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over-optimism, i.e., the belief that aquaculture can continue to
grow at its recent rate or even faster, and therefore be able to
meet global demand for fish single-handedly.

Data provided by the FAO show that aquaculture
production has been growing much faster than global wild
catch since the 1980s (Figure 1A) (FAO, 2018), with the
FAO (2022) drawing attention to “another all-time record of
122.6 million tonnes of farmed fish production in live weight in
2020”. It is worth noting that FAO farmed production quantities
include farmed algae and oyster-shells” (Edwards et al., 2019). In
addition, researchers (e.g., (M. J. Gentry et al., 2017; Lester et al.,
2018; Oyinlola et al., 2018; Costello & Connor, 2019) have
modelled potential production and suggest possibilities for
aquaculture expansion based on suitable fish farming areas.
For example, Gentry et al. (2017) projected that global
offshore aquaculture production could grow by more than 100
times the current production of finfish, concluding that “the
current total landings of all wild-capture fisheries could be
produced using less than 0.015% of the global ocean area”.
Costello et al. (2019) took an analytical and econometric look at
potential mariculture production and concluded that the ocean

could produce six times more than what it does currently,
providing almost two-thirds of the total protein demand of the
world population.

Granted that the above authors discussed the conditions and
scenarios under which their prediction may come true,—e.g.,
responsible policymaking, expanding the production of non-fed
mariculture, climate change mitigation—but these nuances and
conditions were lost in the media coverage, with titles such as,
“Can sustainable aquaculture feed the world?” and,
“Aquaculture could feed the world and protect the planet - if
we get it right”, most probably unintentionally feeding into
broader aquaculture over-optimism. The aquaculture industry
regularly uses the narrative of “food security” although empirical
evidence of the degree to which aquaculture has fed hungry or
nutritionally-deficient people is missing. In Bangladesh, for
example., shrimp are referred to as ‘white gold’, not for their
nutritional value but their export value (Ahmed & Diana, 2015),
a fact notably at odds with the idea that aquaculture directly
feeds the world’s poor.

Here, we first investigate, using publicly available data (FAO,
2020b and FAO, 2022) whether the recent rate of growth of
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FIGURE 1

Comparison between fisheries catches and aquaculture. (A) Global food fish production from aquaculture and fisheries; (B) Comparison between
the magnitudes of global marine fisheries catches (from FAO) and the production of marine and diadromous fish (incl. salmon) and invertebrates
(crustaceans and molluscs) through mariculture. Note that molluscs (mostly bivalves farmed in China) need no feed, but that farmed fish and
crustaceans do, with feeds based on fisheries catches (dotted line).
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marine and freshwater species caught by country and continent to
reveal how current aquaculture production is skewed relative to
wild catch, and its socio-economic implications.

Data from the FAO FishStat database (FAO, 2020b) for
inland and marine aquaculture, and inland fisheries landings
data (the 1950–2019 Global Production dataset: http://www.fao.
org/fishery/statistics/global-aquaculture-production/en) were
employed to conduct the analysis contained in this
contribution. The R statistical software (R Core Development
Team 1018) (R Core Team, 2020) is used to analyze the data.

Results and discussion

Aquaculture production growth
rate trends

Our analysis shows that the five-year moving average growth
rates of production have peaked (Table 2A). Examining production
data more closely reveals that the five-year moving average growth
rate of aquaculture production peaked at 14.1% in 1996, while the
equivalent moving average for wild catch peaked at 8.4% in 1963.
Positive trends in aquaculture production and the difference in
current growth rates between the two sectors may have led to the
expectation of a continued high growth rate of aquaculture. The
fed (mainly finfish and crustacean) and non-fed farmed species
(e.g., algae and filter-feeding molluscs) identified in this study
represent ~60% and ~20% of global aquaculture production for
the same period, respectively (Tables 2B, C; Figures 2C–F).

