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Abstract: The consumers’ opinion concerning conventional palm (Elaeis guineensis) oil is negatively
affected by environmental and nutritional issues. However, oils extracted from drupes of
interspecific hybrids Elaeis oleifera x E. quineensis are getting more and more interest, due to their
chemical and nutritional properties. Unsaturated fatty acids (oleic and linoleic) are the most
abundant constituents (60%—-80% of total fatty acids) of hybrid palm oil (HPO) and are mainly
acylated in position sn-2 of the glycerol backbone. Carotenes and tocotrienols are the most
interesting components of the unsaponifiable matter, even if their amount in crude oils varies
greatly. The Codex Committee on Fats and Oils recently provided HPO the “dignity” of codified fat
substance for human consumption and defined the physical and chemical parameters for genuine
crude oils. However, only few researches have been conducted to date on the functional and
technological properties of HPO, thus limiting its utilization in food industry. Recent studies on the
nutritional effects of HPO softened the initial enthusiasm about the “tropical equivalent of olive oil”,
suggesting that the overconsumption of HPO in the most-consumed processed foods should be
carefully monitored.

Keywords: interspecific hybrid palm; palm oil; ripening; Elaeis oleifera; tocotrienols; positional
analysis; fatty acids; triacylglycerols; refining

1. Introduction

Palm oil (PO) is obtained from the reddish mesocarp of the African palm (Elaeis guineensis Jacq.)
(Eg) drupes and, to a much lesser extent, of the South American palm (Elaeis oleifera (H.B.K.) Cortés)
(Eo) fruits. The hard woody endocarp encloses the kernel, which provides the palm kernel oil (PKO).
Palm drupes are classified into dura type (thick-shelled with a thin mesocarp; high oil content), pisifera
type (shell-less, with a thick mesocarp containing only a small amount of oil), and tenera type (thin-
shelled, with an abundant pulp and high oil content). The last one is a cross between dura and pisifera
and is currently the kind of fruit from all commercial African palm varieties, whereas the morphology
of the E. oleifera drupes resemble dura fruit type [1,2]. The African oil palm is profitably cultivated in
Asian, African, and American tropical belt, whereas the American oil palm spontaneously grows
from the south of Mexico to Brazilian and Colombian Amazon areas.

Palm oil is the most produced and marketed vegetable oil all over the world (75.70 million metric
tons in the marketing year 2019/2020), due to its high productivity along with the perennial nature of
plants, thus resulting in the production of a low-cost oil. Malaysia and Indonesia are both the main
palm oil producers, globally accounting for about 85% of the world production, and exporters,
followed by Thailand, Colombia, and Nigeria. In addition, the global production of palm oil is still
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expected to grow in parallel with the population growth in the emerging markets, the increasing
demand of trans-free fats and oils as well as the utilization for biofuel production [3].

Food uses of PO and PKO are very diversified as frying and cooking baths (crisps, French fries),
margarine and spreads, ingredients for baked foods, confectionary, dairy replacements, prepared
foods (salads, sandwiches, pizza, peanut butter, quiche, dressing, sauces, snacks), and fat
supplements in pet foods. PO and PKO can also be fractionated and chemically modified into palm-
derived food additives, such as colors, antioxidants, emulsifiers, stabilizers, and thickeners. The wide
range of applications of palm oils are due to their fatty acid (FA) composition, which results in high
oxidative stability, structural hardness, and slow crystallization properties [4]. The quality of palm
oil in deep-fat frying has already been proven [5]. Saturated fatty acids (SFAs) and unsaturated fatty
acids (UFAs) are almost equally present in PO; with palmitic acid (P) being the most represented SFA
(80%-90% of SFA) and oleic acid (O) accounting for 75%—-80% of UFA; whereas, lauric acid (La, about
45% of total FAs) and SFA (about 80% of total FAs) predominate in PKO [6-8]. In comparison, ‘O’
varies within 50%-70%, linoleic acid (L) ranges from 10%-20%, and ‘P’ accounts only for 15%—-20%
of total SFA in the oil of Eo fruits [9,10].

Despite their functional and technological properties, the reputation of palm oils is getting worse
among a wide range of consumers, especially in some European countries (France, Italy, and Spain),
in parallel with increasing health and environmental awareness. In fact, the relationship between an
SFA-rich diet and risk of coronary heart diseases is now well established in large amounts of people
in developed countries. It is also a fact that the massive demand for palm oil has resulted in an
increase of extensive monocultures. However, the ecological impact of this expansion depends on the
extent to which it is the real cause of deforestation (and of related problems, such as reduction of
natural habitats for some animal species like Sumatran tigers, rhinoceros, Asian elephants, Sumatran
and Bornean orangutans, and peatland destruction) [11], and on the extent to which it supports
biodiversity [12].

Nowadays, the interspecific crossbreeding between the cultivated (African) palm oil and its wild
(American) relative (O x G) is gaining increasing attention by agronomists and researchers. The
American oil palm has a significantly lower oil production than Eg, but it has some interesting traits
that are inherited by hybrids, such as better oil quality, due to higher UFA percentage, longer
productive life, shorter trunk, and resistance to the main diseases affecting palms [2]. Mesocarp oil
content of Eg drupes ranges from 75% to 82% dry matter (DM), while Eo fruits exhibit a significantly
lower and wider range of total lipid content (17% to 60% DM), possibly related to their wider genetic
diversity than Eg varieties [13]. Hybrid palm fruits have intermediate but still considerable oil content
[9,14,15]. Unlike the broad variation found in Eo mesocarp, Eo kernel lipids only range from 37% to
43% DM; whereas, higher oil levels characterize Eg kernels (45%-51% DM) and the kernel oil contents
of interspecific hybrids (38%-52% DM) are close to those of their African parent. [8,16] The oil content
of hybrids quickly increases between 18 and 24 weeks after anthesis (WAA) [17].

The need to develop varieties resistant to diseases, especially to the “bud rot” [18], has been the
main thrust in the study of oil palm breeding, since the pioneering work of Hardon and co-workers
[14,19]. In the last years, the devastating spread of the bud rot disease in Central and South America
is giving a new boost to the implementation of molecular breeding programs, in order to improve
both the oil production traits (fruit morphology, bunch number and weight, oil yield) and the oil
quality traits (triacylglycerol composition, tocols and carotenoids content) of hybrids [2,20-25]. In
fact, O x G hybrids represent the only economically feasible alternative in those regions of Central
and South America where the bud rot disease is lethal [26-28].

However, several factors are limiting the commercial use of hybrids: lack of seed production
corresponding to the best hybrids [29]; uneven filling and ripening because of the asynchronous
flower bud opening [17]; lack of data to determine the optimal harvest time to ensure both high oil
yield and quality [30]. It has also been reported that hybrid oil palms release a lower amount of pollen
with a lower viability than African palm [31,32], thus reducing their attractivity for insects. Therefore,
human assisted pollination is mandatory to obtain a high oil production, to the detriment of
production costs and crop management. Recently, Alves Filho et al. [33] studied the volatiles
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produced by male and female inflorescence of different oil palm species (African, Amazonian, and
their hybrid) in order to better understand the relationship between plant and pollinators. The
inefficiency of procedures to induce the seed germination and the conventional propagation method
was also highlighted [34-37].

Recent papers describe several characteristics of O x G hybrids, such as phenological stages,
bunch morphology and yield [24,38-43], agronomic performance [44—47], fruit abscission process
[48], and genome size [15,49,50]. Even the mycorrhization process [51] and hydroponic cultivation
[52] have been assessed, but limited investigations have been carried out regarding the interspecific
hybrid palm oil (HPO) composition and its use in food products.

Therefore, the unique composition of HPO (fatty acid and glyceride composition and structure,
unsaponifiable matter constituents), its changes during fruit ripening, and the available data
concerning the technological and nutritional properties of HPO are the scope of this review.

2. Chemical Composition of HPO

2.1. Fatty Acids

Palmitic and oleic acids globally account for about 80% of total FAs (Table 1).

Table 1. Fatty acid composition (% w/w) of mesocarp oil from interspecific hybrids.

C12:0* C14:0 C16:0 C16:1A9 C18:0 C18:12 C18:2A9,12 (C18:3 A9,12,15 Reference?

05-1.7 05-09 277-295 03-04 2.6-3.1 53.5-552 10.7-11.5 0.4-0.4 [6]
09-09 37.0435 02-02 4.0-43 387434 10.7-12.7 0.3-0.4 [8]
0.1-0.5 22.4-44.7 1.4-49 36.9-60.1 8.2-16.8 [9]
0.1-0.6 223-343 02-08 15-3.1 482-614 10.5-15.1 0.4-0.7 [10]

0.0-0.1 0.5-09 27.3-325 34-6.1 48.0-525 11.3-11.8 0.4-1.3 [14]

tr. 0.4-09 29.3-355 3.0-4.6 502-534 10.3-13.9 [16]

28.1-31.3 2.3-2.7 51.8-56.4 9.4-10.4 [17]

04-05 04-04 322403 0305 27-38 49.7-57.0 4.1-5.6 0.1-0.2 [30]
02-03 262-325 01-14 1.5-48 48.4-58.2 9.9-13.0 0.3-0.5 [53]
05-1,6 322431 3.2-4.1 36.9-60.1 8.2-16.8 [54]
0.4-0.8 36.2-41.4 tr. 0.4-15 482-53.3 6.5-9.3 0.1-0.7 [55] 4
0309 28.9-38.6 3.3-5.9 44.9-56.0 9.3-11.5 [56]

! Fatty acid formula is: C (number of carbon atoms):(number of double bonds) Ax (position of double
bonds). tr., traces. 2 C18:1 = sum of oleic and cis-vaccenic acids. > Notes: Sample origin; oil extraction
system; number of samples. [6]: Colombia; pressure; 3. [8]: Costa Rica; solvent; 2. [9]: Malaysia; n.a.;
126. [10]: Malaysia; n.a.; 85. [14]: Congo, Malaysia, Colombia; n.a.; 3. [16]: Nigeria, Colombia; pressure;
7.[17]: Colombia; pressure; 21. [30]: Colombia; pressure; 12. [53]: Colombia; solvent; 3. [54]: Malaysia;
n.a.; 3. [55]: Malaysia; n.a.; n.a. [56]: Nigeria; pressure; 14. . mol %.

