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A B S T R A C T

In man y Western countr ies, the aver age intake of the health beneficial omega-3 long chain 

polyunsatur ated fatty acids (n-3 LC-PUF A), eicosapenta enoic acid (EPA) and docosahexae- 

noic acid (DHA), is belo w the recommended lev el, raising interest in food enrichment with 

n-3 LC-PUF A. To that end, the impact of feed suppl ementation with EP A rich autotrophic 

microalgal bioma ss on n-3 LC-PUF A enrichment of eggs was studied. Hens wer e divided 

in three groups re ceiving dif ferent diets for 28 da ys: a standa rd diet (C) for la ying hens,

(C) suppl emented with 5.0% spra y dried Nann oc hloropsis gad itana , and (C) to which 10.0%

of these microalgae wer e added. Microalgal EP A was har dly accu mulated in yolk lipids,

but prefere nti ally con verted to DHA and deposited in yolk phospholipids. The efficiency

of deposition of mi croalgal n-3 LC-PUF A to eggs was rather lo w. Switching back to standar d

feed ensured that the n-3 LC-PUF A lev el obtai ned in enriched eggs decreased back to that of 

the control eggs. Moreo ver , the colour of egg yolk shifted from yello w to more orang e-red,

whic h is presuma bl y due to transfer of microalgal carotenoids to egg yolk. Thus, the use of 

autotrophic microalgae as supplement for standar d feed offers an alternativ e to current 

sources for the production of DHA enriched eggs.

� 2013 Else vier Ltd. All rights reserv ed.

1. Intro duction 

It is gener ally acce pted that ome ga-3 pol yunsatur ated fatty 

acids (n-3 PUF A) ha ve potential in the pre ve ntion and trea t- 

ment of se ve ral diseases aside fro m their important role in 

neur onal de vel opment (Gogus & Smith, 2010; Jor dan, 2010;

Yashodhar a et al., 2009). The health benefits are mainl y as- 

cribed to the long chain (LC) n-3 PUF A eicosapen taenoic acid 

(EPA, 20:5 n-3) and docosahe xaenoic acid (DHA, 22:6 n-3),

rather than to the shorter cha in n-3 PUF A a-linolenic acid 

(ALA, 18:3 n-3). The con ve rsion of ALA to EP A and further to 

DHA is ve ry limited and inefficient in the human bod y

(Kompr da, 2012 ), and especiall y in infants and elderl y people 

(La gar de , 2008; Nitsan, Mokad y, & Suken ik, 1999; Trautw ein,

2001). Various go ver nments and health or ganizations reco m- 

mend an ave ra ge dietar y intake of EP A plus DHA ran ging fro m

140 to 600 mg per da y (Kompr da, 2012; Molendi-C oste, Le gry ,

& Lecler cq, 2011). Unfortuna tely , in man y Western countri es,

the reco mmended dietar y intake of n-3 LC-PUF A is rare ly met 

by the majority of consum ers (Sioen et al., 2006; Welch,
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Shak ya-Sh rest ha, Lentjes, War eham, & Kha w, 2010). To that 

end, ther e is clearl y a need for dire ct intake of EP A/DHA in 

the human diet, raising inter est in food enric hment with 

these n-3 LC-PUF A. Hence , their inclusio n into foods and spe- 

cialty pro ducts has been in the for efront of resea rch and 

de ve lopment (Shahidi, 2009 ).

Eggs are an inte gral part of our diet either as food but also 

as food ingr edient in man y application s. Hence , eg gs form 

an inter esting food pro duct to enric h with n-3 LC-PUF A.

Mor eo ve r, it has been sho wn that the le ve l and type of PUF A

in eggs can be modified thro ugh dietar y supplemen tation 

with n-3 PUF A (Baucells, Cre spo , Barroe ta, Lopez-F err er , &

Gr ashorn, 2000; Cac haldor a, Garcı́a-Rebollar, Alvar ez, De 

Blas, & Me ´ndez, 2008). Differ ent source s of n-3 PUF A can 

be used to enric h eg gs. For the inter ested rea der we refer 

to the revie w of Fr ae ye et al. (2012). Briefly, when hens’ diet 

is supplemente d with a tr aditional ALA ric h plant sour ce,

suc h as flaxseed, eggs are mainl y enric hed with ALA, and 

to a lesser extent with n-3 LC-PUF A. The n-3 LC-PUF A le ve ls 

in such ‘ALA-enric hed’ eg gs are genera lly belo w 100 mg/e gg

(Aymond & Van Els wyk, 1995; Bean & Leeson, 2003; Frae ye 

et al., 2012). Ho wever , when hens are fed fish oil (rich in 

EP A/DHA), egg yo lk lipids are mainl y enric hed with DHA,

wher eas EP A is rare ly detecte d and seems to be con ve rted 

to DHA befor e it is de posited. In suc h ‘DHA-enric hed’ eg gs,

the le vel of yolk DHA is genera lly belo w 100 mg/e gg (Fr ae ye 

et al., 2012; Gonzalez-E squerr a & Leeson, 2000; La wlor , Gau- 

dette , Dic kson, & House , 2010), which is rather lo w since 

similar DHA le ve ls, i.e . maxim um 100 mg DHA per eg g, can 

be obtained when hens are fed with flaxseed. These rathe r

lo w DHA le ve ls obtained when hens are fed fish oil can be 

explain ed by the fact that the dosa ge of fish oil for feed sup- 

plemen tation needs to be restricted since n-3 LC-PUF A in 

fish oil ar e highl y susce ptib le to oxidation and the formed 

oxidation pro ducts cause undesir ab le off-flavo urs in the en- 

ric hed eg gs (Gonzalez- Esquerr a & Leeson, 2000; Gonzalez- 

Esquer ra & Leeson, 2001).

