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ABSTRACT

Vegetable lecithins, widely used in the food industry as emulsifiers, are a mixture of
naturally occurring lipids containing more than 50% of phospholipids (PL). PL exert
numerous important physiological effects. Their amphiphilic nature notably enables them to
stabilize endogenous lipid droplets, conferring them an important role in lipoprotein transport,
functionality and metabolism. In addition, beneficial effects of dietary lecithin on metabolic
disorders have been reported since the 1990s. This review attempts to summarize the effects
of various vegetable lecithins on lipid and lipoprotein metabolism, as well as their potential

application in the treatment of dyslipidemia associated with metabolic disorders.

Despite controversia data concerning the impact of vegetable lecithins on lipid digestion
and intestinal absorption, the beneficial effect of lecithin supplementation on plasma and
hepatic lipoprotein and cholesterol levels is unequivocal. This is especidly true in
hyperlipidemic patients. Furthermore, the immense compositional diversity of vegetable
lecithins endows them with a vast range of biochemical and biological properties, which
remain to be explored in detail. Data on the effects of vegetable lecithins aternative to
soybean, both as supplements and as ingredients, is undoubtedly lacking. Given the
exponential demand for vegetable products aternative to those of animal origin, it is of
primordial importance that future research is undertaken in order to elucidate the mechanisms
by which individual fatty acids and PL from various vegetable lecithins modulate lipid
metabolism. The extent to which they may influence parameters associated with metabolic
disorders, such as intestina integrity, low-grade inflammation and gut microbiota must also
be assessed.

Keywords: Lecithin, vegetal phospholipid, food additive, lipoprotein, metabolic diseases



10

11

12
13
14

15
16
17

18
19
20
21
22
23
24
25

26

27

28
29

Robert et al. 2019, page 1

Vegetable lecithins: areview of their compositional
diversity, impact on lipid metabolism and
potential in cardiometabolic disease prevention

Chloé Robert® Leslie Couédefty Carole Vaysseand Marie-Caroline Michalskf

®Univ Lyon, CarMeN Laboratory, Inserm, INRA, INSA &y, Université Claude Bernard
Lyon 1, Lyon-Sud Medical School, Pierre-Bénite, 68310, France.

PITERG, Equipe Nutrition, Santé et Biochimie desitas, Canéjan, FR-33610 Canéjan.

* Corresponding author: Marie-Caroline Michalskirk@aN laboratory, CENS-ELI Building
2D, Hépital Lyon Sud secteur 2, 165 Chemin du Gridedoyet, 69310 Pierre Bénite, France,
Tel: (+33) 4 26 23 61 71.

E-mail adresses: chloe.robert@univ-lyonirrarie-caroline.michalski@inra.fr

Conflict-of-interest/financial disclosure statement: C.V. and L.C. are employees of ITERG.

C.R. is a PhD student hired by ITERG (CIFRE dodtgrant). M.-C.M. received research

fundings for other topics from Sodiaal-Candia R&be Centre National Interprofessionnel
de I'Economie Laitiere (CNIEL, French Dairy Intedmch Organization) and Nutricia

Research and has consultancy activities for fooda&y companies. These activities had no
link with the present review. M.-C. M. is an extarrexpert member of the Scientific

Committee of ITERG. All authors are members of UMTTIA BALI (BioAvailability of

Lipids and Intestine).

Author contribution: C.R. performed the literature review and wrote dhniginal draft. M-
C.M., C.V. and L.C. revised the manuscript for intpat intellectual content. All authors
have read and approved the final manuscript.



30

31
32
33

34
35

36
37
38
39

40
41
42

Robert et al. 2019, page 2

Highlights

Vegetable lecithins possess an immense compodititiversity arising from genetic,
agronomical and processing factors, which granemthwith a wide range of
biochemical and physiological properties

There is an evident lack of data concerning theaichpf vegetable lecithins other than

soybean on lipid metabolism and metabolic health

Despite controversial data on lipid absorption dmatly, there is substantial
evidence that vegetable lecithins are capable adulating lipoprotein metabolism,
decreasing hepatic lipogenesis and blood choldstevels, as well as delivering

specific fatty acids to target tissues

Their pleiotropic physiological effects imply thaegetable lecithins may act as
potential preventive or therapeutic agents for icanetabolic diseases
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ABSTRACT

Vegetable lecithins, widely used in the food indysts emulsifiers, are a mixture of
naturally occurring lipids containing more than 5086 phospholipids (PL). PL exert
numerous important physiological effects. Their aippilic nature notably enables them to
stabilize endogenous lipid droplets, conferringrihen important role in lipoprotein transport,
functionality and metabolism. In addition, benediceffects of dietary lecithin on metabolic
disorders have been reported since the 1990s.r&hnisw attempts to summarize the effects
of various vegetable lecithins on lipid and lipajgiao metabolism, as well as their potential

application in the treatment of dyslipidemia asatezl with metabolic disorders.

Despite controversial data concerning the impactegfetable lecithins on lipid digestion
and intestinal absorption, the beneficial effectladithin supplementation on plasma and
hepatic lipoprotein and cholesterol levels is umeogal. This is especially true in
hyperlipidemic patients. Furthermore, the immensenmositional diversity of vegetable
lecithins endows them with a vast range of bioclvamand biological properties, which
remain to be explored in detail. Data on the effeat vegetable lecithins alternative to
soybean, both as supplements and as ingredientsindsubtedly lacking. Given the
exponential demand for vegetable products alteraaid those of animal origin, it is of
primordial importance that future research is utaken in order to elucidate the mechanisms
by which individual fatty acids and PL from variowggetable lecithins modulate lipid
metabolism. The extent to which they may influepegameters associated with metabolic
disorders, such as intestinal integrity, low-gratammation and gut microbiota must also
be assessed.

Keywords: Lecithin, vegetal phospholipid, food additive, lipoprotein, metabolic diseases
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1. Introduction

