition
of defatted residues obtained from the ANKSE3 and UMA cul-
tivars of Sri Lanka.

Sabiha et al. (2020) conducted a study on sesame cultivars of
Pakistan; the ash content in defatted black and white sesame
cultivars ranged from 4.73% to 6.33%, and 7.66% to 9.93%, re-
spectively. The ash contents of the defatted residue of ANKSE3
and UMA cultivars were higher than those of Pakistani sesame
cultivars, indicating a higher mineral content. Crude fiber re-
fers to the portion of plant materials that are indigestible by
humans. Based on our study, the defatted residue of sesame is
a great source of dietary fiber, which can offer multiple health
benefits such as promoting digestion and weight management,
regulating blood sugar and cholesterol levels, improving gut
health and reducing the risk of colon cancer. Being an abundant
source of protein, ash and crude fiber, defatted residues of ses-
ame will have good prospects as a high nutritional alternative
plant protein source for value-added formulations, considering
sustainability and economic benefits.

5 | Conclusion

This study demonstrated the feasibility of obtaining edible grade
oil using a micro-screw-press expeller from two sesame culti-
vars without involving any chemical or solvent. The oil from the
UMA cultivar exhibited higher values for color, iodine value, and
saponification number when compared to the ANKSE3 cultivar.
The high saponification number of sesame oil makes it particu-
larly beneficial for cosmetics and skincare products. According
to fatty acid profiling, the UMA cultivar contained higher lin-
oleic acid content, while the ANKSE3 cultivar contained higher

oleic acid content. Hence, the oil of the UMA cultivar could be
utilized in dietary supplements due to the abundance of essen-
tial fatty acids. With regard to DSC thermal profiles, sesame oils
display lower melting and crystallization points. This property
is particularly beneficial to use as a salad oil. The FTIR spec-
tral analysis of sesame oils from both ANKSE3 and UMA cul-
tivars showed a similar pattern for organic functional groups,
with alkenes, alkanes, esters, and hydrocarbons being the major
ones. According to proximate analysis, the oil extraction caused
drastic changes in all parameters of the defatted residues; ses-
ame seeds are rich in oil, but their defatted residues are high in
protein content. Particularly, the defatted residue of the UMA
cultivar has shown significantly higher contents of protein and
ash, while the ANKSE3 cultivar indicated higher contents of
crude fiber and carbohydrates. Overall, the distinct physico-
chemical properties and nutritional composition of the ANKSE3
and UMA cultivars and physicochemical characteristics of the
oils highlighted their potential applications in food and dietary
supplements.

Author Contributions

Sazna Fariz: formal analysis (equal), methodology (equal), software
(equal), writing - original draft (equal). Fahmidha Halaldeen:
data curation (equal), formal analysis (equal), investigation (equal).
Terrance Madhujith: conceptualization (equal), supervision (equal).
Nazrim Marikkar: conceptualization (equal), project administra-
tion (equal), supervision (equal), writing — review and editing (equal).
Muneeb M. Musthafa: project administration (equal), validation
(equal), visualization (equal), writing - review and editing (equal).
Mohammed Arshad: project administration (equal), writing — origi-
nal draft (equal), writing - review and editing (equal). Abdul Aziz Al
Kheraif: project administration (equal), validation (equal), writing -
review and editing (equal).

Acknowledgments

This study was partly funded by the National Institute of Fundamental
Studies, Hanthana Road, Kandy, Sri Lanka. The authors extend their
sincere appreciation to Researchers Supporting Project number:
RSPD2024R729, King Saud University, Riyadh, Saudi Arabia.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data supporting this study's findings are available from the corre-
sponding author upon request.

References

Agidew, M. G., A. A. Dubale, M. Atlabachew, and W. Abebe. 2021. “Fatty
Acid Composition, Total Phenolic Contents and Antioxidant Activity of
White and Black Sesame Seed Varieties From Different Localities of
Ethiopia.” Chemical and Biological Technologies in Agriculture 8: 1-10.
https://doi.org/10.1186/540538-021-00215-w.

