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Abstract

The global aquaculture production is growing immensely in all aspects and has already surpassed
the output from wild caught fish and shellfish industries. The farming of Litopenaeus vannamei is
one of the biggest contributors to this market. Originally, L. vannamei is native to the tropical
marine habitats, but due to its high value, farming of these species expanded to the subtropical
areas. Therefore, low temperatures have become one of the major constraining factors to the L.
vannamei culture. Besides this, concerns about the sustainability of this industry lead to the search
for new, healthy and sustainable ingredients for aquafeeds, like bivalves, due to their nutritional
value and low trophic level. In this experiment, mussel meal (species Perna perna) was evaluated
as a potential ingredient in L. vannamei diets to improve growth and cold resistance of the shrimp.
Five experimental diets (0%, 1%, 2%, 3% and 4% of mussel meal inclusion) were evaluated for 8
weeks in twenty polyethylene tanks of 400 liter (n = 4). Each tank was stocked with 40 shrimps
(3.5+0.5g), filled with sea water and kept under constant aeration and temperature of 28.4 £ 0.4
°C. Every day 100% of the water was exchanged to maintain the water quality. After 8 weeks of
experiment a thermal shock treatment was performed to analyse the cold resistance of the shrimp.
Shrimps that were fed with the 1% and 2% mussel meal diets had a significantly higher final
weight, weekly weight gain and lower FCR than the control, 3% and 4% mussel meal treatments.
The shrimps fed with the 2% mussel meal diet had the best growth results. Further, no differences
were observed in thermal shock resistance and survival among the treatments. In conclusion,
mussel meal can be used as a potential ingredient in whiteleg shrimp diets.

Keywords: Litopenaeus vannamei, Mussel meal, thermal shock resistance, Perna perna



Resumo

A producao global em aquacultura tem tido um crescimento exponencial, tendo ja superado o total
de peixes e mariscos capturados através da pesca. Um dos segmentos produtivos mais importantes
da aquacultura é o grupo dos crustaceos marinhos, com uma contribuicdo de quase 10% para o
mercado global. Dentro deste grupo, a espécie Litopenaeus vannamei, vulgarmente conhecida
como camarao de perna branca ou camarao branco do Pacifico, representa 84% da producéo total
de camardes marinhos produzidos em todo 0 mundo. Ao considerar todas as espécies produzidas
na industria da aquacultura mundial, L. vannamei foi a 3% espécie mais produzida em 2018 com
um volume total de mais de 6,5 milhdes de toneladas, tendo em 2020 apresentado um crescimento
na producdo de 8,78%, com um valor total de 40 mil milhdes de ddlares. L. vannamei é uma
espécie nativa dos habitats marinhos tropicais, mas devido ao alto valor da producédo desta espécie,
a sua introducédo foi expandida para as areas subtropicais. Deste modo, as baixas temperaturas
tornaram-se um dos principais fatores limitantes na producéo de L. vannamei. De forma a manter
um crescimento da industria assente em principios de sustentabilidade, a aquacultura tem tentado
identificar novos ingredientes, saudaveis e sustentaveis do ponto de vista ambiental, tal, como os
bivalves. Os bivalves tém um grande potencial como forma de diminuir a pressao sobre a captura
de peixes utilizados para a producao de farinha de peixe, pois sdo ricos em proteinas, lipidos e
minerais e minimizam as perdas de energia nas transferéncias tréficas para a producéo de proteina
animal, uma vez que séo espécies de baixo nivel trofico. Nesta experiéncia, foi testada a utilizagdo
da farinha de mexilh&o (espécie Perna perna) como ingrediente potencial em dietas de L.vannamei
e avaliou-se 0 seu impacto no crescimento e na resisténcia térmica dos camardes. No total, cinco
dietas experimentais (0%, 1%, 2%, 3% e 4% de inclusdo de farinha de mexilhdo) foram testadas
durante 8 semanas em vinte tanques de polietileno de 400 litros (n = 4). Em cada tanque foram
colocados 40 camardes (3,5 £ 0,5 g). Foi utilizado um regime de 12 horas de luz e 12 horas de
escuro e cada tanque continha agua do mar (30,6 £+ 0,4 mg/L) mantida sob aeracdo constante e a
uma temperatura de 28,4 + 0,4 °C. Todos os dias, 100% da agua foi trocada, de forma a manter a
sua qualidade. A temperatura e o oxigénio foram medidos duas vezes ao dia (manha e tarde)
usando um medidor YSI Pro 20. Amostras de dgua foram retiradas semanalmente de cada tanque
para medir a concentracdo de amdnia total (TAN) e de nitritos, a alcalinidade, o pH e a salinidade.
Os camardes foram alimentados quatro vezes ao dia (8:00, 11:00, 14:00 e 17:00h) com as
respetivas dietas, seguindo a tabela de alimentacdo de Van-Wyk e Scarpa. Uma vez por semana
foi determinada a biomassa total de cada tanque e contado o nimero de camardes. Apds as 8
semanas de experiéncia foi realizado um teste de choque frio potencialmente letal para quantificar
a resisténcia ao frio dos camardes. Dez camardes de cada tanque contendo dgua do mar a 28,4 +
0,4°C foram transferidos simultaneamente para aquarios de 60 L contendo + 25 litros de agua do
mar a 10,9 £ 0,1°C, onde permaneceram por 1 hora, sob aeracdo constante. Apos esse periodo,
foram transferidos para baldes brancos com * 30 litros com agua do mar a 28,5+ 1,0 °C e a
mortalidade foi monitorizada por 24 horas. Ap6s 8 semanas, 0os camardes que foram alimentados
com as dietas com 1% e 2% de farinha de mexilh&o tiveram um peso final e um ganho de peso
semanal significativamente maior, assim como uma menor taxa de conversédo de alimento do que
os camardes alimentados com as dietas controlo (com 0% de farinha de mexilh&o), 3% e 4% de
farinha de mexilhdo. Os camardes alimentados com a dieta com 2% de farinha de mexilhdo tiveram
os melhores resultados de crescimento e atingiram um peso 10% maior que os do tratamento
controlo. Além disso, ndo foram observadas diferencas na resisténcia ao choque frio e na
sobrevivéncia entre os tratamentos. Com isto, conclui-se que a farinha de mexilhdo pode ser
utilizada como potencial ingrediente em dietas para camardes.

Palavras-chave: Litopenaeus vannamei, farinha de mexilhao, resisténcia ao choque térmico,
Perna perna
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1. Introduction

1.1. World aquaculture

In the last decades, the global aquaculture production experienced immense growth in
terms of the total quantity, the variety of farmed species, and applied production
systems (Bostock et al., 2010; Engle et al., 2017). Aquaculture is now the fastest growing
food-producing sector in the world. In the year 2014, the total volume of farmed aquatic animals
matched the total wild caught fish and shellfish for the first time in history (FAO, 2016). The
World Bank, the United Nations and the Food and Agriculture Organization concluded that by
2030 over 60 per cent of the consumed fish and shellfish will be provided by aquaculture (World
Bank, 2013). This fast growth is largely driven by the ever-increasing human population of
already 7,5 billion people to date, estimated to reach close to 9,5 billion in the year 2050 (United
Nations, 2017). Also, the consumption per person is increasing. On a global average the annual

consumption of fish and shellfish is now more than 20 kg per capita per year (FAO, 2016).

This shift toward more contribution from aquaculture to human nutrition will most likely
continue hence after. This means that the problems of food security and nutrition will persist
and increase. Nonetheless, satisfying the world’s need for food cannot be done in a way that
generates further toll on already fragilized ecosystems, increases greenhouse emissions or
promotes further environmental degradation (FAO, 2017). Furthermore, socioeconomic
changes such as rising incomes, increased urbanization, and ageing populations are generating
a shift in food consumption patterns, resulting in an increased demand for animal derived

protein in developing countries (Henchion et al., 2017).

One of the long-lasting goals for the aquaculture industry, and consequently for fish
nutritionists, has been the reduction of feeding costs since in this sector more than half of the
production costs are related to feeds (Arru et al., 2019; Henry et al., 2015; Rana et al., 2009).
Nonetheless, this cost reduction must be done while advocating for animal welfare and
sustainability, and logically for final product quality. The high demand, especially for aquatic
protein, which has led to enormous pressure on many natural resources and fish stocks, has
increased the prices. Increasing prices and decline of supplies have led to the search for less
expensive sources such as animal and fisheries by-products, and bacterial and plant proteins
(Ayadi et al., 2012).



One of the most important production segments of aquaculture is the group of marine
crustaceans, with a contribution of almost 10% to the global market. Within this group, the
species Litopenaeus vannamei, commonly known as whiteleg shrimp or Pacific white shrimp
comprise nearly 84% of the total farmed marine shrimp production worldwide (FAO, 2020).
When considering all produced species in the world aquaculture industry L. vannamei was
ranked 3" in 2018 with a total volume of more than 6.5 million tons and had a growth in
production of 8.78% in 2020 with a total value of 40 billion U.S. dollars (FAO, 2020).