Food additives represent an increasingly growingketawithin the food industry,
estimated to reach USD 25 billion by 2024 in Europdy [1]. In response to this and due to a
rise in consumer awareness regarding health carsuss, food additives are under intense
scrutiny and are constantly being assessed anskrkfor health concerns. Concomitantly, the
demand for natural products has increased dramigticacithin, commonly used in the food
industry under the number E322 for their emulsilyand stabilizing properties, are a mixture
of naturally occurring lipids containing more th808% of phospholipids (cf. section 2 for
official definition). Phospholipids, as major ctiigents of cell membranes in ubiquitous
tissues, components of bile, and active messemgestred in cell signal transduction, exert
numerous important physiological effects. They émdée micellar solubilisation of lipids in
the lumen and hence facilitate lipid hydrolysis aiwborption within the enterocyte. Their
amphiphilic nature makes them important componeritshe coat of lipid droplets and
lipoproteins, attributing them an important roldipid transport and metabolism. In this way,
they have been shown to modulate lipoprotein méitahp decrease cholesterol levels and
exert beneficial effects on hepatic function. Thpkaotropic beneficial health effects have
generated much interest and many studies havetigatei the potential role of lecithins in
the prevention and/or treatment of metabolic disgasA growing interest in marine PL has
appeared in the last few years, which has yieldedhising results regarding the effects of
lecithin of marine origin on metabolic health (&viewed by Lordan et al. [2]). But data is
still lacking when it comes to vegetable lecithiie have found no systematic review that
effectively resumes and concludes on the effectegétable lecithin on lipid metabolism and
their potential role in metabolic disorder preventiWith an expanding need to restrain from
animal and marine sourced ingredients, vegetaldyats are expected to explode on the
food market and it is crucial that their nutritibnaioactive properties are known. This mini-
review will hence attempt to gather the existirigrature and succinctly conclude on the role

of lecithin of vegetable origin on fatty acid bi@ahability and metabolism.
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2. Dietary vegetable lecithins: major sourcesand composition

The term lecithin must first be clearly defined. tWeastudies, especially within the field of
medicine, have used the terms “lecithin” and “plnagjalylcholine” (PC) interchangeably [3].
In this review, the term lecithin refers to the tape of lipids composed predominantly of
phospholipids (>50%) derived from animal or vegktadyigin. This is in agreement with the
definition reported in theCodex Alimentarius presented by FAO/WHO and by EFSA [4].
Conversely, PC refers to a glycerophospholipid cosep of a phosphatidic acid linked to a
choline polar head group by a phosphoester bond.

2.1. Dietary lecithin composition and structure

Lipids represent an extremely vast range of moesculvith diverse structures and
functions. While the majority of dietary lipids apresent as triacylglycerols (TAG), PL
account for 3-6% of total lipid intake [5]. Inded®l. are ubiquitous components of biological
membranes, and as such, are present in foods afahnmarine and vegetable origin.
Commercial lecithin may thus be obtained from aemidnge of sources, the most common
being eggs, milk, fish or oil-bearing seeds (notadybean).

PL are made up of a hydrophobic tail consistingwad fatty acid chains esterified at the
sn-1 andsn-2 positions of a glycerol moiety, to which a phlea{e group with a hydrophilic
residue is attached at tbe-3 position. Thesn-2 position of PL usually carries an unsaturated
fatty acid, such as oleic acid, linoleic acid gpred-linolenic acid, whereas a saturated fatty
acid typically occupies tha-1 position [2]. This is only true however when centrations of
unsaturated fatty acids are high. When these ctratEms are low, unsaturated fatty acids
are equally distributed between tham-1 and sn-2 positions [6]. This non-random
regiodistribution of fatty acids in PL is seemingiynilar amongst vegetal and animal species,
and may result from the intrinsic properties of émzymes involved in the synthesis pathway
for PL in eukaryotes, the so-called “Kennedy patyiwéndeed, the acyltransferase involved
in the esterification of the glycerol backbone la¢ $n-1 position tends to favour saturated
fatty acids, whereas that involved in the succegdasterification at thesn-2 position
preferentially binds unsaturated fatty acids [MeTatty acid moiety at then-2 position of
vegetal PL may further be modified by the Land’sley[8]. Enzymes involved in this cycle
(notably lysophospholipid acetyltransferases andspholipases A also tend to favour
PUFA as substrates [7]. This then results in thpctt PL structure containing a saturated

fatty acid at thesn-1 position and an unsaturated fatty acid aistih2 position.
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The most common bioactive PL in biological vegetabtlls are phosphatidylcholine,
phosphatidylethanolamine (PE), phosphatidylinogi) and phosphatidylserine (PS). While
animal cells also contain sphingomyelin (SM), a &intaining a choline head and a
sphingosine moiety instead of the glycerol backbdne absent in vegetable cells. Vegetable
lecithin are therefore devoid of SM. Vegetable tldoi may also contain lyso-phospholipids,
which consist of PL whose fatty acid chain has bbgdrolysed at thesn-1 or thesn-2
position. Other lipids, such as triacylglycerolsjoplipids and sterols, as well as liposoluble

vitamins may be found in negligible quantities ggetable lecithin.

/WW\/\\/\)\ :
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Phosphatidylcholine PC (16:0/18:2) '
/\f\/\./\/\/\/\\)l\ ;
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Phosphatidylinositol Pl (16:0/18:2)
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o

Lysophosphatidylcholine LPC (16:0)

Figure 1. Structures of the major phospholipids found in &b lecithin. Lipid structures
were drawn using LIPID MAPS tools.

2.2. Phospholipids: biological function

PL are essential components of all cellular andcgilnlar membranes, in association with
cholesterol, glycolipids and peripheral and intégrateins. The biological importance of PL
derives from their amphiphilic properties. They amdeed capable of forming selectively

permeable lipid bi-layers, which act as barrierswieen cells or organelles and their
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surroundings. In doing so, they provide a uniquelolically rich environment, suitable for
proteins and other bioactive compounds. Along wliblesterol, they are responsible for the
formation of lipid rafts, which are involved in taignalling and apoptosis. The inherent
amphiphilic nature of PL additionally allows themadct as important constituents of the coat
of lipid droplets and lipoproteins, attributing thean important role in lipid transport and
metabolism. This intrinsic property endows PL wgtbtent emulsifying capacities: they are
capable of stabilising lipid droplets endogenoublyt also within a food matrix, where they
contribute to the texture and palatability of foodscithin are consequently extremely
widespread food emulsifiers: their market is prtgddo reach USD 350 million by 2024 [1].

In addition, PL, along with bile salts and choleskeenable the micellar solubilisation of
lipids in the lumen and hence facilitate lipid hgiyisis and absorption of lipolysis products
within the enterocyte. Certain PL also act as lipiediators of inflammation or as secondary
messengers in cell signaling. In this way, PL pssggeiotropic properties, which are, not
least of all, dictated by their fatty acid compmsit Indeed, the fatty acid composition of PL
defines and determines its structural and functipnaperties [9]. The higher the degree of
unsaturation, the less rigid its molecular struetwill be and hence the more fluid the
membrane. In this way, the ratio of saturated teaturated fatty acid in phospholipids has a
direct impact on the functionality of the cellul@embrane, lipid droplet or lipoprotein coat
which they form. Consequently, cellular functioas,well as the activity of membrane bound
enzymes, carriers and receptors may be modulatedidtary PL. In addition to their
structural roles, as integral components of celintm@nes, PL are also involved in cell
signalling, as precursors of lipid mediators arel therefore essential for communication and
interaction between the body cells.