AOAC International, ed. 2019. Official Methods of Analysis of AOAC
International. 21st ed. AOAC International. https://doi.org/10.1093/
9780197610145.001.0001.

AOCS. 2017. Official Methods and Recommended Practices of the AOCS,
Method Cd 3-25. AOCS Press. https://doi.org/10.1093/9780197610145.
001.0001.

10 of 12

Food Science & Nutrition, 2026

85U8017 SUOWILIOD BAIIER.D 8|qedt|dde ay) Aq peusenob afe se[oe VO ‘@SN Jo SN J0j AkiqiT8uluO A8]IM UO (SUONIPUCD-pUe-SLUIR)AL0D A8 | 1M ATelq 1 [BUl|UO//:SANY) SUORIPUOD Pue WS | 8u} 8eS *[9202/T0/y0] Uo ARIqiTauluO A8]IM ‘SSe00Y [eUOeN BUe T LIS AQ 89TT. EUSH/Z00T OT/I0P/W00™A8 1M Aeid 1 jeuluoy//Sdiy Wwoly pepeojumod ‘T ‘9202 ‘LLT.8V02


https://doi.org/10.1186/s40538-021-00215-w
https://doi.org/10.1093/9780197610145.001.0001
https://doi.org/10.1093/9780197610145.001.0001
https://doi.org/10.1093/9780197610145.001.0001
https://doi.org/10.1093/9780197610145.001.0001

AOCS. 2022. Official Methods and Recommended Practices of the AOCS,
Method Cd 1d-92. AOCS Press. https://doi.org/10.1093/9780197610145.
001.0001.

Bandara, D. M. S. P,, T. M. R. Dissanayake, H. M. A. P. Rathnayake,
and D. P. C. Swarnasiri. 2014. “Performance Evaluation of a Screw
Type Oil Expeller for Extraction of Sesame Oil.” Engineer: Journal of the
Institution of Engineers, Sri Lanka 47, no. 1: 17-22. https://doi.org/10.
4038/engineer.v47i1.6857.

Bopitiya, D., and T. Madhujith. 2013. “Antioxidant Activity and Total
Phenolic Content of Sesame (Sesamum indicum L.) Seed Oil.” Tropical
Agricultural Research 24, no. 3: 296-302. https://doi.org/10.4038/tar.
v24i3.8015.

Borchani, C., S. Besbes, C. H. Blecker, and H. Attia. 2010. “Chemical
Characteristics and Oxidative Stability of Sesame Seed, Sesame Paste,
and Olive Oils.” Journal of Agricultural Science and Technology 12, no.
5:585-596. https://jast.modares.ac.ir/article-23-7694-fa.html.

Che Man, Y. B,, and A. Rohman. 2013. “Analysis of Canola Oil in Virgin
Coconut Oil Using FTIR Spectroscopy and Chemometrics.” Journal of Food
and Pharmaceutical Science 1, no. 1: 5-9. https://doi.org/10.14499/jfps.

Chen, X., and S. Sun. 2023. “Color Reversion of Refined Vegetable Oils:
A Review.” Molecules 28, no. 13: 5177. https://doi.org/10.3390/molec
ules28135177.

Dissanayake, 1., and N. Jayathilaka. 2021. “Is Sesame a Potential Crop
That Contributes to the Bioeconomy of Sri Lanak?” In Marching Towards
a Bioeconomy, edited by S. A. C. N. Perera and L. D. Amarasinghe, 73—
90. Institute of Biology, Sri Lanka. https://www.researchgate.net/publi
cation/362558921_Is_Sesame_a_Potential _Crop_that_Contributes_
to_the_Bioeconomy_of_ Sri_Lanka.

Dissanayake, I. A. J. K., S. M. W. Ranwala, and S. S. N. Perera. 2017.
“Agronomic Status of Sesame/Thala (Sesamum indicum L.) Cultivations
in Dry Regions of Sri Lanka.” International Journal of Agronomy and
Agricultural Research 11, no. 1: 42-50. https://www.res.cmb.ac.lk/
plant.sciences/sudheera-ranwala/wpcontent/uploads/sites/8/2021/08/
Dissanayake-IAJK-et-al-2017.pdf.

