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Introduction 

Krill	 are	 shrimp-like	 marine	 crustaceans	 of	 the	 order	 Euphausiacea.	 Krill	 oil	 is	 primarily	

obtained	from	Antarctic	krill	(Euphausia	superba).	Due	to	its	high	content	of	the	long	chain	

omega-3	 polyunsaturated	 fatty	 acids	 (LC	 n-3	 PUFA)	 eicosapentaenoic	 acid	 (EPA)	 and	

docosahexaenoic	acid	(DHA)	krill	oil	is	widely	used	as	a	LC	n-3	PUFA	supplement,	in	addition	

to	LC	n-3	PUFA	supplements	derived	from	fish	or	microalgae.	In	contrast	to	terrestrial	plants,	

marine	microalgae	are	not	only	able	to	synthesize	LC	n-3	PUFAs,	but	are	the	main	primary	

producers	of	these	fatty	acids	 in	the	marine	environment.3	Thus,	by	trophic	upgrading	EPA	

and	DHA	accumulate	along	the	marine	 food	chain	 in	krill	and	 fish.	 In	krill	oil	EPA	and	DHA	

occur	 in	 phospholipid	 (PL)	 and	 free	 fatty	 acid	 (FFA)	 form,	 while	 in	 fish	 oil	 they	 are	

predominantly	present	in	triacylglycerol	(TAG)	form.	Based	on	these	biochemical	variations	a	

review	has	discussed	a	higher	bioavailability	of	EPA	and	DHA	from	krill	oil	than	fish	oil,	but	

concluded	the	available	human	studies	are	inconclusive4.	

	

1 Physiological role of LC n-3 PUFAs 

While	saturated	fatty	acids	predominantly	are	utilized	to	provide	and	store	energy,	PUFAs,	

like	EPA	and	DHA,	have	structural	and	regulatory	functions.	Thus,	they	determine	the	fluidity	

of	bio-membranes,	alter	the	inflammatory	capacity	of	tissue	hormones	and	influence	cellular	

signalling	pathways	and	gene	expression.5	High	concentrations	of	DHA	are	especially	found	

in	brain	tissue	and	the	retina.	There	is	scientific	evidence	that	a	PUFA-rich	diet	is	associated	

with	 a	 reduced	 risk	 for	 cardiovascular	 diseases	 (CVD)6,	 inflammatory	 conditions,	 like	

arthritis7,	 and	 neurodegenerative	 diseases8.	 It	 is	well	 known	 that	 DHA	 is	 essential	 for	 the	

neurological	 and	 visual	 development	 of	 infants.9	 The	 health	 effects	 of	 LC	 n-3	 PUFAs	 are	

discussed	in	detail	in	chapter	3.	

EPA	 and	 DHA	 are	 considered	 as	 conditionally	 essential	 for	 humans	 because	 they	 can	 be	

synthesized	from	the	essential	fatty	acid	α-linolenic	acid	(ALA).10	However,	the	conversion	of	

ALA	 to	 EPA	 and	DHA	 in	 the	 human	body	 is	 limited	 by	 the	 set	 of	 enzymes	 responsible	 for	

elongation	and	desaturation,	which	they	share	with	the	omega-6	fatty	acids	(n-6	PUFA),	i.	e.	

the	conversion	of	linoleic	acid	(LA)	to	arachidonic	acid	(AA).	Modern	human	nutrition	is	rich	

in	n-6	PUFAs	like	LA,	therefore,	the	conversion	of	ALA	into	long	chain	n-3	PUFAs	is	very	low	
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(ALA	 to	EPA	~8-12	%;	ALA	 to	DHA	<	1	%).	Women	 seem	 to	have	higher	 conversions	 rates	

(ALA	to	EPA	up	to	21	%;	ALA	to	DHA	up	to	9	%)	than	men	(ALA	to	EPA	0.3-8	%;	ALA	to	DHA	<	

1	%).5	 The	 International	 Society	 for	 the	Study	of	 Fatty	Acids	and	Lipids	 (ISSFAL)	 concluded	

that	the	conversion	of	ALA	to	DHA	in	infants	amounts	to	1	%	and	is	“considerably	lower”	in	

adults.11		

	

2 Recommended intake of long chain omega-3 fatty acids 

Many	 international	 and	 national	 authorities	 and	 scientific	 organizations	 have	 published	

recommendations	for	the	daily	 intake	of	n-3	PUFAs.	The	World	Health	Organization	(WHO)	

proposes	a	n-3	PUFA	(all	forms	combined)	intake	of	1-2	%	of	the	total	energy	intake.12	The	

Food	 and	 Agriculture	 Organization	 (FAO)	 and	 the	 European	 Food	 Safety	 Authority	 (EFSA)	

assess	a	minimum	dietary	requirement/adequate	intake	for	ALA	of	0.5	%	of	total	energy	to	

be	 sufficient	 to	 prevent	 deficiency	 symptoms	 in	 adults.13,14	 Recommendations	 for	 the	

combined	intake	of	EPA	and	DHA	for	the	general	adult	population	mostly	vary	between	250	

mg/day	 (EFSA13)	 and	500	mg/day	 (ISSFAL15)	 (Table	1).	 These	 recommendations	 are	mainly	

based	on	considerations	concerning	cardiovascular	health.	Due	to	insufficient	data,	it	is	not	

possible	 to	 derive	 an	 average	 requirement	 for	 EPA	 and/or	 DHA.	 To	 date,	 LC	 n-3	 PUFA	

deficiency	symptoms	are	not	known.13	In	addition,	the	majority	of	international	and	national	

organizations	 recommend	 a	 minimum	 intake	 of	 200	 mg	 DHA	 per	 day	 for	 pregnant	 and	

lactating	 women,	 taking	 into	 account	 the	 role	 of	 LC	 n-3	 PUFAs	 in	 visual	 and	 cognitive	

development	of	the	infants.16	

	

Table	 2:	 Recommendations	 of	 international	 and	 national	 authorities	 and	 scientific	
organizations	for	the	n-3	PUFA	intake	of	adults		

Region	 Organization	 Target	Population	 Recommendation	
Global	 Food	and	

Agriculture	
Organization	of	
the	United	
Nations	(FAO)14	

General	adult	population	 0.5-0.6	%	ALA	of	total	
dietary	energy	
250	mg	EPA+DHA/day	

Pregnant	and	lactating	
women	

300	mg	
EPA+DHA/day,	of	
which	≥	200	mg/day	
should	be	DHA	
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International	
Society	for	the	
Study	of	Fatty	
Acids	and	Lipids	
(ISSFAL)17		