In this way, PL participate in a variety of metabplneurological, and intracellular
signalling processes [10] such as cell developmastrosis and apoptosis, transport, DNA

replication, neuronal signalling, or secretion [11]

2.4. The compositional diversity of vegetable lecithins

The lipid composition of PL membranes varies ambrnigsues and organisms, and as
such, the lipid composition of lecithin reflectsathof its origin. Generally, the fatty acid
composition of vegetable lecithin typically refled¢hat of the corresponding oil-bearing seed
[12]. As a result, rapeseed lecithin, like rapesaiédyenerally possess high concentrations of
mono-unsaturated fatty acids (MUFA), notably oleotd, whereas soy lecithin contain a high

proportion of n-6 polyunsaturated fatty acids (PQYFAost of which is represented by
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linoleic acid. Table 1 presents the typical phospholipid and fatty acdhposition of soy,
sunflower and rapeseed lecithin. An early study desonstrated that these fatty acids are
equally distributed amongst the different classe®lo (such as PC, PE, PI) within lecithin

[6].

Table 1. Summarised data on phospholipid composition [4]fatig acid composition [13] of
three liquid vegetable lecithins (soy, sunflowed aapeseed).

Soy lecithin Sunflower lecithin Rapeseed lecithin
Phospholipid composition (%) [4]
PC 12.69 - 16.7 14.34 -17.23 16.74 - 18.18
Pl 6.47 -11.84 12.30 - 14.92 10.45-12.30
PE 6.45 - 13.57 4.85 -6.82 6.46 — 8.03
PA 2.28 -5.96 1.32-3.21 2.44 — 3.59

Fatty acid composition (%) [13]

16:0 16 11 7
18:0 4 4 1
18:1 17 18 56
18:2 55 63 25
18:3 7 0 6
Others 1 4 5

The phospholipid and fatty acid profiles of leditlalso hugely depend on the agronomical,
genetic and environmental parameters of the seegscithey originate from [12].
Agronomical conditions, such as storage and extmactonditions, have been shown to
modulate the lipid composition of vegetable lecitfil3]. Vegetable lecithin are by-products
of the refining of oil. They may be obtained viaetise extraction methods, such as physical
or enzymatic degumming. Canola lecithin obtainednfienzymatic degumming demonstrated
higher emulsion stability than that derived fromtevadegumming and this was attributed to
the phospholipid composition of the lecithin [14he crop- or process-induced variability
within one vegetable lecithin source may henceighkdn than that between lecithin sources
[13]. However, Nguyen et al. demonstrated via tee af biplots and principal component
analysis that, despite their heterogeneity, vedetaisithins could be distinguished according
to their origin [12]. They found rapeseed lecitiinbe the most different amongst soybean,
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sunflower and rapeseed lecithin. In comparison dg and sunflower lecithin, rapeseed
lecithin tended to possess the highest relativecemtnation of PC. Sunflower lecithin
displayed the highest and lowest concentrationl @il PE respectively [6,12,15].

This composition data plays an important role hespghospholipid composition of lecithin
determines its emulsifying capacity. PC, which ferm lamellar layer at the lipid/water
interface, and lysoPC, which engenders a hexagaomase, promote oil-in-water emulsion
stability, whereas PE (reverse hexagonal phasdjtdses water-in-oil emulsions [16]. The
amount of neutral lipids, such as TAG, present anithins also modulates emulsifying
properties. Lecithins that have undergone a depiliactionation process and hence contain
reduced neutral lipid concentrations, possess aaldanil-in-water dispersion functionality
[17].

Furthermore, different lecithin from various sowwdsoy, rapeseed) or with differing PL
compositions have been reported to exert varyinigpx@dant properties [18]. PL may indeed
act as antioxidative agents: they are able of tinglgro-oxidative metals, forming anti-
oxidative Maillard reaction products, changing tloeation of primary antioxidants or
regenerating primary antioxidants. These mechaniamesclearly summarised by Cui et
Decker [19] and may be, in part, attributed to tiegatively charged phosphate head group,
which can bind pro-oxidative metals, thereby intailg lipid oxidation. The basic amino
functions and intramolecular hydroxyl groups of sige-chain moieties of PL have also been
reported to be implicated in such mechanisms [B@\wever, the antioxidative activities of
PL depend massively on the conditions and food iogatrin which they are contained. In
addition, processing conditions may further alteg &intioxidant capacity of lecithin. It has
been shownn vitro that rapeseed lecithin obtained via both chenacalater-degumming
displayed higher antioxidant capacities than sajtien when associated with fish oil [21].
The presence of phenols, such as sinapic acid andla, in rapeseed lecithin appears to
increase its antioxidant and ion-chelating capagitimost probably due to the synergism
between phenols and phospholipids [22]. This sysgcgeffect has also been observed
between quercetin and lecithin [23]. The role ofliwdual fatty acids inherent to each
vegetable lecithin must not be undermined with régao the antioxidant activity of lecithin.
N-3 PUFA such as eicosapentaenoic acid (EPA) amdbsdtmexaenoic acid (DHA) possess
higher antioxidant properties, for example, thatursded fatty acids. Extraction processing
may also affect the oxidative stability of lecithinThe deoiling process of lecithin reduces
significantly the content of phenolic compoundsrapeseed lecithin and consequently its

antioxidant effect [18].
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2.4. Socio-economic and environmental preoccupations concerning soy lecithin

Soybean lecithin dominates over the vegetableHiecimarket, representing more than
90% of available lecithin products [24]. With anigi concerns about genetically modified
organisms (GMOs) and awareness concerning envinotanessues, there is an expanding
demand/need for the development of alternativecasuof vegetable lecithin. In Europe, the
market for sunflower and rapeseed lecithin, whioh lacally produced, is increasing [13].
However, the majority of studies using vegetablgtien have used soy lecithin and data
concerning rapeseed or sunflower lecithin are kagkiThe presence of concomitant
compounds such as pollutants and phytoestrogesayitecithin must also be evaluated and
subsequent impact on metabolic and intestinal heailtst be studied [25,26].

3. Vegetable lecithins influence lipid digestion and intestinal absor ption
Vegetable lecithin provide food-derived PL with sifie fatty acid profiles that, once
incorporated in host membranes, have the potaotimodulate membrane-dependant cellular
functions. Whereas there is an expanding knowledgarding the mechanisms by which PL
are digested and absorbed, their incorporationnrembranes vivo and their ability to exert

subsequent beneficial health effects remain tdummdated.