Dissanayake, I. A. J. K., S. M. W. Ranwala, and S. S. N. Perera.
2019. “Germination and Seedling Growth Responses of Sri Lankan
Grown Sesame/Thala (Sesamum indicum L.) for Simulated Drought
Conditions.” Journal of the National Science Foundation of Sri Lanka 47,
no. 4: 479-490. https://doi.org/10.4038/jnsfsr.v47i4.9686.

Fahimdanesh, M., M. E. Bahrami, and M. Zargani. 2014. “66 Check
Fraud Sesame (Sesamus indicum) Oil Using Differential Scanning
Calorimetry (DSC) Analysis.” International Journal of Plant, Animal
and Environmental Sciences 4, no. 2: 554-560. https://doi.org/10.5555/
20143220329.

Gouveia, L., L. Zago, and A. Moreira. 2017. “Physical-Chemical
Characterization and Nutritional Quality of Sesame Oil (Sesamum in-
dicum L.).” Journal of Nutritional Health & Food Science 5, no. 3: 1-7.
https://pdfs.semanticscholar.org/d688/329baecf26c02aa397105019¢
561794a401f.pdf.

Gunarathne, R., N. Marikkar, E. Mendis, C. Yalegama, L. Jayasinghe,
and S. Ulpathakumbura. 2022. “Mid-IR Spectral Characterization and
Chemometric Evaluation of Different Solvent Extracts of Coconut Testa
Flour.” Journal of Food Chemistry and Nanotechnology 8, no. 3: 69-75.
https://doi.org/10.17756/jfcn.2022-128.

Halaldeen, F.,1. Zahir, S. Ulpathakumbura, et al. 2024. “Characterization
of Oils and Defatted Residues of Terminalia catappa L. Seed Kernels of
Two Varieties.” International Journal of Food Properties 27, no. 1: 30-43.
https://doi.org/10.1080/10942912.2024.2426666.

Hall, C. I. I. I. 2003. “Sesame Seed Oil.” In Lipids for Functional Foods
and Nutraceuticals, edited by F. D. Gunstone, 83-90. Oily Press. https://
www.scribd.com/document/456017425/The-Oily-Press-Lipid-Libra
ry-Frank-Gunstone-Lipids-for-functional-foods-and-nutraceuticals-
Woodhead-Publishing-2003-pdf.

Hwang, L. S. 2005. “Sesame Oil.” In Bailey's Industrial Oil and Fat
Products, vol. 2, 547-552. John Wiley & Sons. https://doi.org/10.5555/
19520400213.

Kruatian, T., and K. Jitmanee. 2013. “Simple Spectrophotometric
Method for Determination of Iodine Value of Vegetable Oils.” Chiang
Mei Journal of Science 3: 419-426. https://thaiscience.info/Journals/
Article/CMJS/10886450.pdf.

Kurt, C. E. M. A. L. 2018. “Variation in Oil Content and Fatty Acid
Composition of Sesame Accessions From Different Origins.” Grasas y
Aceites 69, no. 1: e241. https://doi.org/10.3989/gya.0997171.

Lu, Y., C.Du, L. Yuzhen, D. Changwen, S. Yanqiu, and Z. Jianmin. 2014.
“Characterization of Rapeseed Oil Using FTIR-ATR Spectroscopy.”
Journal of Food Science and Engineering 4: 244-249. https://doi.org/10.
17265/2159-5828/2014.05.004.

Miller, L. M., and J. P Coates. 2025. “Interpretation of Infrared Spectra:
A Practical and Systematic Approach.” In Encyclopedia of Analytical
Chemistry, edited by R.A. Meyers. https://doi.org/10.1002/9780470027
318.25606.pub2.

Mirghani, M. E. S., Y. B. Che Man, S. Jinap, B. S. Baharin, and J. Bakar.
2023. “Application of FTIR Spectroscopy in Determining Sesamol in
Sesame Seed Oil.” Journal of American Oil Chemistry Society 80: 1-4.
https://doi.org/10.1007/s11746-003-0640-1.