General	adult	population	 ≥	500	mg	
EPA+DHA/day	

USA	 Academy	of	
Nutrition	and	
Dietetics	
(AND)18	

General	adult	population	 500	mg	EPA+DHA/day	

American	Heart	
Association	
(AHA)19	

General	adult	population	 500	mg	EPA+DHA/day	

American	
Academy	of	
Pediatrics	
(AAP)20	

Pregnant	and	lactating	
women	

200-300	mg	DHA/day	

Canada	 Dietitians	of	
Canada21	

General	adult	population	 300-450	mg	EPA+	
DHA/day	

Australia	&	
New	Zealand	

Department	of	
Health	&		
Ageing,	
National	Health	
&	Medical		
Research	
Council22	

General	adult	population	 Men:	160	mg	
EPA+DPA+DHA/day	
Women:	90	mg	
EPA+DPA+DHA/day	

Europe	 European	Food	
Safety	Authority	
(EFSA)13	

General	adult	population	 0.5	%	ALA	of	total	
dietary	energy		
250	mg	EPA+DHA/day	

Pregnant	and	lactating	
women		

Additional	100-
200	mg	DHA/day		

United	
Kingdom	

Scientific	
Advisory	
Committee	on	
Nutrition	
(SACN)23	

General	adult	population	 450	mg	EPA+DHA/day	

Germany,	
Austria,	
Switzerland	

German	
Nutrition	
Society,	
Austrian	
Nutrition	
Society	and	

General	adult	population	 0.5	%	ALA	of	total	
dietary	energy		

Pregnant	and	lactating	
women	

≥	200	mg	DHA/day	
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Swiss	Society	
for	Nutrition24	

France	 French	Agency	
for	Food,	
Environmental	
and	
Occupational	
Health	and	
Safety	
(AFFSA)25	

General	adult	population	 250	mg	DHA/day	
500	mg	EPA+DHA/day		

Pregnant	and	lactating	
women	

250	mg	DHA/day	
500	mg	EPA+DHA/day	

	

3 Effects of LC n-3 PUFAs on human health 

There	 is	 growing	 evidence	 that	 EPA	 and	 DHA	 have	 positive	 effects	 on	 several	 health	

outcomes.	 Especially	 the	 improvement	 of	 cardiovascular	 health	 is	 convincing	 (see	 below).	

Most	 studies	 which	 explore	 the	 association	 between	 LC	 n-3	 PUFAs	 and	 health	 outcomes	

concentrate	 on	 secondary	 prevention	 (e.	 g.	 patients	 after	 a	 first	 cardiovascular	 event).	

Primary	prevention	 trials	 in	 the	general	population	are	currently	 rare,	 raising	 the	question	

whether	healthy	 individuals	would	benefit	 from	a	higher	LC	n-3	PUFA	 intake.	For	example,	

vegetarians	and	especially	vegans	tend	to	have	low	blood	levels	of	EPA	and	DHA,	due	to	the	

absence	 of	 LC	 n-3	 PUFAs	 in	 plant	 foods.26	However,	 vegetarians	 and	 vegans	 show	 a	 good	

long	 term	 health	 with	 a	 reduced	 prevalence	 for	 obesity	 and	 hypertension27	 (both	 are	

established	cardiovascular	risk	factors),	and	a	lower	risk	for	ischaemic	heart	disease.28	These	

positive	outcomes	can	be	explained	to	a	great	extent	by	the	health-promoting	food	choices	

of	 vegetarians	 and	 vegans,	 e.	g.	 higher	 consumption	 of	 vegetables,	 fruit	 and	 whole	 grain	

products,	 and	 no	 consumption	 of	 red	 meat	 and	 meat	 products,	 but	 also	 by	 an	 overall	

healthier	lifestyle.	It	is	unclear	if	and	to	what	extend	vegetarians	and	vegans	benefit	from	an	

improved	LC	n-3	PUFA	status,	e.	 g.	 in	a	 further	decrease	of	CVD	 risk.29	 The	ongoing	VITAL	

(VITamin	D	and	OmegA-3	TriaL)	trial	aims	to	investigate	the	potential	effects	of	a	marine	LC	

n-3	PUFA	supplementation	on	the	primary	prevention	of	cancer	and	cardiovascular	disease	

in	a	multi-ethnic	population	of	20.000	men	(>	50	years	old)	and	women	(>	55	years	old)	 in	

the	USA.30	
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3.1 Cardiovascular	diseases	

The	 influence	 of	 LC	 n-3	 PUFAs	 on	 health	 outcomes,	 especially	 CVD,	 has	 been	 extensively	

studied.	The	story	began	in	the	1970s,	when	Danish	researchers	had	been	informed	that	the	

Greenland	Eskimos	had	a	 low	prevalence	of	 coronary	heart	diseases	 (CHD).	Their	diet	was	

rich	in	seal	blubber	and	fish	and	therefore	in	LC	n-3	PUFAs,	which	led	the	researchers	to	the	

suggestion	 that	 this	 so	 called	 “Eskimo	 diet”	 was	 a	 key	 factor	 in	 the	 alleged	 low	 CHD	

incidence	(meanwhile,	the	“Eskimo	diet	theory”	has	been	disproven:	most	studies	conducted	

during	the	last	40	years	found	that	the	Greenland	Eskimos,	as	well	as	Canadian	and	Alaskan	

Inuit,	have	CHD	as	often	as	the	non-Eskimo	populations).31,32	

Nevertheless,	subsequent	studies	found	that	EPA	and	DHA	decrease	elevated	TAG	levels33,	

reduce	hypertension34	and	exert	other	cardioprotective	functions35,	like	reduction	of	platelet	

aggregation.	 In	 line	 with	 these	 findings,	 epidemiological	 studies	 reported	 an	 association	

between	high	intakes	and	blood	levels	of	LC	n-3	PUFAs,	and	(slightly)	reduced	cardiovascular	

events.6,36	However,	 in	 recent	 trials	 low	dose	 LC	n-3	PUFA	 supplementation	 in	 addition	 to	

state-of-the-art	therapy	did	not	reduce	the	rate	of	cardiovascular	events.37	This	is	supported	

by	 a	 recent	 systematic	 review	 of	 clinical	 trials	 which	 concluded	 that	 LC	 n-3	 PUFA	

supplementation	does	not	seem	to	show	any	benefit	for	the	treatment	of	CVD	or	associated	

complications.	Nevertheless,	it	also	stated	that	a	supplementation	of	≥	1	g	LC	n-3	PUFAs	per	

day	 (through	 supplements	 or	 marine	 products)	 reduces	 cardiovascular	 risk	 factors	 and	

therefore	 can	 be	 recommended	 to	 improve	 cardiovascular	 health.38	 A	most	 recent	meta-

analysis	(10	trials)	found	no	support	for	the	recommendation	to	use	approximately	1	g	LC	n-