3.1 Digestion and intestinal absorption of dietary phospholipids

Phospholipids, unlike TAG, are not hydrolysed bgtga lipases. Their digestion begins in
the intestinal lumen, where they are readily hygbetl by phospholipases; APLA;S) or
phospholipases A(PLAS), which catalyze the hydrolysis of the ester bohthe acyl group
at thesn-1 or thesn-2 position of the PL respectively, to produce dyso-phospholipid
(LysoPL) and a free fatty acid [27]. It has beemdastrated that other pancreatic enzymes,
such as pancreatic lipase related protein 2 (PRER#8)cholesterol ester hydrolase (CEL) also
possess phospholipase activity of the Pltype [28]. Inhibition of PLA reduces fatty acid
absorption in rats, suggesting the importance isf tlydrolysis step in maintaining normal
lipid absorption [29]. Nearly the entirety of digtdPL are absorbed (>90%) into enterocytes,
where they are resynthesized, incorporated intcstimiace layer of chylomicrons (CM), and
to a lesser extent, of intestine-derived very l@mgity lipoproteins (VLDL) and liberated into
the lymph to finally reach the systemic circulatig®0]. In the bloodstream, CM are

catabolised by lipoprotein lipase (LPL) which hylge®s TAG contained within the core of
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CM and liberates free fatty acids, which are theailable for uptake by receiving tissues.
Once the TAG-rich lipoproteins such as CM are deggaby LPL, a part of the PL located on
the CM interface is hydrolysed by the endothel@dse (EL), whose activity is similar to that
of PLAL. The non- hydrolysed PL may be incorporated high-density lipoprotein (HDL)
fractions [31]. Interestingly, certain studies @dlrout in human intestinal Caco2-cells [32]
and rats [33] have demonstrated that a non-netgigimount of PL in the lumen is absorbed
passively and preferentially integrated into HDhdtions already present in the intestine
[30,34]. In this way, the fatty acid compositiondiétary lecithin affects the composition of
lipoproteins in the bloodstream, in turn influergeitne lipid composition and functionality of
the various receiving tissues. The efficiency of iALdelivering specific fatty acids has
recently generated much interest, notably for tphetential in increasing the bioavailability of
fatty acids of nutritional importance. In the cuntrecontext of the epidemic explosion of
obesity and metabolic disorders, limiting the imtadf total lipids while increasing that of
essential fatty acids such as n-3 PUFAs has becmaef the major challenges of nutrition

scientists.

3. 2. PL vs TAG asvectors of fatty acids of nutritional importance

Growing evidence indicates beneficial biologicatiattes of PL compared to that of
dietary TAG [2,35]. Notably, there is a current kgion in the number of studies concerning
marine PL as preferential vectors of the long cimB1PUFA (LC n-3PUFA), EPA and DHA.
Burri et al concluded in his review on marine Phttihesearch so far tended to indicate a
higher bioavailability of n-3 PUFAs when they weneorporated into PL comparatively to
TAG [34]. A systematic review by Ulven also commhEPA and DHA bioavailability in PL-
rich krill oil vs. TAG-rich fish oil in 14 studief36]. They concluded that krill oil, rich in PL,
presented a potential beneficial role comparedsto dil, but that more studies were required
to certify this claim and to affirm positive effscon lipid metabolism. A study by [37]
focused on lysophospholipids and demonstrated ritereinces in EPA and DHA
bioavailability between TAG-bound or LysoPL-boun®A-and DHA in male Wistar rats.
Although the effect of marine PL on lipid absorptiare so far inconclusive, the efficiency
with which these PL deliver specific fatty acidsreteiving tissues is now recognised. For
instance, studies have shown PL to be preferecdiaiers of DHA in the brain [38—40] and
other tissues, such as liver, white adipose tissukmuscle [34] (cf. section 4.1 for further

information and mechanisms).
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Marine PL are not the subject of this review aratles curious to learn more may refer to
the various reviews and studies listed above. Nmhess, it could be extrapolated based on
the plethora of evidence concerning marine PL that bioavailability of FA present in
vegetable lecithin would be increased comparativtelyvegetable oil (TAG). But data
concerning the optimal vectorization of typical etaple fatty acids as either PL or TAG is
lacking and more research must be undertaken tly shese differences. This is all the more
necessary as vegetable lecithin, although devoldCoh-3 PUFA, contain other fatty acids of
nutritional importance. Rapeseed and, to a lesgs@mt soybean lecithin, contain alpha-
linolenic acid (ALA), an essential fatty acid andeqursor of the LC n-3 PUFA, EPA and
DHA. The intake of ALA is particularly importantsat may not be synthesised endogenously
in humans. Its presence in human cells relies ©nptake from the diet. Oleic acid, another
major fatty acid in vegetable lecithin, is one bé tstaple components of the Mediterranean
diet, which is proven to be one of the most beredfidiets in terms of cardio-metabolic
health. It is important to determine whether PL éathe potential to increase the
bioavailability of these fatty acids, comparativedyTAG.

Nonetheless, dietary lecithins have been showmpact lipid metabolism in other ways than
merely by delivering specific fatty acids. They baveen reported to exert beneficial anti-

dyslipidaemia effects by modulating postprandiidiabsorption and metabolism.

3. 3. Impact on gastro-intestinal (Gl) lipid digestion

Lipid metabolism is a complex process that invoheesiumber of succeeding steps.
Phospholipids play an important role in lipid metldm since its early stages: the micellar
solubilisation of lipids in the lumen. Lipids argdrophobic by definition and their transport
across the intestinal lumen towards enterocytassre&n the addition of biliary lipids. Bile
salts secreted into the small intestine form lipiicelles with dietary lipids capable of
withstanding the hydrophilic conditions of the stieal lumen. Bile salts are hence essential
for lipid micellisation and digestion, and theirsance has been shown to result in severe
intestinal fat malabsorption [41]. Bile is natuyalich in PL and more specifically in PC,
which represents more than 95% of biliary PL. datf the contribution of endogenous PC to
bile is much higher (10-15 g/day) than that of aigt exogenous PC (1-2 g/day) [42]. The
intrinsic amphiphilic structure of biliary phospimtls enables them to stabilise lipid micelles
in the lumen and their presence hence facilitateglhar lipid solubilisation, increasing the
surface of lipid droplets required for hydrolysig ¢hgestive enzymes and ultimately leading

