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Abstract
The Arecaceae family encompasses numerous tropical palms with notable nutritional and bioactive potential; however, 
tropical palm fruit species remain comparatively underexplored. This study characterised the biochemical composition 
of fruits from eight species: Attalea phalerata, Bactris gasipaes, Copernicia alba, Latania verschaffeltii, Syagrus kel-
lyana, Syagrus orinocensis, Veitchia metiti, and Wodyetia bifurcata. In fruit pulps, substantial interspecific variability 
was observed in moisture (8.5–87.7%), total fatty acids (1.3–4.7% of dry weight), and protein contents (5.2–7.3% of dry 
weight). Fatty acid profiles of fruit pulps differed markedly in the proportions of polyunsaturated (PUFA, 12.0–41.8%), 
monounsaturated (MUFA, 16.3–40.5%), and saturated fatty acids (SFA, 34.2–47.6%), resulting in distinct nutritional 
indices among species, including atherogenic (AI, 0.3–1.5), thrombogenic (TI, 0.3–0.7), hypocholesterolemic/hypercholes-
terolemic (HH, 0.4–2.5), and stearoyl-CoA desaturase (SCD) indices. The fruit pulps of B. gasipaes and L. verschaffeltii 
exhibited particularly favourable lipid profiles, with n-6/n-3 ratios below 1.0, indicating potential cardiovascular benefits. 
Seeds of W. bifurcata exhibited the highest HH index (2.3), indicating a pronounced hypocholesterolemic potential. Over-
all, these results demonstrate considerable biochemical diversity among tropical palm fruit and underscore their potential 
as alternative sources of lipids and plant proteins, supporting their potential use as human food ingredients.
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trade [1]. Among these resources, palm fruits and seeds are 
particularly valued for their lipid content, with fatty acids 
(FAs) constituting key bioactive and industrially relevant 
components. Despite their importance, the nutritional and 
functional diversity of many tropical palm species, espe-
cially those underexplored for date production, remains 
insufficiently characterised [2]. In many tropical regions, 
Arecaceae fruits and seeds have long been integrated into 
traditional diets and local food systems, frequently serv-
ing as sources of edible oils [3]. Some studies suggest a 
potential associations between the consumption of certain 
palm fruits and improvements in lipid metabolism and anti-
oxidant status [4].

Oils from palm pulp and seeds typically contain com-
plex mixtures of saturated FAs (SFA), monounsaturated 
FAs (MUFAs), and polyunsaturated FAs (PUFAs), with 
proportions that vary widely among species and between 
pulp and seed tissues. This compositional variability 
directly influences nutritional quality, oxidative stabil-
ity, and technological functionality [2]. A key nutritional 

Introduction

The Arecaceae family is native to tropical and subtropi-
cal regions worldwide and is among the largest and most 
economically important plant families. Species within this 
family provide diverse resources, including wood, fibres, 
oils, waxes, food products, and beverages that substantially 
support rural livelihoods and contribute to international 
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indicator in lipid evaluation is the n−6/n−3 PUFA ratio. 
Ratios below 4:1 are often considered cardioprotective 
and anti-inflammatory, whereas excessive n−6 intake 
relative to n−3 has been associated with pro-inflamma-
tory and atherogenic effects [5]. In many palm species, 
oleic acid (OA, C18:1n−9) and palmitic acid (PA, C16:0) 
predominate [6], while lauric acid (LaA, C12:0), myris-
tic acid (MA, C14:0), linoleic acid (LA, C18:2n−6), 
and α-linolenic acid (ALA, C18:3n−3) occur in variable 
proportions depending on species, maturity stage, and 
environmental conditions [7, 8]. These compositional 
differences largely determine whether an oil is better 
suited for nutritional, cosmetic, or industrial applica-
tions. Medium-chain SFAs (MCSFAs) are rapidly oxi-
dised for energy, whereas long-chain SFAs (LCSFAs) 
have been associated with increased cardiovascular risk 
[7]. Although the overall health impact of SFAs remains 
debated, emerging evidence increasingly distinguishes 
between MCSFAs and LCSFAs, suggesting that MCS-
FAs may exert comparatively more favourable metabolic 
effects [7]. In contrast, MUFAs, particularly OA, have 
been associated with anti-atherogenic, anti-inflammatory, 
and insulin-sensitising properties [9]. Likewise, ALA, the 
principal plant-derived n−3 PUFA, plays an essential role 
in maintaining membrane fluidity and supporting cardio-
vascular health. Consequently, palm oils containing bal-
anced proportions of MUFA and PUFA with favourable 
n−6/n−3 ratios are of particular nutritional interest [8].