We find that while the total production for the top ten farmed
species continues to increase, the growth rates have peaked, and are
decreasing. This result also applies to the top ten fed and non-fed
farmed species (Figure 3; Table 2; Figure S1). The total production
of all the three groups has been increasing since 1950, yet the
growth rates are declining with the biggest decline recorded for the
top ten non-fed aquatic species (Figure 3). This is an important and
surprising result because non-fed species production is viewed as a
key contributor to food security, and it is ecologically less damaging
compared to fed species, and canminimize animal welfare concerns

(Jacquet et al., 2017). Our analysis suggests that Atlantic salmon
(Salmo salar) is the species with the highest drop in growth rate in
the world, decreasing from 314% (five-year moving average before
the production peaked in 1970) to just 0.9% recently (Table 2A).

The data reveal an order of magnitude drop in the growth rate
of Chinese aquaculture production: from 46.1% over the five years
before the growth rate peaked in 1954 to 2.6% in the five years to
2018 (Table 2D). The results reported in Table 2D show that the
growth rates of the next top nine aquaculture producing countries
follow similar patterns of growth rate. For instance, Myanmar’s
growth rate of production five years to the peak year in 1956
dropped from 87.5% to 4.7% in the five years to 2018, while that of
Chile dropped from 51.3% to -0.6% and that of Thailand dropped
from 32.7% to -3.7% most likely because of the White Spot disease
crisis that hit Thailand from 2011. Indonesia’s current growth rate
at 9.9% is the highest among the top ten producing countries, but
even here, there has been a drop compared to the country’s growth
rate of 11.7% five years before its peak in 2014. Also, Norway’s
growth which peaked in 1968 with 1.3% five years prior has
dropped to a 0.5% growth rate currently.

Trends in aquaculture growth rates by continent are not
different from the patterns for different configurations of species
and countries. Aquaculture production growth rates have
peaked in all continents, with peak years ranging from 1954 in
Asia to 2000 in Africa (Figure 2). The growth rate of aquaculture
production in Asia, the world’s leading aquatic animals farming
continent by far, dropped from 22.3% five years to its peak in
1954 to 4.0% in the five years leading up to 2018 (Figure 2). The
growth rate in South America was 54.4% before it peaked in
1976 at 1.9% recently. On the other hand, Africa has the highest
current growth rate, at 7.0%, which reached its maximum in
2000 at a rate of 32% five years before the peak year.

Can aquaculture production meet most
or the global demand for fish food?

In 2018, wild fisheries and fish farms supplied ~ 96.4 and
82.2 million tonnes of food fish, respectively (FAO, 2020). From

TABLE 1 Projected global per capita fish consumption growth rate, demand and aquaculture production.

Source of data Projected per caput demand in 2030
(kg per year)

2030 Projected demand
(millions of tonnes)*

2030 Projected aquaculture production (mil-
lions of tonnes)

FAO SOFIA Report 21.5 183.6 109.0

World Bank Fish
2030 Report

18.2 155.4 93.0

OECD-FAO
Agricultural Outlook
Report

21.2 181.0 103.0

Average projected demand and supply in 2030 173.4 101.7

*This is the product of per capita demand and the global population = 8.45 billion in 2030.
Source: United Nations Department of Economic and Social Affairs.
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ACUICULTURA = EL SECTOR DE PRODUCCIÓN DE ALIMENTO DE 
MAYOR CRECIMIENTO EN LAS ÚLTIMAS DÉCADAS

AÚN ASÍ LAS PROYECCIONES  “NO SALEN” Y LA DEMANDA A 2030 NO 
LA CUBRIRÍA TOTALMENTELA ACUICULTURA



Extended Data Table 2 | Feed use and efficiencies for 1997 and 2017

Data for 1997 were obtained from Naylor et al.1 and data for 2017 were obtained from FAO2. FCR is defined as the estimated average species-group economic FCR (total feed fed/total species 
group biomass increase)3,59. Economic (compared with biological) FCR accounts for waste, escapes and other non-ingested feeds in aquaculture55.(Rosamond L. Naylor et al., 2021) 
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a) PIENSOS MÁS SOSTENIBLES
b) DEFINIR PROTOCOLOS SOBRE 
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MATERIAS PRIMAS Y EXTRACTOS QUE HEMOS TESTADO DESDE EL ECOAQUA

HARINAS VEGETALES TODO
ACEITES DE TODO TIPO
PESCADO
SUBPRODUCTOSDE PESCADO
KRILL
 ERIZO DIADEMA
             CAPARAZONES DE GAMBAS  
 INSECTOS DISTINTAS ESPECIES
 ALGAS
 MICROALGAS
 RESTOS DE PAN DE MOLDE
 VAGAZOS
 LEVADURAS
 ….
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ØMinimizar riesgos asociados a 
problemas de suministro

ØAsegurar la sostenibilidad
ambiental

ØDar oportunidad al consumidor
para alimentos y nutrientes
frescos y de calidad.

