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Microalgae are a valuable and innovative emerging source of natural nutrients and bioactive compounds that can
be used as functional ingredients in order to increase the nutritional value of foods to improve human health and to
prevent disease. The marine microalga Isochrysis galbana has great potential for the food industry as a functional
ingredient, given its richness in w3 long chain-polyunsaturated fatty acids (LC-PUFAS), with high contents of oleic,
linoleic, alpha-linolenic acid (ALA), stearidonic, and docosahexaenoic (DHA) acids. This study focuses on the
formulation of a functional food by the incorporation of 2% (w/w) of I. galbana freeze-dried biomass and 2% (w/w)
of I. galbana ethyl acetate lipidic extract in solid natural yogurts preparation. In the functional yogurt enriched with
microalgal biomass, the w3 LC-PUFA’s content increased (to 60 mg/100 g w/w), specifically the DHA content (9.6
mg/100 g ww), and the w3/w6 ratio (augmented to 0.8). The in vitro digestion study showed a poor bioaccessibility
of essential w3 LC-PUFAs, wherein linoleic acid (18:2 w6) presented a bioaccessibility inferior to 10% and no DHA
or eicosapentaenoic acid (EPA) was detected in the bioaccessible fraction of the functional yogurts, thus indicating
a low accessibility of lipids during digestion. Notwithstanding, when compared to the original yogurt, an added
value novel functional yogurt with DHA and a higher w3 LC-PUFAs content was obtained. The functional yogurt
enriched with /. galbana can be considered important from a nutritional point of view and a suitable source of
essential FAs in the human diet. However, this needs further confirmation, entailing additional investigation into

bioavailability through in vivo assays.

Isochrysis galbana w3 long chain-polyunsaturated fatty acids functional ingredient yogurt

bioaccessibility

| 1. Introduction

Nowadays, consumers have become more conscious about food ingredients, which has led to a growing demand
for healthy natural products, and reinforced microalgae as an emerging and rich source of nutrients to be used in
food supplementation (. There has been an increasing interest in w3 long-chain (LC) polyunsaturated fatty acids
(PUFAs) for nutritional and pharmaceutical applications. The nutritional importance of w3 LC-PUFAs, mainly
eicosapentaenoic acid (EPA, 20:5 w3) and docosahexaenoic acid (DHA, 22:6 w3), for human health is well
established. Nevertheless, since humans cannot synthesize, in adequate levels, fatty acids with more than 18
carbons, they must be obtained from seafood, which is the major source of LC-PUFAs, particularly EPA and DHA
2 several studies have shown that EPA and DHA play an important role in the functional growth of brain cells, in
preventing/reducing cardiovascular and inflammatory diseases, and also in preventing the progression of some

types of cancer WEZEBIMEI DHA is the predominant synaptosomal plasma membrane LC-PUFA in the brain,
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important for the normal neurological development. DHA has also been associated with positive effects on

memory-related learning ability in Alzheimer’s disease I8!,

LC-PUFAs constitute a large share of marine algal lipids, with planktonic algae being the source of most w3 FAs in
fish . There has been an increasing interest in microalgal lipids mainly because of their ability to synthesize high
guantities of LC-PUFAs, as they are in fact the primary producers of w3 LC-PUFAs, since they contain the
necessary enzymes 8. Microalgal lipids are divided into neutral lipids (triacylglycerols, diacylglycerols, and sterol
esters), mainly located in lipid droplets in the cytoplasm or plastids, and polar lipids (phospho- and glycolipids),
which build the fabric of cellular membranes [&. The studied marine microalga Isochrysis galbana is a highly
valuable source of natural bioactive compounds with important biological activities, such as hypocholesterolemic
action . The biomass of I. galbana is promising as a functional ingredient due to its considerably lipid content
(20-30% dw) and richness of w3 LC-PUFAs (mainly EPA and DHA) 210, |n addition, this marine microalga can

provide highly valuable biological compounds, such as sterols, tocopherols, and fucoxanthin 221,