Nandiyanto, A. B. D., R. Ragadhita, and M. Fiandini. 2023.
“Interpretation of Fourier Transform Infrared Spectra (FTIR): A
Practical Approach in the Polymer/Plastic Thermal Decomposition.”
Indonesian Journal of Science and Technology 8, no. 1: 113-126. https://
ejournal.kjpupi.id/index.php/ijost/article/view/11.

Ndangui, C., A. Kimbonguila, J. Nzikou, et al. 2010. “Nutritive
Composition and Properties Physico-Chemical of Gumbo
(Abelmoschus esculentus L.) Seed and Oil.” Research Journal of
Environmental and Earth Sciences 2, no. 1: 49-54. https://www.airit
ilibrary.com/Article/Detail/20410492-201001-201009060086-20100
9060086-49-54.

Oboulbiga, E. B., Z. Douamba, D. Compaoré-Sérémé, et al. 2023.
“Physicochemical, Potential Nutritional, Antioxidant and Health
Properties of Sesame Seed Oil: A Review.” Frontiers in Nutrition 10:
1127926. https://doi.org/10.3389/fnut.2023.1127926.

Perera, T. P. S. S., P. I. Godakumbura, M. A. B. Prashantha, and S.
B. Navaratne. 2023. “Development of Extruded Composite Flour
Formulations Using Local Grain Varieties: Formulation, Sensory
Evaluation, and Nutrient Analysis.” Asian Food Science Journal 22, no.
10: 70-79. https://doi.org/10.9734/afsj/2023/v22i10674.

Perera, U.I. P.,and R. W. Pushpakumara. 2014. “Multivariate Analysis of
Some Sesame (Sesamum indicum L.) Accessions Based on Quantitative
Characteristics.” Journal of AgriSearch 1 4: 201-205. https://www.resea
rchgate.net/profile/Ishara_Perera3/publication/292985822_Multivaria
te_Analysis_of some_Sesame_Sesamumindicum_L_accessions_
based_on_quantitative_characteristics/links/5c21876f458515a4c7{6
£7¢0/.

Raihana, A. R., J. M. N. Marikkar, I. Amin, and M. Shuhaimi. 2015. “A
Review on Food Values of Selected Tropical Fruits' Seeds.” International
Journal of Food Properties 18, no. 11: 2380-2392. https://doi.org/10.
1080/10942912.2014.980946.

Rajagukguk, Y. V., M. A. Utcu, M. Islam, M. Muzolf-Panek, and J.
Tomaszewska-Gras. 2022. “Authenticity Assessment From Sesame
Seeds to Oil and Sesame Products of Various Origin by Differential
Scanning Calorimetry.” Molecules 27, no. 21: 7496. https://doi.org/10.
3390/molecules27217496.

Rajkumar, G., and B. Selvakulasingam. 2019. “Comparative Study of
Nutrient Composition of Selected Cereal Grains Available in Jaffna, Sri
Lanka.” Annals of Biological Research 10, no. 2: 21-24. https://www.
researchgate.net/profile/GowriRajkumar/publication/335712795_
Comparative_Study_of_Nutrient_Composition_of_Selected_Cereal _

Food Science & Nutrition, 2026

11 of 12

85U8017 SUOWILIOD BAIIER.D 8|qedt|dde ay) Aq peusenob afe se[oe VO ‘@SN Jo SN J0j AkiqiT8uluO A8]IM UO (SUONIPUCD-pUe-SLUIR)AL0D A8 | 1M ATelq 1 [BUl|UO//:SANY) SUORIPUOD Pue WS | 8u} 8eS *[9202/T0/y0] Uo ARIqiTauluO A8]IM ‘SSe00Y [eUOeN BUe T LIS AQ 89TT. EUSH/Z00T OT/I0P/W00™A8 1M Aeid 1 jeuluoy//Sdiy Wwoly pepeojumod ‘T ‘9202 ‘LLT.8V02