Despite expanding research on economically impor-
tant palms, the FA composition of tropical date palms and 
other underexplored Arecaceae species remains poorly 
documented. For example, Bactris gasipaes seed oil is 
characterised by high levels of MCFAs [3]. In contrast, 
the seed oils of Archontophoenix cunninghamiana and 

Trachycarpus fortunei contain elevated proportions of 
LCPUFAs, such as LA [10]. Other species within the 
family display lipid profiles dominated by LCSFAs, 
potentially limiting their nutritional appeal while enhanc-
ing their industrial suitability [2]. Collectively, these 
findings underscore the substantial biochemical hetero-
geneity within the Arecaceae family.

On this basis, the present study hypothesises that the 
pulp and seeds of tropical fruits of the Arecaceae family 
have distinct lipid and protein profiles that could allow the 
identification of species with a higher nutritional or func-
tional value under the environmental conditions of the 
Canary Islands. Specifically, this work aims to characterise 
and compare the FA composition, lipid nutritional quality 
indices, protein content, and moisture levels of the pulp and 
seed from fruits of eight tropical Arecaceae species.

Materials and Methods

The Materials and Methods section is presented as supple-
mentary material (Supplementary Material S1).

Samples

Eight selected date species were collected in October 2024 at 
the Palmetum garden (Geographic coordinates: 28.452334, 
−16.2563; Santa Cruz de Tenerife, Canary Islands, Spain). 
This area is characterized by a subtropical coastal climate, 
with mild temperatures throughout the year, low annual 
rainfall, and high solar radiation.All tropical palm fruits 
included in this study (Fig. 1) are edible species (Supple-
mentary Table S2), and details on common names and spe-
cies ranges are provided in the Supplementary Table S3.

Fig. 1  Fruits of the species analysed in this study
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Results and Discussion

Moisture Content

Moisture content values are presented in Table 1. In all spe-
cies analysed, seeds exhibited substantially lower moisture 
levels than the corresponding pulps. Seed (endosperm) mois-
ture ranged from 3.6 g/100 g in A. phalerata to 12.0 g/100 g 
in W. bifurcata, while B. gasipaes, L. verschaffeltii, S. ori-
nocensis, V. metiti, and C. alba seeds showed intermediate 
values (4.6–9.1 g/100 g). No seeds were recovered from S. 
kellyana. Marked interspecific variation was observed in 
fruit pulps moisture content. V. metiti presented the highest 
value (87.7 g/100 g), whereas C. alba exhibited a markedly 
lower level (8.5 g/100 g). Such differences are technologi-
cally and nutritionally relevant, as moisture strongly influ-
ences texture, freshness, microbial stability, and shelf life 
[11]. Given that all the fruits were harvested ripe in the same 
place, the differences in moisture content would be attrib-
utable to genetic factors. High-moisture fruit pulp species, 
such as V. metiti, S. kellyana, L. verschaffeltii, and W. bifur-
cata are likely to be more susceptible to microbial spoil-
age and postharvest deterioration, particularly under humid 
tropical conditions. Conversely, the low moisture observed 
in fruit pulps of C. alba and, to a lesser extent, in A. phal-
erata and B. gasipaes, suggests greater storage stability due 
to reduced water activity, which limits microbial growth and 
metabolic processes [12]. Compared with Middle Eastern 

date cultivars, which typically undergo dehydration dur-
ing ripening and contain lower water levels at full matu-
rity, the pulp of some tropical palm fruits appear relatively 
more perishable. This characteristic may impose additional 
postharvest management challenges, especially in regions 
lacking controlled storage infrastructure [12]. The relation-
ship between high moisture and accelerated deterioration is 
consistent with general patterns reported for Arecaceae spe-
cies and other tropical fruits [13, 14]. However, because this 
study did not include long-term storage trials or controlled 
inoculation assays, the precise implications for decay kinet-
ics and seed viability remain unclear. Overall, the substan-
tial variability in moisture content among species highlights 
the importance of species-specific handling, preservation 
strategies, and potential processing approaches for these 
underexplored tropical palms.

Protein Content

Protein Content of Fruit Pulps

Protein concentrations in the fruit pulp ranged from 5.2 to 
7.3 g/100 g dw (Table 1), indicating moderate protein lev-
els compared with most fleshy fruits. The highest value was 
recorded in B. gasipaes (7.3 g/100 g dw), followed by S. 
kellyana (6.9 g/100 g dw) and V. metiti (6.5 g/100 g dw). 
These differences may reflect genetic background and/or 
fruit maturity at harvest [15], since all fruits were collected 
at the same environmental conditions. Overall, the values 
obtained are consistent with previous reports for Arecaceae 
fruits. For example, Mauritia flexuosa has been reported to 
contain 5.9 g/100 g dw of protein [16], which is comparable 
to the protein content measured in the fruit pulp of Attalea 
phalerata, Veitchia metiti, and W. bifurcata (6.3–6.5 g/100 g 
dw). In addition, earlier studies reported protein contents 
of 6.8–7.5  g/100  g dw in B. gasipaes [15], corroborating 
the present findings. Although these fruits do not reach the 
protein concentrations typical of tree nuts, their levels are 
notable within the fruit category and support the potential of 
B. gasipaes as a complementary plant-based protein source 
[15]. Nevertheless, further research is required to assess 
protein digestibility and amino acid composition.

