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Abstract Growth in shrimp farming has shown an expansion of rearing farms and intensification of
production methods, which have affected shrimp health, growth and survival and environmental integrity
of the coastal areas, making the long-term viability of this farming industry doubtful. This industry
demands alternative strategies to improve shrimp production, enhance disease resistance and take good
care of the environment. Yeasts (live cell, total cell, or their active by-products) confer a benefit to the host
by providing nutrition and protection against pathogens. This review summarizes the current knowledge
of yeast species on: (i) shrimp aquaculture; (ii) shrimp nutrition; (iii) shrimp immunity; (iv) water and
environment. Yeasts are used as alternative feed ingredients in aquaculture because of their nutritional
value. Some products, such as b-glucans, chitin, nucleic acids, mannan oligosaccharides, b-carotene,
B-complex, torulene, and torularhodin have been used in shrimp diets, showing direct effect on shrimp
growth. Amylases, chitinases, phytases, and proteases are used to enhance gut maturity and digestive
enzyme activity in shrimp larvae. The immune and antioxidant proprieties of yeasts have an important
role as probiotics and immunostimulants to enhance shrimp resistance against common viral and bacterial
diseases. Yeast bioactive products, such as glucans, nucleotides, polysaccharides, carotenoid pigments,
lipids, proteins, and vitamins, activate the immune response directly or improve intestinal microbiota,
specially glucans, which enhance shrimp circulating hemocytes (THC), phagocytosis, encapsulation,
ProPO activity and melanization. Different yeast species, such as Debaryomyces sp., Candida sp.,
Rhodosporidium sp., Saccharomyces sp., and Yarrowia sp. have recently gained popularity as beneficial
candidates in farmed organisms to maintain health conditions and well-being of different aquatic animals,
including rearing shrimp. In addition, this study condensed current knowledge of the ability of yeasts to
sustain the performance of marine shrimp and provide information for future research and development of
yeast application in aquaculture.
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Introduction
Fish and shellfish are important protein sources for global human food consumption (Pahlow et al. 2015),
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and aquaculture has helped to meet this demand to such an extent that it is currently considered as the fastest
growing animal food production for human beings (Ottinger et al. 2016). Among shellfish, shrimp are the
most important commercial crustacean aquaculture species worldwide and especially in Southeast Asia
and China. Nevertheless, the industry has been consistently affected with a great production loss from the
outbreak of infectious diseases, particularly from viruses and bacteria (Flegel 2007).
Rapid and uncontrolled growth of pathogens in aquatic organisms and the excessive use of antibiotics
to prevent them have resulted in the emergence of several resistant pathogens as some viruses, such as
Taura syndrome virus (TSV), white spot syndrome virus (WSSV), yellow head virus (YHV), and gillassociated virus (GAV) (Lightner 2011) besides Vibrio species as V. campbelli, V. fluvialis, V. harveyi, V.
parahaemolyticus, V. vulnificus (Kang et al. 2014; Yano et al. 2014). Particularly, acute hepatopancreatic
necrosis disease (AHPND) is caused by V. parahaemolyticus, which has resulted in massive mortalities in
shrimp farms (Joshi et al. 2014; Junprung et al. 2019). The previously mentioned pathogens are impeding
development and sustainability of the industry worldwide (Bondad-Reantaso et al. 2005). The demand
for an increase in food quality continues, and the side effects of antibiotics have become an increasing
threat to humans; the use of antibiotics should be eliminated, reduced or replaced with new products,
those that could enhance environmental protection (Arias-Andres et al. 2014; Siriyappagouder et al. 2014).
Alternative methods of disease prevention have been designed via antioxidant systems, bioremediation,
genetics, immunostimulants, nutrition, probiotics, prebiotics, symbiotics, and so on (Faggio et al. 2015).
Yeasts are unicellular basidiomycetes and ascomycetes with budding or fission reproduction. Most
likely only 1% of the total yeast species is known (Fell 2001), and those microorganisms have shown the
potential to produce many bioactive substances, such as glucans, glutathione, toxins, enzymes, phytase
and vitamins with application in aquaculture, chemical, cosmetics, food, environmental protection, and
pharmaceutic industries (Sarkar and Bhaskara 2016).
Yeasts are a popular product to use in aquaculture (whole or fractions) as supplements in animal feed as
source of amino acids, proteins, and vitamins, principally B-complex with positive effect on shrimp growth
and immunity (Chotikachinda et al. 2008; Ferreira et al. 2010; Gamboa-Delgado et al. 2016; ÁlvarezSánchez et al. 2018). Yeasts are used on bioremediation of water quality to clean up contaminated soil
and reduce nitrogen from metabolism excretion (Deng et al. 2013; Jin et al. 2018). Other yeast use in
aquaculture is for disease (bacteria or virus) control and application reduction of antibiotics and other
chemical products that affect microorganism resistance or pathogenesis (Balcazar et al. 2006; Biswas et al.
2012; Babu et al. 2013).
Another important feature of yeast is that it is resistant to antibiotics (Blackburn and Avery 2003). Some
prokaryotic bacteria used as probiotics have the ability to transfer plasmid with antibiotic resistant genes to
pathogens in the gastrointestinal tract of the host (Verraes et al. 2013). However, this phenomenon has not
been detected in probiotic yeast (Kourelis et al. 2010). This review summarizes the current knowledge of
the main yeast strains used as probiotics, feed additives or immunostimulants to reduce feed costs, enhance
growth and survival in shrimp culture. The information provided is focused on works that directly used
yeast and its products, showing their effects on metabolism, digestion, physiology, immune system, water
quality and bioremediation.
Yeast application in aquaculture industry
Aquatic animals interact with a high and diverse range of microorganisms, which could play a vital role
on their environmental condition, growth, and survival. The management of aquaculture conditions leads
to the creation of negative or favorable environments to microorganisms with their respective effect on
those aquatic animals (Aguirre-Guzman et al. 2009). Yeasts are microorganism species normally found in
natural shrimp farming environments where their role in health and nutrition has been documented. These
microorganisms have been used alive to feed live organisms or after processing them as feed ingredients.
Yeast species as Candida sp., C. utilis, C. sake, C. tropicalis, Debaryomyces sp., D. hansenii, Hanseniaspora
sp., Kloeckera sp., Kluyveromyces sp., Leucosporidium sp., Metschnikowia sp., Pichia sp., Rhodotorula
sp., R. rubra, R. glutinis, Saccharomyces sp., S. cerevisiae, Sporobolomyces sp., Trichosporon sp. and
Yarrowia sp. have shown application in shrimp aquaculture of Litopenaeus vannamei, Penaeus monodon,
Marsupenaeus japonicus, F. indicus, etc. (Burgents et al. 2004; Sajeevan et al. 2006; Zhenming et al. 2006;
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Yeast
Candida. sake, C. utilis,
Debaryomyces hansenii
C. utilis

Shrimp
Fenneropenaeus
indicus postlarvae
L. vannamei

Doses
20%

Use
Diet supplementation (weight gain)

60%

Diet supplementation (fish meal
replacement)

L. vannamei

1% (108
yeast g-1
diet)
50%

Probiotic (weight gain, specific growth
rate, survival, and feed conversion ratio)

Rhodosporidium
paludigenum
Saccharomyces
cerevisiae
S. cerevisiae (baker's
yeast extract)

Fenneropenaeus
indicus
L. vannamei

S. cerevisiae (Baker's
yeast)

P. monodon

0.7-1.3%

S. cerevisiae

P. monodon

1-2 g kg-1

S. cerevisiae (Bio-Mos)

L. vannamei

2-8 g kg-1

S. cerevisiae (DV
Aqua)
S. cerevisiae (flash
dried yeast)
S. cerevisiae (AquaMyces)

L. vannamei

1-1.5 g
kg-1
30%

S. cerevisiae (AquaMyces)

L. vannamei

1%

L. varmamei

0.2 -4 g
kg-1

P. semisulcatus

3 g kg-1

References
Sarlin and
Philip (2016)
GamboaDelgado et al.
(2016)
Yang et al.
(2010)

Diet supplementation (fish meal
replacement)
Diet supplementation (weight gain,
specific growth rate, and feed conversion
ratio),
β-glucan diet supplementation (growth,
specific growth rate) and survival)

Sharawy et al.
(2016)
Jin et al. (2018)