The change in dietary patterns in the human population, which has been particularly intense in the Western world,
has led to an increase in w6 FA consumption and a decrease in w3 FA consumption, thus leading to an imbalance
in the w3/w6 ratio level (desirably > 1). Very low w3/w6 ratios promote cardiovascular and inflammatory and
autoimmune diseases, whereas increased levels of w3 LC-PUFAs exert beneficial effects 2. Given this
background, efforts have been made to replace part of the vegetable or animal fat with marine lipids in foods such
as mayonnaise, milk, bread, salad dressing, spreads, and yogurts 3. Most food products have been prepared
with fish oil, but, more recently, functional foods with a high content of algal w3 LC-PUFAs have been tested, thus
eliciting an industrial effort to produce such nutraceuticals. Moreover, the market for microalgae-containing foods
has been expanding [14l. For instance, the microalgae Arthrospira platensis, Chlorella vulgaris, and I. galbana have

been previously added as functional ingredients to biscuits 1122l pread (18], and pasta L7,

Yogurt, one of the most consumed fermented dairy products in the world, is able to ensure the daily intake of
nutrients and to bring positive impacts on consumers’ health due to its active cultures that promote healthy
digestion and boost the immune system, providing health benefits [18l. Therefore, yogurt is an ideal vehicle to
incorporate w3 LC-PUFAs 2. Dairy products such as yogurts have shown a high potential as carriers of
microalgal biomass, ensuring a high share of microalgae w3 LC-PUFAs and their bioaccessibility, given yogurt's
chemical and rheological properties, easiness to incorporate emulsions, and oxidative stability 29, |n fact, various

yogurt products containing DHA have already been developed and marketed 12,

The aim of this work was to formulate a high-value functional food by the incorporation of freeze-dried biomass and
ethyl acetate lipidic extract of Isochrysis galbana in commercial plain yogurt in order to increase w3 LC-PUFAs
content (mainly DHA) and to enhance w3 LC-PUFAs bioaccessibility. Thus, based on the study’s results, the

formulation of the functional yogurt could be optimized for maximal bioavailability of w3 LC-PUFAs.

| 2. Yogurt Enriched with Isochrysis galbana
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The microalga incorporation level of 2% (w/w) in the solid yogurts was chosen based on the literature available
over microalgal biomass incorporation into food products RLUISIA7l in order to not compromise the sensory
acceptability of the final product in terms of color, fishy flavor and odor. The functional yogurts with 2% (w/w) of 1.
galbana of freeze-dried biomass and 2% (w/w) of I. galbana ethyl acetate extract incorporation presented an

innovative green tonality (Figure 1).

Figure 1. Yogurt products preparation: (A) Control Yogurt; (B) Yogurt with 2% (w/w) of I. galbana freeze-dried

biomass; (C) Yogurt with 2% (w/w) of I. galbana ethyl acetate extract.
The sensory attributes of the novel functional yogurt and the consumer’s acceptance need further evaluation.

2.1. Proximate Composition
The lipid bioaccessibility of the functional yogurts was high (exceeding 86%). In the control yogurt and both

AhrtRienyatsuce Mpesiiam Bt ladalhasa)raeze lgRy biomassssibigalbanaosihyblaretain ligidie exdpRelasonrd
BRetanddienRiional yeguttsviEPERRDN RS iREable dct TS MCISHING CRATEAY AR GHRENITA JakenahinmassiwAS 420y
(BHovicl 16 PrehishinasexRasiRg Simem taemaidiad MigamlanbieBreNas iTearessied Jing! domattexphd:
o6t eh MaAiRY WeHIPORRSRE RUATEH \das dRigS/erffiddthy) Pauttyeangl. 3451 0,800 Wrickespeatitlymihie agh
Raedanosmsalae s signtficantserishidnthef Hosrasen et Bircbi% dvdurtheinomadbaci giivbaceipthewisack lipif
BRIHEEE YuasiliRL th 21D YOG (o f)senvesteapiotateeRMPASHiQua) Bl stedisdimjcieaiopighieniaseh s Btk
{rafuRnRite iy pthesawhexe 1A 86924(@1306). No DHA or EPA content was found to be bioaccessible in the

functional yogurts, despite their initial presence.
Table 1. Proximate composition (%) of I. galbana freeze-dried biomass, I. galbana ethyl acetate extract, control