Protein Content of Seeds

Seed protein content showed greater interspecific variation, 
ranging from 4.7 to 15.3 g/100 g dw (Table 1). A. phalerata 
exhibited the highest value (15.3 g/100 g dw), whereas W. 
bifurcata showed the lowest (4.7 g/100 g dw). Most other 
species fell within 6.0–7.5 g/100 g dw, consistent with typi-
cal palm seed values. The protein level in A. phalerata mark-
edly exceeds previously reported values for B. gasipaes 

Table 1  Moisture and protein of the pulp and seeds of Arecaceae fruits 
examined in this study a,b,c

Code Species Pulp Seeds (endosperm)
Moisture
g/100 g

Protein
g/100 g 
dw

Moisture
g/100 g

Protein
g/100 g 
dw

AP Attalea 
phalerata

43.1 ± 0.6d 6.3 ± 0.0 cd 3.6 ± 0.2 g 15.3 ± 0.3a

BG Bactris 
gasipaes

52.9 ± 1.5c 7.3 ± 0.0a 4.6 ± 0.3f 7.4 ± 0.0b

CA Copernicia 
alba

8.5 ± 0.1e 5.2 ± 0.0e 8.5 ± 0.1e 6.2 ± 0.0e

LV Latania 
verschaffeltii

60.5 ± 3.1bc 5.2 ± 0.0e 9.1 ± 0.0b 7.5 ± 0.0b

SK Syagrus 
kellyana

58.8 ± 1.8bc 6.9 ± 0.0b - -

SO Syagrus 
orinocensis

55.2 ± 2.5c 6.2 ± 0.0d 7.0 ± 0.3d 7.1 ± 0.0c

VM Veitchia 
metiti

87.7 ± 8.4a 6.5 ± 0.1c 8.5 ± 0.3c 6.7 ± 0.0d

WB Wodyetia 
bifurcata

66.7 ± 1.7b 6.4 ± 0.2 cd 12.0 ± 0.2a 4.7 ± 0.0f

a Data represent mean ± standard deviation of three samples analysed 
in triplicate each. bDifferences in moisture and protein content of the 
various samples were tested according to one-way ANOVA followed 
by Tukey’s post hoc test. cWithin a column, means followed by dif-
ferent letters are significantly different at p < 0.05. (-) Absence of seed
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(3.3–4.6 g/100 g dw) and other Arecaceae seeds, including 
Astrocaryum vulgare (3.0–4.6 g/100 g dw) [17]. This dis-
crepancy may be due to geographical and genetic factors, 
as well as differences in analytical procedures for protein 
quantification and sample preparation. B. gasipaes has been 
described as a low-protein seed [15], consistent with our 
results. Seeds containing 6–7% protein remain nutritionally 
relevant but may be less suitable for high-protein formula-
tions without further processing [18].

Fatty Acid Profiles

Fatty Acid Profiles of Fruit Pulp Oils

As shown in Table  2, total FA content in the fruit pulps 
varied markedly among species, ranging from 1.3 in W. 
bifurcata to 4.7 g/100 g dw in B. gasipaes. These relatively 
high lipid levels distinguish the analysed fruit pulps from 
conventional sweet dates and position them closer to oil-
bearing fruits in terms of composition [8]. The highest pro-
portion of SFAs was recorded in C. alba (47.6%), whereas 
B. gasipaes and V. metiti showed the lowest values (~ 34%). 
PA was the predominant SFA in all species, ranging from 
13.6% in C. alba to 33.4% in S. kellyana, while A. phal-
erata, L. verschaffeltii, S. orinocensis, and V. metiti exhib-
ited intermediate levels (27–32%). Regarding MCFAs, C. 
alba was distinguished by comparatively high CA (4.8%), 
LaA (11.9%), and MA (13.5%) contents. Owing to its CA 
and LaA levels, this species may represent a candidate for 
functional oil development. In contrast, these FAs were 
absent or present only in minor amounts in most of the 
other analysed taxa [19].