3	 PUFAs	 per	 day	 in	 people	 with	 a	 history	 of	 CHD	 for	 the	 prevention	 of	 cardiovascular	

events.39	

	

3.2 Inflammatory	diseases	

LC	 n-3	 PUFAs	 influence	 inflammatory	 cells,	 for	 instance	 by	 changing	 the	 fatty	 acid	

composition	 of	 their	 membranes	 and	 by	 altering	 the	 eicosanoid-pattern.	 The	 regulatory	

potential	 of	 LC	 n-3	 PUFAs	 with	 regard	 to	 inflammatory	 processes	 suggests	 that	 a	

supplementation	 may	 be	 beneficial	 in	 inflammatory	 diseases,	 e.	 g.	 rheumatoid	 arthritis,	

inflammatory	bowel	disease,	chronic	obstructive	pulmonary	disease,	psoriasis,	and	asthma.40	

Studies	 confirm	 this	 assumption	 for	 rheumatoid	 arthritis41,	 but	 are	 not	 consistent	 for	
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inflammatory	 bowel	 disease42	 and	 asthma40.	 For	 the	majority	 of	 inflammatory	 conditions	

evidence	is	not	sufficient.40	Besides	the	absolute	amount	of	LC	n-3	PUFA	intake	the	n-6:n-3	

PUFA	 ratio	 seems	 important.	 An	 increased	 n-6:n-3	 PUFA	 ratio	 was	 found	 to	 act	 pro-

inflammatory	and	pro-thrombotic	 (by	 the	primary	 formation	of	n-6	series	eicosanoids,	 like	

prostaglandin	E2	and	thromboxane	A2)	and,	therefore,	promote	inflammatory	diseases.43	

	

3.3 Neurological	development	and	degeneration	

PUFAs	are	crucial	for	brain	functioning,	including	brain	development	and	cognitive	function.	

DHA,	which	makes	up	about	40	%	of	brain	PUFAs,	for	example	increases	in	the	grey	matter	

and	retina	PL	during	early	development.44,45	Some	studies	report	that	DHA	supplementation	

during	gestation	leads	to	higher	cognitive	outcomes	and	visual	acuity	in	infants	and	children,	

whereas	others	could	not	find	a	difference	in	comparison	to	placebo	controls.44	A	systematic	

review	 and	 meta-analysis	 concluded	 that	 cognitive	 outcomes	 had	 not	 been	 improved	 by	

DHA	interventions	and	that	the	topic	warrants	further	investigation.46	The	results	concerning	

neurodegenerative	 disorders,	 like	 Alzheimer’s	 disease	 and	 Parkinson’s	 disease,	 are	 also	

inconclusive.	Some,	but	not	all,	studies	observed	lower	DHA	concentrations	in	brain	and/or	

liver	tissue	of	individuals	with	Alzheimer’s	disease.47	So	far,	intervention	trials	which	support	

the	hypothesis	that	LC	n-3	PUFAs	delay	the	progression	of	neurodegenerative	diseases	are	

lacking.	

	

3.4 Other	

A	beneficial	 role	of	LC	n-3	PUFAs	 in	cancer47	and	diabetes36	prevention	 is	being	discussed,	

but	there	is	no	sufficient	evidence	yet.	

	

3.5 Health	claims	for	EPA	and	DHA	

Based	on	the	scientific	evidence	the	EFSA	has	approved	several	health	claims	for	DHA	and	

EPA	which	all	focus	on	normal	physiological	functions:	

• DHA	and	EPA	contribute	to	the	normal	function	of	the	heart	(0.25	g	per	day)	

• DHA	and	EPA	contribute	to	the	maintenance	of	normal	blood	pressure	(3	g	per	day)	
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• DHA	and	EPA	contribute	to	the	maintenance	of	normal	blood	triglyceride	levels	(2	g	

per	day)	

• DHA	contributes	 to	maintenance	of	normal	blood	 triglyceride	 levels	 (2	g	per	day	 in	

combination	with	EPA)	

• DHA	contributes	to	maintenance	of	normal	brain	function	(0.25	g	per	day)	

• DHA	contributes	to	the	maintenance	of	normal	vision	(0.25	g	per	day)	

• DHA	maternal	intake	contributes	to	the	normal	brain	development	of	the	foetus	and	

breastfed	 infants	 (0.2	 g	 DHA	 plus	 the	 daily	 recommended	 intake	 of	 omega-3	 fatty	

acids	(EPA+DHA	for	adults	which	is	0.25	g	per	day).	

• DHA	maternal	intake	contributes	to	the	normal	development	of	the	eye	of	the	foetus	

and	breastfed	infants	(0.2	g	DHA	plus	the	daily	recommended	intake	of	omega-3	fatty	

acids	(EPA+DHA)	for	adults	which	is	0.25	g	per	day).48	

	

4 Sources of n-3 PUFAs: krill and plant-based alternatives 

4.1 Krill	oil	

Trials	 investigating	 the	 association	 between	 LC	 n-3	 PUFA	 intake	 and	 health	 outcomes	 are	

typically	conducted	with	fish	oil	supplements	or	an	increased	intake	of	fatty	fish.	Some	of	the	

supposed	health-promoting	effects	of	EPA	and	DHA	have	also	been	tested	with	supplements	

derived	 from	 krill	 oil.	 As	 expected,	 the	 intake	 of	 krill	 oil	 supplements	 increased	 plasma	

concentrations	 of	 EPA	 and	 DHA.49,50	 A	 systematic	 review	 and	 meta-analysis	 on	 the	 lipid-

modifying	 effect	 of	 krill	 oil	 concluded	 that	 krill	 oil	 has	 a	 TAG	 and	 low-density	 lipoprotein	

(LDL)	lowering	effect,	while	it	elevates	high-density	lipoprotein	(HDL).51	These	modifications	

of	 blood	 lipids	 are	 known	 to	 be	 cardioprotective.	 Furthermore,	 one	 randomized,	 double-

blind,	 cross-over	 trial	 found	 improved	 endothelial	 function	 in	 individuals	 with	 type	 2	

diabetes	mellitus	 after	 krill	 oil	 supplementation.52	 In	 a	 randomized	 controlled	 trial	 krill	 oil	

intake	for	30	days	improved	mild	knee	pain	in	patients.53	Another	randomized,	double-blind,	

placebo	 controlled	 study	 indicates	 that	 krill	 oil	 intake	 (300	mg/day)	 reduces	 inflammation	

and	arthritic	symptoms.54		
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4.2 Plant-based	LC	n-3	PUFA	sources	

