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Abstract

Organic aquaculture has lagged behind the agriculture
sector in terms of the quantities and diversity of certified
organic products because of the absence of detailed ac-
cepted standards and criteria until recently. The main
challenges for organic aquaculture are to improve the
coordination between production and market and to
achieve an appropriate framework to drive further devel-
opment. Priorities for research include organic feeds and
fish nutrition, consumers’ needs, food safety, environmental
concerns and trade issues. In organically cultured fish, dif-
ferences in feeds and nutrition compared to conventional
systems are likely to result in differences in the quality of
the flesh, and this is a significant factor in consumer choice.
The review covers aspects of current use of eco-certification,
formulated feeds, feed composition, aquafeed technology,
sustainable alternatives to common feed ingredients, nutri-
tional physiology and general nutritional principles and
product quality in the context of the organic aquaculture.
There is a future for the development of organic aquacul-
ture but its success depends on new knowledge and tech-
nical development to meet consumers’ growing interest. The
industry has to utilize the research results and update and
modify the criteria and standards and thus provide high-
quality products.
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Introduction

Many fish stocks on which capture fisheries depend are
overexploited or severely depleted because of the high
demand for fish production. In this context of overall
resource scarcity and decreasing trend on catches, aquacul-
ture production assumes a key importance (Tidwell & Allan
2001; FAO 2009a). Aquaculture is a rapidly growing industry
(Shang & Tisdell 1997; FAO 2009a), which has experienced a
significant expansion in recent decades. It represents an
annual growth rate of nearly 7% from 1950s till 2006, and it
is set to overtake capture fisheries as a source of food fish
(FAO 2009a). Aquaculture production in 2006 was reported
to be 51.7 million tonnes with a value of US$78.8 billion,
showing a dramatic increase since the early 1950s, when
production was <1 million tonnes per year (FAO, 2009a).
Global consumption of fish as food has also been increasing
fast and is reported to have doubled since 1973, from
45 million tonnes to over 90 million tonnes (Brugere &
Ridler 2004). Global population growth and the raising per
capita consumption of fish are the main factors contributing
to this increase. Per capita consumption of fish is estimated
to increase from 16 kg per year, currently, to 17.1 kg per year
in 2020 (Brugere & Ridler 2004) with fish becoming more
important in human’s diets owing to their positive nutritional
values compared to other sources of protein. Aquaculture
production is estimated to continue to grow in the following
decades, contributing significantly to cover the increasing
demand (Delgado et al. 2003; Brugere & Ridler 2004; FAO
2009a).

Although much of the global growth of aquaculture is
because of Asia’s, and especially China’s, contribution,
European aquaculture has also been growing and is esti-
mated to continue expanding in the future (Delgado et al.
2003; Brugére & Ridler 2004; Failler 2006; FAO 2009a).
Specifically, European aquaculture production of finfish
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increased from about 1 million tonnes in 1997 to 1.6 million
tonnes in 2007, which corresponds to values increasing from
3.2 to 6.7 billion US$ (FAO 2009b). However, the annual
growth rate of production in Europe for the period 1970—
2006 is 3.4% but this growth has not been uniform as it has
slowed to 1% per year since 2000 (FAO 2009a). It is apparent
that, while aquaculture output will continue to grow, the rate
of growth may be moderate in the near future. The main
species cultured in Europe are Atlantic salmon, rainbow
trout, sea bream and sea bass, followed by carps, other
marine fish and flatfish. European aquaculture has diversifies
to organic cultivation as it has benefited from a dynamic and
cutting-edge research and technology that allows the culti-
vation of the main species namely Atlantic salmon, trout,
carp, sea bream, sea bass and blue mussels.

Aquaculture reduces the dependency on fisheries and
alleviates the economic impact of fisheries decline on coastal
communities, namely by creating new jobs (Fernandes et al.
2000). The environmental and socio-economic sustainability
of fisheries and aquaculture is a major current concern
(McCausland ez al. 2005; Subasinghe et al. 2009). Within the
European Union, per capita consumption of seafood is
increasing; there were over 400 000 jobs in the fish catching,
culture and processing sectors in the European Union in 2003
(Eurostat 2007). However, many exploited fish stocks are at
historically low levels. The history of fisheries suggests that
supply-led management of exploitation has so far failed to
deliver long-term sustainability and alternatives are needed,
for example management based on consumer demand
(Starkey et al. 2008). Organic production is an approach to
agriculture with respect to sustainability. According to the
definition given by the Council of the European Union:

Organic production is an overall system of farm
management and food production that combines best
environmental practices, a high level of biodiversity,
the preservation of natural resources, the application
of high animal welfare standards and a production
method in line with the preference of certain consum-
ers for products produced using natural substances
and processes (EU 2007).

Organic aquaculture has also attracted the attention of
consumers, environmental advocates and entrepreneurial
innovators (FAO 2009a). The growing interest in organic
aquaculture has prompted governments to regulate the sec-
tor, and standards and certification procedures are being
developed. Although the standards for organic production
are developed recently, nutritional research has progressed
slowly. This paper intends to review the state of knowledge in
organic aquaculture in relation to nutrition. It reviews issues
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of legislation and addresses the main concerns arising from
nutrition in organic aquaculture such as feeds and feeding,
sourcing organic feed and nutrient resources, pigments,
therapeutants and immunostimulants, probiotics/prebiotics/
symbiotics. It highlights the key area for organic aquafeed
research, alternatives to feedstuffs and traceability for the
ingredients, development of organically certified fishmeal
sources, nutritional physiology and human health benefits.

Eco-labelling and organic certification

Food safety and environmental and social standards have
become key features in the trade of agro-food products in the
last 15 years (Aarset ef al. 2004; Ponte 2008), and fish
products are no exception. There has been increased recog-
nition of the importance of more sustainable and environ-
mentally friendly fishing and aquaculture methods. Increased
consumer awareness of these issues has stimulated various
types of seafood eco-endorsements, such as eco-labelling,
certification and branding (Ward & Phillips 2008). The
growing importance of these products has resulted in
increasing interest by major world retailers and, since 2002,
major EU- and US-based supermarket chains have an-
nounced their commitment to sourcing all their wild fish
from sustainable sources (Roheim & Sutinen 2006). This
pledge has resulted in a boom in the already-increasing
number of eco-endorsement schemes and will strongly im-
pact the seafood industry in the near future.

In the current marketing of seafood products, eco-labelling
and organic certifications are two common concepts (Ward &
Phillips 2008; Perdikaris & Paschos 2010). Organic certifi-
cation is focused on aquaculture, while eco-labelling is more
oriented towards sustainability of capture fisheries and their
impact on the ecosystem (FAO 2005). These eco-schemes are
basically ‘seals of approval’ that transmit the information
that the product meets ethical, environmental and good
governance criteria, thus allowing consumers to make in-
formed choices about fish products.

Organic agriculture has been growing rapidly in terms of
diversity of produce, production volumes and values (Scial-
abba & Hattam 2002; Willer et al. 2008). Moreover, the
acceptance and demand of organic products by the con-
sumers has also been increasing. Since 2000, international
sales of organic food increased by more than twofold, from
18 billion USD to 38.6 billion US Dollars in 2006 (Sahota
2008). Despite the rapid growth of organic production in
other agricultural sectors, organic aquaculture is still in its
infancy. This may be attributed to several reasons. For
instance, the variety and diversification of species cultured,
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and systems and methods practiced in aquaculture result in
consequent complications regarding adaptation of organic
practices. Moreover, and despite the regulatory development
of organic agriculture, including livestock production, there
has been a lack of universally accepted standards and
accreditation criteria regarding organic aquaculture until
recently (Tacon & Brister 2002; EU 2009). Organic certified
aquaculture products include fish, crustaceans and algae
(seaweed and phytoplankton).