to a higher bioavailability of fatty acids for uggaby the enterocyte. This increase in lipid
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droplet dispersion has been suggested as a lingtaqgin lipolysis [43]. In this way, it is now
widely acknowledged that the pre-emulsificationgass of an oil enhances the digestion of
the fatty acids it contains [44—47]. Accordingitovitro and human studies, fine emulsions
made up of small lipid droplets (~0,5um) are moféciently hydrolysed than those
comprised of larger particles (>1.5um) [48,49].idipydrolysis kinetics are not only affected
by the size of lipid droplets, but also largely deg on the nature of the surfactant molecule
used to stabilise the lipid emulsion. Couédelo letrgported that soy lecithin-stabilised
emulsions displayed higher lipolysis rates inimritro digestion model than those stabilised
by either sodium caseinate or Tween 80 [50]. Thimiaccordance with a previous study by
Vors et al. comparing sodium caseinate-stabilisetisay lecithin-stabilised emulsions [51]. A
study by Lecomte et al. however demonstrated are&se in lipid hydrolysis with milk PL
comparatively to soy PL [50]. This could be atttdmlito the presence of SM, a characteristic
dairy phospholipid absent in vegetable lecithine Timpact of emulsifier type on subsequent
lipolysis kinetics are mainly due to physicocherhjgarameters. Different emulsifiers interact
differently with bile salts, generating varying raollar assemblies at the interface of lipid
micelles, which affect the ability of bile salts iemove fatty acids from lipid droplets [52].
Moreover, the nature of the emulsifier determinkss ability to modulate the activity of
lipolytic enzymes [53]. Earlyn vitro studies have demonstrated that bile PL exert @aegy
effect on the binding of lipases onto the surfatdipd droplets [54]. LysoPC exerts an
inhibitory effect on pancreatic lipase-mediated royygsis, by reducing both substrate affinity
and lipase activity, effect which is counterbalahbewever by the presence of bile salts [55].
Gargouri et al. reported that vegetable lecithamturally rich in PC, is capable of increasing
the activity of gastric lipase and, as such, mayaece lipolysis efficiency [56]. PL contained
in vegetable lecithin differently modulate gastijiase activity: lipid droplets coated with PC,
Pl or PS induce a higher activity of gastric lipasempared to PE or SM [57]. Nonetheless,
the mere presence of soy phospholipids without emylsification process has also been
shown to increase lipolysis rates. Lin et al. desti@ted via amn vitro digestion model that
emulsification of algal oil with soy lecithin inaeed the initial lipolysis rate and DHA
accessibility compared to that of bulk oil and tonan-emulsified mixture of similar
composition containing soy lecithin [58]. Howevehe extent of lipolysis was similar
between the bulk oil, the emulsified and the non#sified mixtures.

In this way, research so far demonstrated theieffay by which soy lecithin impacts one
of the initial steps of lipid metabolism: their sbllisation and hydrolysis in the lumen. Future

research must be undertaken to study other soafaegetable lecithin on such parameters.
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3. 4. Impact on intestinal lipid absor ption

Lipids released from lipid micelles at the unstirdayers of the brush-border membrane
(pH gradient) are then absorbed by the intestinakawilli of enterocytes via passive or
active pathways. The hydrolysis products are the=mynthesized into TAG and PL within
enterocytes, and liberated into the lymph via CM,da a lesser extent, VLDL patrticles.

Early research investigating the biological acigtof lecithin on intestinal lipid absorption
was carried out in the 1970s up to the end of ®@04& and focused mainly on the role of
endogenous phosphatidylcholine. Studies undertakerbile-diverted rats showed that
endogenous PC is required for and enhances thstimk absorption of lipids and their
lymphatic transport [59,60]. Indeed, by providinigetsurface coats of CM, promoting
apolipoprotein B48 (ApoB48) synthesis and maintajniadequate enterocyte membrane
composition, biliary PL facilitate the transport dietary lipids from the lumen into lymph
[61]. Importantly, small lipid droplets present eeagter surface/core ratio than large lipid
droplets and consequently require larger amountsswface compounds such as PL.
Consistently, it has been demonstrated that imgabiliary PL secretion in genetically
modified rodents leads to delayed intestinal lipltborption and engenders the secretion of
significantly larger lipoproteins in lymph [61-63]Pn the contrary, rodents with excess biliary
PL secretion synthesize small CM particles [61]isTéffect on lipoprotein size has major
biological impacts. In effect, lipoprotein size acomposition play an important role in the
postprandial lipoprotein metabolism and TAG appeegain plasma [64]. At similar lipid
load, smaller CM possess a lower affinity for LRidaheir plasma clearance is considerably
slower than that of larger lipoproteins [65].

Whereas endogenous PC enhances lipid intestinal@hm, the impact of dietary PC is
much more controversial. Nakano et al. reported ¢dhal administration of soybean lecithin
and its hydrolysates promoted lymphatic TAG outputats [66]. On the contrary, Davidson
et al. reported that endogenous PC increased ApeRgfssion, but excess dietary PC did
not enhance its expression any further [67]. A wtuy Sadouki and Bouchoucha
demonstrated no difference in intestinal lipid apson nor in fecal fatty acid excretion when
30% of lipids (4.5% of total diet) were replacedlbgithin compared to the control group in
rats [68]. Likewise, Sugasini et al. observed ratistical difference in lymphatic TAG or PL
concentrations in rats fed linseed oil in its nomuésified form or when it was emulsified by
phospholipids or whey protein [69]. In this waye taddition of dietary PL at low PL/TAG
ratios (1/16 — 1/7) in several studies did not gateean increase in lipid lymphatic output



399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432

Robert et al. 2019, page 15

[70,71]. However, Nishimikuai et al. demonstrated two follow-up studies that
supplementation with a high dose of soybean PCTRG/with a 1/3 ratio) was capable of
enhancing TAG absorption and output in lymph, al aseplasma TAG concentrations in rats
[71]. The authors concluded that, based on thawipus findings, this increase of TAG
absorption by soybean PC must be due to an increeseM secretion. Consistently,
Couédelo et al. observed an increase in the mRNgesgion of proteins involved in
chylomicron secretion and exocytosis (Mttp, ApoRl &arlb) in the duodenum of rats fed
linseed oil emulsified with soy lecithin comparedcontrol rats (not gavaged), while rats fed
linseed oil devoid of lecithin showed no differenoegene expression vs control rats [50]. Of
note, although the expression of these genes Wwerkighest in the soy lecithin group, there
was no statistically significant difference betwékea oil and the oil+lecithin group. However,
ApoB48 concentrations in the lymph were doublediasence of soybean lecithin. Since
each CM can only contain one Apob48 molecule, Agobdncentrations are recognised as
accurate measures of CM quantity [50]. Hence, ity rha concluded that soy lecithin
increases the number of CM particles, leading tmarease in interfacial lipoprotein surface.

Altogether, studies concerning the effect of vegletdecithin have yielded contradicting
results and remain rather inconclusive. In addjtibere is a debate on whether the effect of
lecithin arises from PC or from its hydrolysed prots. Nakano et al. demonstrated that
LysoPC and not PC enhanced TAG lymphatic output [Biéis highlights the need for further
research on the impact of vegetable lecithin ared rtile of their individual PL on lipid
absorption. In addition, CM coats composed of PUieA-PL have been shown to be more
effectively cleared from plasma than those compadeshturated fatty acids [63]. Vegetable
lecithin, with their high content of PUFA, may tkeé&re exert beneficial effects on lipid
intestinal absorption, which may be of use in thevpntion of metabolic disorders.