The	rising	recognition	of	LC	n-3	PUFAs	as	beneficial	 to	human	health	emphasizes	the	need	

for	 sustainable	 EPA	 and	 DHA	 sources,	 especially	 in	 consideration	 of	 the	 globally	 growing	

population.	There	is	an	increasing	risk	of	excess	harvesting	of	natural	marine	sources	like	oily	

fishes	and	krill.	Furthermore,	conventional	supplements	derived	from	fish	oil	or	krill	oil	are	

not	suitable	for	the	growing	population	of	vegetarians	and	vegans,	for	whom	LC	n-3	PUFAs	

are	 considered	 critical	 nutrients.55	 There	 are	 several	 alternative	 LC	 n-3	 PUFA	 sources.	 The	

two	 most	 prominent	 are:	 1.	 single-cell	 oils	 extracted	 from	 several	 microalgae,	 and	 2.	

transgenic	 oilseeds	 and	 other	 plants	 (e.	 g.	 Camelina).	 Further	 options	 like	 EPA	 and	 DHA	

producing	transgenic	Escherichia	coli	and	transgenic	microalgae	also	are	being	explored.56	

	

4.2.1 Microalgae	oil	

As	discussed	earlier,	several	microalgae,	 in	contrast	to	terrestrial	plants,	are	capable	of	de-

novo	synthesis	of	LC	n-3	PUFAs	and	therefore	are	rich	in	EPA	and	DHA.	Almost	at	the	bottom	

of	the	marine	food	chain,	microalgae	supply	those	fatty	acids	for	marine	animals	like	fish	and	

krill.	 In	 photoautotrophic	 microalgae	 (e.	 g.	Nannochloropsis	 oculata)	 EPA	 and	 DHA	 occur	

partly	 in	 form	 of	 glycolipids	 (GL),	 which	 are	 bound	 to	 chloroplast	 membranes.57	 Some	

species	produce	high	amounts	of	EPA	and	only	 little	DHA.	Due	to	higher	growth	rates	and	

easier	 handling,	 heterotrophic	 microalgae	 (e.	 g.	 Schizochytrium	 sp.)	 are	 currently	 being	

preferred	 as	 a	 source	 of	 EPA	 and	 DHA	 supplementation.56	 They	 contain	 EPA	 and	 DHA	

predominantly	 in	TAG	and	PL	form.	One	randomized,	double	blind,	controlled	trial	with	93	

hypertriglyceridaemic	participants	found	the	same	TAG	lowering	effects	for	microalgae	oil	as	

for	fish	oil.58	

Commercially	available	EPA	and/or	DHA	containing	oils	derived	from	cultivated	microalgae	

contain	10-95	%	EPA	and/or	20-45%	DHA.59	 These	oils	usually	 are	offered	 in	 form	of	non-

gelatine	gel	capsules.	Besides,	there	are	several	plant	oils	available	that	have	been	fortified	

with	EPA	and/or	DHA	of	microalgal	origin,	e.	g.	linseed	or	olive	oil	with	EPA/DHA.60,61	
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4.2.2 Transgenic	land-based	plant	crops	

Among	other	plants	camelina	(Camelina	sativa)	and	canola	(Brassica	napus	L.)	are	viewed	as	

potential	 hosts	 for	 the	 introduction	 of	 microalgal	 genes	 to	 facilitate	 LC	 n-3	 PUFA	

production.62	In	2014	researchers	produced	a	camelina	oil	with	up	to	24	%	EPA	and	a	second	

version	with	11	%	EPA	and	8	%	DHA.63	Table	2	shows	examples	of	genetically	modified	plant	

oils.	However,	due	to	the	 low	acceptance	of	genetically	modified	organisms	(GMOs)	 in	the	

public,	 especially	 in	 Europe,	 these	 oils	 are	 intended	 to	 be	 used	 in	 aquacultures.62	

Furthermore,	 risks	 regarding	 the	 long	 term	 usage	 of	 GMO	 for	 human	 nutrition	 are	 not	

assessed.64	Currently,	they	are	not	available	for	human	nutrition.	

	

Table	2:	Transgenic	plants	with	EPA/DHA	content2	

Plant	(company)		 EPA/	DHA	(g/	100g)	
Oil	seeds	(CSIRO)	 5.0	g	EPA	

1.0	g	DHA	
Mustard	(BASF)	 15.0	g	EPA	

1.5	g	DHA	
Soya	bean	(Dupont)	 20.0	g	EPA	

3.0	g	DHA	
	

4.3 Comparison	of	krill	with	microalgae	oil	

4.3.1 Bioavailability	of	microalgae	oil	versus	krill	oil	

In	general,	the	FFA	form	of	LC	n-3	PUFAs	is	considered	to	have	the	highest	and	the	ethyl	

ester	(EE)	form	the	lowest	bioavailability,	while	the	PL	and	TAG	form	seem	to	have	a	medium	

bioavailability.	The	PL	form	appears	to	be	better	bioavailable	than	the	TAG	form,	but	

conclusive	evidence	from	human	studies	is	missing.4	Furthermore,	there	is	no	data	available	

to	rank	fatty	acids	in	GL	form	into	this	order.	In	theory,	LC	n-3	PUFAs	derived	from	krill	oil	in	

FFA	and	PL	form	might	have	a	higher	bioavailability	than	from	heterotrophic	microalgae	oil	

in	TAG	and	PL	form.	Bioavailability	of	LC	n-3	PUFAs	from	photoautotrophic	microalgae	

cannot	be	estimated	based	on	theoretical	considerations.	Studies	to	confirm	these	

conclusions	are	rare.	