YORUBhYETEE WibaRUsdming Mds aalhanastinese tripgbRifnaroraOROMOTE WitkRetdd/winek lvambanaurifed
aepdREraglogurts an ideal food matrix for incorporating w3 LC-PUFAs, making them more

bioacce vailal ju h ] ) [31[271(28] eW 0 N Di essibility of w3 LC-
I. galbana I. galbana Yogurt with . Yogurt with 1.
Proximate Freeze-Dried Ethyl Acetate Control Yogurt galbana Freeze- galbana Ethyl
. Biomass Extract Dried Biomass Acetate Extract
Composition (% Dry I
(% Dry Weight) Weight) (% Wet Weight) (% Wet Weight) (% Wet Weight) Similation
ifficulty in
Moisture 76%0.1 - 87.9+0.12 86.7+0.0" 87.8+0.12
1e mouth,
Ash 14.6 £ 0.0 - 0.7+0.02 1.0+0.0° 0.7+0.02 Irs in the
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I. galbana I. galbana Yogurt with . Yogurt with . snis thys
Proximat Freeze-Dried Ethyl Acetate Control Yogurt galbana Freeze- galbana Ethyl [29]
roximate Biomass Extract Dried Biomass Acetate Extract S =
Composition (% D
(% Dry Weight) . ";V (% Wet Weight) (% Wet Weight) (% Wet Weight)
Weight) and other
Protein 38.7+0.0 - 32+0.12 40+01" 32%01%  for non-
Lipid 24.5+0.6 21.4+0.9 2.3+0.32 2.7%0.02 26+012 'teinsand

was verified by Zhang et al. B9, who reported that some of the FA in the microalga Chlorella were attached to the

Values are presented as average + standard deviation, Different lowercase letters within a row correspond to
cell wall an [ln?(ed to carbo%\yggates by an eﬂwer bonc?. Theree%ore, since mlcroalgaf pé’)Yar I?pl%s are ?ocate% in the

sigpificant differences (p < 0,05) between proximate compaosition of yogurt samples. . . .
ceqpmembrane and |n(f galbar?a, the main portion of DﬁA was %L}/nogto be pPesent in the polar fraction; this can

&RakipigiClasses ura was not bioaccessible.
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dried biomass [32] extraction
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. 129+11 20.2+2.0
aC aAC
Yogurt with 1. Initial 59.1+0.3 aD aAC 78+21
galbana freeze-dried
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biomass in yogurts was shown to be more effective in enhancing w3 LC-PUFAs content (mainly DHA) than the

ethyl acetate extract incorporation, which means that the green solvent lipid extraction from I. galbana was not as
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2:3. natty Acigk Ry efile the high potential of the microalga /. galbana as a functional ingredient, showing the
importance of considering bioaccessibility in the evaluation of the nutritional value of microalgae-based functional

?. 1. Fatty Acid Profile of I. galbana Freeze-Drie _Biomas§ and Eth IAceﬁF\te Extr cL :
oods, since’ microalgal bioactive ompounds were poorly bioaccessible and onl)ya small portion of the nutrients

Fife TEABOIRP SORORPHAY, [HREREREA IH SR 800y BRAAF har St e Li0 AR e Ze HHRANS K S RBLEIAT
Qegtﬁ@mﬁ?c(é%}agteymmﬁi?%w and EPA) bioaccessibility/bioavailability to humans, with microalgae cell-

disruption pretreatments (such as high-pressure homogenization or ultrasound-assisted extraction) being possible
Fabiléos s Fsltoyeanidrptofitogivigbibifytofaa fattyradidetonbirfond/H06enshyy\vasictptabiiiot suadynilobe tysitanme edze-
dried biomass and I. galbana ethyl acetate extract, of control yogurt, yogurt with 2% (w/w) of I. galbana freeze-

dried biomass and yogurt with 2% (w/w) of I. galbana ethyl acetate extract.
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