MUFA ranged from 16.3% in A. phalerata to 40.5% 
in C. alba, with OA as the principal component. A. phal-
erata, S. kellyana, and S. orinocensis exhibited the low-
est MUFA proportions (< 18%), while W. bifurcata and L. 
verschaffeltii contained approximately 30% OA. OA, a 
characteristic FA of olive oil, has been widely investigated 
for its ability to reduce plasma low-density lipoprotein 
(LDL) without adversely affecting high-density lipopro-
tein (HDL) concentrations [20]. Although such effects are 
primarily documented for olive oil, the presence of sub-
stantial OA levels suggests that certain Arecaceae fruits 
could serve as alternative MUFA sources [2]. PUFAs were 
highest in A. phalerata, S. kellyana, S. orinocensis, and V. 
metiti (~ 40–42%), largely driven by LA. In contrast, C. 
alba displayed lower total PUFA (< 16%). B. gasipaes and 
L. verschaffeltii were notable for elevated ALA contents 
(19.1 and 15.1%, respectively). The coexistence of LA and 
ALA in S. orinocensis and V. metiti is reported here for 
the first time and is nutritionally relevant, as these essen-
tial FAs serve as precursors to long-chain PUFA and have 

been linked to modulation of inflammatory and metabolic 
processes [21]. However, these associations indicate func-
tional potential rather than direct clinical outcomes. The 
relatively high ALA content of B. gasipaes is particularly 
noteworthy, given its role as a precursor of EPA and DHA, 
compounds associated with anti-inflammatory and neuro-
protective effects [22]. The n−6/n−3 ratio ranged from 0.7 
in B. gasipaes to 3.8 in V. metiti, with L. verschaffeltii (0.8) 
and W. bifurcata (1.0) also exhibiting favourable values. 
Ratios below 4:1 have been associated with reduced risk 
of inflammatory and cardiovascular disorders, and values 
below 1 are generally considered particularly advanta-
geous [5]. These findings suggest that the fruit pulps of 
certain tropical palms combine balanced lipid profiles 
with appreciable energy density, comparable to oil-bear-
ing fruits such as avocado [23]. In contrast, P. dactylifera 
cultivars (Deglet Nour and Medjool, Table 2) contain less 
than 0.2  g/100  g dw of total FAs [24], reflecting their 
carbohydrate-dominant composition. Thus, the tropical 
Arecaceae examined here display markedly higher total 
FA contents, aligning them more closely with oilseed-type 
fruits than with conventional sweet dates [24]. Moreover, 
several tropical species showed lower SFA and higher 
PUFA proportions than P. dactylifera, particularly A. phal-
erata, S. kellyana, and V. metiti, suggesting comparatively 
more balanced lipid compositions. This study represents 
the first detailed report of FA profiles in the pulp fruit of 
these palm species. The elevated lipid concentrations and 
marked interspecific variability observed highlight their 
potential as alternative sources of functional lipids for 
food and nutraceutical applications. Nevertheless, con-
firmation through multi-site, multi-season, and clinical 
investigations is required before definitive health-related 
conclusions can be drawn.

Fatty Acid Profiles of Palm Seed Oils

The FA composition in seed oil further reflects the marked 
diversity within the studied species fruit(Table 3). Total FAs 
content varied widely, ranging from 0.6 in W. bifurcata to 
28.8 g/100 g dw in S. orinocensis, indicating interspecific dif-
ferences in energy density and potential applications. SFAs 
predominated in B. gasipaes (87.8%) and S. orinocensis 
(86.5%), whereas C. alba and W. bifurcata exhibited com-
paratively lower proportions. MCFA characterised high-SFA 
species: LaA exceeded 50% in B. gasipaes and S. orino-
censis. MUFA were dominated by OA, reaching 43.2% in 
W. bifurcata and 32.2% in C. alba. The OA-rich profiles of 
C. alba and W. bifurcata resemble high-quality edible oils; 
however, compositional similarity should not be interpreted 
as direct nutritional or cardiovascular equivalence [25]. Simi-
lar patterns were reported for Oenocarpus bataua, another 
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Table 2  Fatty acid profiles of the fruit pulp of Arecaceae species studied here compared with those of common Arecaceae speciesa,b,c

Fatty 
acids

Species/Code

A. 
phalerata

B. 
gasipaes

C. alba L. 
verschaffeltii

S. kellyana S. 
orinocensis

V. metiti W. 
bifurcata

P. dacty-
lifera var

P. dacty-
lifera var 
Medjool

AP BG CA LV SK SO VM WB Deglet 
Nour[24]

[24]

FAs 
(g/100 g 
DW)

2.1 ± 0.3e 4.7 ± 0.2a 3.1 ± 0.2d 1.6 ± 0.1f 3.7 ± 0.1c 4.1 ± 0.2b 3.5 ± 0.2c 1.3 ± 1.2f 0.1 ± 0.1 g 0.2 ± 0.2 g

∑ SFA 41.9 ± 1.6c 34.2 ± 0.3e 47.6 ± 5.1b 37.7 ± 0.7d 41.0 ± 0.1c 42.1 ± 0.6c 34.7 ± 1.2e 35.3 ± 0.2de 46.3 ± 2.2b 48.4 ± 2.8a

8:0 
(CA)

 < LOQ  < LOQ 4.8 ± 0.5a  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.r 1.0 ± 0.5b

10:0  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ  < LOQ n.r 1.1 ± 0.5a

11:0 
(UA)

1.0 ± 0.1a  < LOQ  < LOQ 0.7 ± 0.0b 0.4 ± 0.1 cd 0.7 ± 0.1bc 0.1 ± 0.1de 0.5 ± 0.2bc n.r n.r