The O/P (oleic/palmitic acid) ratio significantly differs among HPO (1.5-1.9), PO (around 1.0),
and Eo oil (lower than 1). As expected, the FA composition of F1 hybrids lies between the FA
fingerprints of their African and American parents [6,8], whereas the FA distribution in the F2
generation (F1 x F1) resembles the composition of F1. This behavior has been attributed to a
codominant and additive heredity in hybrid palms [55]. Gas chromatographic analysis revealed the
presence of small amounts (0.7%-1%) of All isomer (cis-vaccenic acid), together with oleic acid
(C18:1A9). Some minor FAs (C8:0, C10:0, C15:0, C17:0, C20:0, C:22:0, C24:0, C22:1A13, C24:1A15) were
also identified, which in total represent less than 1% of total FAs [6].

The optimal harvest time of fruit bunches is of paramount importance for oil yield and quality,
but only few researches have been focused on chemical changes of hybrid palm fruits during
ripening. Lucci et al. [30] observed a decrease of ‘P’ (from 40.3% to 32.2%) and stearic (S) acid (from
3.8% to 2.7%), and a corresponding increase of ‘O’ (from 49.7% to 57.0%) and linoleic (L) acid (from
4.1% to 5.6%) in cold pressed oils from hybrid palm drupes collected 18-24 WAA. Conversely, other
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researchers reported an increase of ‘P’ (from 28.1% to 31.3%) and a decrease of ‘O’" (from 56.4% to
51.8%), but in a different ripening period (24-27 WAA) [17].

In plants, the de novo synthesis of FAs and the triacylglycerol (TAG) assembly occur in separate
compartments. FA biosynthesis takes place in the plastid stroma through the action of the fatty acid
synthase complex (FAS); acetyl-CoA carboxylase provides malonyl-CoA needed for elongation of the
growing FA chain, which is held by an acyl carrier protein (ACP). The final products are the SFAs
C16:0 and C18:0, which can be further subjected to other modifications (elongation, desaturation).
Different condensing enzymes (3-ketoacyl-ACP synthase, KAS) characterized by different specificity
are used in plants for controlling the final ratio of C16/C18 products. The stearoyl/palmitoyl-ACP A9-
desaturase is also present in chloroplast stroma and converts C16:0/C18:0 to C16:1/C18:1.
Subsequently, acyl-ACPs are hydrolyzed by acyl-ACP thioesterases and the non-esterified FAs
exported to the endoplasmic reticulum for TAG assembly, through sequential acylation of the
glycerol backbone. Glycerol-3-phosphate acyltransferase (GPAT), lyso-phosphatidic acid
acyltransferase (LPAAT), and diacylglycerol acyltransferase (DGAT) are the key condensing
enzymes. Acyl-CoA synthetase re-esterifies FAs to CoA after export from plastid [57]. Several studies
reported the relationships between the hereditariness and expression of genes encoding the key
enzymes A9-desaturase and KAS II (which is specifically involved in chain lengthening of 'P” to ’S’)
and the FA composition of HPOs [1,10,58-60]. Interestingly, the percentage of linoleic acid in HPO
does not significantly deviate from the content of this essential FA in African palm oil. In this case,
Eg seems to be dominant, while ‘P” and ‘O’ show additive or co-dominance effects [6,8,55,56].

While great attention was paid to the oil extracted from mesocarp, less emphasis has been
reserved to kernel oil from Eg, Eo, and their hybrids (Table 2). Unlike the mesocarp oil, the kernel oil
composition of interspecific hybrids is close to the FA composition of the Eg relative. Medium chain
FAs, lauric (La) and myristic (M), globally account for more than 60% of total FAs, while ‘O’
percentage ranges from 13% to 19%. Only traces of cis-vaccenic acid (amounts lower than 0.1%) have
been detected in O x G interspecific hybrid palm kernel oil [8,9,16,61].

Table 2. Fatty acid composition (% w/w) of mesocarp oil from interspecific hybrids.

C6:01 (C8:0 C10:0 C12:0 C14:0 Cl6:0 C18:0 (C18:12 C18:2A9,12 Reference?

1.2-2.3 1.1-2.2 35.0-423 19.6-24.7 9.1-10.2 24-3.5 17.2-19.1 4.4.-47 [8]
0.2-0.2 3.2-34 2.7-29 44.4-46.8 18.1-186 7.9-88 21-22 148-16.3 3.2-34 [9,61]
0.2 4.0 3.5 50.0 16.5 7.8 2.2 13.1 2.4 [9,61]
tr. 1.3-32 1.8-3.2 40.649.0 174221 8.0-95 15-2.5 141-185 1.04.5 [16]

! Fatty acid formula is: C (number of carbon atoms):n (number of double bonds) Ax (position of double
bonds). tr., traces. 2 C18:1 = sum of oleic and cis-vaccenic acids. ® Notes: Sample origin; oil extraction
system; number of samples. [8]: Costa Rica; solvent; 2. [9,61]: Malaysia; solvent; 12. [16]: Nigeria;
solvent; 6.

2.2. Acylglycerols

2.2.1. Triacylglycerols

TAG structure has important nutritional implications because it affects the bioavailability of
FAs. The sn-1,3 regiospecificity of human pancreatic lipase induces preferential absorption of FA in
the sn-2 position, as 2-monoacylglycerols (2-MAGs). The incorporation of free FAs into mixed
micelles is variable, depending on the chain length and degree of unsaturation [62].

Information about the structure and composition of TAG molecular species can be obtained by
the combination of mass spectrometry and powerful chromatographic separations, both in liquid
[63,64] and gas phase [6]. Mozzon et al. [6,30] identified 23 different TAG types (Table 3), by direct
gas chromatography-mass spectrometry analysis of Colombian HPO samples. A preparative thin
layer chromatography (TLC) allowed the same authors to identify trisaturated (LaLa8:0, LaLa10:0,
LaLaLa, LaLaM, LaMM + LaLaP, LaMP, LaPP + MMP) and disaturated (LaLaO, LaMO) TAG species
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characterized by one to three medium-chain SFAs (from 8:0 to 14:0). About 70% of medium chain
TAGs have three (LaLaLa) or two (LaLaM, LaLaP, LaLaO) lauryl groups.

Table 3. Triacylglycerol (TAG) composition (% w/w) of mesocarp and kernel oils from interspecific

hybrid palms.
Mesocarp Oil [Reference] 3 [lI{<:freanln?el]1 5
LAncl TAG ABC? [6] [9] [15] [17] [30] [9] [61]
xC28 0.1 0.1-0.2
~C30 0.7 0.4-0.7
xC32 4.7 2.9-3.9
Y.C34 7.1 4.8-6.0
~C36 24.5 17.9-19.6
xC38 189 17.2-18.0
~C40 10.3 10.9-11.3
xC42 9.1 9.9-10.6
Y.C44 6.7 8.0-8.8
46:0 MPP 0.1+0.0 0.1-0.5
MMO +
46:1 LaPO 03+0.2 tr-0.3
xC46 0.0-1.1 5.1 6.3-7.2
48:0 PPP 1.3+1.3 0.0-0.6 1.5-2.8
48:1 MOP 0.8+0.0 0.4-0.6
48:2 MLP 02+0.1 04+0.0 0.0-0.7 tr-0.1
YC48 0.9-8.9 6.0 7.1-8.0
50:0 PPS 04+0.3 0.0-0.2 0.2-0.6
50:1 PPO 204 +0.2 17.0+24 104-153 20.3-21.1
50:2 PPL 55+0.2 94+09 5.6-9.4 2.5-3.2
50:2 MOO 0.5+0.1 0.3-0.5
~C50 11.1-25.5 2.3 3.3-3.9
52:0 PSS tr tr
52:1 POS 33+0.2 2.8+05 1.5-1.8 2.8-3.8
52:2 PLS 1.6+0.3 1.7-2.0
52:2 POO 326+24 234+0.7 21.9-24.8 33.1-35.8
52:3 PLO 11.2+0.2 17.7+0.8 17.8-20.2 7.4-89
52:4 PLL + POLn 2.0+0.0 6.7+0.6 74-94 1.1-1.9
xC52 43.5-50.5 1.9 2.9-3.3
54:1 SSO 0.3+0.0 0.2-0.4 0.3-0.4
54:2 SO0 2.6+0.1 1.8+0.3 1.1-2.5 2.3-3.5
54:3 SLO 0.7+0.7 1.4-15
54:3 000 10.7 0.2 76+1.0 8.5-12.8 12.2-14.2
54:4 OOL 4.7+0.1 7.6+0.6 8.5-11.3 4.6-5.2
54:5 OLL 02+0.1 3.2+03 3.9-5.0 tr-0.3
Y.C54 21.8-44.7 2.6 3.0-3.5
56:1 SOA 1.1+0.1 0.9-1.1
56:2 AOO 0.1+0.0 0.1-0.1
2C56 0.0-0.6

1 TAG (triacylglycerol) formula is m (number of acyl carbons):n (number of double bonds). 2 ABC =
ylgly y

fatty acid composition of TAG. Note that the abbreviations do not reflect the position of esterification
of each FA. La = C12:0, M = C14:0; P = C16:0; S= C18:0; O = C18:1; L = C18:2; Ln = C18:3; A = C20:0. 3
Notes: sample origin; oil extraction system; number of samples. [6]: Colombia; pressure; 3. [9]:

Malaysia; n.a.; 38. [15]: Colombia; pressure; 3. [17]: Colombia; pressure; 21. [30]: Colombia; pressure;
3. [61]: Malaysia; solvent; 12.