ØDAR ”LA MANO” A LA 
BIODIVERSIDAD Y LA 
CONSERVACIÓN DE LA 
NATURALEZA

ØDigitalización
ØProducciones “smart”
Ø Internet de las cosas
ØBig Data para cultivos de 

precision

Cadenas de valor
más cortas

Prevenir futuros desastres

Nuevas tecnologías
innovación a lo largo de la cadena de valor alimentaria

Incrementar la producción (cantidad y calidad)
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NUEVAS TENDENCIAS EN LA INDUSTRIA ALIMENTARIA
CÓMO ALIMENTAR EL DOBLE DE LA POBLACIÓN EN 50 AÑOS

GOING LOCAL!!



NUEVAS TENDENCIAS EN LA INDUSTRIA ALIMENTARIA

Ø Locally well adapted products
Ø Increase diversity of nutrients 

for consumers
Ø Prevent emergent pathogens

Explorar la biodiversidadRETOS
LOCALES

Colaborar y 
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Promover
asociacionismo

Explorar nuevos productos y procesos

Ø Adapt products to consumer 
preferences

Ø Dynamic production sector
Ø Bioprocessing

Ø Increase Associations among 
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Ø Increase Associations along whole 
products value change

Ø Water technologies & Low Carbon 
Foot-Print

Ø Pest prevention and management
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Ø Processing & bioprocessing
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Ø Marketing & Logistic
Ø …..PRODUCCIÓN

SOSTENIBLE



*EC EN LA CADENA DE VALOR 
ALIMENTARIA = CO-PARTICIPACIÓN 
DE DIFERENTES SECTORES

CE & THE ALIMENTARY SECTOR (feed & food)

ACUICULTURA: SECTOR ALIMENTARIO 
EMERGENTE….MOTOR PARA EL 
ENCUENTRO DE DISCIPLINAS? 

PRUEBA DE CONCEPTO LOCAL PARA 
PROMOVER LA EC EN EL SECTOR 
ALIMENTARIO: MATERIAS PRIMAS Y 
ADITIVOS PARA PIENSOS

EC  y el sector alimentario (FOOD y FEED)



QUÉ TIENE ESCALADO?

Cómo podemos clasificarlo?

Qué carácterísticas tiene?Quién lo usa y para que 
puede usarse?

Disponibilidad / 
temporalidad?

Logística?

¿QUÉ Y PARA QUÉ?



Así es que hemos trabajado en la valorización
 de los siguientes bio-subproductos



• The objective of this study was to run the first controlled
• feeding test with Liza aurata in the Canary Islands, as a 
target species to promote its cultivation, and to evaluate
• the use of pure Canarian Aloe vera against different levels 
of the by-product, to determine the effects in growth,
• health, and quality parameters. Therefore, 5 diets were 
formulated to contain 0% of aloe inclusion (diet control),
• 2% of pure form of aloe (diet P2), and 2, 4 and 6% of aloe 
by-product (diets BP2, BP4 and BP6). 

Aquaculture Reports 20 (2021) 100659

2352-5134/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Evaluation of Aloe vera by-product against cereals in feeds for golden mullet 
(Liza aurata) 
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Lidia Robaina 
Grupo de Investigación en Acuicultura, IU-ECOAQUA, Universidad de Las Palmas de Gran Canaria, Spain   
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A B S T R A C T   