Organic aquaculture

Limited data on the production volumes of organic aqua-
culture production are available. Worldwide, 16 000 tonnes
of organic salmon was produced, 8800 tonnes of organic
7200 tonnes 3000 tonnes
2000 tonnes of trout and 1000 tonnes seabream/seabass in
2008 (Fig. 1). The estimated global production of certified
organic aquaculture products in 2000 was approximately
5000 tonnes (Tacon & Brister 2002). The main organic
aquaculture products produced in Europe in 2007 included

shrimp, of carp, of mussel,

mainly Atlantic salmon, rainbow and brown trout, carp with
accompanying species (tench, grass carp, pike perch, eel,
European catfish etc.), sea bream, sea bass, blue mussels,
shrimp and Mediterranean sturgeon (Bergleiter 2001, 2008).
Biao (2008) reported an estimated total production of
20 000 tonnes in 2003. Lem (2004) reported production of
organic Atlantic salmon in 2003 of more than 5000 tonnes,
followed by shrimp, carp, trout and other species in lower
volumes. Production of organic Atlantic salmon harvest in
2008 remained to 5500 tonnes, which is approximately 4% of
the total UK Atlantic salmon production (Soil Association
2009). As organic aquaculture grows, more species are

Tonnes

produced under certified programmes and more countries
contribute to the total organic production. According to
Bergleiter (2008), in 2007, several species, including Atlantic
salmon, trout, carp, sea bream and bass, mussels, shrimps
and microalgae, were organically produced around the globe,
mainly Europe, Asia, Oceania and Latin America. This
growth is expected to increase further in the future, reaching
200 000 tonnes in 2015 and almost 1.2 million tonnes in 2030
equivalent to 0.6% of the total estimated aquaculture pro-
duction (Tacon & Brister 2002; Lem 2004).

Despite the benefits resulting from the growth of the fish-
farming industry, the increasing aquaculture production can
lead to severe repercussions on at least three important fac-
tors, namely the environment, the availability of feed and the
disease outbreaks (Naylor et al. 1998, 2000; Sapkota et al.
2008). Sustainable aquaculture development relates to eco-
logical, biological, economic and institutional sustainability
which, in turn, relates to social and cultural issues (Mente
et al. 2007, 2010). Ecological sustainability refers to funda-
mental task of maintaining or enhancing the resilience and
overall health of the ecosystem and maintaining the resource
base at levels that do not foreclose future options, whereas
biological sustainability is about growth, nutrition and health
of farmed species. In that respect, the development of organic
aquaculture could play a significant role towards sustain-
ability, animal welfare and production of high-quality
products for human consumption.

Organic aquaculture is gaining importance in major
organic food markets. The sector has experienced a growth
over the last decade as a result of consumer and market
reaction to concerns about poor taste and texture, contami-
nation, animal welfare, sustainability and adverse environ-

mental impacts of aquaculture (Table 1) (Wessells et al.

- = - -

2003

£ 2000 vear

" - ; . . . .— Figure 1 Organic aquaculture produc-
<] .. . .
Q}@é‘ & @&\6 (saq,e @‘Q /\@\»‘ &@Qa O\‘@@ tion (¢) in 2000, 2003 and 2008. Sources:
,\\06 A\ &\90 @ year 2000: Tacon & Brister (2002), year
v\\’f é)éb 2003: Lem (2004), year 2008: Bergleiter
()

et al. (2009).

Aquaculture Nutrition 17; e798-e817 © 2011 Blackwell Publishing Ltd



e801

Nutrition in organic aquaculture

(1npuod

/ad11deId JO SBPOD DUl) sauljdpIND
juswabeuey pue saul@pinb jeuone’o
Ayjenb

J91eM anoidwi 01 sa1dads [eIqoIN
wsijogelaw snioydsoyd

pue uaboniu ul sdiysuone|al
pasesjaJ/adelul a1ejndiuew o1 |elualod
(suolpuny sunwwi uo

Buipasy Jo uoneinp pue uolleisiuiwpe
10 91noJ ‘sabesop) syuejnwiisounwiul
pue s>iinadelayl [9A0U UO Ydueasay
1Ue)SISDJ 9seasIP pue asuodsal

aunwuwl uo syuaINu Aielalp jo 9|0y
yiesy

ysi anoadwi 01 uole|nwiioy 1a1p diuebiQ
Ayjenb

1npoud pue uoljualaJ 1udLINU ‘Yymolb
‘aduewoyiad aapNpoldas sziwndo
ymoub pue uonndwnsuod pasy 03 piebai
UM suolle|nwoy 1a1p diuebio mau

Jo @>uewuopad 3y} 91eNn|eAT S92IN0SAI
pa3y4 40 uoneziin sy} aziwndo
Buiyoueu eas ‘aunyndAjod

s|ewiue ayy

10 spaau |eunoineyaq pue |edibojoishyd
ay1 Jo Bulpueisispun Jay1ag
uolyisodwod

pue Ayjenb ysajy uo uonnu pue
ymnolub anssi} pueisiapun O3 S|9pow dsM
ydJeasal

uoiunu [ewiue dienbe jo sndoy Jofey
ABojoisAyd anndnpoudal

Buidse suoipuny Jejn|ed pue saibajesys
|euoiluinu Jo abpajmous| aseadu|
ymmoub ajpsnw 1oy sauab ayenbau o pae
syuaLINU Ydiym Aq swsiueydsw Ajipuapi
UOI18I0Xd pue uollezijin

jusINu pue Ayjiqrsabip syee
eJojjo1w INY *(\F) swsiuebiooudiw
9A11299 JO 3|04 Y} Bulpuelsispun J911ag
wnuwixew ssewolg ‘spasjenbe diuebio
10 Aj1j1ge|ieABOIqg JUBIIINU BY) SUIWIS1RQ

ubisap abed panosdwy

Ayjenb

J91eM 491199 "S|EdIWSYD JO 3SN PSRy
JWI| P93} WNWIXe

‘wsljogelaw snioydsoyd pue usbouliu
10y siseq d1}9USD "WNWIXeW Sssewolg

pa3s}

9y ul pajelodiodul syuswWIeaI] |eqUaH
sd1301quwiAs

pue s>noigaid ‘sd13o1qoad yium

3JOM ‘D1BUIDIBA ‘SpadIq SAIIBU JO dsM
(9ssedm *6°9) ysiy Jauea|d

Buimolje4

s10)de} |euUOllLINUIIUR
aAlpeul ‘AJljige|ieae jualinu

pue Ayjenb ‘Ayijigeiejed pasy anosdwi
(s101oey d1wejeyrodAy)

9111adde pue unoineyaq buipasy a1e|nbau
1ey} sassadoud [edibojoisAyd [0i3uod
3po3s pardepe Janeg

eioj4 pue

BUNEJODIW |BDI4BUS] JO JUSWSdURYU]

saads

40 Ymoub 4o uoissaidxa sedueyua
yoiym siseq [eaibojoisAyd ayi sulwialag
$924N0S spide oujwe

Juiaroid aAleUIRYE JO UONEZIIB)DRIRYD
Ayjenb

|ense| pue |epeuob ‘Aouaia aaNpoidal
UO $1299 |BUOILLIINU d1en|en]

S1UsLIINU Pady ul suoljeisl|e 01 asuodsal
ul uoissaldxa auab ul sabueyd sujwex3
pasy ul sonoigqoud

95 "Ol1BJ UOISISAUOD Pa3) 9dNPay

s121p 1uaIe Ajjeuoniinu buidojansp
sjualpalbul anneusalje Aq uoiiniisqns

UolIN|Ip d138udD, ‘sdadeds] e
asea|al |ediwayd)
JUBWYDLIUD JUBLIINN
JUBWYdLIUD djuebliQ e

uolez[dYIsauY
SISNUIA e

ENIEENE

saseasip 40 pealds e

sa1b93e.1s Buipasy

)ejul pasy are|nbay

s9)2/>

uopnpoud Jabuoj ‘swnjoa uoipnpoud
JOMO] ‘S3I1}ISUIP BUII03S JIOMOT o

S|ana| anssiy
ul uoisodwod pue a1eJ ymmoub asealdu|
spie oulwe

J119Y3uAs ou yym s3alp jusws|ddns

pue spide oulwe Jo syuawalinbai
Kieyalp jewndo jo juswysijgelisy
ouewsopsad aandnpoadal

9dUBYUD 0} SUOI1B|NWIOS 131Pp droidw|
uonunu pue

juswdolansp ‘Yiwmoib yim parerdosse
solwouab |euonpuny jo Buipuelsiapun
$92JN0S dAILRUID)|E 1SDAIRY O} SAISUSLUI
pasea.du| ‘sypedwi wa1sAsoda JapIAN
"s9119ysl1) opesb pasy) uo aunssaud aseaidu| e

spedw] [elUSWUOIIAUT

wialsAs aunwiw|

sanbiuyds) Juswabeuew duebiQ

spasjenbe diuebiQ

sabua|jeyd

saydeouddy

SSouUd eI

ormjnoenbe o1uesIO Ul UORLINU WOIJ FUISLIE SUIAOUOD JUALIND UlRW ) JO Arewiwing [ dqe],

Aquaculture Nutrition 17; e798-e817 © 2011 Blackwell Publishing Ltd



€802 E. Mente et al.