From a qualitative viewpoint, no differences between the TAG species of HPO and conventional

PO have been observed. TAG quantitation of HPO samples shows a predominance (about 80% of
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total TAGs) of disaturated (mainly PPO) and monosaturated (mainly POO and PLO) TAG types.
HPO shows higher relative percentages of monosaturated (47.5%-51.0% vs. 36.7%-37.1%) and
triunsaturated TAGs (15.5%-15.6% vs. 5.2%-5.4%) than oil of African palm. It is interesting to notice
that hybridization causes a reduction of arachidic acid (A) level but an increase of TAG types (SOA
and AOO) characterized by the presence of “A’ [6]. Other studies carried out on HPOs of similar FA
composition showed different TAG profiles, which were characterized by lower percentages of PPO
and POO and higher amounts of PPL, PLO, OOL, and PLL + POLn [15,17]. According to the total
number of acyl carbon atoms (CN), the TAG distribution of palm oils obtained from fruit pulp shows
a typical unimodal distribution; the apex ranges from CN value of 50-52 (African palm oils) to 52-54
(Eo oils), while HPO has the intermediate value (52) [6,9]. It has been highlighted that there is an
apparent higher tendency of the hybrid palm to make C52 TAGs (mainly POO, PLO) than those of
olive and oleaginous seeds, despite their total FA compositions. This could be a limiting factor in
achieving the unsaturation level observed for olive oil and the major seed oils [9].

Both enzymatic and chemical procedures were developed for elucidating the FA distribution on
the glycerol backbone of complex lipids [64-66]: the term “regiospecific” refers to analytical
procedures aimed to study the FAs esterified in the sn-2 position separately from those esterified to
the primary hydroxy groups of glycerol; the term “stereospecific” refers to procedures that are able
to determine the FA profiles esterified to each of the three positions of the glycerol backbone.
Experimental data revealed a preferential esterification of SFAs (palmitic and stearic) in the sn-1,3
positions (mol% of FA in sn-1,3 higher than in TAGs), while unsaturated fatty acids (oleic and
linoleic) are mainly acylated in position sn-2 (mol % of FA in sn-2 higher than in TAGs) (Figure 1).
The asymmetric structure of HPO TAGs suggests that the chain length and the unsaturation degree
of FAs could be the discriminating factors in the selectivity of the acylating enzymes [6,55]. It seems
that interspecific crossbreeding does not affect the TAG structure, because of the closeness of the FA
regiodistribution in TAGs of HPO and oils of its African parent [6].

Very few data are available about the evolution of TAG types during the ripening of hybrid
palm drupes. Lucci et al. [30] observed a strong decrease of total trisaturated TAGs, which halved
from 3.6% to 1.8%, and an increase in the total amount of triunsaturated TAGs, from 16.9% to 18.9 %,
mainly due to the increase of OOO and the decrease of PPP.

WMTAGs sn-2 Msn-1,3

70

I I
60
50
40
z
30
20 = e I
I
10 L I I
0 i I i il o j— - - - i ' —_—— - l
[ N ] 9 R N s ] el bt b
o s & 3 -5 & o Ay &' & &t
o o oy ‘\@’.\' o o S o el ‘t\\\z &
C i A < v

Figure 1. Regiospecific distribution of fatty acids in TAGs of O x G hybrid palm oil. Data from [6].
Fatty acid formula is: C (number of carbon atoms):n (number of double bonds) Ax (position of double
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bonds). C18:1 = sum of oleic and cis-vaccenic acids. SFAs = saturated fatty acids. MUFAs =
monounsaturated fatty acids. PUFAs = polyunsaturated fatty acids.

2.2.2. Partial Glycerides

Edible fats and oils mainly consist of TAGs, but small amounts of partial glycerides
(diacylglycerols, DAGs; monoacylglycerols, MAGs) are always present, as intermediates of both
biosynthetic and lipolytic processes.

Hardon [14] first quantified the presence of MAGs (0.88%) and DAGs (5.55%) in HPO. More
recently, Mozzon et al. [6] quantified the presence of 1(3)-P, 1(3)-O, and 1(3)-L (100-300 mg/100 g oil).
The same authors identified the «,(3- (1,2- + 2,3-racemic mixture) and 1,3-isomers of PP, PO, PS, PL,
SO, OO0, and OL. OO and PO, which globally account for 58%—-66% of total DAGs, were the most
represented. These data agreed with the representativeness of the different TAG species. Neither
TAG biosynthesis nor enzymatic lipolysis involve 1,3-DAGs. Rather, they can originate from
chemical (non-specific) hydrolysis of TAGs and/or isomerization of a,3-DAGs. Therefore, 1,3-DAGs
are usually associated with undesired events, such as poor quality of raw matter and unsuitable
management of oil extraction and storage [67].

The oil accumulation in fruit mesocarp of O x G hybrids (18-22 WAA) goes together with the
biosynthesis of DAGs (Figure 2). An increase of OO and PO and a corresponding decrease of PP were
also observed [30]. Since there were no differences in the ratio a, f-DAGs/1,3-DAGs during ripening,
authors also concluded that the isomerization of a, f-DAGs produced by lipolytic enzymes could be
the main cause of the presence of 1,3-DAGs.

13 WAA 20WAA E2WAA E24WAA

2500

mg,/100 g oil
—
(%))
=]
=

8
(=]

2000
500 II ‘ h
I I
0 i‘T'L ilh -— i]:i iIL . e J—— i mla i h . iIi .
AT L i P &L P L Py vy Q\é’ +©

L L =Y

of . & i . bl e ol Qo "l e o o~ ] L o] ¥ ¥
an NG an e X N N N P N 4 NG o ~F N o e

e .
v 4

Figure 2. Diacylglycerol (DAG) contents (mg/100 g; mean + SD; n = 3) in crude O x G hybrid palm oil
during fruit ripening (data from [30]). P = C16:0; S = C18:0; O = C18:1; L = C18:2. WAA = week after
anthesis.

2.3. Unsaponifiable Matter

Despite the interest for the recovering of health-promoting bioactive substances from crude
vegetable oils (carotenoids, tocols), only a limited number of studies were carried out on the
unsaponifiable matter (UM) of HPO. Literature data about non-glyceridic components of HPO are
summarized in Table 4.
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Table 4. Unsaponifiable matter constituents (mg/Kg oil unless % is indicated) of interspecific hybrid

palm oil. Percentages refer to within class of unsaponifiable components.

Reference [14] [17] [30] [53] [54] [68] [69]
Carotenoids 1070- 514— 1172.1- 800-2400 10,389.3 =
1800 1375 1449.6 1004.9
a-carotene 4479-577.7 32.8-36.4
51.6%—
B-carotene 724.2-911.8 60. 5i 7
Squalene 20.3-83.1 2474 +3.3
4-desmethylsterols
7.8-10.2 o o 10.0+2.6
Cholesterol 3.5%-5.4% 3%-5% 1.8+04%
18.8-47.6
1+234
Campesterol 11.8%— 20%—22% 1993 3 : 1 z(y
16.3% wEneR
Ergosterol 11.0+3.4
& 1.9+0.3%
25.8-45.2
2.8 +10.
Stigmasterol 15.3% 13%-19% 163 18: 0 23
16.3% CEEER
A7-campesterol 2.3-3.6 1.7+0.7
P 0.8%-1.9% 0.5+0.3%
98.2-180.9
275.6 +57.4
B-sitosterol 61.5% 58%61% con ++1 o
62.4% CEAER
AS-avenasterol 16-3.9 8813
0.9%-1.4% 1.9+0.2%
2.3-3.6 21+14
524_cH 1
A52-stigmastadienol 1.1%-1.9% 0.5+ 0.2%
Fucosterol 56+29
1.1+0.6%
21+14
Other unidentified sterols 05 ;0' 2%
469- 158.7—
Total 4-desmethylsterols 1417 293.8 700-1400 472.7 +102.8
Isoprenoid alcohols
127.5-
Phytol 175.0 120.7 +26.1
3,7,11,15-tetramethyl-2,6-
hexadien-1-o0l H:3£2.1
3,7,11,‘15—tetramethyl—2,6,10— 77415
hexatrien-1-ol
Geranylgeraniol 31.3-76.3 129.0 +31.7
. 160.7—
Total Isoprenoid alcohols 2513 269.3 +60.0
n-Alkanols
n-octadecanol 53+21
n-docosanol 0.5-1.4 1.8+1.3
n-tetracosanol 0.4-1.2 12+05
n-hexacosanol 0.4-2.5 27+0.2
n-octacosanol 3.0-5.2 7.3+0.8
n-nonacosanol tr
n-triacontanol 7.2-12.9 15.6+1.6
n-hentriacontanol 0.7+1.2
n-dotriacontanol 6.9-13.1 18.1+6.5
n-tritriacontanol 0.7+1.2
n-tetratriacontanol 2.2-374 82+7.6
Total n-Alkanols 24.9-37.4 61.7+17.0
4-methylsterols
gramisterol
obtusifoliol 2.7-5.2
citrostadienol 4.2-9.8
Total 4-methylsterols 6.9-14.9 12715