During the last 15 ye ars, a num ber of rese arc h gr oups ha ve 

in ve stigated the possibili ty of feeding la ying hens micro algae ,

since the y ar e the primar y natur al prod ucers of n-3 LC-PUF A.

Khozin-Go ldber g, Iskandar ov, and Cohen (2011) and Ryck e- 

bosc h, Bruneel, Muylaert, and Foubert (2012) report ed an over -

vie w of LC-PUF A occurr ence in micr oalgae species fro m

differ ent classes. Most re ports ab out enric hment of eggs using 

micr oalgae as feed supplement deal with DHA ric h heter otro -

phic micr oalgae which use or ganic compou nds as a primar y

sour ce of nutritio n. The PUF A pro file of eggs from hens fed 

those algae is ve ry similar to that of eg gs fro m hens fed fish

oil (Cach aldor a et al., 2008; Gonzalez- Esquerr a & Leeson,

2001; Herber & Van Els wyk, 1996). Ho weve r, DHA le ve ls up 

to 200 mg/e gg ar e re ported by Herber -McNeil l and Van Els wyk 

(1998). Next to heter otr ophic micr oalgae , also autotr ophic 

micr oalgae , whic h are ab le to use CO 2 to pro duce or ganic 

compou nds with the aid of sunlight (Nun ˜ o et al., 2013 ), can 

be used to enric h eggs with n-3 LC-PUF A. Ho weve r, to the best 

of our kno wledge, onl y tw o studies were alr ead y pub lished in 

whic h autotr ophic micr oalgae , i.e. Nannoc hlor opsis , ar e used as 

a feed supplemen t for la ying hens to enric h their eg gs with n- 

3 LC-PUF A (Fr edriksson, Elw ing er , & Pick ova , 2006; Nitsan 

et al., 1999). Nannoc hlor opsis has an inter esting fatty acid pro -

file since it contains onl y EP A as n-3 LC-PUF A and relati ve ly 

lo w le ve ls of n-6 LC-PUF A (Khozin-Go ldber g et al., 2011 ).

When hens were fed Nannoc hlor opsis , micr oalgal EP A was not 

accum ulated in egg yo lk, but appare ntly con ve rted and 

depos ited in eg g yo lk as DHA (Fr edriksson et al., 2006; Nitsan 

et al., 1999). Ho wever , it should be menti oned that the exper -

imental standa rd feed of both studies was alr ead y ric h in ALA 

to incre ase the n-3/n-6 ratio of the diet and, hence , to stimu -

late the con ve rsion ste ps of the n-3 pathw ay. Furthermo re,

autotr ophic micro algae contain, next to n-3 LC-PUF A, also 

other nutritio nall y inter esting components , such as car ote- 

noids. The y can act as antioxid ants to pre serv e the relati ve ly 

unsta ble PUF A and thus incre ase lipid sta bility (Pangestuti &

Kim, 2011). Ho weve r, the y also ha ve an impact on yo lk colour 

which can shift fro m ye llo w to mor e ora ng e-r ed (Fr ae ye et al.,

2012; Fr edriksson et al., 2006; Nitsan et al., 1999).

Fr om the ab ove summar y, it is clear that ver y little re- 

searc h has been done ab out the impact of autotr ophic micro -

algae to enrich eggs with n-3 LC-PUF A. Ne ver theless, these 

sustaina ble autotr ophic micro algae are an inter esting alter -

nativ e sour ce to further stud y in this field of resea rch. Ho w- 

eve r, it is important to determine the impact of EP A

supplementa tion by adding Nannoc hlor opsis to a commer cially 

ava ila ble standa rd feed for la ying hens instead of adding it to 

an ALA-en riched feed. Furthermo re, since the price of auto- 

troph ic micr oalgae is curr ently still high, the efficiency of 

depos ition of micro algal n-3 LC-PUF A in eg g yo lk needs to 

be calculated. Further mor e, it has not ye t been studied to 

what extent n-3 LC-PUF A are still de posited in eg gs after 

return ing the hens to a standar d feed, and ther e is also little 

kno wn ab out the eg g quality cha racte ristics and zootec hnical 

performance s of hens fed autotr ophic micr oalgae . Thus, the 

aim of this stud y was to in ve stigate the impact of the EP A rich 

autotr ophic micro alga Nannoc hlor opsis gaditana as a supple- 

ment to a commer ciall y avai lab le standar d diet on n-3 LC- 

PUF A enric hment of eg g yo lk. The efficiency of de position of 

micro algal n-3 LC-PUF A in eg g yo lk was, to the best of our 

kno wledge, for the first time calculated for autotr ophic micro -

algae . Mor eo ve r, the impact of retu rning to the basal feed, de- 

void of N. gaditana , on the le vel of n-3 LC-PUF A in eggs was 

assessed.

2. Materials and methods 

All used chem icals and rea gents were at least of analy tical 

grad e and pur chase d fro m Sigma–Aldric h (Bornem, Belgium),

unless specified otherwise .

2.1. Micr oalgal biomass 

Spra y dried biomass fro m the autotr ophic culture d N. gadi- 

tana was obtained fro m Clean Algae (Las Palmas de Gr an 

Canaria, Spain). The composit ion of the micro algal biomass 

– as giv en by the supplier – is sho wn in Tab le 1. The total 

lipid content and the fatty acid pro file of the micr oalgal 

biomass were determin ed in our labo rato ry by a modified

method of Folc h, Lees, and Sloane Stanle y (1957) whic h is 

described in Section 2.5. The results are added to 

Tab le 1.
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