So	far,	one	trial	compared	the	bioavailability	of	LC	n-3	PUFAs	(1.5	g	EPA,	no	DHA)	derived	

from	the	photoautotrophic	microalgae	Nannochloropsis	oculata	with	LC	n-3	PUFAs	(1.0	g	



14	
	

EPA,	0.5	g	DHA)	derived	from	krill	oil.	After	consumption	of	a	single	dose	the	increase	of	

plasma	concentrations	of	EPA	was	significantly	higher	with	the	microalgae	supplement	

compared	to	the	krill	supplement.	DHA	plasma	concentrations	also	increased	with	both	

supplements,	but	there	was	no	difference	between	the	microalgae	and	krill	oil.	In	

conclusion,	the	authors	suggest	a	better	EPA	bioavailability	from	the	algal	oil	supplement	

compared	to	the	krill	oil	supplement,	even	taking	in	account	the	different	EPA	

concentrations	of	the	two	oils.	One	possible	explanation	for	the	higher	bioavailability	might	

be	the	presence	of	GL	in	the	microalgae	oil.65	

Numerous	studies	compared	the	LC	n-3	PUFA	bioavailability	of	krill	oil	and	fish	oil.	One	

review	suggests	a	higher	bioavailability	of	EPA	and	DHA	from	krill	oil	than	fish	oil,	but	

concludes	that	further	studies	are	needed	to	confirm	this	assumption.66	Studies	comparing	

krill	oil	and	microalgae	oil,	apart	from	the	mentioned	study,	and	microalgae	oil	and	fish	oil	

are	not	available.	

	

4.3.2 Safety	of	microalgae	oil	versus	krill	oil	

Persistent	organic	pollutants,	like	DDT	(dichlorodiphenyltrichloroethane),	chlordane	and	PCB	

(polychlorinated	biphenyl),	accumulate	preferably	in	the	marine	ecosystem	and	are	a	major	

health	concern	for	the	public.	A	recent	review	compared	the	toxicological	profile	of	available	

krill	oil	and	fish	oil	supplements	and	ranked	the	krill	oil	supplements	intermediate	regarding	

the	 persistent	 organic	 pollutant	 content.	 Hexachlorocyclohexane,	 pentachlorobenzene,	

hexachlorobenzene	and	a	variety	of	PBCs	were	found	in	both	analysed	krill	oil	products.	DDT	

occurred	 in	one	product	and	chlordane	was	not	 found	 in	 the	 two	krill	oil	 supplements.	All	

analysed	products	were,	at	their	highest	recommended	dosage,	far	below	the	tolerable	daily	

intake	for	all	analysed	pollutants.67		

Microalgae	are	regarded	as	a	non-polluted	resource	of	LC	n-3	PUFA	supplements	since	they	

are	cultured	under	controlled	conditions.56	
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5 Conclusion 

As	evidence	of	the	beneficial	effects	of	LC	n-3	PUFAs	on	human	health	increases	and	several	

international	 and	 national	 authorities	 and	 organizations	 recommend	 the	 dietary	 intake	 of	

EPA	and	DHA,	the	demand	for	LC	n-3	PUFA	supplements	will	rise	in	the	future.	In	light	of	this	

development,	the	sustainability	of	LC	n-3	PUFA	sources	should	be	taken	into	account.	From	a	

health	point	of	view,	fish,	krill	and	microalgae	are	considered	to	be	safe	sources	of	EPA	and	

DHA	for	human	nutrition.	Currently,	microalgae	seem	to	be	the	only	sustainable	and	plant-

based	 alternative	 to	 fish	 and	 krill	 oil,	 since	 transgenic	 terrestrial	 plants	 raise	 ecological	

questions	and	are	not	accepted	for	human	nutrition	by	the	public.	

	

	 	



16	
	

References 

(1)	Global	Organisation	for	EPA	and	DHA	(GOED).	Global	Recommendations	for	EPA	and	

DHA	Intake.	http://www.issfal.org/goed-recommendations-for-epa-dha	(accessed	January	

15,	2018).	

(2)	Nichols,	P.	D.;	Petrie,	J.;	Singh,	S.	Long-Chain	Omega-3	Oils–An	Update	on	Sustainable	

Sources.	Nutrients	2010,	2,	572–585.	

(3)	Monroig,	Ó.;	Tocher,	D.	R.;	Navarro,	J.	C.	Biosynthesis	of	polyunsaturated	fatty	acids	in	

marine	invertebrates:	Recent	advances	in	molecular	mechanisms.	Marine	Drugs	2013,	11,	

3998–4018.	

(4)	Ghasemifard,	S.;	Turchini,	G.	M.;	Sinclair,	A.	J.	Omega-3	long	chain	fatty	acid	

"bioavailability":	A	review	of	evidence	and	methodological	considerations.	Progress	in	Lipid	

Research	2014,	56,	92–108.	

(5)	Baker,	E.	J.;	Miles,	E.	A.;	Burdge,	G.	C.;	Yaqoob,	P.;	Calder,	P.	C.	Metabolism	and	

functional	effects	of	plant-derived	omega-3	fatty	acids	in	humans.	Progress	in	Lipid	Research	

2016,	64,	30–56.	

(6)	Chowdhury,	R.;	Warnakula,	S.;	Kunutsor,	S.;	Crowe,	F.;	Ward,	H.	A.;	Johnson,	L.;	Franco,	

O.	H.;	Butterworth,	A.	S.;	Forouhi,	N.	G.;	Thompson,	S.	G.	et	al.	Association	of	Dietary,	

Circulating,	and	Supplement	Fatty	Acids	With	Coronary	Risk:	A	Systematic	Review	and	Meta-

analysis.	Annals	of	Internal	Medicine	2014,	160,	398–406.	

(7)	Calder,	P.	C.	Joint	Nutrition	Society	and	Irish	Nutrition	and	Dietetic	Institute	Symposium	

on	'Nutrition	and	autoimmune	disease'	PUFA,	inflammatory	processes	and	rheumatoid	

arthritis.	The	Proceedings	of	the	Nutrition	Society	2008,	67,	409–418.	

(8)	Thomas,	J.;	Thomas,	C.	J.;	Radcliffe,	J.;	Itsiopoulos,	C.	Omega-3	Fatty	Acids	in	Early	

Prevention	of	Inflammatory	Neurodegenerative	Disease:	A	Focus	on	Alzheimer's	Disease.	

BioMed	Research	International	2015,	2015,	1–13.	

(9)	SanGiovanni,	J.	P.;	Parra-Cabrera,	S.;	Colditz,	G.	A.;	Berkey,	C.	S.;	Dwyer,	J.	T.	Meta-

analysis	of	Dietary	Essential	Fatty	Acids	and	Long-Chain	Polyunsaturated	Fatty	Acids	as	They	

Relate	to	Visual	Resolution	Acuity	in	Healthy	Preterm	Infants.	Pediatrics	2000,	105,	1292–

1298.	

(10)	Calder,	P.	C.;	Dangour,	A.	D.;	Diekman,	C.;	Eilander,	A.;	Koletzko,	B.;	Meijer,	G.	W.;	

Mozaffarian,	D.;	Niinikoski,	H.;	Osendarp,	S.	J.	M.;	Pietinen,	P.	et	al.	Essential	fats	for	future	



17	
	

health.	Proceedings	of	the	9th	Unilever	Nutrition	Symposium.	European	Journal	of	Clinical	

Nutrition	2010,	64,	S1-S13.	