4,4-dimethylsterols
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Cycloartenol 14.6-24.9
24-methylene-cycloartanol 2.0-3.4
Isoarborinol 2.0-3.9
9,19-cyclopropanesterol 0.8-1.6
Total 4,4-dimethylsterols 20.0-33.7 74.0+12.3
Tocols
. 27.1+7.4
a-tocopherol 1.5-7.4 26.8-142.8 11-24% 42-5.1 10.0 + 0.2%
tr.
j- tocopherol 0-0.15 0.3+0.3%
tr.
- tocopherol 0-0.27 0.3 +0.4%
d- tocopherol 0-0.17
) o o 59.4- 447 +13.7
a-tocotrienol 199.3-383.9 22%-31% 101.9 15.0 +1.9%
. 3712
(3- tocotrienol 1.1-3.0 14 +04%
) 666.0— o o 146.0— 148.1 £23.3
Y- tocotrienol P41 ggg g A2ESIR gna s97:11%
. o o 31.8+4.2
- tocotrienol 41.2-45.6 5%-9% 9.4-17.9 117 + 0.8%
40+1.7
a-tocomonoenol 0.59-1.4 1.6 +0.3%
o 452 937.6~ 222.0-
Total Tocols (Vitamin E) 2189 10.9-26.2 15496 600-1000 4719 259.3 +48.4

! Notes: sample origin; oil extraction system; number of samples. [14]: Congo, Malaysia, Colombia;
n.a.; 3. [17]: Colombia; pressure; 21. [30]: Colombia; pressure; 12. [53]: Colombia; solvent; 3. [54]:
Malaysia; n.a.; 3. [68]: Costa Rica; pressure, solvent; 1. [69]: Colombia; pressure; 3. 2 3- + y- isomers.

The amounts of carotenoids in crude HPO varies widely (1000-10,000 mg/Kg oil)
[14,17,53,54,68]. Eleven different pigments were previously identified in HPO and crude oils of
African and American parents: -, -, (- and y-carotene, phytofluene, phytoene, a- and f-
zeacarotene, neurosporene, lycopene. Literature data agree in identifying [3-carotene (52%—60% of
total carotenes) and a-carotene (33%-36% of total carotenes) as the most represented pigments of
HPO. Lycopene accounts for 1%—-8% of total carotenes in conventional PO, whereas in American and
hybrid palm oils the lycopene contribution to total carotenoid content is less than 0.1% [54]. The
almost colorless squalene (a diterpene hydrocarbon) ranges from 20 to 250 mg/Kg HPO [30,69].

Mozzon et al. [69] identified more than 40 alcoholic components (4-desmethylsterols, tocols,
isoprenoid alcohols, triterpenols, and n-alkanols) in the UM of crude HPO. The most represented
classes are 4-desmethylsterols and isoprenoid alcohols, which globally account for 79%-85% of total
alcoholic substances of UM. An increase in the oil content of desmethylsterols, isoprenoid alcohols,
tocols, and triterpenic alcohols was observed during fruit ripening, while n-alkanols and 4-
methylsterols did not change significantly, as their progressive accumulation in HPO runs parallel to
TAG synthesis [17,30].

About 97% of the phytosterol fraction, which globally accounts for 160-1400 mg/Kg of HPO
[17,30,54,69], is made up of A5-sterols: B-sitosterol (58 %—62% of total sterols), stigmasterol (13%-19%),
and campesterol (12%—22%) are the most represented, whereas A7-campesterol is the only A7-sterol
clearly identified in HPO. Cholesterol accounts for 2%-5% of total sterols. Literature data report a
very similar composition of sterol fraction for Eg varieties, but lower relative percentages of f-
sitosterol and stigmasterol and higher percentages of cholesterol in Eo oils [54,70,71]. The composition
of the triterpenols, 4-methylsterols, and n-alkanols fractions does not differ significantly between the
hybrid and African palm oils as well [30,69].

Triterpenic alcohols (4,4-dimethylsterols) globally account for 5%—6% of total alcoholic
compounds (20-74 mg/kg oil). The two most represented components are cycloartenol (70%—-75% of
total triterpenols) and 24-methylenecycloartanol (14%-20%). Cyclobranol/cyclolaudenol and
isoarborinol were also tentatively identified by Mozzon et al. [30,69].

The content of 4-methylsterols ranges between 7 and 15 mg/Kg g oil, corresponding to 1%-3%
of alcoholic constituents of UM and to 0.1%-0.2% of total UM. Citrostadienol is the main 4-
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methylsterol in HPO (44.5%-50.3% of total 4-methylsterols), followed by obtusifoliol (14.3%-31.5%)
and gramisterol (24.0%-35.4%) [69].

A series of n-alkanols with an even number of carbon atoms from 18 to 34 were identified in
HPO, together with the odd carbon number alkanols C29, C31, and C33. The total amount of aliphatic
alcohols ranges from 25 to 80 mg/kg. The relative distribution of n-alkanols follows a unimodal
pattern, with an apex (maximum abundance) corresponding to the alcohol C32. Four isoprenoid
alcohols with 20 carbon atoms and 1 to 4 double bonds were also identified. As previously stated,
terpenols are the most represented class of alcoholic components of HPO unsaponifiable matter after
4-desmethylsterols [30,69].

The total amount of tocol chemical species (vitamin E) varies greatly in HPO, ranging between
10 and 2200 mg/kg Kg (3%—4% of total alcoholic constituents of UM). All eight a- (5,7,8-trimethyl-),
- (5,8-dimethyl-), y- (7,8-dimethyl-), and 6- (8-methyl-) isomers of both tocopherols and tocotrienols
have been identified, together with a-tocomonoenol. Tocotrienols are the most represented (y-
tocotrienol 40%—-60% of total tocols; a-tocotrienol 15%—-30%; d-tocotrienol 5%-10%), while a-isomer
is the most abundant tocopherol [17,30,53,54,68,69].

3. HPO as Food and Food Ingredient

3.1. Quality Parameters

The commercial value of the raw fatty substances is determined by different quality parameters,
namely water, unsaponifiable and insoluble matter contents, and free acidity which provide an
overall quantification of the non-glyceridic constituents.

Crude pressed HPO contains about 1% of unsaponifiable matter, 0.09%—-0.20% of insoluble
matter, and 0.20%-0.73% of water. The amount of free fatty acid (FFA) ranges between 0.35% and
2.91% [17,30,69], whereas higher free acidity levels (9.7%-36.7% as palmitic acid) were ascribed to the
substantial delay between the removal of the mesocarp from the nuts and its thermal treatment,
which allows intense lipolysis [16]. Interestingly, it has been observed that lipase activity in O x G
fruits is strongly activated at low temperatures (+5 and —20 °C). This behavior is inherited from the
African parent, while for Eo no significant lipase activity has been observed in the temperature range
from -20 to +45 °C. Due to lower lipase activity, interspecific hybrids provide drupes with better
stability after harvesting, as long as fruits are properly handled from harvesting to oil extraction [72].

In freshly pressed HPOs, no hydroperoxides were detected by conventional titrimetry, thus
confirming their oxidative stability. However, a wide range of induction times (5.7-17.2 h) were
measured in accelerated oxidation tests at 100 °C, likely due to different contents in antioxidant
compounds (tocols and polyphenols) [6].

3.2. Food Uses

The Codex Committee on Fats and Oils [73] recently proposed the use of the term “Palm oil-
high oleic acid (high oleic acid palm oil)” for oils derived from the fleshy mesocarp of hybrid palm
fruit O x G (Elaeis oleifera x Elaeis guineensis). A set of physical (relative density, refractive index) and
chemical (fatty acid composition, saponification value, iodine value, total unsaponifiable matter
content, sterol composition, tocopherols and tocotrienols content) parameters were also provided for
genuine crude oils. Particularly, oleic and linoleic acid percentages were set to 48.0%—60.0% and
9.0%-17.0%, respectively.

The utilization of HPO in the food industry is still very limited, due to the lack of information
on functional and technological properties of HPO. In fact, previous studies on HPO have been
focused on genetic, agronomic, or nutritional aspects and only a very limited number of researches
have been conducted on the feasibility of replacing conventional PO and palm stearin with HPO and
hybrid palm stearin (HPS). In fact, palm stearin is widely used to produce shortenings, margarines,
and confectionery fats having a “zero” content trans-isomers of FAs. However, palm stearin is
commonly blended and/or inter-esterified with PKO to improve organoleptic properties and retain
the desired crystallization pattern. Flores Ruedas et al. [74] evaluated the physical, thermal,
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rheological, and microscopic properties of the HPS/PKO blends. Compared with conventional palm
stearin/PKO, HPS/PKO blends showed similar consistencies, slightly lower melting and
crystallization temperatures (about 2 °C), and a shorter crystallization time, thus promoting the
HPS/PKO blends as a healthier alternative to conventional blends.