1999; Aarset et al. 2004; Boehmer et al. 2005; Hughner et al.
2007). Organic Atlantic salmon farming has the potential to
considerably reduce social, environmental and economic
risks associated with salmonids farming (Georgakopoulos &
Thomson 2005). Information on the social sustainability of
organic aquaculture is also essential. The IFOAM Organic
World Congress conference on organic aquaculture, in June
2008, emphasized the vital need for awareness and action in
relation to all three pillars of sustainability (environmental,
economic and social sustainability) and questioned whether

integrate with national Coastal

Management Plan
e Research and policy development

Processing
e Sustaining growth of organic

progress

organic aquaculture can become truly sustainable without

experiments. Enhance the research

aquaculture industry
e Maximum residue limit. Prohibit

development
e Country specific

treatment
e Fund more nutritional research

e Derive regional/local Coastal Plans and
e Marketing channels need further
e Better quality of the final product.

e Locational guidelines

Challenges

considering the social implications of operations (TOS 2008).

Organic aquaculture products have existed in Europe since
the mid-1990s. These products, although relatively new when
compared to other organic foods, have been growing
remarkably as consumers and marketers react to concerns
relating to health and environmental effects of pesticides,
genetically modified organisms and food safety (Boehmer
et al. 2005; Hughner et al. 2007).

There is a need to develop and harmonize standards for
eco-certification and to ensure that it is applied only to well-
managed fisheries and aquaculture systems, which fulfil all
appropriate sustainability criteria. Various independent, na-

acoustic sounds to deter them away

e Use electrical nets and equipment
unexpected technical problems during

the growth trials

treatment
o Effective experimental design

tional and private, standards and certification programmes

e Actively incorporate the research results

e Covering the ponds and cages. Use
e Monitoring and enforcement

e Increase advertisement. Marketing
e Lower cost for medical treatments
e Improve production eciency

e Reduce environmental impact

e Organic alternatives for melanosis
e Attempt to correct potential and

Approaches

for organic aquaculture (or in some cases for specific aquatic
species only) have been developed since the mid-1990s
(Tacon & Brister 2002; Bergleiter 2008; Biao 2008). More-
over, the International Federation of Organic Agriculture
(IFOAM) has established standards for organic aquaculture
production, included in the TFOAM norms for organic
production and processing, Version 2005 (IFOAM 2009).
The need for a coherent EU framework and standards for
aquaculture products led to the inclusion of these products
within the scope of council regulation No 834/2007 for
organic production, which came into force in January 2009.

another certified organic producer to

replace stock
e Update regularly due to recent research

perform nutritional experiments

seafood processing
e Costs of running nutritional experiments

e Long periods (several months or years) to

findings

e Certification costs
e Higher price of organic feed and labour

e Diculties in sourcing juveniles from
e High investment

e Consume and killing fish
e Prohibition of various additives for

e Higher production costs

Weakness

Regulation

In terms of legislative and institutional framework, though,
the development has been relatively slow and progress is re-
cent. For instance, despite including guidelines and standards
for livestock and animal production, Codex Alimentarius
Guidelines of the FAO/WHO’s international Codex Ali-
mentarius Commission (2009) and the US National Organic
Program (NOP 2009) have not set standards for aquaculture
production, yet, although the integration of policies regarding
aquatic animals in the NOP’s regulation is in progress (Ber-
gleiter 2008). In 2007, the European Union’s regulation (EC)
No 834/2007 ‘on organic production and labelling of organic

Table 1 (Continued)
Predators (cormornats, herons, seals)

Legislation
Other

Aquaculture Nutrition 17; e798-e817 © 2011 Blackwell Publishing Ltd



products repealing regulation (EEC) No 2092/91° came into
force (EU 2007). This is the first EU regulation to set organic
aquaculture production standards; however, aquaculture was
not included in the Commission Regulation (EC) No 889/
2008 establishing detailed rules on organic production (EU
2008). In 2009, European Union has published Commission
Regulation (EC) No 710/2009 laying down detailed rules on
organic aquaculture animal and seaweed production. These
new regulations will change the role of government regula-
tions and institutions and will result in major changes in
certification schemes in the near future.

European Union’s regulations on organic agriculture, and
thus aquaculture, aim at certain objectives, namely the
establishment of sustainable agriculture systems that sustain
and enhance the health of soil, water, plants and animals;
contribute to a high level of biological diversity; make
responsible use of energy and natural resources; and respect
high animal welfare standards, aiming at producing high-
quality products by no use of processes harmful to the
environment, human, plant or animal health and animal
welfare (EU 2007). Moreover, a number of fundamental
principles must be followed, including the use of organically
produced inputs, the exclusion of GMOs and the compliance
with the principle of sustainable exploitation of fisheries,
along with more specific principles focusing on the various
aspects of organic production. In general, these principles
are common between various certification programmes,
although differences may exist. Regarding aquaculture pro-
duction, Council Regulation (EC) No 834/2007 (EU 2007)
and 710/2009 sets a number of guidelines and principles, on
the origin of animals, husbandry practices, breeding, feeds
and feeding, disease prevention and veterinary treatment.
However, for the further growth of the organic aquaculture
sector in Europe and globally, specific standards need to be
set and there are a number of issues that should be further
addressed by detailed rules and guidelines. Specifically, the
stocking density shall provide for the comfort and well-being
of the animals which, in particular, shall depend on the
species, the age of the animals and their behavioural needs.
This could affect other parameters including water quality
and the impact on the environment, and consequently the
animals’ well-being and growth (Cottee & Petersan 2009).
The low stocking densities are desirable in organic aqua-
culture because, as with many other disease or parasitic
infections, infestation levels are host-density dependent.
Stocking densities should be as close as possible to natural
conditions. Some species of fish become aggressive if den-
sities are too low and others (such as salmon) require suf-
ficient space to allow for natural schooling to occur.

Aquaculture Nutrition 17; e798-e817 © 2011 Blackwell Publishing Ltd
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Conventional sea cages of salmon farms typically stock fish
at 16 kgm™> for Atlantic salmon. Organic aquaculture
standards have density at 10 kg m™> for Atlantic salmon
although lower densities will be preferable because it will
reduce effluent production and the possible associated ben-
thic impacts. The stocking density in relation to feed refers
to carp and tench where it should not exceed 50% of fish
yield to attain the natural feed availability. There are limits
for stocking densities if a protein-rich diet is administered in
carp and tench.