12:0 
(LaA)

0.7 ± 0.0d 0.6 ± 0.2d 11.9 ± 0.6b 0.3 ± 0.1d 0.7 ± 0.0d 0.7 ± 0.1d 0.3 ± 0.2d 0.3 ± 0.0d 13.0 ± 0.7a 10.3 ± 0.7c

14:0 
(MA)

0.5 ± 0.4d 0.6 ± 0.0d 13.5 ± 1.5a 0.3 ± 0.1d 1.1 ± 0.0d 1.3 ± 0.3d 0.2 ± 0.0d 0.3 ± 0.1d 5.5 ± 0.4c 9.5 ± 0.2b

15:0 
(PEA)

0.6 ± 0.0bcd 0.8 ± 0.1a 0.4 ± 0.1d 0.4 ± 0.1 cd 0.6 ± 0.2abc 0.8 ± 0.1ab  < LOQ 0.6 ± 0.1bcd n.r n.r

16:0 
(PA)

31.3 ± 1.1b 26.3 ± 0.1ef 13.6 ± 0.9 g 27.6 ± 0.5de 33.4 ± 0.2a 32.9 ± 0.4a 29.6 ± 1.1c 28.7 ± 0.5 cd 25.7 ± 1.0f 24.9 ± 0.8f

17:0 
(MA)

1.2 ± 0.1a 0.5 ± 0.0b 0.5 ± 0.5b 0.5 ± 0.1b 0.6 ± 0.0b 1.4 ± 0.1a 0.6 ± 0.1b 0.4 ± 0.0b n.r n.r

18:0 
(SA)

6.2 ± 0.3a 4.9 ± 0.0ab 2.8 ± 1.0c 5.0 ± 1.5ab 3.7 ± 0.0bc 3.8 ± 0.3bc 4.0 ± 0.1bc 2.6 ± 0.9c n.r n.r

20:0 
(AA)

0.5 ± 0.3c 0.5 ± 0.1c  < LOQ 2.8 ± 0.4a 0.5 ± 0.1c 0.5 ± 0.0c . < LOQ 1.8 ± 0.8b 2.1 ± 0.1b 1.6 ± 0.1b

∑ 
MUFA

16.3 ± 0.6f 31.6 ± 0.5d 40.5 ± 0.5b 35.6 ± 3.4c 17.5 ± 0.0f 17.4 ± 0.3f 23.1 ± 0.5e 36.0 ± 3.3c 44.8 ± 0.2a 41.9 ± 1.2b

16:1n−7 
(POA)

0.3 ± 0.1 cd 1.1 ± 0.1b 4.3 ± 0.5a 0.5 ± 0.1bcd 0.8 ± 0.0bc 0.9 ± 0.2bc 0.6 ± 0.0bcd 0.4 ± 0.1bcd n.r n.r

18:1n−9 
cis (OA)

10.9 ± 0.7f 26.5 ± 0.1c 20.1 ± 0.4d 29.8 ± 3.5b 9.6 ± 0.2f 10.0 ± 0.9f 16.1 ± 2.0e 30.4 ± 0.7b 44.8 ± 0.2a 41.9 ± 1.2a

18:1n−7 0.2 ± 0.1c 0.6 ± 0.0bc 1.6 ± 0.1ab 1.7 ± 0.8a  < LOQ 0.4 ± 0.1c 0.8 ± 0.0bc 2.1 ± 0.5a n.r n.r
20:1n−9 
(GOA)

0.8 ± 0.3a 0.5 ± 0.1ab 0.8 ± 0.3a 0.6 ± 0.4a 0.5 ± 0.2ab 0.6 ± 0.0ab 0.5 ± 0.1ab 0.6 ± 0.5a n.r n.d

22:1n−9 
(EA)

3.5 ± 0.4bcd 2.5 ± 0.4 cd 12.9 ± 2.0a 2.3 ± 0.0d 4.9 ± 0.1b 4.3 ± 0.9bc 4.5 ± 1.3b 1.8 ± 0.8de n.r n.r

24:1n−9 0.6 ± 0.1 cd 0.4 ± 0.0 cd 0.7 ± 0.1bc 0.6 ± 0.2 cd 1.7 ± 0.1a 1.3 ± 0.5ab 0.8 ± 0.4bc 0.8 ± 0.0bc n.r n.r
∑ PUFA 41.8 ± 0.9a 34.1 ± 0.2b 12.0 ± 0.4de 26.7 ± 2.7c 41.6 ± 0.0a 40.4 ± 0.1a 42.2 ± 1.7a 28.7 ± 2.3c 10.2 ± 2.6e 15.6 ± 3.2d

18:2n−6 
cis (LA)