Among of the actual challenges for the sustainable aquaculture development are to lower the trophic level of the 
cultured species, and to increase the use of by-products from the primary sector. The golden mullet (Liza aurata) 
is a marine low trophic level consumer present in the Mediterranean and in the Canary Islands, where there was a 
significant consumption in the past. On the other hand, Aloe vera plant, which production in Canary Islands is 
highly world representative, contains more than 70 biologically active components which have aroused the 
interest for its use in aquaculture, although the enormous quantity of the generated by-products has no use at all, 
and has never been tested for aquaculture purposes. The objective of this study was to run the first controlled 
feeding test with Liza aurata in the Canary Islands, as a target species to promote its cultivation, and to evaluate 
the use of pure Canarian Aloe vera against different levels of the by-product, to determine the effects in growth, 
health, and quality parameters. Therefore, 5 diets were formulated to contain 0% of aloe inclusion (diet control), 
2% of pure form of aloe (diet P2), and 2, 4 and 6% of aloe by-product (diets BP2, BP4 and BP6). At 91 days of 
feeding, growth, proximal and fatty acid composition of liver, muscle and whole body, serum lysozyme, serum 
antibacterial activity, and malonaldheyde content of liver and whole body, were measured. According to ob-
tained results, up to 6% of the aloe by-product could be included in diets for this species, without any rejections 
in growth or quality parameters, although no improved results compared to the control fish could be observed. 
Further studies are on the way to determine the sustainability and bioeconomic impact of present results, to gain 
knowledge on their direct industrial applications.   

1. Introduction 

The over-exploitation and lack of terrestrial and fishery resources 
have turned aquaculture into the main subject to respond to the world’s 
increasing demand for food, which is considered the animal production 
sector with the fastest growth in the last 40 years (Tveterås et al., 2012). 

One of the various measures for the sustainable expansion of aqua-
culture is species diversification, which helps maintain natural stocks 
and prevents the spread of diseases, offering the opportunity to expand 
further the sector (Abellan and Basurco, 1999). Besides, diversification 
of the culture species is gaining in importance as it helps to satisfy the 

increasing demand in quantity and variety of aquatic products by con-
sumers (Nielsen et al., 2017). 

The Mugilidae family is characterized by being in a low level of the 
marine trophic chain, mainly as primary and opportunistic consumers, 
being able to feed on a wide range of products such as plant material, 
macroalgae, detritus and small macrofauna (Lebreton et al., 2011). For 
this reason, the feed formulas for this species could presumably include 
high percentages of plant by-products, compared to species with higher 
trophic levels, of which it has been widely described low digestibility 
from feeds with high inclusion of vegetal sources (Mundheim et al., 
2004; Zhang et al., 2018). The total global production of mullets was 

Abbreviations: BP, by-product of Aloe vera; BP2, BP4, BP6, diets with 2, 4 and 6% of by-product of Aloe vera; DHA, docosahexaenoic acid; FCPCT, University 
Technological Scientific Park; GIA-ECOAQUA, aquaculture research group belonging Ecoaqua Institute of the University of Las Palmas de Gran Canaria; GIFT, 
genetically improved farmed tilapia; HUFA, highly unsaturated fatty acids; LC-PUFA, long-chain polyunsaturated fatty acids; MDA, malonaldehyde; P, product of 
Aloe vera; P2, diet with a 2% of pure form of Aloe vera; SD, standard deviation; Tbars, thiobarbituric acid reactive substances. 

* Corresponding author at: Grupo de Investigación en Acuicultura, ECOAQUA-UI, Parque Científico Tecnológico Marino, Muelle de Taliarte s/n 35200, Telde, Las 
Palmas, Canary Islands, Spain. 
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World banana production in 2017–2019 reached 116 
million tonnes, making it the most important fruit 
pro- duction worldwide (FAO, 2020). Due to the way 
bana- nas are harvested, the amount of waste 
generated in the plantations reaches 80% of the 
total biomass (Padam et al., 2014), constituting both 
an environmen- tal problem related to soil toxicity 
and elevated carbon print (Adsal et al., 2020) and a 
food safety problem derived from food waste 
management (Campos et al., 2020). 

The present study aims to perform a preliminary approach to 
evaluate the potential of the use of banana flower and pseudo-
stem as novel food ingredi- ents, for which a nutritional 
characterisation of both materials was performed, including 
HPLC-MS analysis of polyphenol fractions. 





BE-CIRCULAR (Borras 
de café)

AQUACIRCULAR.(Macroalgas, mezclas 
de productos, invernadero 
acuapónico)



¡EL AGUA ES “SÓLO UNA”,
DA IGUAL DULCE O SALADA!
Y LO MISMO QUE AGRO QUE 
ACUI…TODO ES COSA DE 
CULTIVOS