https://doi.org/10.1093/9780197610145.001.0001
https://doi.org/10.1093/9780197610145.001.0001
https://doi.org/10.4038/engineer.v47i1.6857
https://doi.org/10.4038/engineer.v47i1.6857
https://doi.org/10.4038/tar.v24i3.8015
https://doi.org/10.4038/tar.v24i3.8015
https://jast.modares.ac.ir/article-23-7694-fa.html
https://doi.org/10.14499/jfps
https://doi.org/10.3390/molecules28135177
https://doi.org/10.3390/molecules28135177
https://www.researchgate.net/publication/362558921_Is_Sesame_a_Potential_Crop_that_Contributes_to_the_Bioeconomy_of_Sri_Lanka
https://www.researchgate.net/publication/362558921_Is_Sesame_a_Potential_Crop_that_Contributes_to_the_Bioeconomy_of_Sri_Lanka
https://www.researchgate.net/publication/362558921_Is_Sesame_a_Potential_Crop_that_Contributes_to_the_Bioeconomy_of_Sri_Lanka
https://www.res.cmb.ac.lk/plant.sciences/sudheera-ranwala/wpcontent/uploads/sites/8/2021/08/Dissanayake-IAJK-et-al-2017.pdf
https://www.res.cmb.ac.lk/plant.sciences/sudheera-ranwala/wpcontent/uploads/sites/8/2021/08/Dissanayake-IAJK-et-al-2017.pdf
https://www.res.cmb.ac.lk/plant.sciences/sudheera-ranwala/wpcontent/uploads/sites/8/2021/08/Dissanayake-IAJK-et-al-2017.pdf
https://doi.org/10.4038/jnsfsr.v47i4.9686
https://doi.org/10.5555/20143220329
https://doi.org/10.5555/20143220329
https://pdfs.semanticscholar.org/d688/329baecf26c02aa397105019c561794a401f.pdf
https://pdfs.semanticscholar.org/d688/329baecf26c02aa397105019c561794a401f.pdf
https://doi.org/10.17756/jfcn.2022-128
https://doi.org/10.1080/10942912.2024.2426666
https://www.scribd.com/document/456017425/The-Oily-Press-Lipid-Library-Frank-Gunstone-Lipids-for-functional-foods-and-nutraceuticals-Woodhead-Publishing-2003-pdf
https://www.scribd.com/document/456017425/The-Oily-Press-Lipid-Library-Frank-Gunstone-Lipids-for-functional-foods-and-nutraceuticals-Woodhead-Publishing-2003-pdf
https://www.scribd.com/document/456017425/The-Oily-Press-Lipid-Library-Frank-Gunstone-Lipids-for-functional-foods-and-nutraceuticals-Woodhead-Publishing-2003-pdf
https://www.scribd.com/document/456017425/The-Oily-Press-Lipid-Library-Frank-Gunstone-Lipids-for-functional-foods-and-nutraceuticals-Woodhead-Publishing-2003-pdf
https://doi.org/10.5555/19520400213
https://doi.org/10.5555/19520400213
https://thaiscience.info/Journals/Article/CMJS/10886450.pdf
https://thaiscience.info/Journals/Article/CMJS/10886450.pdf
https://doi.org/10.3989/gya.0997171
https://doi.org/10.17265/2159-5828/2014.05.004
https://doi.org/10.17265/2159-5828/2014.05.004
https://doi.org/10.1002/9780470027318.a5606.pub2
https://doi.org/10.1002/9780470027318.a5606.pub2
https://doi.org/10.1007/s11746-003-0640-1
https://ejournal.kjpupi.id/index.php/ijost/article/view/11
https://ejournal.kjpupi.id/index.php/ijost/article/view/11
https://www.airitilibrary.com/Article/Detail/20410492-201001-201009060086-201009060086-49-54
https://www.airitilibrary.com/Article/Detail/20410492-201001-201009060086-201009060086-49-54
https://www.airitilibrary.com/Article/Detail/20410492-201001-201009060086-201009060086-49-54
https://doi.org/10.3389/fnut.2023.1127926
https://doi.org/10.9734/afsj/2023/v22i10674
https://www.researchgate.net/profile/Ishara_Perera3/publication/292985822_Multivariate_Analysis_of_some_Sesame_Sesamumindicum_L_accessions_based_on_quantitative_characteristics/links/5c21876f458515a4c7f6f7c0/
https://www.researchgate.net/profile/Ishara_Perera3/publication/292985822_Multivariate_Analysis_of_some_Sesame_Sesamumindicum_L_accessions_based_on_quantitative_characteristics/links/5c21876f458515a4c7f6f7c0/
https://www.researchgate.net/profile/Ishara_Perera3/publication/292985822_Multivariate_Analysis_of_some_Sesame_Sesamumindicum_L_accessions_based_on_quantitative_characteristics/links/5c21876f458515a4c7f6f7c0/
https://www.researchgate.net/profile/Ishara_Perera3/publication/292985822_Multivariate_Analysis_of_some_Sesame_Sesamumindicum_L_accessions_based_on_quantitative_characteristics/links/5c21876f458515a4c7f6f7c0/
https://www.researchgate.net/profile/Ishara_Perera3/publication/292985822_Multivariate_Analysis_of_some_Sesame_Sesamumindicum_L_accessions_based_on_quantitative_characteristics/links/5c21876f458515a4c7f6f7c0/
https://doi.org/10.1080/10942912.2014.980946
https://doi.org/10.1080/10942912.2014.980946
https://doi.org/10.3390/molecules27217496
https://doi.org/10.3390/molecules27217496
https://www.researchgate.net/profile/GowriRajkumar/publication/335712795_Comparative_Study_of_Nutrient_Composition_of_Selected_Cereal_Grains_Available_in_Jaffna_Sri_Lanka/links/5d77092f4585151ee4ab124f/Comparative-Study-of-Nutrient-Composition-of-Selected-Cereal-Grains-Available-in-Jaffna-Sri-Lanka.pdf
https://www.researchgate.net/profile/GowriRajkumar/publication/335712795_Comparative_Study_of_Nutrient_Composition_of_Selected_Cereal_Grains_Available_in_Jaffna_Sri_Lanka/links/5d77092f4585151ee4ab124f/Comparative-Study-of-Nutrient-Composition-of-Selected-Cereal-Grains-Available-in-Jaffna-Sri-Lanka.pdf
https://www.researchgate.net/profile/GowriRajkumar/publication/335712795_Comparative_Study_of_Nutrient_Composition_of_Selected_Cereal_Grains_Available_in_Jaffna_Sri_Lanka/links/5d77092f4585151ee4ab124f/Comparative-Study-of-Nutrient-Composition-of-Selected-Cereal-Grains-Available-in-Jaffna-Sri-Lanka.pdf

