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Abstract

Algae and especially microalgae are very promising into eventual biotechnological applications.
Indeed, microalgae are unique compared to other living organisms thanks to their valuable
biochemical compounds for aquaculture, human health food, biofuels and other applications. Recently,
studies on the oleaginous microalgae, for instance, those from the genus Chlorella, have emerged their
uses for commercial exploitations with applications focused on nutrition and aquaculture uses.
Chlorella minutissima has outstanding features in health and nutrition; and it could play an important
part in aquaculture improvement methods as it produces significant amount of polyunsaturated fatty
acids.
Microalgae are considered to be among the promising feedstocks for aquaculture in the future. For
this end Chlorella minutissima is an oil-rich green alga, was studied in many reports as a source of
long chain n-3 polyunsaturated fatty acids (n-3 LC-PUFA) to replace control diet without microalgae
for rotifers, which serve in turn as food for early stages of fish.
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Introduction
Aquaculture as the science of cultivating aquatic animals,
plants and related organisms like fish, shellfish, seaweed and
microalgae, for human use and consumption. The cultivation of
these marine or freshwater organisms procures generally under
controlled conditions. Due to a significant increase in global
demand for fish and seafood, aquaculture would be a fast
growing industry. Indeed, there is a progressively increase in
world demand for seafood, from 9.9 kg per capita in the 1960s
to 19.7 kg in 2013, and preliminary estimates exceeding 20 kg
per capita in 2015 [1]. For this end, aquaculture is essential to
satisfy the increase in fish and seafood demand because fishing
solely is no longer sufficient to this increase in demand. Fishing
has generally remained stable for more than 10 years, whereas
aquaculture production increased at an average rate of 23.5%
from 2009 to 2014. Moreover, the total fish harvested from
aquaculture amounted to 73.8 million tons in 2014. In fact,
approximately 44% of consumed fish are farmed at present, but
this percentage is predicted to reach 52% by 2025 [1].

Fisheries and aquaculture are among the most important socio-
economically sectors in Tunisia, a North African country
located on the Southern coast of the Mediterranean with more
than 1300 km of coastline. Aquaculture in Tunisia is mainly
marine-oriented, with annual production of almost 10 000 tons
in 2014, according to the statistical Department of Fisheries
and Aquaculture in Tunisia [2]. The reared species with higher
economic value are European seabass (Dicentrarchus labrax),
Thicklip grey mullet (Chelon labrosus) and Thin-lipped grey
mullet (Liza ramada), for instance, market prices per kg of
Dicentrarchus labrax range from 9-12 TND (Tunisian Dinar)
which correspond to about 3.66-4.88 € [3]. Nowadays, many
authors are focused on performing Life Cycle assessment
(LCA) of seafood production to provide new insights into its

environmental impacts and therefore to improve environmental
sustainability of the aquaculture production systems [3,4].

Microalgae in aquaculture
Microalgae are promising living cells, which are represented at
the base of the aquatic food chain due to their important
nutritional value [5]. They are able to synthesize important
organic molecules such as lipids by using sunlight and carbon
dioxide [6]. Thus, microalgae would realize an important role
in aquaculture. The first reports of the cultivation of microalgae
as feed in aquaculture were published since 1910 [7] and since
then today, the use of microalgae in aquaculture has developed
intensively [8,9]. Aquaculture is a growing industry, and
therefore, the industry of culturing microalgae is consequently
increasing. The main applications of microalgae in aquaculture
could relate directly or indirectly to the nutrition impacts on
various species of aquatic farmed organisms such as rotifers
and fish. Indeed, microalgae could be used directly, for
instance, as food for larvae of some gastropods or as food for
some fish species in their earliest growth stages [10]. Also,
microalgae could be used indirectly, for instance, as food for
zooplankton such as rotifers which are essential food for some
fish larvae [11]. In aquaculture, microalgae were found to be
applicable in so called “Green water” feeding technique,
wherein microalgae are added as a suspension to the organism’s
environment grown simultaneously in tanks with larvae [5,12].

Otherwise, microalgae are recognized as the next generation
sustainable feedstock [13,14] especially due to their beneficial
biochemical compounds like lipids and carotenoids.

Importance of Chlorella minutissima
The most important algal species are Chlorella, which are used
as nutrient source in aquaculture production worldwide [15].
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Chlorella belongs to the green algae group and is being granted
GRAS (generally recognized as safe) status.

Chlorella minutissima is a unicellular microalga without
flagella recognized as an oil-rich green alga that exhibits many
attractive features, such as easy cultivation, fast growth, and
high levels of amino acids and polyunsaturated fatty acids
(PUFA’s). These attractive characteristics make Chlorella
minutissima as a potential microalga in pharmaceuticals and
health foods [16].

Falaise et al. have reviewed that Chlorella are versatile as they
play important roles as antimicrobial agent’s like anti-bacterial,
antifungal and antiviral activities against related diseases in
aquaculture. For this end the “green water” technique is a
useful tool against bacterial disease in aquaculture [17]. The
same authors highlighted that microalgae are able to improve
the life-food quality, by reducing the number of associated
pathogenic bacteria and decreasing the risk of transmission to
fish larvae.

Antibacterial compounds from microalgae can be lipids or fatty
acids. An anti-marine bacterial activity was demonstrated in
vitro with the polyunsaturated fatty acid (PUFA) such as the
PU free FA in P. tricornutum, identified as eicosapentaenoic
acid [18].

PUFAs, such as Arachidonic acid (AA) (20:4 omega-6),
eicosapentaenoic acid (EPA) (20:5 omega-3) and
docosahexaenoic acid (DHA) (22:6 omega-3) are essential for
the growth and survival of marine fish larvae [19]. In fact, fish
larvae have a very limit ability to synthesize PUFAs, which
must be derived from zooplankton such as rotifers that
consume algae [20]. In rotifers production, microalgae could
increase the DHA and EPA contents of the rotifers even with a
short-term enrichment period. However, to observe more
positive effects on growth and survival of fish larvae using
rotifers with short term enrichment in microalgae, microalgae
need also to be added as “green water” [21].

Current and Future Developments
In previous report, some of identified patents focus on algal
lipids were included in a review that emphasis the promising
insight into lipids from algae [22]. In perspective trial, we
envisage studying the effects of Chlorella minutissima on a
Tunisian aquaculture farm. The objective of such study is so to
examine the influence of Chlorella minutissima, givens as
supplement to fish feed on the productive performance and the
sensory evaluation of many tested fishes. Firstly, we will focus
on cultural conditions of algal biomass; then, we will balance
the experimental diets for total PUFAs especially EPA+DHA,
n-3/n-6 ratio and total Saturated fatty acids (SFA) in order to
elucidate specific dietary effects of the microalgae components
on lipid and energy metabolism of rotifers and general fish
condition. Besides production performance, fillet quality of the
tested fishes will also be examined [23-27].
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