1.2. Litopenaeus vannamei

The whiteleg shrimp or Pacific white shrimp (Litopenaeus vannamei) was officially published
in 1931 by Mr. Boone (Boone, 1931). In the 1970s L. vannamei were caught from the wild on
the coast of Panama and were successfully spawned by French scientists in Tahiti and the
species life-cycle was closed for the first time (FAO, 2022). After this the species has been
introduced widely around the world and grow out as one of the most important aquaculture
species due to fast growth, tolerance to high (stocking) densities, wide range of salinity, low
dietary protein requirement and high survival rates (Argue et al. 2002; Moss et al. 2001,
2007, 2011; Rocha et al. 2010; Briggs et al. 2004).

Originally, L. vannamei is native to the tropical marine habitats of the Eastern Pacific coast,
ranging from northern Mexico through Central America until the north of Peru, where the water
temperatures are normally above 20 °C throughout the year. Adults live near the coast or
offshore in depths reaching up to 70 m and mate and spawn in the open ocean. Post-larvae
migrate inshore to spend their juvenile, adolescent and sub-adult stages in coastal estuaries,
lagoons or mangrove areas. The life-cycle of L. vannamei is rather complex and passes through
3 several morphologically differing stages. Maturity is attained at approximately 6-7 months of
age when males have reached over 20 grams and females over 28 grams of body weight. A full-
grown female can spawn up to a quarter million eggs at once, which are fertilized by male
sperm in the external environment. About 16 hours after spawning and successful fertilization,
the first larval stages, called nauplii, hatch from the eggs. The nauplii can swim intermittently
and do not require feed but rely on internal yolk sac reserves as nutrition. After a few days,
through metamorphic processes, the first larval stage is developed into the protozoa, which
actively feed on phytoplankton and unicellular algae. Further development phases lead through

the mysis and early post-larvae (PL) stage. The PL change their planktonic habit about 5 days
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after molting, move inshore and begin feeding on benthic detritus, worms, bivalves and
crustaceans (FAO, 2022).

L. vannamei is farmed widely in tropical areas and expanded to subtropical areas. The main
producers of L. vannamei are China, India, Thailand, Vietnam, Ecuador and Mexico. L.
vannamei can be cultivated in different ways. The broodstock are stocked in maturation tanks
in a dark room supplied with clean, filtered seawater. The feeds consist of a mixture of fresh
and formulated broodstock diets and the optimal husbandry conditions like temperature,
photoperiod, aeration and water parameters are continuously controlled by trained personnel.
For reproduction the one eyestalk ablation technique is applied to each female which leads to
repeated maturation and spawning. After successful spawning and fertilization by the males,
the hatched healthy nauplii are attracted by light and collected and transferred to holding tanks
or directly to larval rearing tanks. Hatchery systems range from specialized, small,
unsophisticated, often inland, backyard hatcheries to large, sophisticated and environmentally
controlled installations, together with maturation units. Nauplii are stocked into flat, or
preferably 'V' or 'U' shaped tanks with a volume of 4-100 m3, made from concrete, fiberglass
or other plastic lined material. The larvae are fed with live food (microalgae and Artemia),
supplemented by micro-encapsulated, liquid or dry formulated diets. In these tanks the shrimp
larvae go through 3 developmental stages: nauplii (1-2 days), zoea (3-5 days) and mysis (3-5
days) until they reach the PL stage. At 10-12 days after reaching the PL stage, the post-larvae
are transferred directly to the grow-out tanks/ponds or to an intermediate nursery tank system
(FAO, 2022).

The final grow-out systems can be classified as extensive, semi-intensive, intensive, and super-
intensive, mainly depending on the stock density of the PLs. The extensive technique is
commonly found in developing countries, where the L. vannamei are cultivated in earthen
ponds with minimal or no water pumping or aeration. The shrimps are fed mainly with natural
feeds enhanced by fertilization of the ponds, with a stocking density of 4-10 PL/m?. In semi-
intensive systems, higher densities are stocked (around 10-30 PL/m?), water is regularly
exchanged by pumping and ponds are provided with aeration. The shrimps feed on natural feeds
like in extensive systems, supplemented with formulated diets. In intensive systems around 60-
300 PL/m? are stocked. These systems can be ponds that can be completely drained, concrete
raceways or circular tanks of various dimensions. Water can be exchanged and strong aeration

is necessary. The shrimps are fed with artificial diets around 4-5 times per day (FAO, 2022).



Recently, researchers developed a super-intensive systems in the United States of America.
These super-intensive raceways systems are enclosed in greenhouses, using no water exchange
(only the replacement of evaporation losses) and stock densities over 300 PL/m2. These systems
have high biosecurity and a small ecological footprint and can produce cost-efficient, high
quality shrimps. Alternative systems are biofloc systems (BFT) and recirculating aquaculture
systems (RAS). These systems are widely applied to farm shrimp and have the same principles
with a low water exchange and controlled environment (Martins et al., 2010).

1.3. Current issues in shrimp farming

1.3.1. Temperature stress in whiteleg shrimp

L. vannamei is a tropical species, originally farmed in tropical areas and known to be sensitive
to low temperatures. Due to its high economic value, the farming areas of the L. vannamei have
been expanded to the sub-tropical areas. Therefore, low temperatures have become one of the
major constraining factors in the L. vannamei culture. In poikilothermic organisms, like the L.
vannamei, cold stress imposes multiple physiological impairments, including disruption of
protein and membrane integrity, mitochondrial respiration, malfunction, oxidative stress and
loss of ion homeostasis and neuromuscular coordination (Hayward et al., 2014). In shrimp
farming, this cold stress could lead to dramatic productivity losses, owing to growth inhibition,
immune response suppression and higher susceptibility to diseases (Kautsky et al., 2000). For
example, shrimp farming in southern China has been adversely affected by winter mortality for
several decades, especially in 2008 (Li et al., 2013). Also in Brazil, especially in Southern Brazil
where the weather is quite unstable, cold stress plays an important role as a natural trigger for

disease outbreaks.

To overcome these temperature related environmental stress factors, the robustness of the L.
vannamei must be improved. Other poikilothermic organisms from temperate regions (cold-
tolerant animals) developed biochemical and physiological mechanisms to overcome the stress
caused by cold. For example, in insects, a few mechanisms have been identified as being
involved in cold resistance capacity, such as up regulation of aquaporins, detoxification
enzymes and heat shock proteins, which are responsible, for the facilitation of water movement
between inner and outer compartments of cells, reduction of oxidative stress and inhibition of

protein denaturation. Reduced membrane fluidity during chilling is very harmful to cell
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functioning since it immobilizes membrane proteins and impairs cell signaling and nutrient/ion
transport. Several other biochemical mechanisms, like increment of unsaturated fatty acids and
cholesterol proportion, insertion of unsaturated fatty acids in the sn-2 position of
glycerophospholipids, enhancement of short and long chain fatty acids ratio (16:0/18:0), and
restructuration of polar head groups of glycerophospholipids can also help to achieve higher
membrane fluidity (Teets & Denlinger, 2013). On the other hand, cold-intolerant animals may
achieve cold resistance by feed supplementation. Gilthead seabream (Sparus aurata) fed with
a diet supplemented with taurine, betaine, vitamin C and unsaturated phospholipids showed a
significantly higher resistance to winter thermal stress, likely associated with an increase in fish
oxidative stress defenses, amino acid and energy metabolism modulation, and endoplasmic
reticulum (ER) stress mitigation (Richard et al., 2016). L. vannamei fed with highly unsaturated
fatty acids diets showed an increase in immune response after exposure to handling stress
(Mercier et al., 2009). Furthermore, Schleder et al. (2017) found an increase in thermal shock

resistance of this species after feeding a diet supplemented with Sargassum filipendula.

1.3.2. Use of low-trophic species

The pressure of aquafeeds on capture fisheries calls for new, healthy and sustainable
ingredients. Some marine suspension feeding organisms foraging low in the food web, like
bivalves, have a large potential to lower the pressure on capture fish used for fishmeal. One of
the reasons is that they minimize energy losses in trophic transfers to build animal protein. In
natural food webs, the vast majority (~90% on average; range 80-95%) of the energy captured
by primary producers is lost through energy expenditure (such as growth, reproduction,
foraging, predation, avoidance and other mechanisms) and only a small fraction passes to the
trophic level above (Bonhommeau et al., 2013; Tucker & Rogers, 2014; Watson et al., 2013;
Sanders et al., 2016). The inherent inefficiency of trophic transfers through food webs means
that the higher the trophic level of an animal eaten by humans; the more ecosystem energy is
embodied in its production. Recent reports from the World Resources Institute, World Wildlife
Fund, Asia Pacific Fisheries Commission, and High-Level Group of Scientific Advisors to the
European Union recognize this inefficiency, and advocate for farming and consuming ‘fish low
in the food-chain’ to help achieve production and sustainability objectives for aquaculture
(Waite et al., 2014; WWEF, 2016; SAPEA, 2017). Another reason for the use of low-trophic

species is their nutritional value. For example, mussels have been proposed as a candidate for
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incorporation into aquafeeds due to their high protein content (~50% of the whole animal ash-
free dry weight). Besides this, low-trophic species can efficiently exploit the largest trophic
resource in the marine environment., detrital matter and phytoplankton, are possible to cultivate
in high-density and three-dimensional environment (e.g. Cubillo et al., 2012) and have well-

tested culture technologies available and existing worldwide market and facilities.