(11)	Brenna,	J.	T.;	Salem,	N.;	Sinclair,	A.	J.;	Cunnane,	S.	C.	alpha-Linolenic	acid	

supplementation	and	conversion	to	n-3	long-chain	polyunsaturated	fatty	acids	in	humans.	

Prostaglandins,	Leukotrienes,	and	Essential	Fatty	Acids	2009,	80,	85–91.	

(12)	Joint	WHO/FAO	Expert	Consultation	on	Diet,	Nutrition	and	the	Prevention	of	Chronic	

Diseases.	Diet,	Nutrition	and	the	Prevention	of	Chronic	Diseases.	WHO	Technical	Report	

Series	2002,	916.	

(13)	EFSA	Panel	on	Dietetic	Products	,	Nutrition,	and	Allergies.	Scientific	Opinion	on	Dietary	

Reference	Values	for	fats,	including	saturated	fatty	acids,	polyunsaturated	fatty	acids,	

monounsaturated	fatty	acids,	trans	fatty	acids,	and	cholesterol.	EFSA	Journal	2010,	8,	1461–

1568.	

(14)	Food	and	Agriculture	Organization	of	the	United	Nations	(FAO).	Fats	and	fatty	acids	in	

human	nutrition:	Report	of	an	expert	consultation:	10-14	November	2008,	Geneva;	FAO	Food	

and	Nutrition	Paper	91;	Food	and	Agriculture	Organization	of	the	United	Nations:	Rome,	

2010.	

(15)	Simopoulos,	A.	P.;	Leaf,	A.;	Salem,	N.	Workshop	statement	on	the	essentiality	of	and	

recommended	dietary	intakes	for	Omega-6	and	Omega-3	fatty	acids.	Prostaglandins,	

Leukotrienes,	and	Essential	Fatty	Acids	2000,	63,	119–121.	

(16)	Koletzko,	B.;	Cetin,	I.;	Brenna,	J.	T.	Dietary	fat	intakes	for	pregnant	and	lactating	

women.	The	British	Journal	of	Nutrition	2007,	98,	873–877.	

(17)	Cunnane,	S.;	Drevon,	C.	A.;	Harris,	B.;	Sinclair,	A.;	Spector,	A.	Recommendations	for	

Intake	of	Polyunsaturated	Fatty	Acids	in	Healthy	Adults.	http://archive.issfal.org/news-links/

resources/publications/PUFAIntakeReccomdFinalReport.pdf	(accessed	February	5,	2018).	

(18)	Vannice,	G.;	Rasmussen,	H.	Position	of	the	academy	of	nutrition	and	dietetics:	Dietary	

fatty	acids	for	healthy	adults.	Journal	of	the	Academy	of	Nutrition	and	Dietetics	2014,	114,	

136–153.	

(19)	Kris-Etherton,	P.	M.;	Harris,	W.	S.;	Appel,	L.	J.	Fish	Consumption,	Fish	Oil,	Omega-3	Fatty	

Acids,	and	Cardiovascular	Disease.	Circulation	2002,	106,	2747–2757.	

(20)	American	Academy	of	Pediatrics.	Breastfeeding	and	the	use	of	human	milk.	Pediatrics	

2012,	129,	e827-e841.	



18	
	

(21)	Dietitians	of	Canada.	Food	Sources	of	Omega-3	Fats.	https://www.dietitians.ca/Your-

Health/Nutrition-A-Z/Fat/Food-Sources-of-Omega-3-Fats.aspx	(accessed	February	5,	2018).	

(22)	National	Health	and	Medical	Research	Council.	Nutrient	Reference	Values	for	Australia	

and	New	Zealand.	https://www.nhmrc.gov.au/guidelines-publications/n35-n36-n37	

(accessed	February	5,	2018).	

(23)	Scientific	Advisory	Committee	on	Nutrition.	Advice	on	fish	consumption:	benefits	&	

risks.	https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/

338801/SACN_Advice_on_Fish_Consumption.pdf	(accessed	February	5,	2018).	

(24)	Deutsche	Gesellschaft	für	Ernährung	(DGE),	Österreichische	Gesellschaft	für	Ernährung	

(ÖGE),	Schweizerische	Gesellschaft	für	Ernährung	(SGE).	Referenzwerte	für	die	

Nährstoffzufuhr,	2.	Auflage,	2.	Ausgabe;	Umschau	Verlag:	Bonn,	2016.	

(25)	French	Agency	for	Food,	Environmental	and	Occupational	Health	and	Safety.	Opinion	of	

the	French	Food	Safety	Agency	regarding	the	benefits/risks	of	fish	consumption.	https://

www.anses.fr/en/system/files/NUT2008sa0123EN.pdf	(accessed	February	5,	2018).	

(26)	Rosell,	M.	S.;	Lloyd-Wright,	Z.;	Appleby,	P.	N.;	Sanders,	T.	A.	B.;	Allen,	N.	E.;	Key,	T.	J.	

Long-chain	n–3	polyunsaturated	fatty	acids	in	plasma	in	British	meat-eating,	vegetarian,	and	

vegan	men.	The	American	Journal	of	Clinical	Nutrition	2005,	82,	327–334.	

(27)	Appleby,	P.	N.;	Key,	T.	J.	The	long-term	health	of	vegetarians	and	vegans.	The	

Proceedings	of	the	Nutrition	Society	2016,	75,	287–293.	

(28)	Crowe,	F.	L.;	Appleby,	P.	N.;	Travis,	R.	C.;	Key,	T.	J.	Risk	of	hospitalization	or	death	from	

ischemic	heart	disease	among	British	vegetarians	and	nonvegetarians:	Results	from	the	EPIC-

Oxford	cohort	study.	The	American	Journal	of	Clinical	Nutrition	2013,	97,	597–603.	

(29)	Sanders,	T.	A.	B.	Plant	compared	with	marine	n-3	fatty	acid	effects	on	cardiovascular	

risk	factors	and	outcomes:	What	is	the	verdict?	The	American	Journal	of	Clinical	Nutrition	

2014,	100,	453S–458S.	