Feeds and feeding in organic aquaculture

In aquaculture, the nutrition highly determines the economic
viability and sustainability of the business. In many con-
ventional aquaculture operations, feed accounts for over
50% of the variable operating cost (Rana et al. 2009), while
in organic operations a 50% surcharge is assumed for
organic certified feeds, although lowering feed conversion
ratios can compensate their costs (Bergleiter ez al. 2009).
Nutrition, as a broader term, involves the whole series of
actions that ensure the provision of the nutrients required for
vital processes to an organism (Guillaume et a/. 1999) and
includes both external, either manufactured or not, and
internal nutrient sources, as well as the action of feeding and
the applied feeding methods. As a general principle in
nutrition of organically farmed aquatic animals, feeding shall
be performed in a way that allows natural food intake and
ensure that the developmental, physiological and behavioural
needs of animals are met (EU 2007, 2009; KRAV 2009; Soil
Association 2009). In addition, feeds must be balanced
according to the nutritional requirements of the organisms,
promote animal’s growth and health, ensure high quality of
the final edible product and cause low environmental impact
(EU 2007, 2009; KRAV 2009; Soil Association 2009).
However, in nutrition of aquaculture animals, differences
exist according to a) the intensity of culture (e.g. extensive,
semi-intensive, intensive, super intensive) and the intensity of
feeding (e.g. low—high feeding rations), b) the culture media
(e.g. earthen ponds, integrated agri-aquaculture systems,
concrete tanks, closed recirculation systems in tanks/race-
ways, sea cages, net pens) and c) the feeding habits of farmed
species (e.g. herbivorous, omnivorous, carnivorous), the feed
formulations (e.g. diets for carnivorous species require spe-
cific amounts of marine resources such as fishmeal and fish
oil) and the type of manufactured feed (e.g. pelleted or
extruded feed) among others. It is therefore appropriate to
lay down all nutritional considerations involved in the
organic production.
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Nutrition
systems

in organic extensive production

The nutrition of aquatic animals such as carps, tilapias,
catfish, perch, pike, coregonids, sturgeon, milkfish, penaeid
shrimps and freshwater prawns that are cultured in inland
waters such as ponds, net cages (hapas) and lakes should be
provided by food material, such as aquatic plants, algae,
plankton, small invertebrates and detritus that are naturally
available in the culture media (EU 2009). In such systems,
areas of natural vegetation should be maintained around
inland water units as a buffer zone for external land areas not
involved in the farming operation (EU 2009).

Nutrition in organic semi-intensive production
systems

Natural foods are highly nutritious but quantitatively lim-
ited, which can support extensive production systems with
low yields per unit area. When higher yields are targeted, as
in semi-intensive production systems, then higher nutrient
availability is required. The natural food productivity of the
cultivated water can be enhanced by external inputs in the
form of fertilisers, both of inorganic and of organic nature,
such as livestock manures, plant material and inorganic
phosphate, nitrogen and potassium products. The authori-
zation of fertilisers in organic aquaculture production has not
yet been fully clarified in European Commission, and its
necessity for sustained production, the specific conditions for
use and application rates should be elaborated in future. In
agreement with the overall principles of organic production,
fertilisers, as external inputs, can be used if only are sourced
from certified organic farming operations, are natural or
naturally derived substances and are consistent with the
principle of maintaining or enhancing the quality of the
water and water resources (EU 2007; Naturland 2009; Soil
Association 2009). In agreement with organic plant produc-
tion, livestock manures and any organic material used for
ecosystem’s fertility should be coming from organic livestock
production and should be preferably composted (EU 2007).
They should not consist of, be developed from, or contain
traces of genetically modified organism (KRAV 2009), while
mineral nitrogen fertilisers are not allowed (EU 2007). In
addition, fertiliser applications should not lead to a concen-
tration of heavy metals or other environmentally dangerous
or infectious substances (KRAV 2009).

Some private certification bodies have incorporated stan-
dards for fertilisers in organic aquaculture, concerning their
origin and species-specific application rates (Bioland 2009;

Naturland 2009; Soil Association 2009). As such, the fertil-
isers used must originate, insofar as is available, from certi-
fied organic farming operations and where these are not
available, conventionally produced organic fertilisers prefer-
ably from extensive operations can be applied. Some com-
mon fertilisers that are acceptable for organic aquaculture
include organically produced manure, compost and plant
waste as well as mineral fertilisers of natural origin (Soil
Association 2009). At a management plan, details for the
fertilization rates and times must be recorded (Soil Associa-
tion 2009). For species like carp, tench and pike, organic
fertiliser that can be applied to the pond should not extend
20 kg N ha™"' (EU 2009) or 40 kg N ha™' (Naturland 2009).
For carp pond farming, natural productivity should be at a
level that provides at least 50% of carp’s feed (Soil Associ-
ation 2009). Shrimp ponds can also be fertilised with locally
produced nutrients that are acceptable for use in organic
farming (Soil Association 2009). This should include prod-
ucts and waste from the organic land around the shrimp
farm. In addition, supplementary doses of phosphate, origi-
nated from natural sources, are permitted in shrimp pond
culture, and the overall quantity of fertilisers should be
limited in first order by the effluent water quality (Naturland
2009). The natural productivity of shrimp ponds should be
maintained at such a level so as to provide at least 50% of
feed, and for that the levels of phytoplankton and zoo-
plankton should be measured (Soil Association 2009).

One way of providing manures and plant material as fer-
tilisers to the pond system is through the integration with
terrestrial agriculture, thereby making use of the terrestrial
agricultural by-products more directly and efficiently (Jaun-
cey 1998). Thus, common semi-intensive aquaculture systems
are integrated with terrestrial livestock production systems,
like those of pigs, ducks, chickens, water fowls, cattle and
goats, which are adjacent to or above the pond. Aquaculture
can also be integrated with crop production (e.g. rice and
water hyacinths) where the latter can be benefited from the
waste water of the former, while the former can be benefited
from the inputs of harvested yield of the latter. Such inte-
grated agriculture—aquaculture systems should be encour-
aged as suit to the basic principle of organic production
where wastes and by-products of the operations are recycled
returning nutrients to the production systems. In the case of
organic integrated aquaculture—agriculture production sys-
tems, all terrestrial inputs to the aquaculture systems should
be originated from organic operations. However, the use of
animal excreta in aquaculture systems may lead to potential
concerns regarding human health, product quality and food
safety issues and should be further looked into. Organic
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aquaculture regulations shall include standards regarding
integrated aquaculture—agriculture production systems.

The soil of the pond bottom is the primary nutrient source
of the pond ecosystem and as such plays a vital role in the
maintenance of pond productivity (Jauncey 1998). Therefore,
a common practice in pond farming is the pond drying and
liming with quicklime (CaO) or limestone (CaCO3) in order
to alkalify the water environment. In agreement with Euro-
pean Union’s authorized chemical fertilisers, calcium car-
bonate such as chalk, marl, ground limestone, Breton
ameliorant and phosphate chalk should be only of natural
origin (EU 2008), while the use of quicklime is prohibited
(Bioland 2009).

The combination in the same aquaculture system of
species that occupy different trophic levels or ecological
niches is encouraged in organic production (Soil Associa-
tion 2009). Polyculture can fully exploit the space of the
culture media, can lead to more effective utilization of
available natural food and can create additional income.
Organic aquaculture standards typically include recom-
mendations, but no binding standards regarding polyculture
(Bergleiter et al. 2009). European Commission should also
attempt to elaborate standards for polyculture in future
regulations.

At semi-intensive production systems, where the even
stimulated by fertilization natural food productivity is
insufficient to sustain higher yields, external feed inputs are
required to supplement dietary nutrients. As supplementary
feeds farmers can use a range of feedstuffs from simple,
unprocessed, agriculture or industry by-products to formu-
lated, pelleted feeds (Table 2). In organic aquaculture, sup-
plementary feeds must be also of organic origin, and
specifically of organic plant origin, preferably grown on the
farm itself (EU 2009). Alternatively, organically produced
seaweed may be fed as supplements. In any case, the external
inputs should be natural or naturally derived substances (EU
2007), and the operator should keep documentary evidence
of the need to use supplementary feeds (EU 2009). In the
case of omnivorous—carnivorous species cultured in inland
waters, such as penaeid shrimps, freshwater prawns (Mac-
robrachium spp.) and siamese catfish (Pangasius spp.), the
EU production rule for organic aquaculture has set that
their ration of supplementary organic feed may comprise a
maximum of 10% of fishmeal and fish oil derived from
sustainable fisheries (EU 2009). The latter is assumed to refer
to a 10% maximum of each of fishmeal and fish oil; how-
ever, this is not clear, as it could be taken either as a com-
bined total or a maximum of each, and hence should be
clarified.
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Nutrition
systems

in organic intensive production

At intensive systems, where very high levels of production are
required and/or clear water systems (tanks, cages etc.) are
used, natural feeding becomes insignificant and all nutrient
requirements of cultured species must be met by exogenous
complete feeds (Jauncey 1998). In Table 2, several acceptable
and non-acceptable materials for organic feeds are listed. In
the case of herbivorous and omnivorous species, complete
organic feeds can be formulated by plant feed ingredients.
Plant feed ingredients, and generally all feed ingredients,
should be traceable to organic standards, except where a feed
material is not available on the market in organic form but
has been authorized for use in organic aquaculture (EU
2007). Genetically modified organisms (GMOs) and products
produced from or by GMOs, growth-enhancing substances
and synthetic feed additives such as synthetic amino acids
and chemo-synthetic pigments are not allowed (EU 2007,
KRAYV 2009; Naturland 2009; Soil Association 2009). Hor-
mones and hormone derivatives in the feed is incompatible
with the concept of organic production. Organic cultivated
seaweed or sustainably harvested wild seaweed, including all
multicellular marine algae or phytoplankton and microalgae,
may be used as feed ingredient. Organic yeast shall not be
present in organic feed together with non-organic yeast.
Terrestrial animal-based feed ingredients (including poultry/
mammalian derived material) are not allowed, except milk
products that are of organic origin. Synthetic feed ingredients
are not allowed, except feed additives, such as vitamin and
mineral supplements, that are identical to natural and
essential for nutritional purposes. The use of such additives
should be used to a minimum extent and should not exceed
requirements of the specific species. Synthetic antioxidants
are not allowed and only natural antioxidant substances
should be used.