To specifically study lipid intestinal absorptiondauptake into enterocytes, vitro models
using intestinal cells such as Caco-2 cells or lgrognnulated animal models are required.
The data thus obtained in lymph or in the culturedia is a reflection of the absorption of
dietary lipids, since these have not yet been stdgeto hepatic metabolism and been diluted
within the endogenous plasma pool.

However, unlike lymphatic lipids, the lipid profilef plasma is not merely defined by the
lipids absorbed at the intestinal level, but igfection of whole body homeostasis resulting
from the lipid metabolism of individual tissues.tBxemining the impact of vegetable lecithin
on plasma lipemia is therefore crucial in ordegtasp a complete understanding of the effect

of vegetable lecithin on lipid metabolism and hostasis.
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4. Vegetable lecithins impact lipid homeostasis
4. 1. Lecithinsin theregulation of blood lipid profile

The impact of vegetable lecithin on blood lipid filehas been demonstrated in several
manners.

Firstly, the pre-emulsification of an oil with vegele lecithin has been shown to increase
the systemic bioavailability of certain fatty acidsithout increasing total plasma lipid
concentrations. In this way, Sugasini et al. obsemo statistical difference in lymphatic TAG
or PL concentrations in rats fed non-emulsifiedPdremulsified linseed oil, but reported
higher plasma alpha-linolenic acid (ALA) concentas in the PL-emulsified group [69].
Similar observations using flaxseed oil emulsiotabiised by soy lecithin were related by
Couédelo et al. [50]. Studies exploring the effecvegetable lecithin supplementation on
fatty acid bioavailability without pre-emulsificatn have generally led to the same
conclusions. Geurden et al. demonstrated in cdrgsthe combination of dietary PC and
TAG enhanced postprandial plasma TAG concentratioampared to TAG alone [72]. In
rats, combined long-term supplementation of DHArioils and deoiled soy lecithin
promoted higher DHA and n-3 PUFA concentrationgnythrocytes and plasma than either
DHA or lecithin supplementation alone [73]. Thehars suggest that the observations result
from a synergistic effect of n-3 PUFA and crudetten. The mechanisms behind this specific
improvement of fatty acid bioavailability are noeMunderstood and require further research,
but synergistic effects between PUFA and PL seamugible [2]. This may be explained by
the impact that lecithins may on specific geneshsas FADS2 and PPARand fatty acid
binding proteins, notably CD36 and FATP4 [42]. tddion, this may stem from the fact that
fatty acids bound to PL are less prone to betaatiid, than when they are present as TAG,
hence the n-3 and n-6 PUFA largely present in saybsunflower and rapeseed lecithin are
more shielded from beta-oxidation than those caethin the respective vegetable oils.

Aside from their impact on systemic fatty acid biagability, vegetable lecithins have
been shown to influence the plasmatic concentratidrother major lipid classes. Notably, PL
exert hypocholesterolemic effects and supplemematvith soybean PL in patients with
primary hyperlipidemia has been reported to sigaiitly reduce blood cholesterol levels
[30]. In a study conducted in hypercholesteroleralibits, both purified soybean PC and non-
purified soybean lecithin (containing 23% PC) siigaintly decreased plasma total and

esterified cholesterol concentrations [74]. Wilseh al. also reported that soybean PC
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supplementation in hypercholesterolemic monkeys laauthsters enhances the cholesterol-
lowering effects of a lipid-lowering diet, while mé&aining plasmatic HDL levels [75]. In this
way, dietary PC not only reduces blood cholestéewkls, but it also increases HDL
cholesterol, subsequently reducing serum LDL/HDtioraa marker of metabolic syndrome
[76]. In diabetic patients, it was observed that 2Zamonth supplementation of
polyenylphosphatidylcholine (PPC) purified from begn lecithin generated elevated HDL
cholesterol and Apolipoprotein A-I levels in plasi¥¥]. The increase in HDL following
vegetable PL supplementation may be explained ley fétt that PL are preferentially
incorporated into HDL particles. Moreover, PL atédstrates for lecithin-cholesterol acyl-
transferase (LCAT), an enzyme which catalyzes #teriéication of cholesterol, enabling the
maturation of plasma HDL and consequently promotihglesterol uptake from peripheral
tissues by HDL particles [78]. Increase in Apo Aslso stimulates reverse cholesterol
transport [79]. It has also been speculated thaekrt their hypocholesterolemic effect by
reducing microsomal HMG-CoA reductase activity amgtreasing biliary cholesterol
excretion [80]. In addition to their impact on gne activity and lipoprotein metabolism,
vegetable PL promote fatty acid oxidation and imffaé uptake of cholesterol by enterocytes
[70]. PL are indeed capable of interacting with timembranes of enterocytes, thereby
reducing their cholesterol binding capacity [81¢n& authors have reported that the degree
of saturation and the length of fatty acids bouadPt control the quantity of cholesterol
absorbed in the intestine. The higher the degresatiration and the longer the chain length
of the FA, the less cholesterol is absorbed [7882,0ne possible explanation for this
finding is the fact that PL carrying saturated yfaticids are poor substrates for pRBLA
therefore hindering the enzyme from accessing theeltar lipids (formed mainly of
cholesterol, mono- and diglycerides, and coatedh w#turated PL) and in consequence
impairing the cholesterol uptake [70].

It must be noted however that these effects arenlynalescribed under dyslipidemic
conditions [30]. Whereas the cholesterol-loweririfiects of lecithin are widely validated
under dyslipidemic conditions and in hypercholedtamic patients, they remain more
controversial in normal lipidemic conditions [30]8#h a scientific opinion report, the EFSA
concluded that there was insufficient evidence staldish a cause and effect relationship
between the consumption of soy PC and the maintenah normal cholesterol levels in
humans [85].Nonetheless, this concerns PC specifically and dav& revealed a promising

role of PE and PI as a lipid-lowering agents [86-88



499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532

Robert et al. 2019, page 18

The same conclusion may be made concerning thetedfie lecithin on triglyceride
metabolism. Whereas certain studies affirm a hyglgteridemic effect of lecithin in
plasma, this causal relationship is far from uneggcal. The lack of convergence of existing
data may be explained by the diversity and spetyifaf the lipid metabolism of each tissue.
Of these, the liver and adipose tissue are ceotgans in the regulation and maintenance of
whole body lipidhomeostasis; hence alterations of their lipid profile by digtdactors may

have major impacts on lipid metabolism as a whole.