Focusing on the trophic level as a metric of sustainability omits important aspects of resource
efficiency. Through a combination of feed technologies, nutrition, selective breeding, feed and
on-farm management practices, feed conversion ratios have, on average, improved (decreased)
for all species globally. Emphasis on the trophic levels of farmed species also biases our
understanding of the impacts of feeds in general. While there has been considerable attention
paid to the sustainability implications of using relatively high trophic level ingredients derived
from forage fish, these now comprise a relatively small proportion of modern feeds. Crops
(trophic level = 1) now dominate feed composition across all aquaculture species (Pahlow et
al., 2015; Tacon & Metian, 2015). But according to sustainability, the overstressed terrestrial

agroecosystems, water and land use and transport should be under consideration.

1.4. Perna perna

The Perna perna is a brown mussel widely distributed and native in the tropical and subtropical
regions of the Atlantic Ocean and Western Indian Ocean (Siddall, 1980). It is found in the
waters of the West and East Coast of Africa, the coast of South America up to the Caribbean
and on the coast of India and Sri Lanka. In the 1990s this species was also found on the coast
of Mexico and the United States, where the P. Perna was accidentally introduced via boat hulls

and water ballasts of ships from Venezuela (Holland et al., 1997).

P. perna is cultivated in Africa and South America and is the most abundant Mytilidae on the
Brazilian coast, with Santa Catarina as the most important region for shellfish mariculture
(Santos and Della-Giustina 2017). The bivalve can grow quickly to the commercial size of 60
to 80 mm in just 6 or 7 months, which makes this species of huge commercial interest. Also,
mussels of warm waters tend to grow larger than cold water species (Schurink and Griffiths,
1993).

The mussel is easily recognized by its brown color and has a smooth elongate shell (Figure 1.1),

but its best identifying characteristic is an internal divided posterior adductor and retractor
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muscle scar. In Perna spp., these two muscles attach separately to the shell, resulting in a
discontinuous scar (Figure 1.2). In nature, the P. perna is normally found on rocky substrates,
from the inter-tidal zone to several meters deep in the infralittoral zone. The mussel matures
early in natural populations, with maturation occurring at sizes as small as 35 mm, well before
the animal is a year old (Souza et al., 2019). The P. perna exhibits gonadal activity throughout
all periods of the year and has a prolonged spawning season. In some tropical regions, they
spawn the year round (Hicks and McMahon, 2002). In sub-tropic regions two great spawning
events were monitored, one in early spring and one in mid-summer (Stakowian et al., 2020).
Adult males and females release the eggs and sperm into the water column and external
fertilization occur. After fertilization, a free swimming trochophore is formed that develops in
a veliger. After several days the veliger goes through a metamorphose and settles on a stable,

hard substrate surface.

The P. perna is a filter feeder that feeds mainly on phytoplankton. These phytoplankton contain
essential fatty acids, linoleic (18:2n—6) and linolenic (18:3n—3) acids, and long chain
polyunsaturated fatty acids (JOnasdottir, 2019). In filter-feeding bivalves, the type of
phytoplankton food is closely linked with the levels of polyunsaturated fatty acids in the animal,
in particular those with fairly long chains (20 and 22 carbons) (Fernandez-Reiriz et al., 1996;
Caers et al., 2000). The levels of polyunsaturated fatty acids in phytoplankton varies in quality
and quantity according to natural cycles of plankton growth and environmental parameters, like
temperature, salinity and photoperiod. Besides this the lipid quality and quantity also varies in
the filter-feeding bivalves with the physiological status of the organisms, in particular with the
reproductive status, as gametes contain high levels of lipid reserves (Grkovic et al., 2019).
Besides high levels of polyunsaturated fatty acids, mussels also contain a range of vitamins and
minerals such as A and C-vitamins and trace minerals (Saritha et al., 2015). The unsaturated

fatty acids, vitamins and minerals provide good health benefits for animals and humans.



Figure 1.1: Perna perna (photo by Felipe Vieira)  Figure 1.2: Divided posterior adductor (1) and retractor (2)
muscle scar (photo by Carla R. Lourenco)

1.5. Mussel meal in aquaculture feeds

Mussel meal is characterized by a high lipid and protein content with similar amino acid
patterns as fishmeal, thus numerous studies were done by partly replacing fishmeal by mussel
meal in diets of aquatic species. Many studies with different mussel species and aquatic species
showed good results. For example, Wagner et al., (2019) investigated the effects of replacing
40% of the dietary fishmeal, with either mussel meal, zygomycete fungi, extracted baker’s yeast
or non-extracted baker’s yeast on the lipid and metabolic profile of the Arctic char (Salvelinus
alpinus). The fish metabolism was least affected by mussel meal, which suggests that it may be
suitable to replace fishmeal in Arctic charr diets by this ingredient. Wang et al., (2019)
evaluated the effects of replacing fishmeal with mussel meal or meat and bone meal in low-
fishmeal diets on growth performance, body composition, digestibility, antioxidant capacity
and IGF-1-gene expression of juvenile Ussuri catfish (Pseudobagrus ussuriensis). Good results
were found with mussel meal diets and the findings demonstrated that mussel meal could
substitute 400 g/kg of fishmeal in low-fishmeal diets, without influencing the health and growth

of the Ussuri catfish.

In shrimps, very few studies concerning the use of mussel meal were performed. Cavalli et al.
(2004) measured the growth and feed utilization of the shrimp Farfantepenaeus paulensis fed
with different marine protein sources (fishmeal, squid meal and mussel meal). The inclusion of
mussel meal in diets led to similar shrimp growth and feed utilization as the inclusion of
fishmeal. At the moment, Green Blue Health Pty Ltd is running a study that evaluate the use of
mussel meal, at different inclusion levels, as a replacement of fishmeal in black tiger prawn

diets. The research is being conducted at the Brible Island research facility in Queensland,



Australia, were they mostly focused to improve the palatability of the prawn feeds. Green Blue
Health Pty Ltd is particularly interested to see if prawn diets with the inclusion of mussel meal
will increase the black tiger prawn acceptance of locally available and sustainable ingredients

such as poultry and arable by-products (Byrne, 2021).

2. Objectives

The main goal of this work is to identify if the ingredient mussel meal (species Perna perna)
can be used in whiteleg shrimp (Litopenaeus vannamei) diets to improve growth and resistance
to thermal shock. Five different inclusion levels of mussel meal (0%, 1%, 2%, 3% and 4%) in
the diet will be tested and mortality and growth will be evaluated for 8 weeks. Shrimp

robustness will be further assessed through a potential lethal thermal shock.

3. Material and Methods

3.1. Mussel meal preparation

To prepare the mussel meal (P. perna) 20 kilograms of mussels were bought in the south of
Floriandpolis (Brazil) at Paraiso das Ostras (27°49'00.5"S 48°33'49.6"W). After that the
mussels were transported to the Marine Shrimp Laboratory (Barra da Lagoa, Brazil) and cooked
for 10 minutes. The shells were removed and the males (pale color) and females (reddish color)
were separated in boxes (Figure 3.1A). The cooked mussels were placed in a ventilated oven at
70 °C for 48 hours (Figure 3.1B). Under these conditions the proximate composition of the
mussel (e.g., amino acid profile) will not alter significantly and the final water content is kept
at <10%. After 48 hours of drying, 25% of the initial biomass was left and the dried mussels
were transferred in sealed bags to LABNUTRI in Armacéo (Brazil). The dried mussel meat was
then minced with a commercial mincer in portions of 250 grams at a medium speed of 5 minutes
(Figure 3.1C). After this, the ground mussel meat was put in a mixer in portions of £100 grams
for 30 seconds to change the mussel meat crumbles into powder. A sieve of 600 um was used
to sieve the mussel meal. The mixer process was repeated till all the mussel meat was turned

into mussel meal (<600 pum) (Figure 3.1D). After this the mussel meal (male and female



separated) were analyzed for protein, lipid, moisture and ash content by LABNUTRI (Table
3.1).

The analysis of the proximate composition of the mussel meal followed procedures
standardized by the “Association of Official Analytical Chemists” (AOAC, 2006) and was run
in triplicates. Moisture content was determined by drying the samples at 105 °C for 24 h and
ash content by incineration in a muffle furnace at 500 °C for 12 h. The crude protein was
analyzed by using the combustion/Dumas method and total lipid by petroleum ether extraction
using a Soxtherm Multistat/ SX PC (Gerhardt).