The processing of crude palm oil from the hybrid cultivars has also been scarcely studied. To
avoid a large loss of neutral oil due to the high FFA level, crude palm oils usually undergo a physical
deacidification at high temperatures (usually above 200 °C) and very low absolute pressures (below
5 mbar), during which residual carotenoids are thermally degraded. An integrated
bleaching/degumming step precedes the deacidification, with the aim of removing phospholipids by
precipitation and part of carotenoids via adsorption. The removal of carotenoids from crude palm
oils is essential to lighten the color, thus guaranteeing their versatility and allowing their utilization
in several food products (ice creams, breads, margarines). However, it was estimated that the amount
of B-carotene lost during the refining process of palm oils would be enough to meet the worldwide
need for vitamin A [75]. Hence, several technologies are currently being developed for carotenoids
recovery before the physical or chemical refining of crude HPO. Vidoca et al. [76] assessed the
adsorption onto polymeric resins, while Almeida et al. [77] modeled the kinetic of carotenes
adsorption from crude HPO onto two commercial bleaching earths, an acid activated calcium
bentonite and a neutral bentonite. The acid adsorbent showed better adsorption yields. Ribeiro et al.
[78] found that the amount of 3-carotene in HPO reduced considerably after bleaching by using both
the acid and neutral bleaching earths, whereas the concentration of the a-isomer only showed
considerable reduction after bleaching with the acid clarifying earth.

3.3. Nutritional Properties

A huge amount of literature has discussed and confirmed the involvement of dietary SFA,
mainly palmitic acid, in the development of obesity, metabolic syndromes, type 2 diabetes,
cardiovascular diseases, and some types of cancer [79]. Furthermore, in developed countries (Europe
and North America) PO and PKO are used in their odorless and pale-yellow refined forms, while
only a quarter of the palm oils worldwide are used as crude oil. Both volatile (off-odors, water) and
non-volatile (free acids, unsaponifiable constituents, phospholipids) oil components are removed
during the refining steps, thus causing both a decrease of nutritionally valuable components
(polyphenols and tocols) [80] and the generation of new toxicants, such as chloropropanols (3-
monochloropropane-1,2-diol, 3-MCPD; 2-monochloropropane-1,3-diol, 2-MCPD), glycidol, and their
esters with the FAs. The deodorization step is the prime suspect in the generation of glycerol-based
process contaminants, due to the strong conditions adopted, as previously reported. The expert panel
on contaminants of the European Food Safety Authority (EFSA) first assessed the potential risk of 3-
MCPD and glycidyl esters in 2016 and concluded that they are a concern for public health because of
their genotoxic and carcinogenic activities. Particularly, the EFSA panel estimated that exposure to
food 3-MCPD substantially exceeding the tolerable daily intake in younger age groups of the
European population [81]. More recently, EFSA reviewed the risk assessment of 3-MCPD, after the
Joint Food and Agriculture Organization (FAO)/World Health Organization (WHO) Expert
Committee on Food Additives (JECFA) subsequently established a different safe level [82]. These
drawbacks added to the open questions about the sustainability and ecological impact of palm
plantations, thus reinforcing the bad reputation of palm oil among consumers.

The use of crude oils can avoid the exposure to process contaminants and significantly
contribute to the dietary intake of substances with antioxidant properties (tocols, polyphenols).
Among edible oils, extra virgin olive oil (EVOO) is certainly the most popular source of antioxidants
and a great amount of literature supports the role of EVOO antioxidants in the prevention of chronic
and degenerative diseases [83]. However, an excessive consumption of EVOO may still lead to
adverse consequences [84]. Tocotrienols have recently gained increasing attention due to their higher
biological effectiveness than tocopherols. Crude HPO brings together several interesting properties:
alower level of SFA than the traditional African palm oil together with a high amount of tocotrienols,
carotenoids, and polyphenols. The latter ones have been recently studied by Rodriguez et al. [85],
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who detected the presence of several substances that have been already identified in EVOO
(protocatechuic acid, protocatechuic aldehyde, vanillic acid, p-salicylic acid, syringaldehyde, syringic
acid, ferulic acid) and measured a total amount of phenolic substances (190-260 mg gallic acid
equivalent/kg oil) comparable to phenolic amounts in EVOO. Lucci and co-workers [86] found that
the dietary crude HPO had a favorable effect on plasma lipids pattern related to cardiovascular risk
factors and that this effect was not statistically different from that of EVOO. More recently, Ojeda et
al. [87] explored the impact of daily consumption of crude oils (EVOO vs. HPO; 25 mL/day for 3
months) in adults aged 50-77 and found no significant differences on plasma antioxidant capacity
and total phenolic content.

Due to these interesting findings, some authors suggested considering crude HPO as the
“tropical equivalent of olive oil”. However, evidences to support this statement appear scarce.
Spreafico et al. [88] assessed the effects of a high-fat diet containing conventional or hybrid palm oil
on the lipid metabolism in a non-human primate model, the common marmoset. Results showed that
animals fed with both oils developed non-alcoholic fatty liver disease (NAFLD) and animals fed an
HPO diet demonstrated an even higher level of damage to the liver, which has been identified as an
important risk factor for the development of cirrhosis and hepatocellular carcinoma. The same
findings were confirmed by Sales et al. [89] in mice. These results suggest that the overconsumption
of HPO through the most-consumed processed foods should be carefully monitored, as it could
involve important alterations to hepatic metabolism. In addition, Gesteiro et al. [90] highlighted that
no studies for assessing the nutritional effects of palm oils have been carried out in a Mediterranean
diet context, where EVOO is the main culinary oil, thus avoiding a “direct match” between HPO and
EVOO.

4. Conclusions

Conventional palm oil and its derivatives (stearins) are widely used in the food industry, due to
their oxidative stability and technological properties. However, there is an increasing challenge for
food technologists to develop healthier fats/oils with a reduced amount of saturated fatty acids, free
from trans-fatty acids, and provide desirable functional and sensory properties.

The interspecific cross-breeding between the cultivated African palm and its wild South
American relative produces oil palms that bring together several interesting properties like: better oil
quality due to higher oleic acid percentage than conventional palm oil; longer productive life and
shorter trunk than African palm; low lipolytic activity of fruit tissues; and resistance to the main
diseases affecting palms. Hence, HPO could be a potential substitute for other monounsaturated fatty
acid (MUFA)-rich vegetable oils, such as high oleic sunflower and safflower oils.

The Codex Committee on Fats and Oils recently provided HPO with the “dignity” of codified
fat substance for human consumption and defined the physical and chemical parameters for genuine
crude oils. However, the lack of information about the functional and technological properties of
HPO is currently limiting its utilization in the food industry. To date, only a few studies have been
conducted on the feasibility of replacing conventional palm oil and palm stearin with HPO and
hybrid palm stearin. The processing of crude HPO has also been scarcely studied. The refining
conditions should be revised to reduce the formation of undesirable process contaminants
(chloropropanols, glycidol) and the whole process should be revised to accommodate technological
solutions aimed to recover nutritionally valuable components (carotenoids, tocols).

To conclude, recent studies on the nutritional effects of HPO have softened the initial enthusiasm
about the “tropical equivalent of olive o0il”, suggesting that the overconsumption of HPO through
most-consumed processed foods should be carefully monitored.

Author Contributions: Conceptualization, M.M.; resources, M.M.; writing —original draft preparation, M.M.;
writing —review and editing, M.M., RF., and C.M.; visualization, M.M., R.F., and C.M. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflicts of interest.



Foods 2020, 9, 631 13 of 17

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Montoya, C.; Cochard, B.; Flori, A.; Cros, D.; Lopes, R.; Cuellar, T.; Espéout, S.; Syaputra, L; Villeneuve, P.;
Pina, M.; et al. Genetic Architecture of Palm Oil Fatty Acid Composition in Cultivated Oil Palm (Elaeis
guineensis Jacq.) Compared to Its Wild Relative E. oleifera (H.B.K) Cortés. PLoS ONE 2014, 9, 95412,
doi:10.1371/journal.pone.0095412.

Astorkia, M.; Hernandez, M.; Bocs, S.; Ponce, K.; Ledn, O.; Morales, S.; Quezada, N.; Orellana, F.; Wendra,
F.; Sembiring, Z.; et al. Analysis of the allelic variation in the Shell gene homolog of E. oleifera and design
of species specific Shell primers. Euphytica 2019, 216, 5, doi:10.1007/s10681-019-2538-7.
Statista—Production Volume of Palm Oil Worldwide from 2012/13 to 2019/20. Available online:
https://www .statista.com/statistics/613471/palm-oil-production-volume-worldwide (accessed on 26 March
2020).

Mba, O.I; Dumont, M.-].; Ngadi, M. Palm oil: Processing, characterization and utilization in the food
industry — A review. Food Biosci. 2015, 10, 26—41, doi:10.1016/j.fbio.2015.01.003.

Rudzinska, M.; Hassanein, M.M.M.; Abdel-Razek, A.G.; Kmiecik, D.; Siger, A.; Ratusz, K. Influence of
composition on degradation during repeated deep-fat frying of binary and ternary blends of palm,
sunflower and soybean oils with health-optimised saturated-to-unsaturated fatty acid ratios. Int. J. Food Sci.
Technol. 2017, 53, 1021-1029, doi:10.1111/ijfs.13678.