Dietary supplementation of mannan
oligosaccharide (Growth, THC,
epithelium layer and cell density of the
gut).
Dietary supplementation of mannan
oligosaccharide (Weight gain, specific
growth rate, intestinal microvilli length,
SOD)
Growth

Sang et al.
(2014)

Shrimp digestion
Dietary application of mannan
oligosaccharide (growth and survival
composition)
Dietary application of mannan
oligosaccharide (growth, body
composition and hepatopancreas
histology)

Felix et al.
(2008)

Zhang et al.
(2012)

Deng et al.
(2013)
Qiu et al.
(2018)
Genc and
Ebeoglu (2013)
Genc et al.
(2007)

Biswas et al. 2012; Babu et al. 2013; Zhao et al. 2017; Álvarez-Sánchez et al. 2018; Xiong et al. 2018). A
better understanding of their use and modes of action help to know about the appropriate applications in
aquatic systems. Tables 1-2 show recent yeast applications on shrimp farming.
Effect on shrimp growth
Effect as feed additive
Traditional ingredients used for shrimp aquaculture (fishmeal and oil) have declined their production in
recent years. Several alternative ingredients have been tested to replace fishmeal in aquaculture diets,
including vegetable and microbial sources. Yeasts from industrial process are by-products used as emerging
alternative feed ingredients in aquaculture because of their nutritional value (proteins, lipids, vitamins,
minerals, etc.) and some bioactive compounds, such as β-glucans, chitin and nucleic acids (Sarlin and
Philip 2011; Babu et al. 2013; Øverland and Skrede; 2016; Zhao et al. 2017). Different types of yeasts (C.
utilis, D. hansenii, R. paludigenum, S. cerevisiae) and their extracts have been used in aquaculture diets for
shrimp (F. indicus, L. vannamei, and P. monodon) at different levels (1-60% or 0.2-8 g kg-1) (Table 1), as
fishmeal replacement or additive feed (Gamboa-Delgado et al. 2016; Sharawy et al. 2016; Jin et al. 2018).
Sarlin and Philip (2016) used different species and yeast strains as supplements in shrimp post-larvae (F.
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indicus). Those yeasts displayed protein, lipid, and carbohydrate contents from 22.00 to 30.00, 2.00 to
8.25 and 22.36 to 29.68%, respectively, without any difference in their biochemical composition. This
study demonstrated that C. sake, C. utilis and D. hansenii supported better growth and survival in shrimp
compared to other strains, confirming that marine yeasts may serve as potential feed supplements in shrimp.
Gamboa-Delgado et al. (2016) found similar results in the use of C. utilis on L. vannamei where 60% of
yeast incorporation in shrimp diet showed a similar dietary contribution than fishmeal. Other yeast species
that have been used on shrimp with dietary purpose are R. paludigenum and S. cerevisiae (Table 1).
Some studies reported yeast strains as immunostimulants included in shrimp diet. Deng et al. (2013)
evaluated commercial S. cerevisiae at different doses (1.0 and 1.5 g/kg shrimp diet) where L. vannamei
fed with yeast as diet supplement displayed better final body length, feed conversion rate and survival (P
< 0.05) of shrimp juveniles. Similar effect was found by Jin et al. (2018) where dietary effect of 1% of S.
cerevisiae in shrimp diet showed a significant (P < 0.05) enhancement of growth parameters. However, an
excess of this yeast on shrimp diet could also have negative effects on final body weight, survival, specific
growth rate and weight gain (Sharawy et al. 2016). The authors reported that 50% substitution of fermented
soybean meal by S. cerevisiae was according to F. indicus post-larvae rearing. Some products, such as
b-glucan and mannan oligosaccharide (1-8 g/kg shrimp diet) from S. cerevisiae have been used in shrimp
diet (L. vannamei, P. monodon, P. semisulcatus) with significant results on weight gain, specific growth
rate or survival (Genc et al. 2007; Felix et al. 2008; Zhang et al. 2012; Genc and Ebeoglu 2013; Sang et al.
2014). Those products have been used as protein and amino acid source showing efficient effect on the use
of dietary protein with a direct effect on shrimp growth.
Marine red yeasts are normal microbiota in shrimp farming and wild shrimp environments. Some yeast
species are abundant in carotenoid product (b-carotene, torulene, and torularhodin) as Rhodosporidium
paludigenum (Yang et al. 2010, 2011). Dietary supplementation (1 g/100 g) of dry or live R. paludigenum
(108 yeast cells g-1 shrimp diet) significantly increased L. vannamei survival, specific growth rate and weight
gain (Yang et al. 2010).
Digestive system, microbiota, gut structure and ontogeny
The shrimp digestive system consists of mouth, foregut, midgut, hindgut, and hepatopancreas. The mouth
is located on the ventral surface of the head region where feed is introduced after mastication by the
maxilliped. The foregut, including the esophagus and stomach, is a specialized part with grinding activity.
The stomach has a connection with the hepatopancreas, which is the primary organ of nutrient digestion,
absorption, and storage (Aguirre-Guzman and Ascencio-Valle 2000). In addition, this organ is a major part
of the posterior cephalothorax. The stomach and hepatopancreas have connections with the midgut that
show a high absorption surface. The hindgut or intestine is a tube that runs from the cephalothorax to the
rectum and anal canal, which transports feed waste and generates fecal products. All the digestive system
is covered with epithelium cells where microorganisms establish and execute their functions (AguirreGuzman and Ascencio-Valle 2000).
Intestinal microbiota is a complex ecosystem with an important role in host nutrition, which change
during the host’s life stage (adult, juvenile or post-larva), physiology condition (diseases, growth,
reproduction, stress, hormone secretion) environment (culture, laboratory, wild), water quality (oxygen,
pH, temperature, salinity, etc.) and feed sources (Tuyub et al. 2014; Li et al. 2018). The relationship
between intestinal microbiota and shrimp, their composition, changes, and gut environment are important
factors to understand the ecological succession mechanisms of gut microbiota and their effect on shrimp
nutrient acquisition. However, the study of shrimp gut microbiota has become a focus to understand the
microorganism composition and function by methodological comparisons. Conventional microbial methods
have been used, such as denaturing gradient gel electrophoresis and 16S rRNA studies where microbial
isolates are a small proportion of all the microorganisms associated to animal, gut, and environment, and do
not represent the real diversity and quantity of the shrimp intestine (Li et al. 2018).
Microbiota is an important element to shrimp life with metabolic, trophic and protective functions
(Tuyub et al. 2014). Yeasts are part of normal microflora of organisms and sediments of shrimp culture
areas where different genus have been isolated, such as: Brettanomyces sp., Bullera sp., Candida
sp., Clavispora sp., Cryptococcus sp., Debaryomyces sp., Deidium sp., Dekkera sp., Dipodascus sp.,
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Filobasidium sp., Galactomyces sp., Geotrichum sp., Guehomyces sp., Hanseniaspora sp., Hansenula sp.,
Issatchenkia sp., Kazachstania sp., Kluyveromyces sp., Kodamaea sp., Leucosporidium sp., Lodderomyces
sp., Metschnikowia sp., Mrakia sp., Phaeotheca sp., Pichia sp., Pseudozyma sp., Rhodotorula sp.,
Rhodosporidium sp., Saccharomyces sp., Sporobolomyces sp., Torulopsis sp., Trichosporon sp., Williopsis
sp., Wingea sp., Yarrowia sp., Zygowilliopsis sp. and Zygoascus sp. (Sajeevan et al. 2009a,b; Sukumaran
et al. 2010; Yang et al. 2010, 2013; Babu et al. 2013; Navarrete and Tovar-Ramírez 2014; Wilson et al.
2015; Sarkar and Bhaskara-Rao 2016). Those yeasts (total cell, live, or their metabolic products) are poorly
known and show high potential applications in shrimp farming.
Ontogeny of the shrimp digestive system has been the subject of studies in the last year reporting
the use of yeast to enhance gut maturation and digestive enzyme activity (Álvarez-Sánchez et al. 2018).
The development of gastrointestinal tract microbiota is a gradual process along shrimp life where their
colonization in the gastrointestinal tract occurs when the anal pore shows drinking movement (fifth nauplii
stage), and the mouth opens to the exterior environment (Li et al. 2018). Zhang et al. (2012) reported a higher
contact surface and nutrient absorption in the intestine of several crustacean species by including mannan