T . - |
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Figure 3.1: Pictures of the different steps of the mussel meal preparation

Table 3.1: Dry weight, crude protein, lipids and mineral composition of P. perna (males and females)

P perna Dry weight | Crude protein Lipids Minerals
P (DW, %) (% DW) (% DW) | (% DW)
Male 95.89 56.35 13.64 11.16
3.2. Diets

In this Thesis, five diets were formulated by using Optimal Férmula 2000® version 19.102.009
based on the formulation for commercial diets and with different levels of mussel meal (P.
perna) inclusion: 0% (Control), 1%, 2%, 3% or 4% (Table 3.2) All five diets were formulated

to be diets isoproteic, isolipidic and isoenergetic. The selected ingredients were previously
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collected, weighed and sieved with a 600 um sieve and brought to the Nutricdo de Espécies
Aquicolas (LABNUTRI, Armacdo, Brazil), where the experimental diets were produced. First
the dry ingredients were mixed for 15 minutes in a concrete mixer. After 15 minutes the mixture
of dry ingredients was put back in a bucket were the oils (soy oil, lecithin and fish oil) were
added. These oils were first mixed with the dry mixture by hand and afterwards putted back
again for 10 minutes in the concrete mixer. The resulting mixture was pelletized with an
extruder at 70 °C and a 2.5 mm sieve. Then the pellets were put in an oven (50 °C) and dried
for around 24 hours till the moisture content was < 10%. Diets were analysed for proximate
composition following the procedures standardized by the “Association of Official Analytical
Chemists” (AOAC, 2006), as described in Section 3.1. and were run in duplicates.

Table 3.2: Composition of the experimental diets, containing 0% (control), 1%, 2%, 3%, and 4% of mussel meal
(P. perna).

Diets
Ingredients (g/kg) Control 1% 2% 3% 4%
Soybean meal 324.3 320.3 316.3 312.3 310.3
Wheat flour 150.0 150.0 150.0 150.0 150.0
Fish meal 126.0 125.0 122.0 119.0 115.0
Poultry meal 150.0 145.0 142.0 139.0 135.0
Mussel meal (P. perna) 0.0 10.0 20.0 30.0 40.0
Carboxymethylcellulose 5.0 5.0 5.0 5.0 5.0
Soy lecithin 25.0 25.0 25.0 25.0 25.0
Monocalcium phosphate 25.0 25.0 25.0 25.0 25.0
Fish oil 20.0 20.0 20.0 20.0 20.0
Soy oil 10.0 10.0 10.0 10.0 10.0
Vitamin-C? 0.7 0.7 0.7 0.7 0.7
Vitamin premix® 5.0 5.0 5.0 5.0 5.0
Mineral premix® 17.0 17.0 17.0 17.0 17.0
Magnesium sulphate 15.0 15.0 15.0 15.0 15.0
Kaolin 100.0 100.0 100.0 100.0 100.0
Sodium chloride 12.0 12.0 12.0 12.0 12.0
Potassium chloride 10.0 10.0 10.0 10.0 10.0
Methionine 5.0 5.0 5.0 5.0 5.0
TOTAL 1000.0 1000.0 1000.0 1000.0 1000.0
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Proximate composition (% DW)

Moisture 8.86 6.83 9.74 10.83 8.19
Crude protein 39.76 39.71 39.79 39.51 39.57
Lipids 7.90 7.68 8.59 8.46 8.64
Ash 24.31 24.06 24.20 24.11 24.14
Gross energy (kJ/g) 17.69 16.81 16.89 16.90 16.85

aL_-ascorbic acid-2-monophosphate 35%. DSM Produtos Nutricionais Brasil (S&o Paulo, SP, Brazil).

bVitamin premix: InVivo mix (Paulinia, Brasil) - vitamin A 3,000,000 1U; vitamin D3 1,000,000 1U; vitamin E
70,000 1U; vitamin K3, 14 g; vitamin B1 30 g; vitamin B2 20 g; vitamin B6 33 g; vitamin B12 50,000 pg;
pantothenic acid 40 g; biotin 750 mg; nicotinic acid 70 g; folic acid 3,000 mg; excipient for 1000 g.

®Mineral Premix: InVivo mix (Paulinia, SP, Brasil) - Potassium 6,100 mg; copper 23,330 mg; zinc 10,000 mg;
manganese 20,000 mg; selenium 125 mg; iodine 1000 mg; cobalt 50 mg; excipient for 1000 g.

DW: dry weight

3.3. Experimental set up

The experiment was carried out at the Marine Shrimp Laboratory (Laboratério de Camardes
Marinhos - LCM/UFSC) at Barra da Lagoa, Brazil. Twenty polyethylene tanks of 400 liter were
used and each tank was stocked with 40 shrimps (3.5 £ 0.5 g). A 12 hours light and 12 hours
dark regime was used and each tank was filled with sea water (30.6 + 0.4 %o) and kept under
constant aeration and temperature of 28.4 £ 0.4 °C. Every day 100% of the water was exchanged
to keep the water quality parameters within ideal values, and after the water exchange the tanks
were cleaned with a hose to remove the remaining feces and carapaces from the shrimps. All
the twenty tanks had the same design where the inlet was put close to the wall of the tank and
the outlet and aeration in the middle of the tank (Figure 3.2). The tail-end of the inlet was put
clockwise to improve the waterflow while changing the water. The aeration was set on a way
that there was enough oxygen in the water (>5 mg/l) and keeping the water quiescent so the
shrimps are swimming peaceful and do not have to swim against the current provided by the
bubbles. The five experimental diets (0%, 1%, 2%, 3% and 4% of mussel meal inclusion) were
evaluated for 8 weeks. Each diet was randomly assigned to four replicate (n = 4) tanks in the
experimental room (Figure 3.3).
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Figure 3.2: Individual tank design used in the experiment. All 20 tanks had the same design with the inlet next to
the wall and outlet and aeration in the middle of the tank.

~

Figure 3.3: Experimental set up with 20 tanks of 400 liter (n = 4 for each experimental diet).
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3.4. Feeding

The shrimps were fed four times a day (8:00, 11:00, 14:00 and 17:00h) with their respective
diets following the feeding table by VVan-Wyk and Scarpa (1999); Table 3.3. The sinking pellets

were put in a feeding basket and after 1.5 hour the feeding baskets were checked on spillages.

Table 3.3: Feeding table for high-intensity tank production of Litopenaeus vannamei (Van-Wyk and Scarpa,
1999).

Average Shrimp Wi. Feed Rate
(g) (% BW/day)
<1 35-25
0.1-0.24 25-20
0.25-0.49 20-15
0.5-09 1511
1.0-19 11-8
20-29 8-7
30-39 T-6
4.0-4.9 6-355
50-59 55-50
60-6.9 50-45
7.0-79 4.5-425
B0-89 425-40
90-99 4.0-375
10.0-109 3T75-35
11.0-119 35-30
12.0-129 325-30
13.0-139 30-275
14.0-14.9 275-25
15.0-159 25-23
16.0-16.9 23-21
17.0-17.9 2.1-2.
18.0-18.9 20-19
19.0-19.9 1.9-1.8
20.0-209 1L.8—1.7
3.5. Blometry

Once a week the total biomass for each tank was determined and the number of shrimps was
counted. The weekly biometry was done 1.5 hour after the first or second feeding round. The
lid, inlet and aeration pipe of each tank were removed and the water level was reduced to + 15
cm. In this way the shrimps were easier and faster to catch and reduced the stress during the
biometric analysis. All shrimps were first placed in a white bucket with system water and
transported to the scale. The shrimps were put in a net and the adhering water was removed for
5 seconds. The shrimps were weighed with a scale (Marte AD2000) with accuracy of 0.01 g.

After weighing, the shrimps were put back in the tank where they were counted.
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3.5. Water quality

Oxygen and temperature were measured twice a day (in the morning and afternoon) using a
YSI Pro 20 meter that was calibrated once a month. The temperature was kept at 28.4 °C £ 0.4
°C and dissolved oxygen were kept at levels between 6.0 and 6.4 mg L. Weekly, water
samples were taken to measure the total ammonia nitrogen (TAN), nitrite, alkalinity, pH and
salinity. Total ammonia nitrogen (TAN) was measured by the indophenol with trione method,
according to Grasshoff et al. (1983). Nitrite was measured by the Griess reaction method
(Strickland and Parsons, 1972). Alkalinity was measured by titration using APHA method
2320-B (APHA, 2005). pH was measured with a Tecnal pH-meter and the salinity was
measured by using a YSI EcoSense® probe, model EC300A.

3.6. Thermal shock

At day 57 (one day after finishing the experiment), 10 shrimps from each tank were subjected
to an abrupt, potential lethal thermal stress (cold shock). The 10 shrimps (18.0 + 1,8 g) were
simultaneously transferred from tanks with seawater at 28.4 = 0.4 °C to 60 L aquarium filled
with + 25 liter of seawater from 10,9 £ 0.1 °C under constant aeration, where they remained for
1 hour (Figures 3.4 and 3.5). After this period, they were transferred to white buckets with + 30
liter with seawater at 28.5 £ 1.0 °C, and mortality was monitored for 24 hours. The seawater
used in the thermal shock trial was from the same reservoir as the experiment, which had the

same salinity of 30.50 mg L.