In the case of carnivorous species, organic aquafeeds shall
consist of fishmeal and fish oil to maintain animal’s health,
satisfy their nutritional requirements for specific amino acids
and fatty acids and to suit to their carnivorous feeding habits.
The use of fishmeal and fish oil contradicts the organic
principle of sustainability owing to the decline of fisheries
and overexploitation of wild stocks; though, it is now pos-
sible for salmon farming to be a net producer of fish protein
and oil (Crampton et al. 2010). Organic aquafeeds feeds may
consist of marine feed ingredients coming from sustainable
use of fisheries and of plant feed ingredients originated from
organic production (EU 2008, 2009). Regulation on organic
fish certification permits fishmeal and oil from certified
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Table 2 Acceptable and non-acceptable materials in feeds for organic aquaculture (adopted and modified from EU 2008)

Acceptable materials

1. Feed materials of animal origin
1.1. Fish, other marine animals, their products and by-products
Under the following restrictions: Products origin only from sustainable exploitation of fisheries resources under Common Fisheries
Policy and to be used only for species other than herbivores
Fish
Fish oil and cod-liver oil not refined
Fish molluscan or crustacean autolysates
Hydrolysate and proteolysates obtained by an enzyme action, whether or not in soluble form, solely provided to aquaculture animals
Fishmeal
Crustacean meal
Under the following restrictions: produced under organic principles and intended only for feeds of other farmed species or taxa
Fishmeal, crustacean meal, shrimp shell or other processed ingredients of aquaculture origin
Zooplankton, microcrustaceans, rotifers, worms and other aquatic feed animals
Fishmeal and fish oil from non-organic aquaculture trimmings, or trimmings of fish caught for human consumption may be
used for a transitional period until 31 December 2014. Such feed material should not exceed 30% of the daily ration
1.2. Milk and milk products
Produced under organic principles or non-organic materials that have been authorized for use in organic production under
the following restrictions: the use of a limited proportion of non-organic feed of animal origin is allowed where farmers
are unable to obtain feed exclusively from organic production. The maximum percentage of non-organic feed authorized
per period of 12 months for species other than herbivores should be 5% during the period from 1 January 2010 to 31 December 2011
Raw milk
Milk powder
Skimmed milk, skimmed-milk powder
Buttermilk, buttermilk powder
Whey, whey powder, whey powder low in sugar, whey protein powder (extracted by physical treatment)
Casein powder
Lactose powder
Curd and sour milk

2. Feed materials of plant origin
2.1. Aquatic origin
Produced under the organic principles
Seaweed
Multicellular marine algae or phytoplankton
Microalgae
2.2. Land origin
Produced under the organic principles or non-organic materials that have been authorized for use in organic production
under the following restrictions: the use of a limited proportion of non-organic feed of plant origin is allowed where farmers
are unable to obtain feed exclusively from organic production. The maximum percentage of non-organic feed authorized
per period of 12 months for species other than herbivores should be 5% during the period from 1 January 2010 to 31 December 2011
2.1. Cereals, grains, their products and by-products
Oats as grains, flakes, middlings, hulls and bran
Barley as grains, protein and middlings
Rice germ expeller
Millet as grains
Rye as grains and middlings
Sorghum as grains
Wheat as grains, middlings, bran, gluten feed, gluten and germ
Spelt as grains
Triticale as grains
Maize as grains, bran, middlings, germ expeller and gluten
Malt culms
Brewers’ grains
2.2. Oil seeds, oil fruits, their products and by-products
Rape seed, expeller and hulls
Soya bean as bean, toasted, expeller and hulls
Sunflower seed as seed and expeller
Cotton as seed and seed expeller
Linseed as seed and expeller
Sesame seed as expeller
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Table 2 (Continued)

Palm kernels as expeller
Pumpkin seed as expeller
Olives, olive pulp
Vegetable oils (from physical extraction)
2.3. Legume seeds, their product and by-products
Chickpeas as seeds, middlings and bran
Ervil as seeds, middlings and bran
Chickling vetch as seeds submitted to heat treatment, middlings and bran
Peas as seeds, middlings and bran
Broad beans as seeds, middlings and bran
Horse beans as seeds middlings and bran
Vetches as seeds, middlings and bran
Lupin as seeds, middlings and bran
2.4. Tuber, roots, their products and by-products
Sugar beet pulp
Potato
Sweet potato as tuber
Potato pulp (by-product of the extraction of potato starch)
Potato starch
Potato protein
Manioc
2.5. Other seeds and fruits, their products and by-products
Carob
Carob pods and meals thereof
Pumpkins
Citrus pulp
Apples, quinces, pears, peaches, figs, grapes and pulps thereof
Chestnuts
Walnut expeller
Hazelnut expeller
Cocoa husks and expeller
Acorns
2.6. Forages and roughages
Lucerne
Lucerne meal
Clover
Clover meal
Grass (obtained from forage plants)
Grass meal
Hay
Silage
Straw of cereals
Root vegetables for foraging
2.7. Other plants, their products and by-products
Molasses
Seaweed meal (obtained by drying and crushing seaweed and washed to reduce iodine content)
Powders and extracts of plants
Plant protein extracts (solely provided to young animals)
Spices
Herbs

3. Feed materials of mineral origin
Of natural origin or non-organic materials of mineral origin that have been authorized for use in organic production
3.1. Sodium

Unrefined sea salt

Coarse rock salt

Sodium sulphate

Sodium carbonate

Sodium bicarbonate

Sodium chloride
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Table 2 (Continued)

3.2. Potassium
Potassium chloride

3.3. Calcium
Lithotamnion and maerl
Shells of aquatic animals (including cuttlefish bones)
Calcium carbonate
Calcium lactate
Calcium gluconate

3.4. Phosphorus
Defluorinated dicalcium phosphate
Defluorinated monocalcium phosphate
Monosodium phosphate
Calcium-magnesium phosphate
Calcium-sodium phosphate

3.5. Magnesium
Magnesium oxide (anhydrous magnesia)
Magnesium sulphate
Magnesium chloride
Magnesium carbonate
Magnesium phosphate

3.6. Sulphur
Sodium sulphate

4. Feed additives
4.1. Nutritional additives
4.1.1. Vitamins

Vitamins derived from raw materials occurring naturally in feedingstuffs
Synthetic vitamins identical to natural vitamins for aquaculture animals

4.1.2. Trace elements

E1 Iron: ferrous (Il) carbonate, ferrous (ll) sulphate monohydrate and/or heptahydrate ferric (lll) oxide

E2 lodine: calcium iodate, anhydrous calcium iodate, hexahydrate sodium iodide

E3 Cobalt: cobaltous (II) sulphate monohydrate and/or heptahydrate, basic cobaltous (Il) carbonate, monohydrate

E4 Copper: copper (Il) oxide, basic copper (lI) carbonate, monohydrate copper (ll) sulphate, pentahydrate

E5 Manganese: manganous () carbonate, manganous oxide and manganic oxide, manganous (Il) sulphate, mono- and/or tetrahydrate
E6 Zinc: zinc carbonate, zinc oxide, zinc sulphate mono- and/or heptahydrate