oligosaccharides (MOS) in the diet. Xiong et al. (2018) found similar results where a higher microvillus
height occurred in L. vannamei fed 50 g/kg yeast nucleotide. However, Genc et al. (2007) and Genc and
Ebeoglu (2013) investigated the effects of MOS from yeast (S. cerevisiae outer cell wall) on hepatopancreas
histology of P. semisulcatus post-larvae (Pl 20) and L. vannamei juvenile, respectively. They found an effect
on histomorphology of the microtubular structure of hepatopancreas tissues and R cell, which were used to
evaluate the nutritional condition of shrimp and enzyme activity.
Effect on digestive enzymes
Shrimp have shown digestive enzymes as proteases (trypsin, pepsin, carboxypeptidase A, B, leucine
aminopeptidase, arylamidase), lipases, esterases, and carbohydrases (amylases, maltase, chitinase and
cellulase) which are directly associated with feed digestion and nutrient absorption (Jing et al. 2009;
Zhao et al. 2017; Qiu et al. 2018). The use of yeast with dietary purpose might have stimulated enzyme
production in shrimp, contributing to development, digestion, nutrition, and health. In addition, some yeasts
are available to produce extracellular enzymes (amylase, chitinase, phytase, protease, etc.) and bioactive
substances (astaxanthin, b-carotenoid, glutathione, polyamine, trehalose, killer toxin, etc.) with potential
relevance in digestive processes and nutrient absorption that provide energy to organisms (Zhenming et al.
2006; Jing et al. 2009; Zhao et al. 2017).
Jing et al. (2009) isolated yeast strains from seawater, sediments, and organisms finding that
Aureobasidium pullulans, Y. lipolytica, I. orientalis and Cr. aureus were capable of producing an extracellular
alkaline protease. Bessadok et al. (2015) found that Y. lipolytica strain from shrimp by-products showed
proteolytic activity. Amylase, cellulases, chitinase, lipases, phytase, protease were detected in marine yeast
(A. pullulans, C. rugosa, C. intermedia, C. parapsilosis, C. quercitrusa, C. kefyr, Cr. aureus, D. cantarelli,
Ko. ohmeri, K. marxianus, K. fragilis, L. elongisporus, Me. reukaufii, P. guilliermondii, R. mucilaginosa,
Y. lipolytica, Sporotrichum sp.) with potential use in aquaculture activates and biotechnology (Navarrete
and Tovar-Ramírez 2014; Zhenming et al. 2006; Sarkar and Bhaskara 2016; Álvarez-Sánchez et al. 2018).
Ferreira et al. (2010) demonstrated that Saccharomyces yeast cells contained vacuolar proteases of serine,
aspartyl, metallo-proteases, and pectinases; Table 1 displays the use of S. cerevisiae on Fenneropenaeus
indicus, L. vannamei, P. semisulcatus, P. monodon with dietary purpose and where enzymatic effect on
digestion, growth and other physiology process have been suggested.
Yeasts can grow rapidly in the intestine and produce extracellular proteases, which represent a small
part to total enzyme activity of the shrimp gut (Nimrat et al. 2017). The enzymes produced help increasing
the digestive utilization of feed or detoxifying injurious metabolites released by other microorganisms. In
addition, those microorganisms stimulated enzyme production in shrimp hepatopancreas. Zhao et al. (2017)
reported a significant increase of trypsin activity in L. vannamei hepatopancreas with the use of dietary
yeast extract. However, they also reported a decrease of lipase activity. Zhang et al. (2012) reported a higher
contact surface and nutrient absorption in the intestine of several crustacean species by including mannan
oligosaccharides (MOS) in the diet (Table 1). Gut microvilli are associated to shrimp digestion and help to
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generate a better condition for shrimp growth and health. Xiong et al. (2018) reported higher microvillus
height in L. vannamei fed with 50 g/kg yeast nucleotides in diet.
Yeast effect on shrimp immunity and infection
Yeasts have an important role to enhance shrimp resistance against common diseases. Their use with
antioxidants, immunology (natural or non-specific immunity), nutritional, probiotics, stress-less
purposes in shrimp has improved their health. Different studies have shown the use of yeast (total cell,
live, or their bioactive products) in shrimp immunology components. Those products have been used
in shrimp health as anticoagulant proteins, agglutinins, antimicrobial peptides or AMPs (defensins and
chemokines), antiapoptotic protein encapsulation, and bacteriocins. They have also been used as free
radicals, formation of nodules and humoral components, lysozymes, monostatin, phagocytosis, phenol
oxidase enzyme, proteases, hydrogen peroxide, siderophores, gramicidin, polymyxin, and tyrotricidin
(Burgents et al. 2004; Zhenming et al. 2006: Sajeevan et al. 2009a,b; Bai et al. 2010, 2014; Babu et al.
2013; Deng et al. 2013; Sang et al. 2014; Wilson et al. 2015; Neto and Nunes 2015; Jin et al. 2018). The
use of yeasts as a shrimp health tool is one of the most frequent in aquaculture, whose applications are
indicated below.
Disease prevention
Diseases caused by bacteria or viruses affect the organisms under rearing and generate serious economic
losses to the shrimp industry. An alternative strategy for disease control is the use of yeasts, their products
or fractions to improve shrimp health and generate resistance to pathogens. The use of antibiotics and
chemotherapeutants are undesirable in shrimp farms as disease control. In addition, vaccines are not
effective against many bacterial diseases (Felix et al. 2008). Yeasts have excellent nutritional content and
functional properties, including a role as probiotics and immune stimulants. Some products, as b-glucan
and nucleotides derived from yeasts (K. fragilis and S. cerevisiae) have been used on L. vannamei and P.
monodon stimulation, providing resistance to vibriosis generated by V. alginolyticus and V. parahaemolyticus
(Felix et al. 2008; Guo et al. 2016). Moreover, b-glucans from yeast (Table 2) were used as protective agents
against infectious myonecrosis virus (IMNV) and WSSV in L. vannamei, M. japonicus, and P. monodon
(Sukumaran et al. 2010; Zhu and Zhang 2012; Neto and Nunes 2015; Wilson et al. 2015). Those results
have demonstrated the immunostimulatory activity of yeast glucans against shrimp viruses, which detected
the activation of genes of different immune factors, antimicrobial peptide, anti-lipopolysaccharide factor,
penaeidin, prophenoloxidase (ProPO), and superoxide dismutase (SOD). The use of glucans and other yeast
products as immunostimulants is an interesting prophylactic strategy to control infections and decrease the
use of chemotherapeutic products in shrimp farming with corresponding environmental advantage.
Effect on immunological parameters
Immunostimulants are products that can promote and induce a strong defense response in the host
(Aguirre-Guzman et al. 2009; Ringø et al. 2012). The yeast products with this activity include bioactive
products, carotenoid pigments, glucans, lipids, nucleotides, polysaccharides, proteins, and vitamins
(Aguirre-Guzman et al. 2009; Babu et al. 2013; Sang et al. 2014; Mohan et al. 2019), which activate the
innate immune system directly or improve growth of intestinal microbiota. Based on previous reports in
crustaceans, immunostimulants can increase phagocytosis of pathogens by activating phagocytic cells in
the hemolymph, increasing antibacterial and antiseptic properties of hemolymph, activating the ProPO
system and mediating signal recognition and phagocytosis (Bondad-Reantaso et al. 2005; Castex et al.
2010).
Table 2 shows the yeast species used with immunostimulatory purpose in shrimp species. Shrimps fed
10% yeast diet at a feeding frequency of once every week showed significantly higher immune response
compared to the control. C. aquaetextoris showed a potential immunostimulation in P. monodon when it
was incorporated in diet aids and used as prevention and/or treatment of diseases in tiger shrimp. Better
immunostimulatory property of C. aquaetextoris whole-cell yeast diet fed group could be attributed to the
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Table 2 Effect of yeast against pathogens of shrimp species with aquaculture interest

Yeast
C. aquaetextoris

Shrimp
Penaeus
monodon

Doses
10%

P. monodon

0.2%

F. indicus

10%

THC, PO, NBT
immunostimulation and
survival to WSSV infection

Sajeevan et al. (2006)

C. sake

F. indicus

0.2%

-glucan immunostimulation
and survival to WSSV
infection

Sajeevan et al. (2009a)