Mozzon, M.; Pacetti, D.; Lucci, P.; Balzano, M.; Frega, N.G. Crude palm oil from interspecific hybrid Elaeis
oleiferaxElaeis guineensis: Fatty acid regiodistribution and molecular species of glycerides. Food Chem. 2013,
141, 245-252, doi:10.1016/j.foodchem.2013.03.016.

Mancini, A.; Imperlini, E.; Nigro, E.; Montagnese, C.; Daniele, A.; Orri, S.; Buono, P. Biological and
Nutritional Properties of Palm Oil and Palmitic Acid: Effects on Health. Molecules 2015, 20, 17339-17361,
d0i:10.3390/molecules200917339.

Lieb, V.M,; Kerfers, M.R; Kronmiiller, A.; Esquivel, P.; Alvarado, A.; Jiménez, V.M.; Schmarr, H.-G.; Carle,
R.; Schweiggert, R.; Steingass, C.B. Characterization of Mesocarp and Kernel Lipids from Elaeis guineensis
Jacq., Elaeis oleifera [Kunth] Cortés, and Their Interspecific Hybrids. J. Agric. Food Chem. 2017, 65, 3617—
3626, doi:10.1021/acs.jafc.7b00604.

Tan, B.K,; Ong, S.H.; Rajanaidu, N.; Rao, V. Biological modification of oil composition. ]. Am. Oil Chem. Soc.
1985, 62, 230-236, d0i:10.1007/bf02541383.

Ting, N.; Yaakub, Z.; Kamaruddin, K.; Mayes, S.; Massawe, F.; Sambanthamurthi, R.; Jansen, J.; Low, E.-
T.L.; Ithnin, M.; Kushairi, A.; et al. Fine-mapping and cross-validation of QTLs linked to fatty acid
composition in multiple independent interspecific crosses of oil palm. BMC Genom. 2016, 17, 289,
doi:10.1186/s12864-016-2607-4.

Tan, K.; Lee, K.T.; Mohamed, A.R.; Bhatia, S. Palm oil: Addressing issues and towards sustainable
development. Renew. Sustain. Energy Rev. 2009, 13, 420-427, doi:10.1016/j.rser.2007.10.001.

Fitzherbert, E.; Struebig, M.].; Morel, A.; Danielsen, F.; Briihl, C.A.; Donald, P.; Phalan, B. How will oil palm
expansion affect biodiversity? Trends Ecol. Evol. 2008, 23, 538-545, d0i:10.1016/j.tree.2008.06.012.

Arias, D.; Gonzalez, M.; Prada, F.; Ayala-Diaz, I; Montoya, C.; Daza, E.; Romero, HM. Genetic and
phenotypic diversity of natural American oil palm (Elaeis oleifera (H.B.K.) Cortés) accessions. Tree Genet.
Genomes 2015, 11, 22, doi:10.1007/s11295-015-0946-y.

Hardon, J.J. Interspecific hybrids in the genus Elaeis II. vegetative growth and yield of F1 hybrids E.
guineensis x E. oleifera. Euphytica 1969, 18, 380-388, doi:10.1007/bf00397785.

Camillo, J.; Ledo, A.P.; Alves, A.A.; Formighieri, E.F.; Azevedo, A.L.; Nunes, ].D.; De Capdeville, G.; De A
Mattos, ].K.; Souza, M.T. Reassessment of the Genome Size in Elaeis guineensis and Elaeis oleifera, and Its
Interspecific Hybrid. Genom. Insights 2014, 7, 1322, doi:10.4137/GEIL.S515522.

Macfarlane, N.; Swetman, T.; Cornelius, J.A. Analysis of mesocarp and kernel oils from the American oil
palm and F1 hybrids with the West African oil palm. ]. Sci. Food Agric. 1975, 26, 1293-1298,
doi:10.1002/jsfa.2740260907.

Rincén, S.M.; Hormaza, P.A.; Moreno, L.P.; Prada, F.; Portillo, D.]J.; Garcia, J.A.; Romero, H.M. Use of
phenological stages of the fruits and physicochemical characteristics of the oil to determine the optimal
harvest time of oil palm interspecific OxG hybrid fruits. Ind. Crop. Prod. 2013, 49, 204-210,
doi:10.1016/j.indcrop.2013.04.035.



Foods 2020, 9, 631 14 of 17

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Avila-Méndez, K.; Avila-Diazgranados, R.; Pardo, A.; Herrera, M.; Sarria, G.; Romero, H.M. Response of in
vitro obtained oil palm and interspecific OXG hybrids to inoculation with Phytophthora palmivora. For.
Pathol. 2019, 49, €12486, doi:10.1111/efp.12486.

Hardon, J.J.; Tan, G.Y. Interspecific hybrids in the genus Elaeis I. crossability, cytogenetics and fertility of
F1 hybrids of E. guineensis x E. oleifera. Euphytica 1969, 18, 372-379, d0i:10.1007/bf00397784.

Astorkia, M.; Hernandez, M.; Bocs, S.; Ponce, K.; Ledn, O.; Morales, S.; Quezada, N.; Orellana, F.; Wendra,
F.; Sembiring, Z.; et al. Detection of significant SNP associated with production and oil quality traits in
interspecific oil palm hybrids using RARSeq. Plant Sci. 2019, 291, 110366, doi:10.1016/j.plantsci.2019.110366.
Osorio-Guarin, J.A.; Garzon-Martinez, G.A.; Delgadillo-Duran, P.; Bastidas, S.; Moreno, L.P.; Enciso-
Rodriguez, F.E.; Cornejo, O.E.; Barrero, L.S. Genome-wide association study (GWAS) for morphological
and yield-related traits in an oil palm hybrid (Elaeis oleifera x Elaeis guineensis) population. BMC Plant
Boil. 2019, 19, 533-611, doi:10.1186/s12870-019-2153-8.

Astorkia, M.; Hernandez, M.; Bocs, A.; Herran, A.; Ponce, K; Ledn, O.; Morales, S.; Quezada, N.; Orellana,
F. Association Mapping Between Candidate Gene SNP and Production and Oil Quality Traits in
Interspecific Oil Palm Hybrids. Plants 2019, 8, 377, doi:10.3390/plants8100377.

Zulkifli, Y.; Maizura, I; Rajinder, S.; Marhalil, M.; Mohd Din, A.; Ong-Abdullah, M. An RFLP marker,
CB75A, predicts for palmitic acid content across selected oil palm germplasm and interspecific-hybrids. J.
Oil Palm Res. 2019, 31, 315-320, doi:10.21894/jopr.2018.0061.

Junior, R.A.G,; Lopes, R.; Da Cunha, RN.V,; Pina, AJ.D.A.; Quaresma, C.E.; Santos, R.R.; De Resende,
M.D.V. Bunch yield of interspecific hybrids of American oil palm with oil palm in the juvenile phase. Crop.
Breed. Appl. Biotechnol. 2016, 16, 86-94, doi:10.1590/1984-70332016v16n2a14.

Gomes, R.A,, Jr.; Gurgel, F.D.L.; Peixoto, L.D.A.; Bhering, L.L.; Da Cunha, R.N.V.; Lopes, R.; Pina, A.].D.A,;
Veiga, A.S. Evaluation of interspecific hybrids of palm oil reveals great genetic variability and potential
selection gain. Ind. Crop. Prod. 2014, 52, 512-518, doi:10.1016/j.indcrop.2013.10.036.

Azni, ILN.AM. Sundram, S.,; Ramachandran, V. Abu Seman, I. Anin vitroinvestigation of
MalaysianPhytophthora palmivoraisolates and pathogenicity study on oil palm. J. Phytopathol. 2017, 165,
800-812, d0i:10.1111/jph.12620.

Alvarado, A.; Escobar, H.J]. The hybrid OxG Amazon: An alternative for regions affected by bud rot in oil
palm. Palmas 2013, 34, 305-314.

De Franqueville, H. Oil palm bud rot in Latin America. Exp. Agric. 2003, 39, 225-240,
doi:10.1017/s0014479703001315.

Amblard, P.; Noiret, ].M.; Kouame, B.; Potier, F.; Adon, B. Comparative performances of interspecific
hybrids and the commercial material. OCL-OI. Corps Gras Li. 1995, 2, 335-340.

Lucci, P.; Pacetti, D.; Frega, N.G.; Mozzon, M. Phytonutrient concentration and unsaturation of glycerides
predict optimal harvest time forElaeis oleifera x E. guineensispalm oil hybrids. Eur. ]. Lipid Sci. Technol.
2015, 117, 1027-1036, d0i:10.1002/ej1t.201400599.

Socha, J.; Caydén-Salinas, D.G.; Ligarreto, G.; Chaves, G. Effect of pollen doses on fruit formation and oil
production in two hybrid palm genotypes (Elaeis oleifera H.B.K. Cortes x Elaeis guineensis Jacq.).
Agronomia Colombiana 2019, 37, 12-17, doi:10.15446/agron.colomb.v37n1.75313.

Escobar, H.C.; Chauza, J.J.D. Germinability and pollen viability of four improved cultivars of palm oil
under laboratory conditions. Revista Facultad Nacional de Agronomia Medellin 2018, 71, 8395-8405,
doi:10.15446/rfna.v71n1.69587.

Filho, E.G.A; Brito, R.S.; Rodrigues, T.H.S.; Silva, LM.A.; De Brito, E.S.; Canuto, KM.; Krug, C.; Zocolo,
G.J. Association of Pollinators of Different Species of Oil Palm with the Metabolic Profiling of Volatile
Organic Compounds. Chem. Biodivers. 2019, 16, €1900050, doi:10.1002/cbdv.201900050.