E7 Molybdenum: ammonium molybdate, sodium molybdate
E8 Selenium: sodium selenate, sodium selenite
4.2. Zoo-technical additives
Enzymes and microorganisms
4.3. Technological additives
4.3.1. Preservatives
E 200 Sorbic acid
E 236 Formic acid (*)
E 260 Acetic acid (*)
E 270 Lactic acid (*)
E 280 Propionic acid (*)
E 330 Citric acid

(*) For silage: only when weather conditions do not allow for adequate fermentation

4.3.2. Antioxidant substances

E 306 — Tocopherol-rich extracts of natural origin used as an antioxidant

Natural antioxidant substances
4.3.3. Binders and anticaking agents
E 470 Calcium stearate of natural origin
E 551b Colloidal silica
E 551c Kieselgur
E 558 Bentonite
E 559 Kaolinitic clays
E 560 Natural mixtures of stearites and chlorite
E 561 Vermiculite
E 562 Sepiolite
E 599 Perlite
Conventional molasses
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4.3.4. Silage additives
Enzymes, yeasts and bacteria can be used as silage additives

The use of lactic, formic, propionic and acetic acid in the production of silage is only be permitted when weather conditions do not allow for

adequate fermentation
Emulsifying and stabilizing agents
Lecithin of organic sources
4.2. Certain substances used in animal nutrition

Substance listed must have been approved under Council Directive 82/471/EEC concerning certain products used in animal nutrition

Organic yeast
Yeasts: Saccharomyces cerevisiae, Saccharomyces carlsbergiensis

Phaffia yeast (as a source of astaxanthin — limitation not to exceed 10 ppm in fish) (not permitted for shrimp feed)

4.3. Substances for silage production
Sea salt
Coarse rock salt
Whey
Sugar
Sugar beet pulp
Cereal flour
Molasses

Not acceptable
1. Feed materials of animal origin

Fishmeal and fish oil from dedicated operations that are not independently certified as sustainable

Fishmeal or other processed ingredients from the same taxa
Meal and other processed ingredients from terrestrial animals
. Feed materials of plant origin

N

Non-organic feed materials of plant origin, not listed here, that they have not been authorized for use in organic production
Feedingstuffs that have been solvent extracted (except those extracted using ethanol and water)
Genetically modified organisms or products and ingredients delivered from them

w

Artificial, synthetic or nature-identical pigments
Growth regulators, hormones and appetite stimulants
. Synthetic binders

o

sustainable fishery areas or from by-products and trimmings
from seafood-processing fishery or from certified organic
aquaculture, but of a different species or from by-catches
from food fisheries. The feed ration may comprise a maxi-
mum of 60% of organic plant products (EU 2009).

The production of fishmeal has remained relatively stable
over the past 15 years, and this situation is unlikely to im-
prove (Tacon & Metian 2008). Indeed, it has been suggested
that the availability of fishmeal will decline in the future, such
that fishmeal no longer can be considered a sustainable
protein source for aquafeeds (Craig & McLean 20006).
Accordingly, alternate proteins are needed to replace fish-
meal, especially for diets of carnivorous species. Plant pro-
teins can replace fishmeal up to 25-35% (Tidwell & Allan
2001; Pereira & Oliva-Teles 2003; Chou et al. 2004; Hardy
2010; Enami 2011). Plant proteins are probably the most
widely used alternative to fishmeal, but they pose problems,
including lower crude protein levels, palatability issues,
amino acid deficiencies and the occurrence of antinutritional
factors such as trypsin inhibitors and phosphorus and
nitrogen release to the environment (Francis ef al. 2001;
Hardy & Tacon 2002).
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There are a limited number of studies investigating partial
replacement of fishmeal with organic diets (Craig & McLean
2005, 2006; Li et al. 2006; Lunger et al. 2007). Lunger et al.
(2006) fed cobia fish (Rachycentron canadum) for 6 weeks, an
organically certifiable yeast-based protein source diet as a
fishmeal replacement and showed that up to 25% fishmeal
could be replaced without affecting growth rates, feed effi-
ciency or biological indices. Substitution levels above this
resulted in decreased performance in all measured parame-
ters. Further dietary inclusion rates for this protein might be
problematic, however, because of amino acid imbalances and
limitations by added amino acids (Craig & McLean 2000).
Craig & McLean (2005) replaced fishmeal and soybean meal
with an organic diet (yeast), and there was no difference in
growth rates in tilapia. Browdy et al. (2006) conducted a
nutritional study by replacing fishmeal with a plant-based
diet (algal fermentation), in shrimps Litopenaeus vannamei,
and showed that there were no significant difference in final
production, survival and FCR. However, fishmeal diet
deposited more DHA in shrimp’s tissues in comparison with
the plant-protein diet. A growth study on cobia fish
(Rachycentron canadum), by Lunger et al. (2007), showed
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that there were no differences in fish weight gain, feed effi-
ciency, muscle tissue ratio, visceral somatic index and packed
cell volume when they fed a 40% replacement of fishmeal by
an organic diet containing yeast, soya and plant seeds. Li
et al. (2006) studied the effect of organic fertilization and
organic diets on production of channel catfish Ictalurus
punctatus, in earthern ponds. Their results showed that the
slightly higher body fat observed in organic fish resulted from
the slightly higher fat content in the organic diet; however,
the amount of deposited fat was within the range typically
found in channel catfish. Thus, research has not determined
clearly the proportions of aquatic and plant origin that
should be used in organic feed. This aspect is of great
importance especially for the culture of carnivorous species
that dominate European aquaculture (Tacon & Brister 2002;
Cottee & Petersan 2009). Research on enteroproteins, an
Ento-protein from insects, is developing to replace fishmeal
in the future (Bergleiter et al. 2009).

Plant ingredients can be used in organic aquaculture up to
percentage but consideration on the final product quality and
taste is important. The proportion and quality of the plant
ingredients that can be used in the organic diets can have an
effect to the final product quality like fat content, colour and
texture (de Francesco et al. 2004; Lunger et al. 2007). Given,
that in some cases, differences in the nutritional characteris-
tics between conventional and organic plant products may
exist (Woese et al. 1997; Bourn & Prescott 2002), or the
reported animals’ preference on organic feeds (Méder et al.
2007), the potential use of such commodities in feeds for
organic aquatic animals should be further investigated. Thus,
more research is needed on plant proteins used for organic
aquaculture on growth and final product quality.

The substitution of fish oil with plant alternatives has been
thoroughly studied in the last decades (Bell & Waagbe 2008;
Glencross 2009; Turchini et al. 2009; Sales & Glencross
2011); however, data on organic approaches is scarce. Tor-
stensen et al. (2008) found a growth depression when
simultaneously replacing both fishmeal and fish oil. Rainbow
trout showed growth reduction occurred when all fishmeal
was replaced by plant proteins with no replacement of oil
(Overturf & Gaylord 2009). Fish oil provides the fish with
essential fatty acids while it is also a very significant energy
source. In general, the replacement of fish oil with plant oils
causes no negative effects on growth, while the fatty acid
composition of the fish tissues is affected, reflecting the fatty
acid composition of the diet (Bell & Waagbe 2008, Glencross
2009; Turchini et al. 2009). Hence, the use of organically
produced plant oils to substitute fish oil in aquafeeds could
be challenging and should also be examined, given especially

the effects that such feed formulations may have on fish
muscle fatty acid compositions, including reductions in long
chain fatty acids such as EPA and DHA, and ultimately on
the quality of the final product.

The development of nutritionally efficient diets using
organic sources of ingredients in organic aquaculture diets is
a challenge. Research is still needed to evaluate the bio-
physical and biochemical characteristics of new alternative
sustainable proteins and lipids as replacements for fishmeal
and fish oil, to determine their nutrient availability, to assess
their efficiency for various life stages of organic aquaculture
species, to reduce their environmental impacts and to supply
them with low cost.