C. sake

F. indicus

0.2%

Sajeevan et al. (2009b)

P. monodon

0.2%

Immunostimulation and
survival to WSSV infection
-glucan diet
supplementation (resistance
to infectious WSSV)
Resistance to WSSV
infection
Source of immuno-stimulant

C. haemulonii, C.
oceani, C. parapsilosis,
C. spencermartinsiae,
D. fabryi, D. nepalensis,
Hortaea werneckii,
Meyerozyma
guilliermondii
C. sake

C. tropicalis, D.
hansenii
C. sake, C. utilis, D.
hansenii
Rhodotorula minuta

F. indicus

20%

P. monodon

10%

R. paludigenum

L. vannamei

1% (108 yeast g-1
diet)

R. paludigenum

L. vannamei

1%

S. cerevisiae (Baker's
yeast extract)

M. japonicus

0.1 mL (36.7%
yeast
nucleotides)

S. cerevisiae

L. vannamei

2 g/kg diet
(0.2%)

S. cerevisiae

L. vannamei

0.1%

S. cerevisiae

L. vannamei

1 g kg-1

S. cerevisiae

L. vannamei

1%

S. cerevisiae

M. japonicus

20 μg/g

S. cerevisiae (Baker's
yeast extract)

L. vannamei

1%

Use
Protection against WSSV
infection and genes
expression of hematological
and immune peptides and
proteins.
Immunostimulants with glucan and resistance to
WSSV infection

Antioxidant competence,
activity of catalase, SOD,
glutathione peroxidase in
serum and hepatopancreases,
Stimulation of antioxidant
genes in hepatopancreas
Immunostimulants
(expression of anti-microbial
peptides/proteins) and
resistance to V.
nigripulchritudo)
Immunostimulation with glucan (THC, ProPO, SOD)
Immunostimulants with glucan (THC, ProPO,
respiratory burst, SOD) and
resistance to WSSV
infection
-glucan diet
supplementation (resistance
to IMNV)
Resistance to Vibrio
campbellii infection
Injected -glucanencapsulated (resistance to
infectious WSSV)
Immunostimulants
(expression levels of the
immune-related genes of
intestine and
hepatopancreas), and
resistance of ammonia
nitrogen stress

References
Babu et al. (2013)

Wilson et al. (2015)

Sukumaran et al. (2010)

Sarlin and Philip (2016)
Subramanian et al. (2014)
Yang et al. (2010)

Yang et al. (2013)
Biswas et al. (2012)

Bai et al. (2010)
Bai et al. (2014)

Neto and Nunes (2015)

Burgents et al. (2004)
Zhu and Zhang (2012)

Jin et al. (2018)
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Table 2 Continued

Yeast

Shrimp

Doses

Use

References

S. cerevisiae (Baker's
yeast)

P. monodon

0.2%

Thanardkit et al. (2002)

S. cerevisiae (Baker's
yeast)

P. monodon

0.7-1.3%

S. cerevisiae (Bio-Mos)

P. monodon

1-2 g kg-1

S. cerevisiae (Bio-Mos)

L. vannamei

2-8 g kg-1

S. cerevisiae (DV Aqua)

L. vannamei

1-1.5 g kg-1

S. uvarum (Spent
brewer’s yeast slurry)

P. monodon

0.2%

Kluyveromyces fragilis
(Rovimax Nx)

L. vannamei

60-120 mg kg-1

S. cerevisiae

L. vannamei

1-2 g kg-1

S. cerevisae + FOS

L. vannamei

50-400 mg kg-1

Immunostimulation of
hemocytes with -glucan,
and ProPO activation
-glucan diet
supplementation resistance
to Vibrio alginolyticus
Dietary supplementation of
mannan oligosaccharide
(Growth, THC, epithelium
layer and cell density of the
gut).
Dietary supplementation of
mannan oligosaccharide
(SOD and resistance against
NH3 stress)
Reduced endotoxin in
shrimp intestine, activation
of lysozyme and PO, and
stimulate total hemocytes
level.
Immunostimulants with glucan (ProPO)
Immunostimulation with
nucleotide (SOD, total nitric
oxide synthase and
lysozyme)
Better level of THC and
granular hemocyte count
Increase of THC level of
THC

Felix et al. (2008)

Sang et al. (2014)

Zhang et al. (2012)

Deng et al. (2013)

Suphantharika et al.
(2003)
Guo et al. (2016)

Chotikachinda et al.
(2008)
Rivera et al. (2019)