(30)	Manson,	J.	E.;	Bassuk,	S.	S.;	Lee,	I.-M.;	Cook,	N.	R.;	Albert,	M.	A.;	Gordon,	D.;	Zaharris,	

E.;	Macfadyen,	J.	G.;	Danielson,	E.;	Lin,	J.	et	al.	The	VITamin	D	and	OmegA-3	TriaL	(VITAL):	

Rationale	and	design	of	a	large	randomized	controlled	trial	of	vitamin	D	and	marine	omega-3	

fatty	acid	supplements	for	the	primary	prevention	of	cancer	and	cardiovascular	disease.	

Contemporary	Clinical	Trials	2012,	33,	159–171.	

(31)	Bang,	O.	H.;	Dyerberg,	J.;	Nielsen,	A.	B.	Plasma	Lipid	and	Lipoprotein	Pattern	in	

Greenlandic	West-Coast	Eskimos.	The	Lancet	1971,	1143–1145.	



19	
	

(32)	Fodor,	J.	G.;	Helis,	E.;	Yazdekhasti,	N.;	Vohnout,	B.	"Fishing"	for	the	origins	of	the	

"Eskimos	and	heart	disease"	story:	Facts	or	wishful	thinking?	The	Canadian	Journal	of	

Cardiology	2014,	30,	864–868.	

(33)	Harris,	W.	S.;	Miller,	M.;	Tighe,	A.	P.;	Davidson,	M.	H.;	Schaefer,	E.	J.	Omega-3	fatty	

acids	and	coronary	heart	disease	risk:	Clinical	and	mechanistic	perspectives.	Atherosclerosis	

2008,	197,	12–24.	

(34)	Geleijnse,	J.	M.;	Giltay,	E.	J.;	Grobbee,	D.	E.;	Donders,	A.	R.	T.;	Kok,	F.	J.	Blood	pressure	

response	to	fish	oil	supplementation:	metaregression	analysis	of	randomized	trials.	Journal	

of	Hypertension	2002,	20,	1493–1499.	

(35)	Mozaffarian,	D.;	Wu,	J.	H.	Y.	Omega-3	fatty	Acids	and	Cardiovascular	Disease:	Effects	on	

Risk	Factors,	Molecular	Pathways,	and	Clinical	Events.	Journal	of	the	American	College	of	

Cardiology	2011,	58,	2047–2066.	

(36)	Saravanan,	P.;	Davidson,	N.	C.;	Schmidt,	E.	B.;	Calder,	P.	C.	Cardiovascular	effects	of	

marine	omega-3	fatty	acids.	The	Lancet	2010,	376,	540–550.	

(37)	Bowen,	K.	J.;	Harris,	W.	S.;	Kris-Etherton,	P.	M.	Omega-3	Fatty	Acids	and	Cardiovascular	

Disease:	Are	There	Benefits?	Current	Treatment	Options	in	Cardiovascular	Medicine	2016,	

18,	69–85.	

(38)	Rangel-Huerta,	O.	D.;	Gil,	A.	Omega	3	fatty	acids	in	cardiovascular	disease	risk	factors:	

An	updated	systematic	review	of	randomised	clinical	trials.	Clinical	Nutrition	2017,	DOI:	

10.1016/j.clnu.2017.05.015.	

(39)	Aung,	T.;	Halsey,	J.;	Kromhout,	D.;	Gerstein,	H.	C.;	Marchioli,	R.;	Tavazzi,	L.;	Geleijnse,	J.	

M.;	Rauch,	B.;	Ness,	A.;	Galan,	P.	et	al.	Associations	of	Omega-3	Fatty	Acid	Supplement	Use	

With	Cardiovascular	Disease	Risks:	Meta-analysis	of	10	Trials	Involving	77	917	Individuals.	

JAMA	cardiology	2018,	DOI:	10.1001/jamacardio.2017.5205.	

(40)	Calder,	P.	C.	Fatty	acids	and	inflammation:	The	cutting	edge	between	food	and	pharma.	

European	Journal	of	Pharmacology	2011,	668,	S50-58.	

(41)	Goldberg,	R.;	Katz,	J.	A	meta-analysis	of	the	analgesic	effects	of	omega-3	

polyunsaturated	fatty	acid	supplementation	for	inflammatory	joint	pain.	Pain	2007,	129,	

210–223.	

(42)	Calder,	P.	C.	Fatty	acids	and	immune	function:	Relevance	to	inflammatory	bowel	

diseases.	International	Reviews	of	Immunology	2009,	28,	506–534.	



20	
	

(43)	Simopoulos,	A.	P.	An	Increase	in	the	Omega-6/Omega-3	Fatty	Acid	Ratio	Increases	the	

Risk	for	Obesity.	Nutrients	2016,	8,	128–145.	

(44)	Mulder,	K.	A.;	Elango,	R.;	Innis,	S.	M.	Fetal	DHA	inadequacy	and	the	impact	on	child	

neurodevelopment:	A	follow-up	of	a	randomised	trial	of	maternal	DHA	supplementation	in	

pregnancy.	The	British	Journal	of	Nutrition	2018,	1–9.	

(45)	Liu,	J.	J.;	Green,	P.;	John	Mann,	J.;	Rapoport,	S.	I.;	Sublette,	M.	E.	Pathways	of	

polyunsaturated	fatty	acid	utilization:	Implications	for	brain	function	in	neuropsychiatric	

health	and	disease.	Brain	Research	2015,	1597,	220–246.	

(46)	Taylor,	R.	M.;	Fealy,	S.	M.;	Bisquera,	A.;	Smith,	R.;	Collins,	C.	E.;	Evans,	T.-J.;	Hure,	A.	J.	

Effects	of	Nutritional	Interventions	during	Pregnancy	on	Infant	and	Child	Cognitive	

Outcomes:	A	Systematic	Review	and	Meta-Analysis.	Nutrients	2017,	9,	1265–1297.	

(47)	Zárate,	R.;	El	Jaber-Vazdekis,	N.;	Tejera,	N.;	Pérez,	J.	A.;	Rodríguez,	C.	Significance	of	

long	chain	polyunsaturated	fatty	acids	in	human	health.	Clinical	and	Translational	Medicine	

2017,	6,	25–44.	

(48)	EFSA	Panel	on	Dietetic	Products	,	Nutrition,	and	Allergies.	Scientific	Opinion	on	the	

substantiation	of	health	claims	related	to	docosahexaenoic	acid	(DHA),	eicosapentaenoic	

acid	(EPA).	EFSA	Journal	2011,	9,	2078.	

(49)	Maki,	K.	C.;	Reeves,	M.	S.;	Farmer,	M.;	Griinari,	M.;	Berge,	K.;	Vik,	H.;	Hubacher,	R.;	

Rains,	T.	M.	Krill	oil	supplementation	increases	plasma	concentrations	of	eicosapentaenoic	

and	docosahexaenoic	acids	in	overweight	and	obese	men	and	women.	Nutrition	Research	

2009,	29,	609–615.	