Figure 3.4: Thermal shock setup. Figure 3.5: YSI Pro 20 probe was used to
keep the temperature at 10.9 £ 0.1 °C.
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3.7. Shrimp growth performance

On the final day of the experiment (56" day), the total number of shrimps and total final biomass
were measured during the final biometry. The survival rate, feed conversion rate (FCR) and

weekly week gain (g/week) were calculated with the following formulas:

] Final number of individuals
Survival rate (%) = —— —— x 100
Initial number of individuals

Total feed intake (g)
Total final biomass (g)—Total initial biomass (g)

FCR =

final weight (g)—initial weight(g)

Weekly weight gain (g/week) =

number of weeks

final weight (g)— initial weight(g) y

Weight gain (% initial weight) = 100

initial weight (g)

3.8. Statistical analysis

All data was analyzed using the statistical software program IBM® SPSS® Statistics Version
28.0.1.0(142). Data are presented as means + standard deviation and the data expressed as a
percentage were arcsine square root transformed previously to the statistical analysis. The
Shapiro-Wilk test was used to test the obtained data for normal distribution and the
Levene’s test determined the homogeneity of variance. A one-way analysis of variance
(ANOVA) was applied for the growth performance (feed conversion ratio, survival and
final weight) and water quality data (temperature, dissolved oxygen, TAN and nitrite),
followed by Dunnett to compare the different treatments with the control and Turkey’s to
compare the different treatments between each other. The mortality data after the thermal shock
treatment was analyzed by the Kaplan-Meier test. All tests used a significance level of 5% (p <
0.05).
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4. Results

4.1. Water quality parameters

4.1.1. Temperature and dissolved oxygen

The temperature and dissolved oxygen did not show any significant differences among the
treatments during the eight weeks (Figure 4.1 and Figure 4.2). The highest recorded temperature
was 29.2 + 0.2 °C on day 23 and the lowest temperature on day 13 (27.9 + 0.3 °C) with an
average temperature of 28.5 + 0.4 °C during the experiment. The dissolved oxygen (DO)
slightly decreased along the experiment as the biomass inside the tanks increased, but no
significant differences were found among the treatments. The highest DO was recorded on day
2, with 6.85 + 0.06 mg/l, while the lowest DO level was recorded on day 55 (6.05 + 0.1 mg/l)

with an average DO level of 6.33 = 0.23 mg/l during the experiment.
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Figure 4.1: The temperature in each treatment along the experiment (56 days). The values are means + SD (n = 4).
No statistically significant differences were found among the five treatments.
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Figure 4.2: The dissolved oxygen (DO) in each treatment along the experiment (56 days). The values are means +
SD (n = 4). No statistically significant differences were found among the five treatments.

4.1.2. Total ammonia nitrogen and nitrite

The total ammonia nitrogen (TAN) and nitrite concentrations did not show any significant
differences among the treatments during the experiment (Figure 4.3 and Figure 4.4). The lowest
TAN concentrations were measured in the first week of the experiment (0.38 + 0.06 mg/l) and
increased slightly during the experiment. The highest TAN concentrations were monitored in
week 6 and 7 with an average of 1.44 = 0.22 mg/l. The nitrite concentrations were also
increasing during the experiment, with the lowest levels of nitrite in the first week (0.00 mg/l)
and the highest levels in the last week (0.25 £ 0.14 mg/l).
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Figure 4.3: Total Ammonia Nitrogen (TAN) concentrations along the experiment. The values are means + SD (n
= 4). No statistically significant differences in TAN levels were found among the treatments.
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Figure 4.4: Nitrite concentrations along the experiment. The values are means + SD (n = 4). No statistically
significant differences in nitrite concentrations were found among the treatments.
4.1.3. Alkalinity, salinity and pH

Alkalinity, salinity and pH did not change much along the experiment. The alkalinity was
between 118 and 128 mg/I for all the treatments (Figure 4.5), the salinity was between 30 and
31 mg/L (Figure 4.7) and the pH was between 7.98 and 8.10 (Figure 4.6).
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Figure 4.5: Alkalinity values of the five treatments during the experiment.
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Figure 4.7: Salinity values of the five treatments during the experiment.

4.2. Growth

After 56 days of experiment, final weight, average weekly weight gain and feed conversion
ratio were measured for the five treatments (Table 4.1). The shrimps that were fed with the 1%
and the 2% of mussel meal diets had a significantly higher final weight and weekly weight gain
and lower FCR than the shrimps fed with the Control, 3% and 4% diets.
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Table 4.1: Growth performance of L. vannamei from the different treatments after 56 days of experiment. Results
are means + SD (n = 4). Absence of letters indicate no significant differences among the treatments. Different
letters indicate significant differences (p < 0.05) among the treatments.

Treatment Initial weight  Final weight  Weight gain ~ Weekly weight gain  FCR
(9) (9) (% initial weight)  (g/week)

Control 350+0.00 1850+0.30° 429.1+9.0° 1.88+0.04° 1.25+0.03P

1% 351+0.01 19.63+0.18% 459.8+502  202+0.02%  1.21+0.032
2% 351+0.03 2034+054% 4798+185?% 210+0.07%  1.16+0.02°2
3% 350+000 1811+0.31° 4180+92P  1.83+0.04° 124+002°
4% 350+0.01 1845+0.38° 426.7+10.7° 187+0.05° 1.25+0.02°

FCR: Feed conversion ratio

4.3. Survival

The results of the final survival showed no significant differences among the treatments. After

56 days of experiment, the average survival was >94% in all treatments (Figure 4.8).
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Figure 4.8: Survival of L. vannamei fed diets with different inclusion levels of P. perna for 56 days. Results are
means £ SD (n = 4). Absence of letters indicate no significant differences among the treatments.
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No correlation was found between the shrimp final weight and survival (Figure 4.9).
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Figure 4.9: Correlation between final weight and survival of L. vannamei fed diets with different inclusion levels
of P. perna for 56 days.

4.4. Thermal shock
The survival 24 hours after the potential lethal thermal shock had no significant differences

among the treatments (Figure 4.10). The survival after 24 hours was between 20 and 70% in all
treatments.

Survival after 24k (%)
g

Control 1% 2% 3% 4%

Figure 4.10: Survival of L. vannamei 24 hours after the thermal shock (n = 4). Box = 25" and 75" percentile, bars
= min and max values, thick line = median value. The absence of letters indicates no significant differences were
found among the treatments.
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5. Discussion

During the eight weeks of experiment no significant differences were observed for temperature,
dissolved oxygen, total ammonia nitrogen and nitrite among the five different treatments. The
temperature and dissolved oxygen were kept relatively constant around 28.5 + 0.4 °C and the
dissolved oxygen around 6.33 £ 0.22 mg/L. The species L. vannamei naturally occurs in oceanic
habitats with all year temperature above 20 °C (FAO, 2022), with optimum values for growth
and survival around 28 to 30°C for L. vannamei juveniles (Palafox et al., 1997). The DO
concentrations were maintained well above the limits considered adequate for aquaculture (> 5
mg/L) (Boyd & Gautier, 2000). The total ammonia nitrogen and nitrite slightly increased during
the experiment. The TAN concentration in the beginning of the experiment was around 0.38 +
0.06 mg/l and the highest in week 7 with an average of 1.44 + 0.23 mg/L with an outlier of 1.87
mg/l in tank 11 (2% mussel meal diet) in week 7. Toxicity levels of TAN are highly dependent
on temperature, salinity and pH, being TAN levels more toxic (because of the higher
concentration of the un-ionized fraction NHz) at lower temperatures, lower salinities and higher
pH levels (Bower & Bidwell, 1978). Also, the age and size of the shrimp has influence on the
resilience to toxic ammonia (Waikhom et al., 2018). In this study, the water temperature and
salinity ’safety’ levels for rearing L. vannamei juveniles was estimated to be 3.75 mg/L TAN
(Linetal., 2001). Therefore, the levels of TAN in all tanks of this experiment can be considered
within safe levels. Also, the nitrite increased during the experiment as the biomass in the tanks
increased. The nitrite in the beginning of the experiment was 0 mg/L and increased until an
average of 0.25 + 0.14 mg/L with an outlier of 0.63 mg/L in tank 2 (2% mussel meal diet). This
is probably due to the growth of the nitrifying bacteria during the experiment, which convert
ammonia into nitrite. Toxicity levels of nitrite are dependent on salinity and pH levels in the
water. The toxicity levels for L. vannamei decrease with an increase in the salinity levels
(Ramirez-Rochin at al., 2016). Studies have reported an antagonistic effect between the
concentration of chloride ions and nitrite uptake in the hemolymph of aquatic organisms. This
can be explained by possible competition for the same transport site in the HCO3/Cl exchanger
protein, which is located on the apical side of gill cells (Jensen, 2003; Tomasso, 2012). The
‘safety’ level for rearing L. vannamei in the conditions of this study was estimated to be + 20
mg/l (Lin & Chen, 2003). Therefore, even in the tanks with the highest nitrite levels, were still
way below toxic levels. The temperature, DO, TAN and nitrite that were maintained along the

experiment can be considered good and did not affect the shrimps.
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Since the experiment was performed in static water with 100 per cent daily water exchange the
alkalinity, salinity and pH levels did not change much along the experiment. L. vannamei are
capable of inhabiting waters with salinities ranging from 0.5 to 40 ppt (Saoud et al., 2003).
Marine shrimps develop best with a pH ranging from 7 to 9 (Van Wyk and Scarpa, 1999).
Concerning alkalinity, Poersch et al., (2014) performed an experiment testing alkalinity levels
between 70 and 300 mg CaCOs/L in a biofloc system and no differences were detected in
shrimp survival. The level of alkalinity is more important for the growth of heterotrophic and
nitrifying bacteria, due to the consumption of inorganic carbon by these bacteria (Ebeling et al.,
2006). Therefore, in our experiment the parameters alkalinity, salinity and pH were in a suitable

level for rearing L. vannamei.