31.0 ± 0.8ab 14.3 ± 0.2c 5.9 ± 0.6d 11.5 ± 2.0c 27.5 ± 0.3b 27.8 ± 0.0b 32.7 ± 2.2a 14.1 ± 2.9c 5.1 ± 1.3d 7.8 ± 1.6d

16:3n−3 0.6 ± 0.3b 0.8 ± 0.3b  < LOQ . < LOQ 1.5 ± 0.2a 0.6 ± 0.1b . < LOQ . < LOQ n.r n.r
18:3n−3 
(ALA)

10.2 ± 1.4d 19.1 ± 0.1a 6.1 ± 0.2e 15.1 ± 0.6b 12.3 ± 0.1bcd 12.1 ± 0.0 cd 9.5 ± 3.8d 14.6 ± 0.5bc 4.2 ± 0.1ef 2.4 ± 0.2f

∑ n−6 
PUFA

31.0 ± 0.8ab 14.3 ± 0.2c 6.1 ± 0.2d 11.1 ± 2.0c 27.8 ± 0.2b 27.8 ± 0.0b 32.7 ± 2.2a 14.1 ± 2.9c 5.1 ± 1.3d 7.8 ± 1.6d

∑ n−3 
PUFA

10.8 ± 1.7cde 19.9 ± 0.4a 5.9 ± 0.6f 15.1 ± 0.6b 13.8 ± 0.3bc 12.7 ± 0.1bcd 9.5 ± 3.8de 14.6 ± 0.6b 5.1 ± 1.0f 7.8 ± 1.5ef

n−6/n−3 2.9 ± 0.5 0.7 ± 0.0 1.1 ± 0.3 0.8 ± 0.1 2.0 ± 0.1 2.2 ± 0.0 3.8 ± 1.8 1.0 ± 0.2 1.0 ± 0.0 1.0 ± 0.0
a Data represent means ± standard deviation of three samples analyzed in triplicate each. b Differences in FA amounts/percentages were tested 
according to one-way ANOVA followed by Tukey’s post hoc test. c In a row, means followed by different letters are significantly different at 
p < 0.05; Abbreviations: LOQ limit of quantitation; n.r. not reported; LaA lauric acid; MA Myristic acid; PA palmitic acid; SA stearic acid; POA 
palmitoleic acid; OA oleic acid; GOA eicosenoic acid; LA linoleic acid; ALA α-linolenic acid; Total FAs total fatty acids; SFA saturated fatty 
acid; MUFA monounsaturated fatty acid; PUFA polyunsaturated fatty acid
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species recognised as a natural OA source [26]. PUFAs were 
less abundant overall but remained significant in W. bifur-
cata (26.5%) and V. metiti (17.5%). ALA was detected only 
in trace amounts, limiting the contribution of n−3 PUFAs 
and leading to high n−6/n−3 ratios. The variability observed 
from highly SFA-dominant profiles to MUFA-rich composi-
tions is consistent with patterns reported for palm oils [27]. 
Species like B. gasipaes, where LaA exceeds 50%, exhibit 
profiles similar to coconut and palm kernel seed, tradition-
ally valued in cosmetics for their oxidative stability [28]. In 
contrast, W. bifurcata stands out for higher LA proportions; 
however, elevated n−6/n−3 ratios warrant cautious interpre-
tation of functional claims [29]. Seed oils of tropical palm 
species contain substantially higher total FA levels (most spe-
cies contain ~ 10–30 g/100 g dw) than seeds of P. dactylifera 
cultivars (Table  3), in which total FAs ranges from 3.4 to 
6.4 g/100 g dw [10]. Moreover, species such as W. bifurcata, 
L. verschaffeltii, and C. alba were particularly rich in MUFA, 
which are valued for their thermal stability in food processing 
and seed oil production [30]. The seeds analysed here exhib-
ited broader lipid diversity across SFA, MUFA, and PUFA 
fractions than others seeds from MUFA-rich P. dactylifera 
cultivars This highlight both nutritional and industrial poten-
tial, although further in vivo studies are required to evaluate 
their physiological and health-related effects.

Stearoyl-CoA Desaturase Activity Indices and 
Nutritional indices

All calculated indices are reported in Supplementary Table 
S4. SCDi_14 was not detected in any pulp fruit or seed oils 
samples. In fruit pulp oils, SCDi_16 ranged from 0.8 in A. 
phalerata to 26.8 in C. alba, whereas in seed oils it was 
detected only in C. alba, reaching a markedly high value 
(35.6). SCDi_18 values were consistently elevated in both 
fruit pulp and seed oils, varying from 64.2 in A. phalerata 
pulp oil to 92.9 in C. alba seed oil. SCDi_20 was identi-
fied only in fruit pulp oils, ranging from 17.4 in L. ver-
schaffeltii to 90.6 in V. metiti. The atherogenic index (AI) 
ranged in fruit pulp oils from 0.3 in S. kellyana to 1.5 in 
C. alba, while values from seed oils were considerably 
higher, peaking at 10.6 in B. gasipaes. Thrombogenic index 
(TI) values were generally low in fruit pulp oils (0.3–0.6) 
but increased substantially in seed oils, reaching 4.5 in B. 
gasipaes. The hypocholesterolemic/hypercholesterolemic 
(HH) ratio varied in fruit pulp oils from 0.4 (C. alba) to 
2.5 (V. metiti), whereas most seed oils showed very low 
values (< 0.5), except W. bifurcata (2.3), which warrants 
analytical verification. Stearoyl-CoA desaturase (SCD) 
introduces a cis double bond between C9 and C10 of SFAs, 
generating MUFAs such as OA and POA. Compared with 