4. 2. Impact on lipid metabolism in liver and adipose tissue

The liver plays a central role in lipid metabolisnence investigating the impact of lecithin
on this organ is crucial. The partial replacemehdietary TAG by vegetable, and more
specifically soybean, lecithin has been associaiéd an amelioration of the lipid profiles in
the liver and most importantly, a reduction of hepdAG levels [89-91]. Buang et al.
reported that the replacement of 20% of TAG by H® wimilar fatty acid composition in a
rat model diminished hepatic TAG accumulation byo tihirds through a simultaneous
downregulation ofde novo fatty acid synthesis (PAP and FAS mRNA expressianil
upregulation of mitochondrial beta-oxidation in theer [92]. Similarly, Rouyer et al.
demonstrated in fasted re-fed rats that diets cunta 4% of soybean or safflower
phospholipids markedly decreased hepatic fatty agidhase and malic enzyme activity and
MRNA expression in comparison to diets containiogbgan oil [93]. Hence, the beneficial
physiological effects of vegetable lecithin seemesult, in part, from an inhibitory effect on
the activity and gene expression of enzymes inwbluefatty acid synthesis. In addition, soy
lecithin is associated with reduced hepatic and Vldholesterol levels, similar to those
previously described in plasma [81,89].
Furthermore, PL metabolism in the liver plays anpamant role in hepatocyte lipid
metabolism, as illustrated by the important roleLGIAT and phospholipid transfer protein
(PLTP) in hepatic lipid metabolism [94]. These emeg are indeed modulated in NAFLD,
leading to dyslipidaemia [95]. It may be extrapethtthat PL imported via the intake of
dietary lecithin modulate the activity of these ynes, subsequently modulating hepatic lipid
metabolism. This hypothesis deserve to be tested.
Moreover, the phospholipid composition of hepatesyand, more specifically, their PC/PE
ratio has been reported to be crucial in insulgnalling [96]. A stable PC/PE ratio in the
liver is required for proper glucose and energyabelism [97] and its alteration is associated

with liver disease [98]. PE is essential for healtidl mice lacking either of the two major PE-
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producing pathways are not viable [99]. A considerable proportion of PE is converted to PC in
the liver, via a reaction catalysed by PE methyltransferase (PEMT) [100]. The subsequent
PC/PE ratio may hence be a result of both the activity of this enzyme and the amount of these
phospholipids delivered from endogenous and exogenous pools. Vegetable lecithin,
predominantly composed of PC and PE, may hence contribute to balance this PL ratio, which
may partially explain its beneficial effect on hepatic lipid metabolism.

Several studies have also described the impact of marine or vegetable lecithin on
adipocytes. Awada et al. reported that DHA-rich marine PL in a high fat diet induce lower
adipose tissue mass with smaller adipocytes that, DHA-rich TAG in mice [101]. Soy PC
supplementation was also associated with smaller adipocytes in high fat fed mice [102].
Nonetheless, data concerning the impact of vegetable lecithin, and notably of lecithin sources
other than soy, on adipose tissue and its lipid profile remains scarce. Considering the crucial
role of adipocyte lipid profile and metabolism in metabolic disorders, it is of primordial
importance that further research be carried out on the impact of such commonly used
emulsifiers on adipose tissue.

Despite this lack of evidence, the data obtained so far concerning vegetable lecithin tends
towards a beneficial impact on lipid profile (cf figure 2), which represents a non-negligible

potential within the current upsurge of dyslipidaemia and associated metabolic disorders.

Hydrolysis by digestive enzymes

Micellisation of lipids

Intestinal absorption of lipolysis products
Intracellular trafficking and enterocyte metabolism
Lymphatic lipoprotein output

Systemic lipoprotein metabolismand plasma clearance

Target tissue lipid metabolism (liver, adipose tissue, muscle...)




553
554
555

556

557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

Robert et al. 2019, page 20

Figure 2. Plausible impacts of vegetable lecithins on ligmdl lipoprotein metabolism.

5. Vegetable lecithins: towards a preventiverole in dydipidaemia associated
with metabolic disorders
5.1. Potential of vegetable lecithin on obesity and associated metabolic disorders

The prevalence of obesity is rising at unprecedkrdates in developed countries, so that it
now represents one of the main public health issuése world [103]. Obesity is associated
with a number of cardio-metabolic chronic diseasesh as type Il diabetes mellitus, non-
alcoholic fatty acid liver disease (NAFLD) and dakascular diseases (CVD). All of these
disorders are characterised by hyperlipidaemiat, ih@ao say abnormally elevated plasma
triglyceride and cholesterol levels [104]. Basedtbe plethora of evidence concerning the
crucial role of endogenous biliary PL on lipid mmtdsm, as well as the aforementioned
lipid-lowering capacities of lecithin, it is not garising that several studies have recently
attempted to investigate the potential of lecitlon the prevention and amelioration of
obesity-related metabolic disorders [89,92,102].

The findings obtained so far, mostly in preclinicabdels, conveys rather encouraging
information concerning the ameliorative effectslaxfithin on obesity-related dyslipidaemia.
Amongst many reasons, this is in part due to tbeeaientioned physiological effects of PL
on lipid gastro-intestinal metabolism. Long-termylsean-derived PC supplementation in
mice fed a high-fat (HF) diet has been shown tevalte obesity-related complications and
normalize plasma lipid profiles, notably by redwgiplasma triglycerides, cholesterol and
leptin levels and diminishing the LDL/HDL ratio [2D PC supplementation also attenuates
HF-induced ApoE expression in the aorta in thesgerfil02]. In another study conducted in
rats, diets supplemented with soybean lecithingmesl decreased gastric emptying and food
intake, most probably due to the increase in tleeesien of gut hormone cholecystokinin
(CCK) [105]. These effects observed in preclinisaldies show the potential of soybean
lecithin in the prevention of obesity and metabalisorders, as food intake and satiety are
important contributing factors of obesity. The pbksimpact of lecithin in different foods or
supplements on satiety and food intake must beircoed in humans. An additional study
performed on obese Otsuka Long-Evans Tokushimg FQETF) rats, an animal model for
obesity- and metabolic syndrome- related compbeesti reported that omega 3-PC (i.e. EPA
and DHA) and not egg PC alleviated obesity-relatgslipidaemia, via reduction of hepatic
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fatty acid synthesis and increase in beta-oxidadioth serum adiponectin levels [106]. Unlike
egg PC, omega-3 PC acted by suppressing the ggnession of SREPB1 and PP8&Rwo
nuclear receptors involved in the regulation ofdimnd energy homeostasis [107]. This
clearly demonstrates that the origin of PL andfagy acid composition determine and
modulate their subsequent physiological effectehSuoreclinical observations highlight the
need for further research investigating the difieee between PL from different vegetable
sources. To our knowledge, only one review hasrmted to gather and compare the effects
of individual PL compounds on long-term cardiomelabhealth parameters [88]. The review
explores the effects of PC, PE and PI on dyslipidagin both animal models and humans,
and concludes on the high potential of the usehe$eé PL, especially Pl, as alternative or
adjunctive therapy for dyslipidaemia in the contefxinetabolic disorders.