(50)	Ulven,	S.	M.;	Kirkhus,	B.;	Lamglait,	A.;	Basu,	S.;	Elind,	E.;	Haider,	T.;	Berge,	K.;	Vik,	H.;	

Pedersen,	J.	I.	Metabolic	Effects	of	Krill	Oil	are	Essentially	Similar	to	Those	of	Fish	Oil	but	at	

Lower	Dose	of	EPA	and	DHA,	in	Healthy	Volunteers.	Lipids	2011,	46,	37–46.	

(51)	Ursoniu,	S.;	Sahebkar,	A.;	Serban,	M.-C.;	Antal,	D.;	Mikhailidis,	D.	P.;	Cicero,	A.;	Athyros,	

V.;	Rizzo,	M.;	Rysz,	J.;	Banach,	M.	Lipid-modifying	effects	of	krill	oil	in	humans:	Systematic	

review	and	meta-analysis	of	randomized	controlled	trials.	Nutrition	Reviews	2017,	75,	361–

373.	

(52)	Lobraico,	J.	M.;	DiLello,	L.	C.;	Butler,	A.	D.;	Cordisco,	M.	E.;	Petrini,	J.	R.;	Ahmadi,	R.	

Effects	of	krill	oil	on	endothelial	function	and	other	cardiovascular	risk	factors	in	participants	

with	type	2	diabetes,	a	randomized	controlled	trial.	BMJ	Open	Diabetes	Research	&	Care	

2015,	3,	1-7.	



21	
	

(53)	Suzuki,	Y.;	Fukushima,	M.;	Sakuraba,	K.;	Sawaki,	K.;	Sekigawa,	K.	Krill	Oil	Improves	Mild	

Knee	Joint	Pain:	A	Randomized	Control	Trial.	PLoS	ONE	2016,	11,	e0162769.	

(54)	Deutsch,	L.	Evaluation	of	the	effect	of	Neptune	Krill	Oil	on	chronic	inflammation	and	

arthritic	symptoms.	Journal	of	the	American	College	of	Nutrition	2007,	26,	39–48.	

(55)	Harris,	W.	S.	Achieving	optimal	n-3	fatty	acid	status:	The	vegetarian's	challenge…	or	not.	

The	American	Journal	of	Clinical	Nutrition	2014,	100,	449S–452S.	

(56)	Delarue,	J.;	Guriec,	N.	Opportunities	to	enhance	alternative	sources	of	long-chain	n-3	

fatty	acids	within	the	diet.	The	Proceedings	of	the	Nutrition	Society	2014,	73,	376–384.	

(57)	da	Costa,	E.;	Silva,	J.;	Mendonça,	S.	H.;	Abreu,	M.	H.;	Domingues,	M.	R.	Lipidomic	

Approaches	towards	Deciphering	Glycolipids	from	Microalgae	as	a	Reservoir	of	Bioactive	

Lipids.	Marine	Drugs	2016,	14,	101–128.	

(58)	Maki,	K.	C.;	Yurko-Mauro,	K.;	Dicklin,	M.	R.;	Schild,	A.	L.;	Geohas,	J.	G.	A	new,	microalgal	

DHA-	and	EPA-containing	oil	lowers	triacylglycerols	in	adults	with	mild-to-moderate	

hypertriglyceridemia.	Prostaglandins,	Leukotrienes,	and	Essential	Fatty	Acids	2014,	91,	141–

148.	

(59)	Martins,	D.	A.;	Custódio,	L.;	Barreira,	L.;	Pereira,	H.;	Ben-Hamadou,	R.;	Varela,	J.;	Abu-

Salah,	K.	M.	Alternative	sources	of	n-3	long-chain	polyunsaturated	fatty	acids	in	marine	

microalgae.	Marine	Drugs	2013,	11,	2259–2281.	

(60)	Bruno	Zimmer.	BIO	Leinöl	mit	DHA.	http://www.brunozimmer.de/portfolio-item/bio-

leinoel-mit-dha/	(accessed	February	5,	2018).	

(61)	Vitaquell.	Vitaquell	Omega-3-DHA	Öl.	https://www.vitaquell.de/produkte/%C3%B6le/

omega-3-dha-%C3%B6l/	(accessed	February	5,	2018).	

(62)	Sprague,	M.;	Betancor,	M.	B.;	Tocher,	D.	R.	Microbial	and	genetically	engineered	oils	as	

replacements	for	fish	oil	in	aquaculture	feeds.	Biotechnology	Letters	2017,	39,	1599–1609.	

(63)	Ruiz-Lopez,	N.;	Haslam,	R.	P.;	Napier,	J.	A.;	Sayanova,	O.	Successful	high-level	

accumulation	of	fish	oil	omega-3	long-chain	polyunsaturated	fatty	acids	in	a	transgenic	

oilseed	crop.	The	Plant	Journal	2014,	77,	198–208.	

(64)	Tsatsakis,	A.	M.;	Nawaz,	M.	A.;	Tutelyan,	V.	A.;	Golokhvast,	K.	S.;	Kalantzi,	O.-I.;	Chung,	

D.	H.;	Kang,	S.	J.;	Coleman,	M.	D.;	Tyshko,	N.;	Yang,	S.	H.	et	al.	Impact	on	environment,	

ecosystem,	diversity	and	health	from	culturing	and	using	GMOs	as	feed	and	food.	Food	and	

Chemical	Toxicology	2017,	107,	108–121.	



22	
	

(65)	Kagan,	M.	L.;	West,	A.	L.;	Zante,	C.;	Calder,	P.	C.	Acute	appearance	of	fatty	acids	in	

human	plasma--a	comparative	study	between	polar-lipid	rich	oil	from	the	microalgae	

Nannochloropsis	oculata	and	krill	oil	in	healthy	young	males.	Lipids	in	Health	and	Disease	

2013,	12,	102–112.	

(66)	Ulven,	S.;	Holven,	K.	B.	Comparison	of	bioavailability	of	krill	oil	versus	fish	oil	and	health	

effect.	Vascular	Health	and	Risk	Management	2015,	11,	511–524.	

(67)	Bengtson	Nash,	S.	M.;	Schlabach,	M.;	Nichols,	P.	D.	A	Nutritional-Toxicological	

Assessment	of	Antarctic	Krill	Oil	versus	Fish	Oil	Dietary	Supplements.	Nutrients	2014,	6,	

3382–3402.	

	