Table 3  Fatty acid profiles of the seed (endosperm) oils of the Arecaceae species studied here, compared with those of common Arecaceae species 
a,b,c

Fatty acids Species/Code
B. gasipaes C. alba L. verschaffeltii A. 

phalerata
S. 
orinocensis

V. metiti W. 
bifurcata

P. dacty-
lifera var

P. dacty-
lifera var

BGS CAS LVS APS SOS VMS WBS Deglet 
Nour [10]

Medjool 
[10]

FAs (g/100 g) 23.5 ± 5.5ab 16.8 ± 3.1bc 11.4 ± 5.1 cd 9.5 ± 2.0de 28.8 ± 4.1a 1.9 ± 0.2f 0.6 ± 0.1f 3.4 ± 0.5ef 6.4 ± 1.8def

∑ SFA 87.8 ± 1.3a 56.9 ± 1.3e 79.6 ± 0.7b 76.7 ± 1.0c 86.8 ± 0.7a 60.7 ± 0.2d 30.1 ± 1.5 h 46.0 ± 1.3f 42.1 ± 0.0 g

8:0 (CA) 3.8 ± 0.3c 0.2 ± 0.1f 1.0 ± 0.4e 9.8 ± 0.1a 7.7 ± 0.1b 0.9 ± 0.1e 2.7 ± 0.1d 0.4 ± 0.0f 0.4 ± 0.0f

10:0 5.0 ± 0.2bc 11.4 ± 1.3a  < LOQ 5.6 ± 0.0b 4.2 ± 0.0c  < LOQ  < LOQ 0.5 ± 0.0d 0.4 ± 0.1d

12:0 (LaA) 51.6 ± 1.1a 22.5 ± 1.4d 45.0 ± 2.4b 40.5 ± 1.3c 50.1 ± 0.7a 7.7 ± 0.2f 1.1 ± 0.3 g 22.0 ± 0.4d 17.5 ± 0.1e

14:0 (MA) 17.8 ± 1.8c 13.1 ± 1.4d 23.8 ± 1.3b 12.2 ± 0.4de 16.9 ± 0.2c 27.9 ± 0.2a  < LOQ 11.1 ± 1.6e 10.9 ± 0.0e

16:0 (PA) 5.8 ± 0.7 g 7.3 ± 0.6ef 7.9 ± 0.3de 5.9 ± 0.2 fg 5.9 ± 0.2 fg 20.2 ± 0.0b 21.8 ± 1.6a 9.7 ± 1.3 cd 10.5 ± 0.0c

18:0 (SA) 3.8 ± 1.9abc 2.5 ± 0.5bcd 1.9 ± 0.2d 2.7 ± 0.1bcd 2.1 ± 0.2d 4.1 ± 0.6ab 4.6 ± 0.1a 3.2 ± 0.2abcd 2.4 ± 0.6 cd

∑ MUFA 9.2 ± 0.9 g 36.2 ± 0.4c 15.4 ± 0.2f 18.0 ± 0.7e 9.4 ± 0.3 g 21.8 ± 0.7d 43.4 ± 0.7a 41.8 ± 1.1b 44.1 ± 0.9a

16:1n−7 (POA)  < LOQ 4.0 ± 1.0a  < LOQ 0.2 ± 0.0b  < LOQ  < LOQ  < LOQ n.r n.r
18:1n−9 cis (OA) 9.2 ± 0.9 g 32.2 ± 0.6c 15.4 ± 0.2f 17.8 ± 0.7e 9.4 ± 0.3 g 21.8 ± 0.7d 43.4 ± 0.7ab 42.5 ± 1.1b 44.7 ± 0.2a

∑ PUFA 3.0 ± 0.5 g 6.9 ± 1.6e 4.9 ± 0.9f 5.3 ± 0.3ef 3.8 ± 0.4 fg 17.5 ± 0.5b 26.5 ± 0.8a 8.9 ± 0.1d 11.1 ± 0.8c

18:2n−6 cis (LA) 3.0 ± 0.5 g 6.8 ± 1.6e 4.8 ± 0.9f 5.1 ± 0.2f 3.6 ± 0.3 fg 17.5 ± 0.5b 26.5 ± 0.8a 8.9 ± 0.6d 10.5 ± 0.0c