Grains_Available_in_Jaffna_Sri_Lanka/links/5d77092f4585151ee4ab
124f/Comparative-Study-of-Nutrient-Composition-of-Selected-Cereal-
Grains-Available-in-Jaffna-Sri-Lanka.pdf.

Reaven, P. D., B. J. Grasse, and D. L. Tribble. 2015. “Effects of Linoleate-
Enriched and Oleate-Enriched Diets in Combination With Alpha-
Tocopherol on the Susceptibility of LDL and LDL Subfractions to
Oxidative Modification in Humans.” Arteriosclerosis, Thrombosis, and
Vascular Biology 14, no. 4: 557-566. https://doi.org/10.1161/01.ATV.14.4.

Rohman, A. 2017. “Infrared Spectroscopy for Quantitative Analysis
and Oil Parameters of Olive Oil and Virgin Coconut Oil: A Review.”
International Journal of Food Properties 20, no. 7: 1447-1456. https://
doi.org/10.1080/10942912.2016.1213742.

Rout, K., B. G. Yadav, S. K. Yadava, et al. 2018. “QTL Landscape for Oil
Content in Brassica juncea: Analysis in Multiple Bi-Parental Populations
in High and “0” Erucic Background.” Frontiers in Plant Science 9: 1448.
https://doi.org/10.3389/fpls.2018.01448.