Almeida, R.F.; Santos, LR.; Meira, F.S; Grynberg, P.; Lopes, R; Da Cunha, RIN.V,; Franco, O.L.;
Scherwinski-Pereira, J.E.; Mehta, A. Differential protein profiles in interspecific hybrids between Elaeis
oleifera and E. guineensis with contrasting responses to somatic embryogenesis competence acquisition.
Plant Cell Tissue Organ Cult. (PCTOC) 2019, 137, 11-21, d0i:10.1007/s11240-018-01545-8.

Gomes, H.T.; Bartos, P.M.C.; Scherwinski-Pereira, ].E. Dynamics of morphological and anatomical changes
in leaf tissues of an interspecific hybrid of oil palm during acquisition and development of somatic
embryogenesis. Plant Cell Tissue Organ Cult. (PCTOC) 2017, 131, 269-282, doi:10.1007/s11240-017-1282-8.



Foods 2020, 9, 631 15 of 17

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

De Lima, W.A.A,; Lopes, R,; Green, M.; Cunha, RN.V.; Abreu, S.C.; Cysne, A.Q. Heat treatment and
germination of seeds of interspecific hybrid between American oil palm (Elaeis oleifera (H.B.K) Cortes) and
African oil palm (Elaeis guineensis Jacq.). J. Seed Sci. 2014, 36, 451-457, d0i:10.1590/2317-1545v36n41034.
Angelo, P.C.D.S.; Moraes, L.A.C.; Lopes, R.; Sousa, N.R.; Da Cunha, R.N.V.; Quisen, R.C. In vitro rescue of
interspecific embryos from Elaeis guineensis x E. oleifera (Arecaceae). Revista de Biologia Tropical 2011, 59,
1081-1088, doi:10.15517/rbt.v0i0.3380.

Peixoto, L.D.A.; Bhering, L.L.; Gurgel, F.D.L.; Junior, R.A.G. Parental selection for the formation of
interspecific =~ hybrid  populations of oil palm. Acta Sci.  Agron. 2015, 37, 155,
doi:10.4025/actasciagron.v37i2.19145.

Hormaza, P.; Fuquen, E.M.; Romero, H.M. Phenology of the oil palm interspecific hybrid Elaeis oleifera x
Elaeis guineensis. Sci. Agric. 2012, 69, 275-280, doi:10.1590/s0103-90162012000400007.

Chia, G.S.; Lopes, M.T.G.; Lopes, R.; Da Cunha, R.N.V.; Da Rocha, R.N.C. Repetibilidade da produgao de
cachos de hibridos interespecificos entre o caiaué e o dendezeiro. Acta Amaz. 2009, 39, 249-254,
do0i:10.1590/s0044-59672009000200001.

Oboh, B.O.; Fakorede, M.A.B. A factor analysis of vegetative and yield traits in backcross progenies of an
interspecific hybrid of oil palm. J. Genet. Breed. 1997, 51, 257-262.

Thomas, R.L.; Ng, 5.C.; Chan, K.W. Phyllotaxis in the Oil Palm: Applications in Selection of Interspecific
Hybrids. Ann. Bot. 1970, 34, 1025-1035, doi:10.1093/oxfordjournals.aob.a084433.

Ooi, S.C.; Da Silva, E.B.; Muller, A.A.; Nascimento, J.C. Oil palm genetic resources — native Elaeis oleifera
populations in Brazil offer promising sources. Pesqui. Agropecu. Bras. 1981, 16, 385-395.

Rodriguez, C.J.B.; Romero, H.M. Physiological and agronomic behavior of commercial cultivars of oil palm
(Elaeis guineensis) and OxG hybrids (Elaeis oleifera x Elaeis guineensis) at rainy and dry seasons. Aust. J.
Crop. Sci. 2019, 13, 424-432, doi:10.21475/ajcs.19.13.03.p1354.

De Matos, G.S.B.; Fernandes, A.R.; Wadt, P.G.S,; Pina, A.].D.A.; Franzini, V.I.; Ramos, H.M.N. The Use of
DRIS for Nutritional Diagnosis in Oil Palm in the State of Para. Revista Brasileira de Ciéncia do Solo 2017, 41,
41, doi:10.1590/18069657rbcs20150466.

Rivera-Méndez, Y.D.; Chacén, A.L.M.; Romero, H.M. Response of the roots of oil palm OxG interspecific
hybrids (Elaeis oleifera x Elaeis guineensis) to aluminum (Al3+) toxicity. Austral. ]. Crop Sci. 2014, 8, 1526—
1533.

Meéndez, Y.D.R.; Chacén, L.M.; Bayona, C.J.; Romero, H.M. Physiological response of oil palm interspecific
hybrids (Elaeis oleifera H.B.K. Cortes versus Elaeis guineensis Jacq.) to water deficit. Braz. ]. Plant Physiol.
2012, 24, 273-280, d0i:10.1590/s1677-04202012000400006.

Fooyontphanich, K.; Morcillo, F.; Amblard, P.; Collin, M.; Jantasuriyarat, C.; Verdeil, J.-L.; Tranbarger, T.J.
A phenotypic test for delay of abscission and non-abscission oil palm fruit and validation by abscission
marker gene expression analysis. Acta Hortic. 2016, 97-104, doi:10.17660/actahortic.2016.1119.13.

Madon, M.; Arulandoo, X.; Sritharan, K.; Nordiana, H.; Muhammad Azwan, Z.; Mohd Zaki, N. Short
communication: Genomic constitution of oil palm interspecific hybrid crosses monitored by genomic in
situ hybridisation (gish). J. Oil Palm Res. 2018, 30, 338-344, d0i:10.21894/jopr.2018.0027.

Madon, M.; Phoon, L.Q.; Clyde, M.M.; Mohd, D.A. Application of flow cytometry for estimation of nuclear
DNA content in Elaeis. J. Oil Palm Res. 2008, 20, 447-452.

Galindo-Castafieda, T.; Romero, H.M. Mycorrhization in oil palm (Elaeis guineensis and E. oleifera x E.
guineensis) in the pre-nursery stage. Agronom. Colomb. 2013, 31, 95-102.

Rivera Méndez, Y.D.; Moreno Chacén, A.L.; Romero, H.M. Biochemical and physiological characterization
of oil palm interspecific hybrids (Elaeis oleifera x Elaeis guineensis) grown in hydroponics. Acta Biol. Colomb.
2013, 18, 465-472.

Chaves, G.; Moreno, G.A.L.; Cayon-Salinas, D.G. Physicochemical characterization of bunches from
American oil palm (Elaeis oleifera H.B.K. Cortes) and their hybrids with African oil palm (Elaeis guineensis
Jacq.). Acta Agrondmica 2018, 67, 170-178, doi:10.15446/acag.v67n1.62028.

Choo, Y.M,; Yap, S. Carotenes, vitamin E and sterols in oils from Elaeis guineensis, Elaeis oleifera and their
hybrids. Palm 1998, 19, 79-85.

Ong, S.H.; Chuah, C.C; Sow, H.P. The co-dominance theory: Genetic interpretations of analyses of
mesocarp oils fromelaeis guineensis, Elaeis oleiferaand their hybrids. J. Am. Oil Chem. Soc. 1981, 58, 1032-
1038, doi:10.1007/bf02679320.



Foods 2020, 9, 631 16 of 17

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Opute, F.I; Obasola, C.O. Breeding for Short-stemmed Oil Palm in Nigeria: Fatty Acids, their Significance
and Characteristics. Ann. Bot. 1979, 43, 677-681, doi:10.1093/oxfordjournals.aob.a085680.

Harwood, J.L. Fatty acid biosynthesis. In Plant Lipids: Biology, Utilisation and Manipulation; Murphy, D.J.,
Ed.; Blackwell Publishing: Oxford, UK, 2005; pp. 27-66.

Zulkifli, Y.; Rajinder, S.; Mohd, D.A.; Ting, N.C.; Rajanaidu, N.; Kushairi, A.; Musa, B.; Mohamad, O.;
Ismanizan, I. Inheritance of SSR and SNP loci in an oil palm interspecific hybrid backcross (BC2) population.
J. Oil Palm Res. 2014, 26, 203-213.

Nordiana, HM.N.; Ngoot-Chin, T.; Singh, R.; Clyde, M.M.; Madon, M. Evaluation of inter-simple sequence
repeat (ISSR) markers for genetic mapping of an oil palm interspecific hybrid mapping population. J. Oil
Palm Res. 2014, 26, 214-225.

Singh, R.; Tan, S.; Panandam, ].M.; Rahman, R.A.; Ooi, L.C.-L.; Low, E.-T.L.; Sharma, M.; Jansen, J.; Cheah,
S.-C. Mapping quantitative trait loci (QTLs) for fatty acid composition in an interspecific cross of oil palm.
BMC Plant Boil. 2009, 9, 114, doi:10.1186/1471-2229-9-114.

Tan, B.K.; Berger, K.G. Characteristics of kernel oils fromFElaeis oleifera, F1 hybrids and back-cross
withElaeis guineensis. J. Sci. Food Agric. 1982, 33, 204—208, do0i:10.1002/jsfa.2740330213.

Mu, H. The digestion of dietary triacylglycerols. Prog. Lipid Res. 2004, 43, 105-133, doi:10.1016/s0163-
7827(03)00050-x.