18:3n−3 (ALA)  < LOQ 0.2 ± 0.1a 0.2 ± 0.0a 0.2 ± 0.1a 0.1 ± 0.1a  < LOQ  < LOQ n.r n.r
∑ n−6 PUFA 3.0 ± 0.5 g 6.8 ± 1.6e 4.8 ± 0.9f 5.1 ± 0.2f 3.6 ± 0.3 fg 17.5 ± 0.5b 26.5 ± 0.8a 8.9 ± 0.1e 11.1 ± 0.8d

∑ n−3 PUFA  < LOQ 0.2 ± 0.1a 0.2 ± 0.0a 0.2 ± 0.1a 0.1 ± 0.0a  < LOQ  < LOQ n.r n.r
n−6/n−3  < LOQ 45.4 ± 9.8a 31.2 ± 5.0a 29.2 ± 11.3a 34.1 ± 19.2a  < LOQ  < LOQ n.r 2.5 ± 0.7b

a Data represent means ± standard deviation of three samples analyzed in triplicate each. b Differences in FA amounts/percentages were tested 
according to one-way ANOVA followed by Tukey’s post hoc test. c In a row, means followed by different letters are significantly different at 
p < 0.05. Abbreviations: LOQ limit of quantitation; n.r. not reported; LaA lauric acid; MA Myristic acid; PA palmitic acid; SA stearic acid; POA 
palmitoleic acid; OA oleic acid; LA linoleic acid; ALA α-linolenic acid; Total FAs total fatty acids; SFA saturated fatty acid; MUFA monounsatu-
rated fatty acid; PUFA polyunsaturated fatty acid
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SFAs, MUFAs contribute to membrane fluidity and meta-
bolic regulation [31]. Among desaturation indices, SCDi_16 
and SCDi_18 reflect the conversion of PA and SA, respec-
tively. The consistently high SCDi_18 values, particularly 
in W. bifurcata fruit pulp oil (92.5%) and C. alba seed oil 
(92.9%), indicate a substantial capacity for OA synthesis. 
In contrast, the absence of SCDi_14 and the limited detec-
tion of SCDi_20 suggest low activity at these positions 
under the experimental conditions [31, 32]. The wide 
variation in SCDi_16 points to species-specific regulation 
of lipid biosynthesis, potentially influenced by genetic and 
environmental factors [33]. Most fruit pulp oils exhibited 
favourable AI (0.3–0.7) and TI (0.3–0.6) values, except C. 
alba (AI = 1.5). Conversely, B. gasipaes, S. orinocensis, and 
L. verschaffeltii seeds displayed elevated AI and TI values, 
consistent with their higher SFA proportions. Fruit pulp oil 
HH ratios (0.4–2.5) were generally favourable, particularly 
in V. metiti, whereas seed oil HH ratios were typically low, 
excepting W. bifurcate (2.3). Overall, the fruit pulp oils 
of C. alba, V. metiti, and L. verschaffeltii combined high 
desaturation indices with balanced nutritional profiles. Seed 
oils, especially that of B. gasipaes, showed less favourable 
lipid indices. These differences likely reflect the differen-
tial functionality of the FAs contained in the structures of 
the fruit, pulp and seeds, although genetic factors are also 
influential, reinforcing the need for species-level evaluation 
in functional lipid applications [25]. Overall, wild tropical 
species displayed broader variability than commercial date 
cultivars, whose lipid indices were comparatively uniform. 
Although certain taxa, such as C. alba, exhibit promising 
profiles, confirmation of potential cardiovascular benefits 
requires further in vivo validation.

Conclusions

This study underscores the nutritional and functional 
potential of underutilised tropical Arecaceae fruits sam-
pled at identical environmental conditions in Canary 
Islands, thus, interspecies variation in lipid and protein 
composition mostly reflects intrinsic species variability. 
The FA profiles, characterised by high levels of MUFAs, 
particularly OA, and PUFAs such as LA and ALA, support 
the potential suitability of these species for functional food 
applications where lipid balance and oxidative stability 
are important. Notably, although B. gasipaes and L. ver-
schaffeltii exhibited favourable n-6/n-3 ratios, the elevated 
atherogenic and thrombogenic indices observed in B. gasi-
paes seeds warrant careful consideration of both beneficial 
and potentially adverse lipid attributes. Overall, C. alba, 
V. metiti, and L. verschaffeltii may represent promising 
plant resources for further studies based on their chemical 

composition, particularly their FA profiles. As this study 
was limited to compositional analysis, future research 
should focus on bioaccessibility, safety, biological activity, 
pulp fruit yields, and nutrient stability during processing. 
In addition, evaluating consumer acceptance and the fea-
sibility of sustainable large-scale cultivation in both native 
tropical regions and climatically suitable subtropical envi-
ronments will be essential for the effective integration of 
these resources into human diets.
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