Sabiha, A., K. S. Mian, S. B. Masood, and M. Shahid. 2020. “Screening
of Pakistani Sesame Cultivars for Nutritive Value and Bioactive
Components.” Pakistan Journal of Agricultural Sciences 57, no. 3: 743—
751. https://doi.org/10.21162/PAKJAS/20.9214.

Saeed, F., A. Qamar, N. Tahir, M. Shabir, A. R. A. M. Sajid, and M.
Afzaal. 2015. “Nutritional Composition and Fatty Acid Profile of Some
Promising Sesame Cultivars.” Pakistan Journal of Food Sciences 25, no.
2: 98-103. https://scholar.archive.org/work/42mfsapquzaf7c6wvsto
doridy/access/wayback/http://psfst.com/__jpd_fstr/88438e9b048b2ea
cd41c4e8d8bd23dfe.pdf.

Singh, K. K., V. H. Kanbi, and M. K. Chaudhary. 2015. “Nutritional
Evaluation of Different Varieties of Sesame (Sesamum indicum L.).”
Indian Journal of Nutrition and Dietetics 52, no. 2: 199-204. https://
www.academia.edu/download/48191889/7_Kanbi.pdf.

Sri Lanka Standards Institute. 2017. Sri Lanka Standards Specification
for Coconut Oil (SLS:32). Sri Lanka Standards Institute. https://www.
scribd.com/document/340264714/SLS-32-Coconut-Oil.

Tan, C.P.,,and Y. B. Che Man. 2000. “Differential Scanning Calorimetric
Analysis of Edible Oils: Comparison of Thermal Properties and
Chemical Composition.” Journal of the American Oil Chemists’ Society
77, no. 2: 143-155. https://doi.org/10.1007/s11746-000-0024-6.

Thakur, V., S. Paroha, and R. P. Mishra. 2018. “Free Fatty Acid Profile of
Seven Sesame (Sesamum indicum L.) Varieties.” International Journal of
Current Microbiology and Applied Sciences 7, no. 7: 3439-3453. https://
doi.org/10.20546/ijcmas.2018.707.399.

Unal, M. K., and H. Yalgin. 2008. “Proximate Composition of Turkish
Sesame Seeds and Characterization of Their Oils.” Grasas y Aceites 59,
no. 1: 23-26. https://doi.org/10.3989/gya.2008.v59.i1.485.

Wei, P., F. Zhao, Z. Wang, et al. 2022. “Sesame (Sesamum indicum L.): A
Comprehensive Review of Nutritional Value, Phytochemical Composition,
Health Benefits, Development of Food, and Industrial Applications.”
Nutrients 14, no. 19: 4079. https://doi.org/10.3390/nu14194079.

Wijesekera, M. M. T., H. F. Fahmidha, B. S. K. Ulpathakumbura, L.
Jayasinghe, and J. M. N. Marikkar. 2024. “Nutritional Composition,
Anti-Oxidative and Anti-Hyperglycemic Potential of the Kernels of Two
Varieties of Terminalia catappa L.” Journal of Agricultural Sciences, Sri
Lanka 19, no. 3: 507-516. https://doi.org/10.4038/jas.v19i3.10247.

12 of 12

Food Science & Nutrition, 2026

85U8017 SUOWILIOD BAIIER.D 8|qedt|dde ay) Aq peusenob afe se[oe VO ‘@SN Jo SN J0j AkiqiT8uluO A8]IM UO (SUONIPUCD-pUe-SLUIR)AL0D A8 | 1M ATelq 1 [BUl|UO//:SANY) SUORIPUOD Pue WS | 8u} 8eS *[9202/T0/y0] Uo ARIqiTauluO A8]IM ‘SSe00Y [eUOeN BUe T LIS AQ 89TT. EUSH/Z00T OT/I0P/W00™A8 1M Aeid 1 jeuluoy//Sdiy Wwoly pepeojumod ‘T ‘9202 ‘LLT.8V02