When the water parameters were suitable for rearing L. vannamei and did not show any
significant differences among the five treatments, significant differences were found in the
growth performance between the five different diets. An addition of 1% and 2% mussel meal
in the diets resulted in significantly higher shrimp final weight, weekly weight gain and lower
FCR, while the 3% and 4% mussel meal diets shown similar results as the control. The exact
cause for this remains unclear. It could be possible that the amino acid profile from the 1% and
2% are better matching with the amino acid requirements of the shrimps. Shrimp growth and
nitrogen loading is influenced by the quantity and quality of protein supplied to the diet
(Swanepoel, 2018). Even when the experimental diets had similar protein levels, the amino acid
profile could be different. During the formulation of the experimental diets the levels of soybean
meal, fishmeal and poultry meal vary a few percent to comprise the mussel meal (rich in protein)
to keep the total protein levels in the diets the same. This can cause differences in amino acid
profiles between the experimental diets. A unbalanced amino acid profile in the diets can reduce

growth performance and cause unavoidable amino acid losses (Aragdo et al., 2004)

Another reason for the differences in growth could be the oxidation of the lipids, and specially
the oxidation of the highly unsaturated fatty acids. Bivalves in coastal areas are an excellent
sources of n-3 polyunsaturated fatty acids (PUFASs), including the long-chained
eicosapentaenoic acid (20:5n-3; EPA) and docosahexaenoic acid (22:6n-3; DHA) (Chakraborty
et al., 2014; Astorga Espana et al., 2007). But these highly unsaturated fatty acids are also
known to be readily susceptible to oxidation due to the high number of unsaturated carbon-
carbon bonds in the fatty acids (Ackman and Gunnlaugsdottir, 1992). The mechanism of lipid
oxidation begins with auto-oxidation involving the direct reaction of unsaturated fatty acids
with molecular oxygen to form hydroperoxides. This is followed by secondary reactions
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yielding diperoxides if further oxidation takes place, or ketoacylglycerols if the hydroperoxides
are dehydrated. Fission of hydroperoxides yield products containing carbonyl and hydroxy
groups which will react further to form other products. These products of secondary oxidation
of unsaturated fatty acids contribute to off flavor and include toxic compounds frequently
associated with rancidity (Halliwell and Chirico, 1993). Furthermore, carbonyl groups
produced by the fission of aldehydic hydroperoxides can react with the £ amino group of lysine,
thereby reducing the nutritive value of the protein. The negative effects of oxidative rancidity
mainly in diets containing oxidized fish oils on growth, feed intake and health have been
demonstrated in several fish species. In comparison with fish, only a few studies on effects of
lipid oxidation have been carried out in shrimp. Bautista and Subosa (1997) examined the effect
of feeding diets containing increasing levels of tetraethoxypropane (TEP, an oxidation product)
to black tiger shrimp. The unsaturated fatty acid content of the diets decreased as the TEP
content increased. Yang et al. (2014) found a negative effect on growth performance and an
increase in oxidative stress in the shrimps fed with oxidized fish oil. Also, during storage of
feedstuffs, oxidation of the lipids can take place. Specially for sub-tropical and tropical regions
with high humidity and temperature throughout the year, lipids in either feedstuffs or diets are
readily susceptible to oxidation if storage is prolonged. Laohabanjong et al. (2009) tested
different ways of fish meal storage and found a decrease in growth performance and diet
utilization of the shrimp, according of the oxidation of the diets. There were no differences in
survival of the shrimp. Even when marine invertebrates, particularly bivalve mollusks are a rich
source of antioxidants (Chakraborty et al., 2016) and with experimental diets supplemented
with antioxidants (like vitamin C), oxidation can occur because of the susceptibility to oxidation
of the highly unsaturated fatty acids. This could be a possible explanation for the decrease in
growth performance of the diets supplemented with 3% and 4% of mussel meal compared with

the 1% and 2% mussel meal diets.

When some shrimps died in the tank, small density differences occur. Several research showed
significantly differences in growth and final weight related with different densities (Kotiya &
Vadher, 2021). In this experiment no relation was found between survival and final weight (r =
0.32, p = 0.15). So the small differences in the tank density did not cause the differences in
growth.

Mussel meal is rich in different compounds like minerals and unsaturated fatty acids that could
improve the robustness of the shrimp, as shown in previous studies. For instance, Mercier et al.

(2009) reported a beneficial role of diet enriched with HUFA on tolerance to handling stress
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and immune response of L. vannamei juveniles. Also, an improvement of osmoregulation
capacity was monitored in L. vannamei juveniles, when diets were supplemented with
unsaturated fatty acids (Chen et al., 2019). In the current experiment, no differences were
measured in survival among the treatments after the thermal shock. Due to the huge differences
in survival (20% up to 70%) within the same treatment, a critical note has to be given on the
procedure used for the thermal shock treatment. The size of the shrimp influences the cold
resistance, where bigger shrimps are more resistance than smaller shrimps (Pontinha, 2017).
Small size differences in the sampled shrimps could have influenced the survival results. Also,
the sample size of 10 shrimps per tank could be too small to have statistical power. Due to the

shortage of the shrimps, the sample size could not be larger.

6. Conclusion

Shrimps fed with the 1% and 2% mussel meal diets had a significantly higher final weight,
weekly weight gain and low FCR then the shrimps fed with the control, 3% and 4% mussel
meal diets. The shrimps fed with the 2% mussel meal diets showed the best growth results.
After 8 weeks of experiment, shrimps fed with the 2% mussel meal diets were significantly
10% heavier than the control. Further, no differences were observed in cold resistance and
survival among the treatments. In conclusion, mussel meal can be used as a potential ingredient
in whiteleg shrimp diets. In addition, further experiments investigating the amino acid profile,
lipid profile and oxidation of the experimental diets should be designed to better understand the

underlying processes why the 2% mussel meal diets improved growth performance.

26



7. References

Ackman, R.G., & Gunnlaugsdottir, H. (1992). Seafoods and fishery by products: natural and
unnatural environments for longer chain omega-3 fatty acids. ACS symposium series,
500, 208-230.

APHA (2005), American Water Works Association, Water Pollution Control Association.
Standard Methods for the Examination of Water and Wastewater, 21th ed. Washington
DC: APHA

AOAC (2006). Official methods of analysis. Gaithersburgs, MD: Association of Official
Analytical Chemists.

Aragdo, C., Conceicdo, L. E., Fyhn, H. J., & Teresa Dinis, M. (2004). Estimated amino acid
requirements during early ontogeny in fish with different life styles: gilthead seabream
(Sparus aurata) and Senegalese sole (Solea senegalensis). Aquaculture, 242(1-4), 589—
605.

Argue, B. J.,, Arce, S. M., Lotz, J. M., & Moss, S. M. (2002). Selective breeding of Pacific
white shrimp (Litopenaeus vannamei) for growth and resistance to Taura Syndrome
Virus. Aquaculture, 204(3-4), 447-460.

Arru, B., Furesi, R., Gasco, L., Madau, F., & Pulina, P. (2019). The Introduction of Insect
Meal into Fish Diet: The First Economic Analysis on European Sea Bass Farming.
Sustainability, 11, 1697.

Astorga Espafia, M., Rodriguez Rodriguez, E., & Diaz Romero, C. (2007). Comparison of
mineral and trace element concentrations in two molluscs from the Strait of Magellan
(Chile). Journal of Food Composition and Analysis, 20(3-4), 273-279.

Ayadi, F. Y., Rosentrate, K. A., & Muthukumar, K. (2012). Alternative Protein Sources for
Aquaculture Feeds. Journal of Aquaculture Feed Science and Nutrition, 4(1), 1-26.