cellular constituents of yeasts including mannan, chitin, glucan, nucleotides, carotenoid pigments, lipids,
proteins and vitamins (Babu et al. 2013) (Table 2). The use of MOS in crustacean aquaculture has been
studied in many countries. It is a complex of carbohydrates that has been isolated from the cell wall of
the yeast S. cerevisiae, which prevent the adhesion of bacterial pathogens because they act by blocking
adherence of microbial lectins with the carbohydrates present on the surface of the intestinal cells. The
prevention of adhesion inhibits colonization of infective pathogen process (Genc et al. 2007; Zhang et al.
2012; Genc and Ebeoglu 2013; Sang et al. 2014).
Immunological cells
Hemocytes (hyalinocytes, granulocytes and semi-granulocytes) are important components present in
hemolymph that participate in clotting, encapsulation, nodule formation, phagocytosis, proPO activation,
tissue repair. In addition, they help in production of adhesion molecules, agglutinins, and AMPs. Hemocytes
also have inhibitory enzymes needed for regulating the proteolytic cascade, preventing its over stimulation
and the resultant tissue damage while also producing cytotoxic molecules, such as lysozyme, phosphatase,
esterase, phospholipase, peroxidase, protease, etc. (Aguirre-Guzman et al. 2009). The total hemocyte
count (THC) is a parameter used for immune condition on shrimp, whose cells have been stimulated
by yeast products (total cell, live, or their metabolic products). Deng et al. (2013) and Bai et al. (2014)
found a decrease of THC on L. vannamei during a bioassay when S. cerevisiae increased in shrimp, which
represented an immunostimulation of hemocytes with posteriori decrease in total number. Similar results
were detected by Sajeevan et al. (2009a) when using β-glucan from C. sake on the immunity of F. indicus
detecting a significant decrease on THC after immnostimulation. However, Sajeevan et al. (2006) showed
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that F. indicus fed a diet with C. sake (10%, w/w) exhibited a significantly higher level of THC pre- and
post-infection with WSSV compared to the control treatment and suggested an immunostimulatory effect
of the yeast on shrimp. Rivera et al. (2019) demonstrated a high THC in L. vannamei fed with a mixture of
fructoligosaccharides (FOS) and S. cerevisiae (50, 100, 200 and 400 mg yeast + FOS /kg of commercial
diet) compared to the control treatment (Table 2). Sang et al. (2014) incorporated mannan oligosaccharide
in P. monodon diet observing an increase of THC compared to the control shrimp. A better level of THC
and granular hemocyte count was detected in L. vannamei when using S. cerevisiae as immunostimulants
in shrimp diet (Chotikachinda et al. 2008). Babu et al. (2013) used C. aquaetextoris as a potential
immunostimulant in black tiger shrimp P. monodon, observing a reduction in THC after post-challenge
with this yeast (Table 2).
Immune defense factors
Many variables, such as total plasma protein content, glucose concentration, alkaline phosphatase
activity, clotting time, proPO activity, release of reactive oxygen intermediates, and antibacterial peptide
activity (AMPs) have been considered as good health parameters in crustaceans after stimulation with
different pathogen-associated molecular patterns (Campa-Córdova et al. 2002; Aguirre-Guzman et al.
2009; Amparyup et al. 2013). Important immune responses in shrimp are phenoloxidase (PO) activity,
which is a direct index of defense ability in crustaceans to pathogenic bacteria and viruses. Activation
of the proPO system serves an important role as a non-self-recognition system that participates in innate
immune responses. It accompanies cellular responses via hemocyte attraction and induces phagocytosis,
melanization, cytotoxic reactant production, serine proteinase cascade, particle encapsulation, formation of
nodules and capsules (Amparyup et al. 2013). The transformation of proPO to PO activates the production
of melanin and toxic reactive intermediates against invading pathogens. Deng et al. (2013) used S. cerevisiae
(Table 2) in shrimp feed and found that PO and lysozyme activities in serum were significantly higher than
the control group, indicating a potential protection against shrimp diseases. Sajeevan et al. (2006) used F.
indicus diet containing C. sake (10%, w/w) and detected a significantly higher immune response in PO
activity and nitroblue tetrazolium (NBT), assuming that the immunostimulatory effect of the yeast used
in this study helped shrimp survival to experimental WSSV infection (28 days). Lysozyme is capable of
degrading gram-negative bacteria cell wall mucopolysaccharides, allowing their recognition by phagocytic
cells (Aguirre-Guzman et al. 2009).
Penaeidins are high components of immune response that have antimicrobial and chitin binding
properties, which may play an important role in coordination between immune and metamorphosis
functions with the synthesis of exoskeleton (Destoumieux et al. 2000). A study showed significant upregulation of proPO and penaeidin 3a gene expression levels in L. vannamei fed the diets supplemented
with S. cerevisiae products. This study indicated the relevant role of these genes in local immune response,
which increased the expression level of penaeidins (Jin et al. 2018). Some penaeidins as crustins, antilipopolysaccharide factors and histones play an important role in innate immunity in shrimp (Bartlett et
al. 2002; Patat et al. 2004; Somboonwiwat et al. 2005). Biswas et al. (2012) demonstrated a significant
stimulation of crustin, lysozyme, and penaeidin gene expressions in the lymphoid organ of M. japonicus
with the use of S. cerevisiae extract (Table 2). Babu et al. (2013) detected similar results when P. monodon
was fed with diet supplemented with C. aquaetextoris at different frequencies pre- and post-challenge to
WSSV where crustin 1, 2, and 3, and penaeidin 3, 5 genes up-regulated post-challenge (Table 2).
Bioactive compounds from yeast with immunological effect
Glucans
These molecules are non-specific immunostimulants that induce resistance against bacterial pathogens
or used as energy sources. β-glucans are naturally occurring polysaccharides with glucose as structural
component, linked by β-glycosidic bonds. Those molecules are active products, administered mainly to
shrimp by feed, injection, and orally (Thanardkit et al. 2002; Suphantharika et al. 2003; Aguirre-Guzman et
al. 2009; Bai et al. 2014). Yeasts have β-Glucans 50-60 % that are linear or cyclic homopolysaccharides of
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glucose in their cell wall (Sarlin and Philip 2011; Wilson et al. 2015) linked through β- (1 → 3) and β- (1
→ 4) bonds, which can show ramifications (Lazaridou et al. 2007). These molecules in fungi and yeasts
are composed of glucose chains with side chains linked by β bonds (1 → 6) (Butt et al. 2008; Volman et al.
2010). The physiological effect of β-glucans depends on its source of origin, dose, structure and molecular
weight (Pizarro et al. 2014).
Various studies in shrimp have proven β-glucan as an important immunostimulant for improving
immune status and controlling diseases (Sukumaran et al. 2010; Ringø et al. 2012). Glucans are known
to invoke various in vivo responses in crustaceans, such as change in hemocyte counts, induction of
encapsulation, ProPO activity and melanization, besides generating a range of immunoactive agents
including peroxinectin and reactive oxygen species (ROS) (Thanardkit et al. 2002; Suphantharika et al.
2003; Sukumaran et al. 2010; Neto and Nunes 2015). β-glucans are one of the most assuring groups of
immunostimulants considered. They have a well-defined chemical structure and mode of action on the
immune defense described in a great number of scientific articles (Thanardkit et al. 2002; Felix et al.
2008; Sajeevan et al. 2009a; Bai et al. 2010, 2014; Sukumaran et al. 2010; Zhu and Zhang 2012; Neto
and Nunes 2015; Wilson et al. 2015). Immunostimulation potential of eight marine yeast glucans from C.
parapsilosis, Hortaea werneckii, C. spencermartinsiae, C. haemulonii, C. oceani, D. fabryi, D. nepalensis
and Meyerozyma guilliermondii were tested against WSSV challenge in P. monodon postlarvae (Wilson et
al. 2015). Other yeasts used in shrimp (F. indicus, L. vannamei, M. japonicus) that display β-glucans are
C. sake, C. tropicalis, S. uvarum, R. minuta, S. cerevisiae (Table 2). In nature, β-glucans have spread in the
cell wall of yeasts, where the shrimp immune system has the ability to detect foreign components, such
as LPS and β-glucan present in the cell wall of microorganisms. Specific binding proteins to carbohydrate
moieties are found in serum as recognition proteins that activate the cellular functions when they react with
the microbial LPS or β-glucan (Aguirre-Guzman et al. 2009). Sajeevan et al. (2009a) and Bai et al. (2014)
used β-glucan derivatives from C. sake on the immunity of white shrimp L. vannamei and S. cerevisiae
on F. indicus, respectively, and its resistance against WSSV. They observed a better resistance in shrimp
treated with β-glucan against WSSV and a significant result on immunological parameters [phenoloxidase
(PO), respiratory burst, and SOD] and THC.
Nucleotides
In addition to the yeast compounds mentioned, the nucleotide component of the yeast may also contribute
to immunostimulation (Sajeevan et al. 2006; Ringø et al. 2012; Subramanian et al. 2014; Xiong et al. 2018).
Although most cell types are capable of synthesizing nucleotides from purines and pyrimidines, de novo
and salvage synthesis of nucleotides have been thought to be energetically costly. An exogenous source of
nucleotides may optimize the functions of rapidly dividing cells, such as those of the immune system that
lack the capacity to synthesize nucleotides, so they must depend on a pre-formed source (Ringø et al. 2012).
Xiong et al. (2018) studied dietary nucleotide-rich (NT-rich) yeast supplementation in Pacific white shrimp
(L. vannamei) and reported a significant increase in PO and lysozyme activities in shrimp fed with diet
containing 50 g/kg NT-rich. Phenoloxidase (PO) was detected as zymogens in shrimp and displayed a vital
role in cell-to-cell communication, cell recognition, and host defense (Lysozyme acts as a first-line defense
mechanism to prevent adherence and colonization of microorganisms) (Aguirre-Guzman et al. 2009; Deng
et al. 2013). Similar results were obtained by Biswas et al. (2012) with a significant stimulation of crustin,
lysozyme, and penaeidin gene expression in the lymphoid organ with the use of NT-rich S. cerevisiae
extract (Table 2). This stimulation provided resistance to V. nigripulchritudo in M. japonicus. Guo et al.
(2016) used as diet supplement with nucleotide from K. fragilis (Rovimax NX) in L. vannamei, observing