https://www.researchgate.net/profile/GowriRajkumar/publication/335712795_Comparative_Study_of_Nutrient_Composition_of_Selected_Cereal_Grains_Available_in_Jaffna_Sri_Lanka/links/5d77092f4585151ee4ab124f/Comparative-Study-of-Nutrient-Composition-of-Selected-Cereal-Grains-Available-in-Jaffna-Sri-Lanka.pdf
https://www.researchgate.net/profile/GowriRajkumar/publication/335712795_Comparative_Study_of_Nutrient_Composition_of_Selected_Cereal_Grains_Available_in_Jaffna_Sri_Lanka/links/5d77092f4585151ee4ab124f/Comparative-Study-of-Nutrient-Composition-of-Selected-Cereal-Grains-Available-in-Jaffna-Sri-Lanka.pdf
https://www.researchgate.net/profile/GowriRajkumar/publication/335712795_Comparative_Study_of_Nutrient_Composition_of_Selected_Cereal_Grains_Available_in_Jaffna_Sri_Lanka/links/5d77092f4585151ee4ab124f/Comparative-Study-of-Nutrient-Composition-of-Selected-Cereal-Grains-Available-in-Jaffna-Sri-Lanka.pdf
https://doi.org/10.1161/01.ATV.14.4
https://doi.org/10.1080/10942912.2016.1213742
https://doi.org/10.1080/10942912.2016.1213742
https://doi.org/10.3389/fpls.2018.01448
https://doi.org/10.21162/PAKJAS/20.9214
https://scholar.archive.org/work/42mfsapquzaf7c6wv5todori4y/access/wayback/http://psfst.com/__jpd_fstr/88438e9b048b2eacd41c4e8d8bd23dfe.pdf
https://scholar.archive.org/work/42mfsapquzaf7c6wv5todori4y/access/wayback/http://psfst.com/__jpd_fstr/88438e9b048b2eacd41c4e8d8bd23dfe.pdf
https://scholar.archive.org/work/42mfsapquzaf7c6wv5todori4y/access/wayback/http://psfst.com/__jpd_fstr/88438e9b048b2eacd41c4e8d8bd23dfe.pdf
https://www.academia.edu/download/48191889/7_Kanbi.pdf
https://www.academia.edu/download/48191889/7_Kanbi.pdf
https://www.scribd.com/document/340264714/SLS-32-Coconut-Oil
https://www.scribd.com/document/340264714/SLS-32-Coconut-Oil
https://doi.org/10.1007/s11746-000-0024-6
https://doi.org/10.20546/ijcmas.2018.707.399
https://doi.org/10.20546/ijcmas.2018.707.399
https://doi.org/10.3989/gya.2008.v59.i1.485
https://doi.org/10.3390/nu14194079
https://doi.org/10.4038/jas.v19i3.10247

	Physicochemical Properties of Cold-Press Sesame (Sesamum indicum L.) Seed Oils and Their Defatted Residues
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Sampling
	2.1.1   |   Sample Collection
	2.1.2   |   Sample Pre-Treatment
	2.1.3   |   Micro-Expeller Oil Extraction

	2.2   |   Physicochemical Characteristics of the Oil
	2.3   |   Fatty Acid Analysis
	2.4   |   Thermal Analysis of Oil by DSC
	2.5   |   FTIR Measurements
	2.6   |   Proximate Analysis
	2.7   |   Spectral Analysis
	2.8   |   Statistical Analysis

	3   |   Results
	3.1   |   Physicochemical Characteristics of S. indicum Oil
	3.2   |   FA Profile of S. indicum Oil
	3.3   |   DSC Thermal Profiles of S. indicum L. Oil
	3.4   |   FTIR Characterization of Sesame Oil From the Two Cultivars
	3.5   |   Proximate Composition of Defatted Residues

	4   |   Discussion
	4.1   |   Physicochemical Characteristics of S. indicum Oil
	4.2   |   Fatty Acid Profiles of S. indicum Oil
	4.3   |   DSC Thermal Profiles of S. indicum Oil
	4.4   |   FTIR Spectral Characterization of S. indicum Oil
	4.5   |   Proximate Composition of Defatted Residues

	5   |   Conclusion
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