Haddad, I.; Mozzon, M.; Strabbioli, R.; Frega, N.G. Electrospray ionization tandem mass spectrometry
analysis of triacylglycerols molecular species in camel milk (Camelus dromedarius). Int. Dairy J. 2011, 21, 119-
127, d0i:10.1016/j.idairy;j.2010.09.003.

Haddad, I, Mozzon, M.; Strabbioli, R.; Frega, N.G. A comparative study of the composition of
triacylglycerol molecular species in equine and human milks. Dairy Sci. Technol. 2011, 92, 37-56,
do0i:10.1007/s13594-011-0042-5.

Haddad, I.; Mozzon, M.; Strabbioli, R.; Frega, N.G. Stereospecific analysis of triacylglycerols in camel
(Camelus dromedarius) milk fat. Int. Dairy ]. 2010, 20, 863-867, doi:10.1016/j.idairy;j.2010.06.006.

Haddad, I.; Mozzon, M.; Strabbioli, R.; Frega, N.G. Fatty acid composition and regiodistribution in mare’s
milk triacylglycerols at different lactation stages. Dairy Sci. Technol. 2011, 91, 397-412, doi:10.1007/s13594-
011-0020-y.

Frega, N.; Bocci, F.; Lercker, G. High-resolution gas-chromatographic determination of diacylglycerols in
common vegetable oils. J. Am. Oil Chem. Soc. 1993, 70, 175-177, d0i:10.1007/bf02542622.

Irias-Mata, A.; Stuetz, W.; Sus, N.; Hammann, S.; Gralla, K.; Cordero-Solano, A.; Vetter, W.; Frank, J.
Tocopherols, Tocomonoenols, and Tocotrienols in Oils of Costa Rican Palm Fruits: A Comparison between
Six Varieties and Chemical versus Mechanical Extraction. ]. Agric. Food Chem. 2017, 65, 7476-7482,
doi:10.1021/acs.jafc.7b02230.

Mozzon, M.; Pacetti, D.; Frega, N.G.; Lucci, P. Crude Palm Oil from Interspecific Hybrid Elaeis oleifera x E.
guineensis: Alcoholic Constituents of Unsaponifiable Matter. J. Am. Oil Chem. Soc. 2015, 92, 717-724,
doi:10.1007/s11746-015-2628-1.

Choo, Y.-M,; Yap, S.-C.; Ooi, C.-K.; Ma, A.-N.; Goh, S.-H.; Ong, A.S.-H. Recovered oil from palm-pressed
fiber: A good source of natural carotenoids, vitamin E, and sterols. J. Am. Oil Chem. Soc. 1996, 73, 599-602,
doi:10.1007/bf02518114.

Lubrano, C.; Robin, J.R.; Khaiat, A. Fatty acid, sterol and tocopherol composition of oil from the fruit
mesocarp of six palm species in French Guiana. Oleagineux 1994, 49, 59-65.

Cadena, T.; Prada, F.; Perea, A.; Romero, H.M. Lipase activity, mesocarp oil content, and iodine value in
oil palm fruits of Elaeis guineensis, Elaeis oleifera, and the interspecific hybrid OxG (E. oleifera x E. guineensis).
J. Sci. Food Agric. 2012, 93, 674-680, d0i:10.1002/jsfa.5940.

Joint FAO/WHO Food Standards Programme. In Proceedings of the 25th Session of the Codex Committee
on Fats and Oils, Kuala Lumpur, Malaysia, 27 February-3 March 2017.

Ruedas, R.J.F.; Dibildox-Alvarado, E.; Martinez, ].D.P.; Hernandez, N.ILM. Enzymatically interesterified
hybrid palm stearin as an alternative to conventional palm stearin. CYTA ]. Food 2019, 18, 1-10,
doi:10.1080/19476337.2019.1699168.

Mayamol, P.N.; Balachandran, C.; Samuel, T.; Sundaresan, A.; Arumughan, C. Process Technology for the
Production of Micronutrient Rich Red Palm Olein. J. Am. QOil Chem. Soc. 2007, 84, 587-596,
doi:10.1007/s11746-007-1078-9.



Foods 2020, 9, 631 17 of 17

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Vidoca, L.; Almeida, E.; Cardoso, M.; Otavio, L.; Valadares, L.; Monteiro, S. Extraction of carotene from
crude hybrid palm oil using polymeric resin. J. Food Eng. 2020, 278. doi:10.1016/j.jfoodeng.2020.109944.
Almeida, E.S.; Carvalho, A.C.B.; Soares, 1.O.D.S.; Valadares, L.F.; Mendonga, A.R.V. Monteiro, S.; Junior,
L].S. Elucidating how two different types of bleaching earths widely used in vegetable oils industry remove
carotenes from palm oil: Equilibrium, kinetics and thermodynamic parameters. Food Res. Int. 2019, 121,
785-797, d0i:10.1016/j.foodres.2018.12.061.

Ribeiro, J.A.; Almeida, E.S.; Neto, B.A.D.; Abdelnur, P.V.; Monteiro, S. Identification of carotenoid isomers
in crude and bleached palm oils by mass spectrometry. LWT Food Sci. Technol 2018, 89, 631-637,
doi:10.1016/j.lwt.2017.11.039.

Pedersen, J.; Kirkhus, B. Health Aspects of Saturated Fatty Acids. In Reducing saturated fats in foods; Talbott,
G., Ed.; Elsevier BV: Amsterdam, The Netherland, 2011; pp. 77-97.

Puah, C.W.; May, C.Y.; Ma, ANN,; Chuah, C.H. The Effect of Physical Refining on Palm Vitamin E
(Tocopherol, Tocotrienol and Tocomonoenol). Am. ] Appl. Sci. 2007, 4, 374-377,
doi:10.3844/ajassp.2007.374.377.

EFSA Panel on Contaminants in the Food Chain. Risks for human health related to the presence of 3- and
2-monochloropropanediol (MCPD), and their fatty acid esters, and glycidyl fatty acid esters in food. EFSA
J. 2016, 14, 4426, doi:10.2903/j.efsa.2016.4426.

EFSA Panel on Contaminants in the Food Chain. Update of the risk assessment on 3-monochloropropane
diol and its fatty acid esters. EFSA ]. 2018, 16, 5083, d0i:10.2903/j.efsa.2018.5083.

Caramia, G.; Gori, A.; Valli, E.; Cerretani, L. Virgin olive oil in preventive medicine: From legend to
epigenetics. Eur. ]. Lipid Sci. Technol. 2012, 114, 375-388, d0i:10.1002/ej1t.201100164.

Tomé-Carneiro, J.; Crespo, M.C.; Hazas, M.C.L.D.L.; Visioli, F.; Davalos, A. Olive oil consumption and its
repercussions on lipid metabolism. Nutr. Rev. 2020, 014, doi:10.1093/nutrit/nuaa014.

Rodriguez, J.C.; Gémez, D.; Pacetti, D.; Nuafiez, O.; Gagliardi, R.; Frega, N.G.; Ojeda, M.; Loizzo, M.R;
Tundis, R.; Lucci, P. Effects of the Fruit Ripening Stage on Antioxidant Capacity, Total Phenolics, and
Polyphenolic Composition of Crude Palm Oil from Interspecific Hybrid Elaeis oleifera x Elaeis guineensis.
J. Agric. Food Chem. 2016, 64, 852-859, doi:10.1021/acs.jafc.5b04990.

Lucci, P.; Borrero, M.; Ruiz, A.J.; Pacetti, D.; Frega, N.G,; Diez, O.; Ojeda, M.; Gagliardi, R.; Parra, L.; Angel,
M. Palm oil and cardiovascular disease: A randomized trial of the effects of hybrid palm oil
supplementation on human plasma lipid patterns. Food Funct. 2016, 7, 347-354, doi:10.1039/c5f001083g.
Ojeda, M.; Borrero, M.; Sequeda-Castafieda, L.G.; Diez, O.; Castro, V.; Garcia, A.; Ruiz, Al].; Pacetti, D.;
Frega, N.; Gagliardi, R.; et al. Hybrid palm oil (Elaeis oleifera x Elaeis guineensis) supplementation
improves plasma antioxidant capacity in humans. Eur. |. Lipid Sci. Technol. 2016, 119, 1600070,
doi:10.1002/ej1t.201600070.

Spreafico, F.; Sales, R.C.; Gil-Zamorano, J.; Medeiros, P.; Latasa, M.-].; Lima, M.R.; De Souza, S.A.L.; Martin-
Hernandez, R.; Gémez-Coronado, D.; Iglesias-Gutiérrez, E.; et al. Dietary supplementation with hybrid
palm oil alters liver function in the common Marmoset. Sci. Rep. 2018, 8, 2765, do0i:10.1038/s41598-018-
21151-0.

Sales, R.C.; Medeiros, P.; Spreafico, F.; De Velasco, P.C.; Gongalves, F. K.A.; Martin-Hernandez, R.; Mantilla-
Escalante, D.C.; Gil-Zamorano, J.; Peres, W.A.F.; Souza, S.A.L.; et al. Olive Oil, Palm Oil, and Hybrid Palm
Oil Distinctly Modulate Liver Transcriptome and Induce NAFLD in Mice Fed a High-Fat Diet. Int. ]. Mol.
Sci. 2018, 20, 8, d0i:10.3390/ijms20010008.

Gesteiro, E.; Galera-Gordo, J.; Gonzalez-Gross, M. Palm oil and cardiovascular health: Considerations to
evaluate the literature critically. Nutr. Hosp. 2018, 35, 1229-1242, doi:10.20960/nh.1970.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