a significant stimulation result of SOD, total nitric oxide synthase and lysozyme.
Effect on water and environmental quality
The intensification process of aquaculture industries had a negative effect on water and sediment quality in
shrimp ponds that generate stress to the environment. Yeasts are normal microflora of seawater that are able
to improve animal welfare and health by influencing the micro-ecological environment (Deng et al. 2013).
The use of some probiotics to face this problem involves manipulation and growth of microorganisms in
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the ponds to enhance mineralization of organic matter improving water quality and rearing healthier shrimp
(Ninawe and Selvin 2009; Silva et al. 2012).
Ammonia is nitrogenous waste, particularly important environmental stress in intensive shrimp farming,
causing several physiological changes, including oxygen consumption, homeostasis, and immunosuppression
that affect normal growth, health status, and survival rate (Cobo et al. 2014; Thirumurugan and Vignesh
2015). Controlling ammonia in shrimp ponds depends on other quality parameters, such as pH, oxygen, and
temperature. The use of S. cerevisiae (DV Aqua) indicates a reduction of NH3-N, chemical oxygen demand
and sulphide in water and pond sediment of shrimp culture (L. vannamei) (Deng et al. 2013). However,
yeast might have acted as probiotic and regulated the microflore sediment, enhancing decomposition of
organic matter and undesirable products and reducing the production of toxic gases as suggested by Deng
et al. (2013). Furthermore, Melgar et al. (2013) worked with the effect of the commercial natural product
composed by (Rhodopseudomonas palustris, Lactobacillus plantarum, L. casei and S. cerevisiae) in the
culture ponds of L. vannamei. This product reduced the total ammoniacal nitrogen and pH water values
with positive effect on shrimp growth and survival.
The use of yeast in shrimp farming in the global context
Shrimp aquaculture requires new products, techniques, and strategies to increase production and
sustainability. Microorganisms in aquatic animals are a possible tool used in the aquaculture industry;
however, knowledge of this field is considerably limited, and yeast is not the exception, especially marine
yeast. Yeasts do not work in the same way, this depends on the species or yeast strain, culture medium,
product or by-product used, extraction method, and specific application considered (nutrition, immunology,
medium environment). The information displayed in this study demonstrated that yeasts play an interesting
role for sustainable aquaculture because of their versatile effects on growth, feed efficiency, gut microbiota,
immune response besides boosting shrimp resistance against diseases.
Initially, yeast strains used in aquaculture were sub-products obtained for other industries where it was
supplied at different levels (1-60% or 1-8 g kg-1 shrimp diet). However, yeast displayed interesting results
and emerged as alternative feeding ingredients because of their nutritional value (proteins, lipids, vitamins,
minerals, etc.) and some bioactive compounds with effect on shrimp growth, survival, digestive system,
gut structure, and microbiota interaction. The results have shown the importance of understanding the
characteristics of different yeast species/strains in shrimp diet, and their possibility to be used to replace
fishmeal with ingredients in balanced feed formula, or additives with effect on shrimp growth, survival, and
health. In shrimp, protein digestion is highly efficient and higher protein content usually represents better
digestive efficiency, lower conversion ratio and higher survival (Méndez-Martínez et al. 2017). Marine
yeasts have been used in the last decades as source of protein, despite of their lack of essential amino
acids and high nucleic acid content (Palacios et al. 2007; Alamillo et al. 2017). Consequently, many yeast
strains represent today an alternative to partially substitute fish meal in shrimp diet (Alloul et al. 2021). To
reduce feed cost, some authors suggest the inclusion of novel protein sources, such as vegetal protein and
dried microbial biomass (called microbial protein) in diet of juvenile shrimp as a strategy to maximize the
assimilation of low-cost nutrients, improve growth and shrimp production with an animal/vegetal/microbial
protein source (Terrazas et al. 2005; Phupet et al. 2018; Alloul et al. 2021).
Several publications have confirmed the beneficial effects of yeasts in shrimp nutrition. These
microorganisms synthesized different active products as enzymes, carotenoids product, MOS, etc. which
contributed to growth of F. indicus, L. vannamei, P. monodon, and P. semisulcatus. Furthermore, yeasts
can be part of the gut microbiota of farmed shrimp where gastrointestinal tract microbiota is important
throughout shrimp life and development. Microbiota contributed to feed digestion and nutrient absorption
along the gastrointestinal system. The yeast species and their effect on the gastrointestinal tract, enzyme
effect or stimulation constituted an important element to study, which has been poorly unextending
currently. In addition, evidence has shown that some yeast species/strains have interesting effects on shrimp
gastrointestinal health, which is related with shrimp growth, survival, and low stress. Future research with
new generation technologies (molecular, proteomic, sequencing) is important to understand the relationship
of native microbiota of aquatic animals, microbial ecosystems and with shrimp growth, farming conditions,
and environmental factors.
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Water quality is a relevant point to understand and control in shrimp industry, especially because the
intensification process of shrimp production exhibits degraded conditions and quality of environmental
water. Few studies have reported that yeast is used as water quality control, principally for total ammonium
control. The use of yeast in water quality and pond sediment is a potential application in aquaculture
industry.
Shrimp farming is an important activity in the food sector, which has rapidly developed and intensified,
but its growth has displayed an indiscriminate use of veterinary medicines, antibiotics, and chemical
products as prophylactic and control measures for pathogens and diseases. This production strategy has
resulted in antimicrobial resistance of different pathogens with the risk of spreading. The use of yeast and
their products is a possible and viable strategy for prevention and control of diseases to improve the quality
and sustainability of aquaculture production. Yeast research with specific active products (glucans, MOS,
etc.) apply it in low concentration (<1% kg shrimp diet) and evaluates its effect on target areas of shrimp
(hemocytes, hepatopancreas, muscle, etc.). Many studies about yeast cell and their components (inter or
extracellular), associated to shrimp production, have reported improved cellular and humoral responses
against pathogens (virus, Vibrio sp.) and as an efficient strategy to disease prevention/control. Some of these
cell compounds activate the shrimp immune response directly, such as phagocytic cells, ProPO system,
SOD, antibacterial properties on hemolymph, and mediate signal recognition in cells. In addition, the use
of yeast or their active products have been used in shrimp health as anticoagulant proteins, agglutinins,
AMPs, antiapoptotic protein encapsulation, bacteriocins, formation of nodules and humoral components,
siderophores, gramicidin, polymyxin, tyrotricidin.
The use of appropriate yeast strains, via of administration and dose are necessary for enhancing immune
response and to induce resistance against microbial pathogens (Abdel-Tawwab et al., 2008; Andrews
et al., 2011). Yeast stimulants, such as C. sake and C. tropicalis, are easy to produce and improve the
immune system of the Indian white prawn F. indicus (Sarlin and Philip 2011). The marine yeast Y. lipolytica
incorporated at 1.1% in basal diet showed the best feeding method to improve immune response in juvenile
shrimp L. vannamei (Licona-Jain et al. 2020). Moreover, some studies reported that the mixtures of bacteria
and yeast are far more effective for the control of pathogens than single strains, due to the synergic effect
of the mix (Peraza-Gómez et al. 2011; Abdel-Rahman and Ahmed 2016; Fierro et al. 2019). More studies
testing different marine yeast species (alive or processed) are necessary to broaden the understanding of
their action mechanisms and immune response of shrimp species across all developmental stages (embryo,
larvae, juvenile, and adult). Thus, specific effect of different yeast species and strains in shrimp immune
response is still an important subject of study. Hopefully, new molecular methodologies, such as proteomics,
molecular, sequencing, RNA studies will help on this process in the near future.
Acknowledgments The authors are grateful to Diana Fisher for editorial services.
Conflict of interest The authors declare that they have no conflict of interest.
References
Abdel-Tawwab M, Abdel- Rahman AM, Ismael NEM (2008) Evaluation of commercial live bakers’ yeast, Saccharomyces cerevisiae
as a growth and immunity promoter for fry Nile tilapia, Oreochromis niloticus (L.) challenged in situ with Aeromonas hydrophila.
Aquaculture 280:185-189. doi:10.1016/j.aquaculture.2008.03.055
Abdul-Rahman NM, Ahmed VVM (2016) Comparative effect of probiotic (Sacharomyces cerevisiae), prebiotic (fructooligosacharide
FOS) and their combination on some differential white blood cells in young common carp (Cyprinus carpio L). Iraqi J Vet Med
40:9-15. doi:10.30539/iraqijvm.v40i1.131
Aguirre-Guzman G, Ascencio-Valle F (2000) Infectious disease in shrimp species with aquaculture potential. In: Pandalai SG (ed).
Resent research developments in microbiology, 4. Research Signpost. India. p 333-348
Aguirre-Guzman G, Sanchez-Martinez JG, Campa-Cordova AI, Luna-Gonzalez A, Ascencio F (2009) Penaeid shrimp immune
system. Thai J Vet Med 39(3):205-215
Alamillo E, Reyes-Becerril M, Cuesta A, Angulo C (2017) Marine yeast Yarrowia lipolytica improves the immune responses in Pacific
red snapper (Lutjanus peru) leukocytes. Fish shellfish immunol 70:48-56. doi:10.1016/j.fsi.2017.08.036
Alloul A, Wille M, Lucenti P Bossier P, Stappen GV, Vlaeminck SE (2021) Purple bacteria as added-value protein ingredient in shrimp
feed: Penaeus vannamei growth performance and tolerance against Vibrio and ammonia stress. Aquaculture 530(15):735788.
doi:10.1016/j.aquaculture.2020.735788
Álvarez-Sánchez AR, Nolasco-Soria H, Peña-Rodríguez A, Mejía-Ruíz H (2018) In vitro digestibility of Yarrowia lipolytica yeast
and growth performance in whiteleg shrimp Litopenaeus vannamei. Turk J Fish Aquat Sci 18(3):395-404. doi:10.4194/13032712-v18_3_05