More widely reported are the effects of lecithirpglementation on obesity-related liver
diseases, such as NAFLD and steatosis [92]. Indbitiprically, PL have been widely
prescribed in the treatment of alcohol-inducedrld@mage and viral hepatitis. The beneficial
impact of plant PL on such hepatic disorders arileed in depth in two recent reviews
[30,108]. The hepatic lipid-lowering properties wégetable lecithin endows them with
beneficial effects on liver metabolism with potahtapplication in the treatment of hepatic
diseases such as NAFLD [88].

Lecithins have also been reported to possess patdirinflammatory properties [30,109].
This is of particular interest, since metabolicoditers are highly associated with chronic low-
grade inflammation in plasma and adipose tissu8][14s reviewed in [30,109], beneficial
anti-inflammatory properties of vegetable lecitlsig a supplement have been reported in a
number of inflammatory diseases, including arthraind ulcerative colitis. However in a
dietary context, regarding HF-induced metabolic-gnade inflammation in mice, soy PL (1.2
wt% in a HF diet) have recently been associatedh Wwigher markers of adipose tissue
inflammation than milk PL [111]. Additionally, thaddition of soy PL to a HF diet rich in
flaxseed oil also induced higher markers of adigesseie inflammation in mice than the HF
diet enriched with flaxseed oil devoid of lecitijitl2]. As outlined in a recent EFSA report,
this supports the need for further research ingastig the mechanisms and the effects of
vegetable lecithin on metabolic inflammation [4Hamarrants research in humans.

In addition, a study by Karantonis et al. reporthedt the polar lipid compartment (which
constitutes vegetable lecithin) and not the nedipadls of seed oils generated biologically
active, antithrombotic and anti-atherogenic praperf113]. Vegetable lecithin may then play

a promising role in the prevention of atherosclerdsiterestingly, the study demonstrated the
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superiority of lecithin derived from olive oil coraped to that of other seed oils (sunflower,
corn or soybean) as a platelet aggregation faB¥#F) antagonist. This highlights once again
the need for more research concerning individuakpholipids and different lecithin sources.
More research must also to be undertaken, whicestakio consideration the other minor
components of dietary vegetable lecithin. Notaplyto-oestrogens may be present in non-
negligible amounts. Phytosterols, such as thosedau rapeseed lecithin, may equally play a
synergistic role [18]. The presence of lipid sokubltamins, such as vitamin E, may further

explain certain observed effects of lecithin ondimetabolism and homeostasis [22].

5. 2. Impact on gut microbiota

A plethora of recent research has demonstratedtpertance of gut microbiota on lipid
metabolism and homeostasis [114,115]. As such,amicta affects lipid absorption and, vice
versa, ingested lipids influence the number, dityeiend health status of the gut microbiota.
It has recently been demonstrated that intestinaicraiiota converts dietary
phosphatidylcholine to trimethylamine (TMA), whiaeh then further metabolised by flavin
monooxygenase 3 (FMO3) and other FMO proteins i@ liker into pro-atherogenic
trimethylamine N-oxide (TMAO) [116]. High TMAO coeatrations in plasma are associated
with increased cardio-metabolic disease and athlenesis risk [116,117] hence, it is
thought that excess dietary PC increases the lewdi&AO resulting in a pro-inflammatory
and pro-thrombotic state leading to insulin resiséa type Il diabetes, and cardiovascular
disease [116,118]. However, recent research irglctitat the conversion of choline to the
TMAO precursor, TMA, results from the presence pédfic gut bacteria, rather than from
excess dietary choline [2]. The authors of theselies specify that the need for further
research is required in order to clearly understhedelationship between dietary PL and the
microbiota-dependent production of TMAO.

The present knowledge regarding the importanceubingcrobiota on lipid metabolism and
metabolic health renders obligatory that furtheseeech on the effect of vegetable lecithin on
TMAO production and gut microbiota in general b@lexed. This is all the more important

as the market of vegetable lecithins is expandinqprecedented rates.

6. Conclusion and future prospects
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Vegetable lecithins provide food-derived PL thatikrly to endogenous PL, have the
potential to modulate numerous membrane-dependshtlar functions, as well as exert
lipid-regulating, anti-inflammatory and antioxidagftects [2]. Despite the lack of converging
evidence concerning their effects on lipid digestamd intestinal absorption, it is clear that
dietary vegetable lecithin exert an overall beneficeffect on lipid and lipoprotein
metabolism. In this way, they have been proposecha@vel therapeutic agents for the
treatment of hyperlipidaemia associated with mdtaband cardiovascular diseases [89].
Supporting this idea is the fact that PL are capalblforming unique lipid droplets, referred
to as liposomes, which have been investigated ag carriers for decades and which have

been associated with ameliorated blood and helyaiticprofiles [119].

Importantly, this review highlights the evident kaaf existing data concerning vegetable
lecithin from sources other than soybean, and #féacts on lipid metabolism and metabolic
health. The immense compositional diversity of vabk lecithins, arising from both
agronomical and genetic factors, grants them wilast range of biochemical and biological
properties, which remain to be explored. Faced thighcurrent epidemical outburst of obesity
and the staggering growth rates of the lecithinketarfuture research must be undertaken in
order to determine the health effects of vegetdddithins, both as supplements and as
ingredients in different foods. More specificallit, is of primordial importance that
researchers attempt to elucidate the various merhaloy which individual fatty acids and
PL from various vegetable lecithin modulate lipigétabolism and the extent to which they
may influence parameters associated with metalsiiorders, such as intestinal integrity,

low-grade inflammation and gut microbiota.
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Table 1. Summarised data on phospholipid composition [4] and fatty acid composition [13] of
three liquid vegetable lecithins (soy, sunflower and rapeseed).
Soy lecithin Sunflower lecithin Rapeseed lecithin

Phospholipid composition (%) [4]

PC 12.69 — 16.7 14.34-17.23 16.74 — 18.18
PI 6.47—-11.84 12.30 - 14.92 10.45 - 12.30
PE 6.45-13.57 4.85-6.82 6.46 —8.03
PA 2.28-5.96 1.32-3.21 2.44 -3.59

Fatty acid composition (%) [13]

16:0 16 11 7
18:0 4 4 1
18:1 17 18 56
18:2 55 63 25
18:3 7 0 6

Others 1 4 5
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Figure 1. Structures of the maor phospholipids found in soybean lecithin. Lipid structures
were drawn using LIPID MAPS tools.
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© Intestinal absorption of lipolysis products
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© Lymphatic lipoprotein output
© Systemiclipoprotein metabolism and plasma clearance

© Target tissue lipid metabolism (liver, adipose tissue, muscle...)

Gut microbiota? Circulating TMAO? Metabolic inflammation?

Figure 2. Plausible impacts of vegetable lecithins on lipid and lipoprotein metabolism.