As in intensive production systems, feed rations are
intense, and in compliance with organic production princi-
ples feeding practices should ensure that the environmental
impact from the fish production units is minimal and that
overfeeding that leads to feed wastage should be avoided.
Thus, for aquaculture animal production in fish ponds, tanks
or raceways, farms should be equipped with natural filter
beds, settlement ponds, biological filters or mechanical filters
to collect waste nutrients or use seaweeds and/or animals
(bivalves and algae) that contribute to improving the quality
of the effluent (EU 2009). Uneaten fish feed, where appro-
priate, should be removed promptly to avoid any risk of
significant environmental damage as regards water status
quality, to minimize disease risks and to avoid attracting
insects or rodents (EU 2009). When automatic feeding sys-
tems are used, these should be kept in good working order.
Moreover, fish could be trained in feeding and could come to
the boat or a platform for organic food at an acoustic signal
(Lindell et al. 2008). Furthermore, fish can be trained to
catch themselves by swimming into a net when they hear a
tone that signals feeding time, acoustic fish ranching.

Other nutritive feed ingredients

Vitamins and minerals are essential for fish growth, devel-
opment, health and well-being (NRC 1993). These nutrients
are found in a plethora of feed ingredients. However, the
content of vitamins and minerals may vary dramatically
among different commodities, and hence, diet mixtures may
not always fulfil fish dietary requirements. Therefore, diet
formulations for aquatic organisms typically include vitamin
and mineral premixes, so that intake is sufficient and nutri-
tional requirements are met (Hardy & Barrows 2002). In that
respect, the use of such additives is permitted in organic fish
diets while the use of synthetic compounds, such as ‘synthetic
vitamins identical to natural vitamins for aquaculture
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animals’, may also be allowed (EU 2007, 2008, 2009). It
should be mentioned, though, that specific rules and con-
strains are applied, and in general the necessity for their use
must be shown and the use of natural sources is encouraged,
while additional approval for their use may also be needed
(EU 2008, 2009). Nevertheless, the rational use of these
additives is of importance for the sustainability of fish
nutrition to be maintained. Thus, research data for specific
vitamin and mineral requirements for different species and
diet formulations and manufacturing that follow the physi-
ological needs and maximize the diets and additives efficiency
and bioavailability could play a significant role. Phytogenics,
which are plant-derived products, originated from leaves,
roots, herbs, spices available in dried or ground form or as
extracts or essential oils added to the feed to improve per-
formance in agriculture (Steiner 2006). Research on their
application in some aquaculture species is on progress.

Pigments

Skin and flesh coloration comes in great variety in fish and is
a complex feature affected by various factors (Leclercq et al.
2010). It could also be a significant factor affecting customer
preference and marketing acceptance of the final product
(Torrissen 1995). Carotenoids are the main group of pig-
ments responsible for the colour of skin and flesh of various
cultured fish, while their role as antioxidants has also been
reported (Breithaupt 2007). Carotenoids cannot be synthe-
sized de novo by the fish, which therefore depend on the
dietary supply to obtain these pigments (Choubert & Store-
bakken 1989; Torrissen 1995). Wild fish obtain carotenoids
through the feed chain, while in aquaculture pigments (e.g.
astaxanthin and canthaxanthin) are commonly used in diet
formulations for the desired flesh and skin colour to be
obtained (Breithaupt 2007). Pigments for aquafeeds include
both natural and synthetic carotenoids. However, organic
certification programmes reject the use of synthetic additives
while, in the case of astaxanthin for Atlantic salmon and
trout, permit the use of pigments from organic or natural
sources instance (EU 2009). Clarifications and details may be
needed, though, in terms of the use of other pigments and
carotenoids apart from astaxanthin and/or for other species.

Several natural feeds, such as algae (e.g. Haematococcus
pluvialis and Chlorella vulgaris), yeasts (e.g. genera Phaffia,
Rhodotorula, Rhodosporidium and Sporobolomyces), krill,
crustaceans and plants, are carotenoid sources and some
have been successfully used in aquafeeds as alternatives to
synthetic pigments (Gouveia et al. 1998; Gomes et al. 2002;
Breithaupt 2007; Kop & Durmaz 2008; Erdem er al. 2009;
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Frengova & Beshkova 2009; Pan & Chien 2009). This is in
line with the organic principles and regulations; however,
further research is needed to develop organic production of
these sources and expand their use, to elucidate their effects
in fish coloration, growth, health, welfare and quality of the
final product, to estimate the required and/or maximum
dosages of pigments for specific species and to suggest
effective feeding strategies for providing the pigments with-
out compromising the environmental and economic sus-
tainability of the system. Regarding extensive or semi-
intensive aquaculture systems, natural carotenoid sources
could be produced within the systems and comprise part of
the feed ration of the cultured fish. Such practices comply
with the organic principles and should be further developed.

Therapeutants and immunostimulants

Antibiotics are often included in conventional aquaculture
diet formulations for prophylactic and therapeutic purposes.
Although there is a decline in antibiotic use in highly devel-
oped fish-farming countries like Norway, aquaculture
worldwide still relies heavily on these compounds (Naylor &
Burke 2005; Sapkota et al. 2008). However, the extensive use
of antibiotics may have serious implications to animal and
human health and to the environment (Naylor & Burke 2005;
Cabello 2006; Sapkota et al. 2008; Burridge et al. 2010).
Therefore, its use is opposite to organic principles, and most
certification programmes prohibit the prophylactic use of
antibiotics. Instead, alternative methods and farming prac-
tices for disease prevention are promoted. The use of anti-
biotics may be permitted in organic aquaculture in cases
where despite the prevention measures diseases occur (EU
2009). The European Union limits allopathic treatments in
organic aquaculture to a maximum of 2 per year; however,
it suggests the use of alternative veterinary treatments such
as the use of natural substances in homoeopathic dilutions,
plant extracts, minerals, natural immunostimulants and
probiotics (EU 2009).

It is well documented that various stress conditions,
including high stocking densities and daily handling, can
depress dramatically the immune system of the fish, and
hence, the elimination of these stress factors could prevent
diseases (Boshra ef al. 2006; Magnadottir 2006). Nutrition
has also been linked to fish health, and stimulating effects on
disease and stress resistance have been reported for several
nutrients and feed substances (Sakai 1999; Boshra et al.
2006). Moreover, herbal compounds have been shown to be
successful alternatives to antibiotics and other synthetic
compounds (Citarasu 2010). Diet formulations including
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such ingredients could play a significant role in disease pre-
vention and cure in sustainable aquaculture. Such practices,
including reduction of stress factors, good farming condi-
tions and nutrition, have been reported to work well in
organic aquaculture in terms of health (Bergleiter 2008).
Further research on the specific effects, treatments, dosages,
etc. on different species and/or production system and even
potential side effects on animals, humans and the environ-
ment will benefit organic aquaculture.

Probiotics incorporated in the aquafeed can also enhance
fish and crustaceans health by increasing their resistance to
disease, while they can lead to improved feed conversion and
growth rates, too. Probiotic bacteria improve the health of
the fish by controlling pathogenes by modifying the microbial
community composition in the intestine, thus stimulating fish
immune system (Verschuere et al. 2000). Vine et al. (2006)
showed that some bacteria may participate in the digestion
processes of aquatic animals especially by supplying fatty
acids and vitamins. Probiotics are effective for use in organic
aquaculture, which could be benefitted by the use of probi-
otics for immunity enhancement, disease control and feed
conversion improvements through microbial colonization of
the digestive tract. However, there are practical problems in
their application such as their supplementation form, the
dosage level and their duration of application (Merrifield
et al. 2010). The future application for probiotics in aqua-
culture deals with a better understanding of the microbial
ecology of the cultured species as well as restricting the
probiotic screens to the bacterial species that share the
immediate environment with the cultured species. Prebiotics
are non-living indigestible carbohydrates that can be added
to the diet to improve feed conversion and stimulate immune
response (Merrifield et al. 2010). However, more research is
needed for prebiotics and their benefits on fish and their
potential to increase the efficiency and sustainability of
aquaculture (Ringo et al. 2010). Synbiotics are a mixture of
probiotics and prebiotics that beneficially affects the host’s
survival and welfare. Studies on prebiotics and synbiotics
should be given high priority in the future to assess their
effects on fish health. Organic aquaculture should further
investigate microbial interventions and interactions of feeds
and microflora in the gastrointestinal tract of the cultured
species.