Bautista, M. N., & Subosa, P. F. (1997). Changes in shrimp feed quality and effects on growth
and survival of Penaeus monodon juveniles. Aquaculture, 151(1-4), 121-129.

Boone, L. (1931). anomuran, macruran crustacea from panama and canal zone. bulletin of the
american museum of natural history, 63(2), 173-176.

Bonhommeau, S., Dubroca, L., le Pape, O., Barde, J., Kaplan, D. M., Chassot, E., & Nieblas,
A. E. (2013). Eating up the world’s food web and the human trophic level. Proceedings
of the National Academy of Sciences, 110(51), 20617—20620.

Bostock, J., McAndrew, B., Richards, R., Jauncey, K., Telfer, T., Lorenzen, K., & Corner, R.
(2010). Aquaculture: Global status and trends. Philosophical Transactions of the Royal
Society B: Biological Sciences, 365, 2897-2912.

Boyd, C. E., & Gautier, D. (2000). Effluent Composition & Water Quality Standards.
Advocate, 10, 1-5.

Bower, C. E., & Bidwell, J. P. (1978). lonization of Ammonia in Seawater: Effects of

Temperature, pH, and Salinity. Journal of the Fisheries Research Board of Canada,
35(7), 1012-1016.

27



Briggs, M., Funge-Smith, S., Subasinghe, R., & Phillips, M. (2004). Introductions and
movement of Penaeus vannamei and Penaeus stylirostris in Asia and the Pacific.
FAO. Bangkok: Regional Office For Asia and the Pacific.

Byrne, J. (2021). Australian researchers ponder potential of mussel meal as fishmeal
substitute in prawn dets. Feed navigator. 21% of october 2021.

Caers, M., Coutteau, P., & Sorgeloos, P. (2000). Impact of starvation and of feeding algal and
artificial diets on the lipid content and composition of juvenile oysters (Crassostrea
gigas) and clams (Tapes philippinarum). Marine Biology 136, 891-899.

Cavalli, R. O., Zimmermann, S., & Speck, R. C. (2004). Growth and feed utilization of the
shrimp Farfantepenaeus paulensis fed diets containing different marine protein
sources. Ciéncia Rural, 34(3), 891-896.

Chakraborty, K., Chakkalakal, S. J., & Joseph, D. (2014). Response of pro-inflammatory
prostaglandin contents in anti-inflammatory supplements from green mussel Perna
viridis L. in a time-dependent accelerated shelf-life study. Journal of Functional Foods,
7, 527-540.

Chakraborty, K., Joy, M., & Pananghat, V. (2016). Comparative Bioactive Properties of
Bivalve Clams Against Different Disease Molecular Targets. Journal of Food
Biochemistry, 40(4), 593-602.

Chen, K., Li, E., Xu, C., Wang, X,, Li, H., Qin, J. G., & Chen, L. (2019). Growth and
metabolomic responses of Pacific white shrimp (Litopenaeus vannamei) to different
dietary fatty acid sources and salinity levels. Aquaculture, 499, 329-340.

Cubillo, A. M., Peteiro, L. G., Fernandez-Reiriz, M. J., & Labarta, U. (2012). Density-
dependent effects on morphological plasticity of Mytilus gallloprovincialis in
suspended culture. Aquaculture, 338-341, 246-252.

Ebeling, J. M., Timmons, M. B., & Bisogni, J. (2006). Engineering analysis of the stoichiometry
of photoautotrophic, autotrophic, and heterotrophic removal of ammonia—nitrogen in
aquaculture systems. Aquaculture, 257(1-4), 346—358.

Engle, C. R., D’Abramo, L., Ponniah, A. G., & Slater, M. (2017). Global Aquaculture 2050.
Journal of the World Aquaculture Society, 48(1), 3-6.

FAO (2016). The State of world fisheries and aquaculture 2016. Contributing to food and
nutrition for all. Rome: FAO.

FAO (2017). The future of food and agriculture: Trends and challenges. Rome: FAO.

FAO (2020) Fishery Statistical Collection. Global Aquaculture Production. Available online:
http://www.fao.org/fishery/statistics/global-aguaculture-production/en. Access on 8-6-

2022.
FAO (2022). Cultured Aquatic Species Information Programme. Penaeus vannamei.
Available online: https://www.fao.org/fishery/en/culturedspecies/litopenaeus

vannamei/en. Access on 3-6-2022.

28


http://www.fao.org/fishery/statistics/global-aquaculture-production/en
https://www.fao.org/fishery/en/culturedspecies/litopenaeus_%09vannamei/en
https://www.fao.org/fishery/en/culturedspecies/litopenaeus_%09vannamei/en

Fernanadez-Reiriz, M. J., Labarta, U. & Babarro, J. M. F. (1996). Comparative allometries in
growth and chemical composition of mussel (Mytilus galloprovincialis Lmk) cultured
in two zones in the Ria sada (Galicia, NW Spain). Journal of Shellfish Research 15,
348-353.

Grasshoff, K., Ehrhardt, M., & Kremling, K. (1983). Methods of Seawater Analysis. 2nd ed.
Weinheim.

Grkovic, N., Dimitrijevic, M., Teodorovic, V., Karabasil, N., Vasilev, D., Stajkovic, S., &
Velebit, B. (2019). Factors influencing mussel (Mytilus galloprovincialis) nutritional
quality. IOP Conference Series: Earth and Environmental Science, 333(1), 012062.

Halliwell, B., & Chirico, S. (1993). Lipid peroxidation: its mechanism, measurement, and
significance. The American Journal of Clinical Nutrition, 57(5), 715S-725S.

Hayward, S. A. L., Manso, B., & Cossins, A. R. (2014). Molecular basis of chill resistance
adaptations in poikilothermic animals. Journal of Experimental Biology, 217(1), 6-15.

Henchion, M., Hayes, M., Mullen, A., Fenelon, M., & Tiwari, B. (2017). Future Protein
Supply and Demand: Strategies and Factors Influencing a Sustainable Equilibrium.
Foods 6, 53.

Henry, M., Gasco, L., Piccolo, G., & Fountoulaki, E. (2015). Review on the use of insects in
the diet of farmed fish: Past and future. Animal Feed Science and Technology, 203,
1-22.

Hicks, D. W., & McMahon, R. F. (2002) Temperature acclimation of upper and lower thermal
limits and freeze resistance in the nonindigenous brown mussel, Pern perna (L.), from
the Gulf of Mexico., Marine Biology 140: 1167-1179

Holland, B. S. (1997). Field notes on the Southward dispersal of the exotic Brown Mussel,
Perna Perna in the Western Gulf of Mexico. Texas. Conchologist, 34(1): 1-9.

Jensen, F. B. (2003). Nitrite disrupts multiple physiological functions in aquatic animals.
Comparative Biochemistry and Physiology Part A: Molecular & Integrative
Physiology, 135(1), 9-24.

Jonasdéttir, S. (2019). Fatty Acid Profiles and Production in Marine Phytoplankton. Marine
Drugs, 17(3), 151.

Kautsky, N., Ronnbdack, P., Tedengren, M., & Troell, M. (2000). Ecosystem perspectives on
management of disease in shrimp pond farming. Aquaculture, 191(1-3), 145-161.

Kotiya, A., & Vadher, K. (2021). Effect of different stocking density on growth, survival on
Litopenaeus vannamei (Boone, 1931) in summer and monsoon crop in province of
Gujarat States in India. Journal of Survey in Fisheries Sciences, 7(3), 71-99.

Laohabanjong, R., Tantikitti, C., Benjakul, S., Supamattaya, K., & Boonyaratpalin, M. (2009).
Lipid oxidation in fish meal stored under different conditions on growth, feed efficiency
and hepatopancreatic cells of black tiger shrimp (Penaeus monodon). Aquaculture,
286(3-4), 283-289.

Lin, Y. C., & Chen, J. C. (2001). Acute toxicity of ammonia on Litopenaeus vannamei Boone
juveniles at different salinity levels. Journal of Experimental Marine Biology and
Ecology, 259(1), 109-119.

29



Martins, C., Eding, E., Verdegem, M., Heinsbroek, L., Schneider, O., Blancheton, J.,
D’Orbcastel, E. R., & Verreth, J. (2010). New developments in recirculating
aquaculture systems in Europe: A perspective on environmental sustainability.
Aquacultural Engineering, 43(3), 83-93.

Mercier, L., Racotta, I. S., Yepiz-Plascencia, G., Muhlia-Almazéan, A., Civera, R., Quifiones-
Arreola, M. F., Wille, M., Sorgeloos, P., & Palacios, E. (2009). Effect of diets
containing  different levels of highly unsaturated fatty acids on physiological and
immune responses  in Pacific whiteleg shrimp Litopenaeus vannamei (Boone)
exposed to handling stress. Aquaculture Research, 40(16), 1849-1863.

Moss, D. R., Arce, S. M., Otoshi, C. A., Doyle, R. W., & Moss, S. M. (2007). Effects of
inbreeding on survival and growth of Pacific white shrimp Penaeus (Litopenaeus
vannamei). Aquaculture, 272, S30-S37.