Int Aquat Res (2021) 13:1-16

13

Amparyup P, Charoensapsri W, Tassanakajon A (2013) Prophenoloxidase system and its role in shrimp immune responses against
major pathogens. Fish Shellfish Immunol 34(4):990-1001. doi:10.1016/j.fsi.2012.08.019
Andrews SR, Sahu NP, Pal AK, Mukherjee SC, Kumar S (2011) Yeast extract, brewer’s yeast and spirulina in diets for Labeo rohita
fingerlings affect haemato-immunological responses and survival following Aeromonas hydrophila challenge. Res Vet Sci
91(1):103-109. doi:10.1016/j.rvsc.2010.08.009
Arias-Andres M, Mena F, Pinnock M (2014) Ecotoxicological evaluation of aquaculture and agriculture sediments with biochemical
biomarkers and bioassays: antimicrobial potential exposure. J Environ Biol 35(1):107–117
Babu DT, Antony SP, Joseph SP, Bright AR, Philip R (2013) Marine yeast Candida aquaetextoris S527 as a potential immunostimulant
in black tiger shrimp Penaeus monodon. J Inverte Pathol 112(3):243–252. doi:10.1016/j.jip.2012.12.002
Bai N, Zhang W, Mai K, Wang X, Xu W, Ma H (2010) Effects of discontinuous administration of β-glucan and glycyrrhizin on
the growth and immunity of white shrimp Litopenaeus vannamei. Aquaculture 306(1-4):218–224. doi:10.1016/j.aquaculture.
2010.06.017
Bai N, Gu M, Zhang W, Xu W, Mai K (2014) Effects of β-glucan derivatives on the immunity of white shrimp Litopenaeus vannamei
and its resistance against white spot syndrome virus infection. Aquaculture 426-427:66–73. doi:10.1016/j.aquaculture.2014.01.019
Balcazar JL, de-Blas I, Ruiz-Zazuela I, Cunningham D, Vandrell, Muzquiz JL (2006) The role of probiotics in aquaculture. Vet
Microbiol 114(3-4):173-186. doi:10.1016/j.vetmic.2006.01.009
Bartlett TC, Cuthbertson BJ, Shepard EF, Chapman RW, Gross PS, Warr GW (2002) Crustins, homologues of an 11.5-kDa antibacterial
peptide, from two species of penaeid shrimp, Litopenaeus vannamei and Litopenaeus setiferus. Mar Biotechnol 4(3):278–293.
doi:10.1007/s10126-002-0020-2
Bessadok B, Masri M, Breuck T, Sadok S (2015) Isolation and screening for protease activity by marine microorganisms. Bull Int Natl
Sci Techn Oceanogr Peche Salammbo 42:21-23
Biswas G, Korenaga H, Nagamine R, Kono T, Shimokawa H, Itami T, Sakai M (2012) Immune stimulant effects of a nucleotiderich baker’s yeast extract in the kuruma shrimp, Marsupenaeus japonicus. Aquaculture 366–367:40–45. doi:10.1016/j.
aquaculture.2012.09.001
Blackburn AS, Avery SV (2003) Genome-wide screening of Saccharomyces cerevisiae to identify genes required for antibiotic
insusceptibility of eukaryotes. Antimicrob Agents Chemother 47(2): 667-681 doi:10.1128/AAC.47.2. 676-681.2003
Bondad-Reantaso MG, Subasinghe RP, Arthur JR, Ogawa K, Chinabut S, Adlard R, Tan Z, Shariff M (2005) Disease and health
management in Asian aquaculture. Vet Parasitol 132(3-4):249–272. doi:10.1016/j.vetpar. 2005.07.005
Burgents JE, Burnett KG, Burnett LE (2004) Disease resistance of Pacific white shrimp, Litopenaeus vannamei, following the dietary
administration of a yeast culture food supplement. Aquaculture 23(1-4):1–8. doi:10.1016/j.aquaculture.2003.09.003
Butt M, Tahir-Nadeem M, Khan M, Shabir R, Butt M (2008) Oat: unique among the cereals. Eur J Nutr 47(2):68-79. doi:10.1007/
s00394-008-0698-7
Campa-Córdova AI, Hernández-Saavedra NY, Philippis RD, Ascencio F (2002) Generation of superoxide anion and SOD activity in
haemocytes and muscle of American white shrimp (Litopenaeus vannamei) as a response to b-glucan and sulphated polysaccharide.
Fish Shellfish Immunol 12(4):353–366. doi:10.1006/fsim.2001.0377
Castex M, Lemaire P, Wabete N, Chim L (2010) Effect of probiotic Pediococcus acidilactici on antioxidant defenses and oxidative
stress of Litopenaeus stylirostris under Vibrio nigripulchritudo challenge. Fish Shellﬁsh Immunol 28(4):622–631. doi:10.1016/j.
fsi.2009.12.024
Chotikachinda R, Lapjatupon W, Chaisilapasung S, Sangsue D, Tantikitti C (2008) Effect of inactive yeast cell wall on growth
performance, survival rate and immune parameters in pacific white shrimp (Litopenaeus vannamei). Songklanakarin J Sci
Technol 30(6):687-692
Cobo ML, Sonnenholzner S, Wille M, Sorgeloos P (2014) Ammonia tolerance of Litopenaeus vannamei (Boone) larvae. Aquac Res
45(3):470-475. doi:10.1111/j.1365-2109.2012.03248.x
Deng D, Mei C, Mai K, Tan BP, Ai Q, Ma H (2013) Effects of a yeast-based additive on growth and immune responses of white
shrimp, Litopenaeus vannamei (Boone, 1931) and aquaculture environment. Aquac Res 44(9):1348–1357. doi:10.1111/ j.13652109.2012.03139.x
Destoumieux D, Muñoz M, Cosseau C, Rodriguez J, Bulet P, Comps M (2000) Penaeidins, antimicrobial peptides with chitin-binding
activity, are produced and stored in shrimp granulocytes and released after microbial challenge. J Cell Sci 113:461-469
Faggio C, Fazio F, Marafioti S, Arfuso F, Piccione G (2015) Oral administration of Gum Arabic: effects on haematological parameters
and oxidative stress markers in Mugil cephalus. Iran J Fish Sci 14(1):60-72
Felix N, Jeyaseelan MJP, Kirubakaran CJW (2008) Growth improvement and enhanced disease resistance against Vibrio alginolyticus
using β- glucan as a dietary supplement for Penaeus monodon (Fabricius). Indian J Fish 55(3):247–250
Fell JW (2001) Collection and identification of marine yeasts. In: Paul J (ed) Methods in microbiology. Academic Press, New York.
pp 347-356. doi:10.1016/S0580-9517(01)30052-1
Ferreira IMPLVO, Pinho O, Vieira E, Tavarela JG (2010) Brewer’s Saccharomyces yeast biomass: characteristics and potential
applications. Trends Food Sci Technol 21(2):77-84. doi:10.1016/j.tifs.2009.10.008
Fierro JA, Luna A, Caceres CJ, Álvarez P, Escamilla R, González HE, Peraza V (2019) Effect of microbial immunostimulants on
WSSV infection percentage and the expression of immune-related genes in white shrimp (Litopenaeus vannamei). Rev Colom
Cienc Pecua 32:221-231. doi: 10.17533/udea.rccp.v32n3a07
Flegel TW (2007) Update on viral accommodation, a model for host-viral interaction in shrimp and other arthropods. Dev Comp
Immunol 31(3):217–231. doi:10.1016/j.dci.2006.06.009
Gamboa-Delgado J, Fernández-Díaz B, Nieto-López M, Cruz-Suárez LE (2016) Nutritional contribution of torula yeast and fishmeal
to the growth of shrimp Litopenaeus vannamei as indicated by natural nitrogen stable isotopes. Aquaculture 453(20):116–121.
doi:10.1016/j.aquaculture.2015.11.026
Genc MA, Aktas M, Genc E, Yilmaz E (2007) Effects of dietary mannan oligosaccharide on growth, body composition and
hepatopancreas histology of Penaeus semisulcatus (de Haan 1844). Aquacult Nutr 13(2):156-161. doi:10.1111/j.13652095.2007.00469.x
Genc MA, Ebeoglu B (2013) The effects of different salinity and supplemented mannan oligosaccharides (MOS) on growth of