Organic aquafeed technology

For the manufacturing of organic aquafeeds, several control
requirements and regulations have been set and recom-
mended by certification bodies concerning facilities, pro-

cessing aids and production methods. As a general principle,
additives, processing aids and other substances and ingredi-
ents used for processing feed should respect the principles of
good manufacturing practice (EU 2008). Operators produc-
ing processed feed should establish and update appropriate
procedures based on a systematic identification of critical
processing steps (EU 2008). This must guarantee at all times
that the produced processed feeds comply with the organic
production rules (EU 2008). In particular, operators should
take precautionary measures to avoid the risk of contami-
nation by unauthorized substances or products. Thus,
regarding the preparation unit, there should be an indication
about the facilities that are used for reception, preparation
and storage of the products intended for processing organic
aquafeed. The unit should also indicate the facilities that are
used for the storage of other products used to prepare feed-
ingstuffs and the facilities used to store products for cleaning
and disinfection. Furthermore, the operator should indicate
the name of the feed materials that intends to prepare and
keep in the unit documentary accounts regarding the infor-
mation on the origin, nature, and quantities of feed materi-
als, additives, sales and finished products (EU 2008).

At a parallel production and storage of organic and non-
organic feeds in a preparation unit, the operators should
carry the organic operations continuously until the complete
run has been dealt with, separated by place or time from
similar operations performed on non-organic products (EU
2007, 2008; KRAV 2009). In addition, they should store
organic feeds and feedingstuffs, before and after the opera-
tions, separate by place or time from non-organic products.
Moreover, operators should inform the control authority or
control body thereof and keep available an updated register
of all operations and quantities processed. They should also
take the necessary measures to ensure identification of lots
and to avoid mixtures or exchanges with non-organic prod-
ucts. Furthermore, operations on organic feeds should be
carried out only after suitable cleaning of the production
equipment, while their effectiveness should be monitored and
recorded (EU 2008).

No solvent-extracted processes should be used in organic
production methods. Also, any feedingstuffs used or pro-
cessed in organic production should not have been processed
with the aid of chemically synthesized solvents (EU 2007,
KRAYV 2009). Only water, ethanol or fats may be used as
solvents (KRAV 2009). Production processes should be
carried out with care, preferably with the use of biological
(e.g. fermentation and brewing), mechanical and physical
methods (EU 2007, KRAV). Any techniques that reconsti-
tute properties that are lost in the processing and storage of
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organic feed, that correct the results of negligence in the
processing or that otherwise may be misleading as to the true
nature of these products shall not be used (EU 2007).

For labelling, organic aquafeed should indicate the per-
centage (by weight or on dry matter basis) of feed materials
from organic production method and the percentage of feed
materials from products in conversion to organic farming.
Labelling of ‘organic’ aquafeed may be used only if at least
95% of the product’s dry matter is organic (EU 2008, KRAV
2009). Any remaining product ingredients must be organi-
cally produced, unless not commercially available in organic
form. At the label, the names of feed materials from the
organic production method and from products in conversion
to organic farming should be indicated. Furthermore, oper-
ators should guarantee that non-organic products are not
placed on the market with an indication referring to the
organic production method (EU 2008). Processing methods
that might be misleading as to the true nature of the product
should be excluded.

Nutritional physiology

Nutritional requirements of many aquatic species are still not
completely understood (Kaushik & Seiliez 2010). Dietary
protein is the major and most expensive component of for-
mulated aquafeeds (Wilson 2002). Amino acids play impor-
tant and versatile roles in aquatic animal nutrition and
metabolism; e.g. appetite stimulation, growth and develop-
ment regulation, energy utilization, immunity, osmoregula-
tion, stress responses, ammonia detoxification, antioxidative
defence, pigmentation, gut development, neuronal develop-
ment, reproduction, influence taste, texture, and even post-
mortem and seafood quality (Peng 2009). The challenge of
obtaining the right fatty acid and amino acids profile as close
to the wild fish as possible is necessary for good aquatic
animal health (Kaushik 1998; Jobling 2001; Grigorakis 2007;
Mente et al. 2010). Many amino acids, termed ‘functional
AA’, regulate key metabolic pathways that are crucial to
maintenance, growth, reproduction and immune responses
(Peng et al. 2009). Identification and dietary supplementation
of those AA or their biologically active metabolites is ex-
pected to offset adverse effects of replacement of fishmeal
from aquafeeds, therefore restoring food intake and growth.
However, organic aquaculture prohibits the use of supple-
mentation with synthetic amino acids. Aquafeed formulation
in recent years has led to the concepts of ‘functional aqua-
feeds’ and ‘environmentally oriented aquafeeds’ (Peng et al.
2009). Functional aquafeeds are defined as feeds supple-
mented with specific ingredient(s) to achieve desirable effi-
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ciency of metabolic transformation, growth performance,
health and/or compositional traits of aquacultured animals
at various developmental stages. Environmentally oriented
aquafeeds are defined as feeds modified to minimize negative
impacts of environmental changes (including salinity,
ammonia, extreme temperatures and stressors imposed by
husbandry handling) on growth, health and reproduction of
aquacultured animals. Research on new dietary factors to
improve the immune status of the animal, leading to better
disease resistance, will help us to understand the mechanisms
of modulation of the immune functions (Trichet 2010).
Future research will continue to study AA nutrition tech-
nologies increased nutrient utilization efficiency and their
application to formulate functional and environmentally
oriented aquafeeds using natural feed additives. This is a
challenge for organic aquaculture to produce organic aqua-
feed, and more research needs to be conducted on this aspect.

In fish, protein growth is a balance between protein syn-
thesis and protein degradation (Houlihan 1991; Houlihan
et al. 1993, 1995a,b). Protein growth is negatively correlated
with rates of protein degradation when variation in food
consumption is allowed for, thus we may conclude protein
turnover may be responsible for growth efficiency in fish and
crustaceans (Mente et al. 2003; Fraser & Rogers 2007). An
understanding of protein metabolism in organic aquacul-
tured fish will help identify genes that may lead to more
efficient utilization of dietary protein (Martin et al. 2008).
Research focus is on the genes controlling synthesis of highly
unsaturated fatty acids (HUFA). The ability of fish to syn-
thesize HUFA 1is of increasing importance as the supply of
fish oils comes under greater pressure, because of the decline
in fish stocks that supply the oils. If the molecular genetic
control of HUFA synthesis could be elucidated, it may be
possible to improve their ability to synthesize HUFAs from
non-fish sources (Martin et al. 2007).

Human health benefits

There are no studies and there is a substantial lack of data on
benefits on human health from the consumption of organic
aquaculture products. A review by Dangour et al. (2009)
indicated that there is currently no evidence to support the
selection of organically overconventionally produced foods on
the basis of nutritional superiority. However, the study did not
compare the taste of the products nor it addressed contami-
nant content (such as herbicide, pesticide and fungicide resi-
dues) of organically and conventionally produced foodstuffs
or the environmental impacts of organic and conventional
agricultural practices. Studies in rats showed that organically
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grown feed may have some benefit for animal health and
performance, especially improvements in reproductive health
(Bourn & Prescott 2002). There was also evidence that organic
food consumption affects human fertility (Bourn & Prescott
2002). Studies need to be carried out investigating the effect
of organic feed in animal and human health. More controlled
research is needed to evaluate the nutritional value of the
organically grown aquaculture products.

Conclusion

Organic aquaculture has experienced a remarkable growth
over the last decade. However, certification of organic aqua-
culture is recognized as a vital consideration in improving
organic aquaculture standards in Europe and internationally.
Organic aquafeed price is the biggest share of production
costs in organic aquaculture. As ingredient prices are rising,
cost reductions in the formulations are needed by maximizing
the efficiency of digestive and metabolic process that converts
nutrients into growth. Research on nutrition and on the ef-
fects of the organic diets on fish health and final product
quality is urgently needed to provide a sound development of
organic aquaculture and effective guidelines to assure the
quality of the final product. Organic aquafeeds have to be
designed as functional and environmental. Further research is
needed on using amino acids, feed additives or pigments or
supplements available in a natural form. Probiotics are
effective for use in organic aquaculture but research on their
application and their duration of application is still needed.
Research on organic nutrition and aquafeeds needs to focus
on feeds that have a better utilization of dietary nutrients to
improve the efficiency of nutrient utilization or optimizing gut
health, fish health, optimize growth and performance and

disease resistance.
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