Moss D. R., Otoshi, C. A., & Arce, S. M. (2011). An integrated approach to sustainable
shrimp farming. Asian Fisheries Science 23. 591- 605.

Moss, S. M., Arce, S. M., Argue, B. J., Otoshi, C. A., Calderon, F. R. O., & Tacon. A. G. J.
(2001). Greening of the blue revolution: efforts toward environmentally responsible
shrimp culture, In: C. L. Browdy and D. E. Jory (eds.), The New Wave: Proceedings
of the Special Session on Sustainable Shrimp Farming. World Aquaculture Society,
Baton Rouge, LA, pp. 1-19.

Pahlow M., Van Oel P., Mekonnen M., & Hoekstra A.Y. (2015) Increasing pressure on
freshwater resources due to terrestrial feed ingredients for aquaculture production.
Science of the Total Environment 536: 847857

Poersch, L. H., Furtado, P. S., & Wasielesky, W. (2014). The effect of different alkalinity levels
on Litopenaeus vannamei reared with biofloc technology (BFT). Aquaculture
International, 23(1), 345-358.

Ponce-Palafox, J., Martinez-Palacios, C. A., & Ross, L. G. (1997). The effects of salinity and
temperature on the growth and survival rates of juvenile white shrimp, Penaeus
vannamei, Boone, 1931. Aquaculture, 157(1-2), 107-115.

Pontinha, V. D. A., Vieira, F. D. N., & Hayashi, L. (2018). Mortality of pacific white shrimp
submitted to hypothermic and hyposalinic stress. Boletim Do Instituto de Pesca, 44(2),
1-7.

Li, B., Xian, J. A., Guo, H., Wang, A. L., Miao, Y. T., Ye, J. M., Ye, C. X., & Liao, S. A.
(2013). Effect of temperature decrease on hemocyte apoptosis of the white shrimp
Litopenaeus vannamei. Aquaculture International, 22(2), 761-774.

Lin, Y. C., & Chen, J. C. (2003). Acute toxicity of nitrite on Litopenaeus vannamei (Boone)
juveniles at different salinity levels. Aquaculture, 224(1-4), 193-201.

Ramirez-Rochin, J., Frias-Espericueta, M. G., Fierro-Safiudo, J. F., Alarcén-Silvas, S. G.,
Fregoso-Lopez, M. G., & Péaez-Osuna, F. (2016). Acute toxicity of nitrite on white
shrimp Litopenaeus vannamei (Boone) juveniles in low-salinity water. Aquaculture
Research, 48(5), 2337-2343.

30



Rana, K.J., Siriwardena, S., & Hasan, M.R. (2009). Impact of rising feed ingredient
prices on aquafeeds and aquaculture production, FAO Fisheries and Aquaculture
Technical Paper, 541. 63.

Richard, N., Silva, T. S., Wulff, T., Schrama, D., Dias, J. P., Rodrigues, P. M., & Conceicao,
L. E. (2016). Nutritional mitigation of winter thermal stress in gilthead seabream:
Associated metabolic pathways and potential indicators of nutritional state. Journal of
Proteomics, 142, 1-14.

Rocha, J. L., Guerrelhas, A. C., Teixeira, A. K., Farias, A. F., & Teixeira. A. P. (2010). SPF
shrimp breeding in Brazil genetic, phenotypic trends after generation of selection.
Global Aquaculture Advocate, 76-78.

Sanders, D., Moser, A., Newton, J., & van Veen, F. J. F. (2016). Trophic assimilation efficiency
markedly increases at higher trophic levels in four-level host—parasitoid food chain.
Proceedings of the Royal Society B: Biological Sciences, 283(1826), 20153043.

Santos, A. A., & Della Giustina, E. G. (2017) Sintese informativa da maricultura 2017.
https://cedap. epagri.sc.gov.br/. Access on; 10-6-2022.

Saoud, I. P., Davis, D., & Rouse, D. B. (2003). Suitability studies of inland well waters for
Litopenaeus vannamei culture. Aquaculture, 217(1-4), 373-383.

SAPEA (2017). Food from the Oceans: How can more food and biomass be obtained from
the oceans in a way that does not deprive future generations of their benefits? Berlin:
SAPEA.

Saritha, K., Mary, D., & Patterson, J. (2015). Nutritional Status of Green Mussel Perna Viridis
at Tamil Nadu, Southwest Coast of India. Journal of Nutrition & Food Sciences, 14.

Schurink, C. E., & Griffiths, C. L. (1993) Factors affecting relative rates of growth in four
South African mussel species. Aquaculture 109, 257-273.

Siddall, S. E. (1980) A clarification of the genus Perna (Mytilidae)., Bulletin of Marine
Science, 30(4): 858-870.

Souza, T. B. D., Silva, B. R. D., Pereira, R. M., Aride, P. H. R., & Oliveira, A. T. D. (2019).
Acrtificial Selection and Size at First Sexual Maturity of Perna perna Mussels (Linnaeus,
1758) in Southeastern Brazil. Journal of Shellfish Research, 38(1), 63.

Stakowian, N., Guilherme, P. D. B., Ferreira, A. M., Bueno, M. L., Tavares, Y. A. G. (2020).
Reproductive investment of Perna perna (Mytilida: Mytilidae) in subtropical regions:
combining several methods. Pan-American Journal of Aquatic Scienses (2020), 15(3):
178-194.

Strickland, J. D. H., & Parsons, T. R. (1972). A practical handbook of seawater analysis. Fish
research board of Canada. Ottawa.

Swanepoel, A., Davis, D. A., & Daniels, W. H. (2018). Efficacy of purified amino acids in
practical diets for Pacific white shrimp Litopenaeus vannamei. Master thesis. Auburn
University,

Tacon, A.G., & Metian, M. (2015). Feed matters: satisfying the feed demand of aquaculture.
Reviews in Fisheries Science and Aquaculture, 23, 1-10.

31


https://cedap/

Teets, N. M., & Denlinger, D. L. (2013). Physiological mechanisms of seasonal and rapid
cold-hardening in insects. Physiological Entomology, 38(2), 105-116.

Tomasso, J. R. (2012). Environmental nitrite and aquaculture: a perspective. Aquaculture
International, 20(6), 1107-1116.

Tucker, M. A., & Rogers, T. L. (2014). Examining predator—prey body size, trophic level and
body mass across marine and terrestrial mammals. Proceedings of the Royal Society B:
Biological Sciences, 281(1797), 20142103.

United Nations. (2017). World Population Prospects. The 2017 Revision. Available online:
https://www.un.org/development/desa/publications/world-population-prospects-the-
2017-revision.html (accessed on 24-6-2022).

Van Wyk, P., & Scarpa, J. (1999). Water quality requirements and management. In P. Van

Wyk, M. Davis-Hodgkins, R. Laramore, K. L. Main, J. Mountain, & J. Scarpa (Eds.),
Farming marine shrimp in recirculating freshwater systems (pp. 141-161).
Tallahassee, Florida: Department of Agriculture and Consumer Services.

Yang, S. P., Liu, H. L., Wang, C. G., Yang, P., Sun, C. B., & Chan, S. M. (2014). Effect of
oxidized fish oil on growth performance and oxidative stress of Litopenaeus vannamei.
Aquaculture Nutrition, 21(1), 121-127.

Wagner, L., Gomez-Requeni, P., Moazzami, A. A., Lundh, T., Vidakovic, A., Langeland, M.,
Kiessling, A., & Pickova, J. (2019). 1H NMR-Based Metabolomics and Lipid
Analyses Revealed the Effect of Dietary Replacement of Microbial Extracts or Mussel
Meal with Fish Meal to Arctic Charr (Salvelinus alpinus). Fishes, 4(3), 46.

Waite, R., Beveridge, M., Brummet, R., Castine, S., Chaiyawannakan, N., & Kaushik S.
(2014). Improving productivity and environmental performance of aquaculture
(Working Paper No. 5), 563 Creating a Sustainable Food Future. World Resources
Institute.

Waikhom, S., Aanand, S., Rajeswari, C., Padmavathy, P., & Rosalind G. (2018). Ammonia
and nitrite toxicity to pacific white-leg shrimp Litopenaeus vannamei. International
Journal of Applied Research, 4. 182-189.

Watson, R., Zeller, D., & Pauly, D. (2013). Primary productivity demands of global fishing
fleets. Fish and Fisheries, 15(2), 231-241.

World Bank (2013). Fish to 2013. Prospects for Fisheries and Aquaculture. Washington DC:
The World Bank.

WWEF (2016). Low Footprint Seafood in the Coral Triangle. Footprint Monitoring
Approaches and Sustainability Criteria. Switzerland: World Wildlife Fund (WWF)
International, Gland

32


https://www.un.org/development/desa/publications/world-population-prospects-the-%092017-revision.html
https://www.un.org/development/desa/publications/world-population-prospects-the-%092017-revision.html