14

Int Aquat Res (2021) 13:1-16

Litopenaeus vannamei (Penaeus: Decapoda). J Anim Aet Adv 12(9):942-947. doi:10.3923/javaa.2013.942.947
Guo J, Guo B, Zhang H, Xu W, Zhang W, Mai K (2016) Effects of nucleotides on growth performance, immune response, disease
resistance and intestinal morphology in shrimp Litopenaeus vannamei fed with a low fishmeal diet. Aquacult Int 24(4):1007–
1023. doi:10.1007/s10499-015-9967-7
Jin M, Xiong J, Zhou Q, Yuan Y, Wang X, Sun P (2018) Dietary yeast hydrolysate and brewer’s yeast supplementation could
enhance growth performance, innate immunity capacity and ammonia nitrogen stress resistance ability of Pacific white shrimp
(Litopenaeus vannamei). Fish Shellfish Immunol 82:121-129. doi:10.1016/j.fsi.2018.08.020
Jing L, Zhenming C, Xianghong W, Ying P, Zhe (2009) The selection of alkaline protease-producing yeasts from marine environments
and evaluation of their bioactive peptide production. Chin J Oceanol Limn 27(4):753-761. doi:10.1007/s00343-009-9198-8
Joshi J, Srisala J, Truong VH, Chen IT, Nuangsaeng B, Suthienkul O, Lo CF, Flegel TW, Sritunyalucksana K, Thitamadee S (2014)
Variation in Vibrio parahaemolyticus isolates from a single Thai shrimp farm experiencing an outbreak of acute hepatopancreatic
necrosis disease (AHPND). Aquaculture 428–429:297–302. doi:10.1016/j.aquaculture.2014.03.030
Junprung W, Supungul P, Tassanakajon A (2019) Litopenaeus vannamei heat shock protein 70 (LvHSP70) enhances resistance to a
strain of Vibrio parahaemolyticus, which can cause acute hepatopancreatic disease (AHPND) by activating shrimp immunity. Dev
Comp Immunol 90:138-146. doi:10.1016/j.dci.2018.09.011
Kang CH, Kim Y, Oh SJ, Mok JS, Cho MH, So JS (2014) Antibiotic resistance of Vibrio harveyi isolated from seawater in Korea. Mar
Pollut Bull 86(1-2):261-265. doi:10.1016/j.marpolbul.2014.07.008
Kourelis A, Kotzamanidis C, Litopoulou-Tzanetaki E, Scouras ZG, Tzanetakis N, Yiangou M (2010) Preliminary probiotic selection
of dairy and human yeast strains. J Biol Res 13(13):93–104.
Lazaridou A, Biliaderis CG (2007) Molecular aspects of cereal β-glucan functionality: Physical properties, technological applications
and physiological effects. J Cereal Sci 46(2):101-18. doi:10.1016/j.jcs.2007.05.003
Li EC, Wang X, Shifeng W, Xu C (2018) Gut microbiota and its modulation for healthy farming of pacific white shrimp Litopenaeus
vannamei. Rev Fish Sci Aquac 26(3)1-9 doi: 10.1080/23308249.2018.1440530
Licona-Jain A, Campa-Córdova A, Luna-González A, Racotta IS, Tello M, Angulo C (2020) Dietary supplementation of marine yeast
Yarrowia lipolytica modulates immune response in Litopenaeus vannamei. Fish Shelfish Immunol 105(Part A):469-476. doi:
10.1016/j.fsi.2020.07.043
Lightner DV (2011) Virus diseases of farmed shrimp in the Western Hemisphere (the Americas): A review. J Invert Pathol 106(1):110–
130. doi:10.1016/j.jip.2010.09.012
Melgar CE, Barba E, Álvarez-González CA, Tovilla C, Sánchez AJ (2013) Efecto de microorganismos con potencial probiótico en la
calidad del agua y el crecimiento de camarón Litopenaeus vannamei (Decapoda: Penaeidae) en cultivo intensivo. Rev Biol Trop
61(3):1215-1228.
Méndez‐Martínez Y, Yamasaki-Granados S, García-Guerrero MU, Martinez-Cordova LR (2017) Effect of dietary protein content on
growth rate, survival and body composition of juvenile cauque river prawn, Macrobrachium americanum (Bate, 1868). Aquac
Res 48:741-751. doi:10.1111/are.13193
Mohan K, Ravichandran S, Muralisankar T, Uthayakumar V, Chandirasekar R, Seedevi P, Rajan DK (2019) Potential uses of fungal
polysaccharides as immunostimulants in fish and shrimp aquaculture: A review. Aquaculture 500:250-263. doi:10.1016/j.
aquaculture.2018.10.023
Navarrete P, Tovar-Ramírez D (2014) Use of yeasts as probiotics in fish aquaculture. In: Sustainable aquaculture techniques.
Hernandez-Vergara M, Perez-Rostro CI. (ed.) IntechOpen. pp 135-172. doi:10.5772/57196
Neto HS, Nunes AJP (2015) Performance and immunological resistance of Litopenaeus vannamei fed a β-1, 3/1, 6-glucan supplemented
diet after per os challenge with the infectious myonecrosis virus (IMNV). Rev Bas Zootec 44(5):165–173. doi:10.1590/S180692902015000500001
Nimrat S, Boonthai T, Vuthiphandchai V (2011) Effects of probiotic forms, compositions of and mode of probiotic administration
on rearing of pacific white shrimp (Litopenaeus vannamei) larvae and postlarvae. Anim Feed Sci Technol 169(3-4):244–258.
doi:10.1016/j.anifeedsci.2011.07.003
Ninawe AS, Selvin J (2009) Probiotics in shrimp aquaculture: avenues and challenges. Crit Rev Microbiol 35(1):43–66.
doi:10.1080/10408410802667202
Ottinger M, Clauss K, Claudia K (2016) Aquaculture: Relevance, distribution, impacts and spatial assessments - A review. Ocean
Coast Manage 119:244-266. doi:10.1016/j.ocecoaman.2015.10.015
Øverland M, Skrede A (2016) Yeast derived from lignocellulosic biomass as a sustainable feed resource for use in aquaculture. J Sci
Food Agric 97(3):733-742. doi:10.1002/jsfa.8007
Pahlow M, Oel PRV, Mekkonen MM, Hoekstra AY (2015) Increasing pressure on freshwater resources due to terrestrial feed
ingredients for aquaculture production. Sci Total Environ. 536:847-857. doi:10.1016/j.scitotenv.2015.07.124
Palacios J, Coral-Santander I, Zambrano-Lucero A, López-Macias JN (2007) Evaluación comparativa de prebióticos y probióticos
incorporados en el alimento comercial sobre el crecimiento y la sobrevivencia de una especie nativa, el sábalo amazónico (Brycon
melanopterus) y una especie foránea, trucha arcoíris (Oncorhynchus mykiss). Rev Elec Ing Produc Acuíc 3(3):193-229
Patat SA, Carnegie RB, Kingsbury C, Gross PS, Chapman R, Schey KL (2004) Antimicrobial activity of histones from hemocytes of
the Pacific white shrimp. Eur J Biochem 27(23-24):4825–4833. doi:10.1111/j.1432-1033.2004.04448.x
Peraza-Gómez V, Luna A, Campa-Córdova AI, Fierro-Coronado JA (2011) Dietary microorganism and plant effects on the survival
and immune response of Litopenaeus vannamei challenged with the white spot syndrome virus. Aquac Res 42(4):559-570.
doi:10.1111/j.1365-2109.2010.02651.x
Phupet B, Pitakpornpreecha T, Baowubon N, Runsaeng P, Utarabhand P (2018) Lipopolysaccharide-and β-1, 3-glucan-binding protein
from Litopenaeus vannamei: purification, cloning and contribution in shrimp defense immunity via phenoloxidase activation. Dev
Comp Immunol 81:167-179. doi:10.1016/j.dci.2017.11.016.
Pizarro S, Ronco AM, Gotteland M (2014) β-glucans: what types exist and what are their health benefits?. Rev Chil Nutr 4(3):439-446.
doi:10.4067/S0717-75182014000400014
Qiu X, Nguyen L, Davis DA (2018) Apparent digestibility of animal, plant and microbial ingredients for Pacific white shrimp
Litopenaeus vannamei. Aquacult Nutr 24(3):930–939. doi:10.1111/anu.12629

Int Aquat Res (2021) 13:1-16

15

Ringø E, Olsen RE, Gonzalez JL, Wadsworth S, Song SK (2012) Use of immunostimulants and nucleotides in aquaculture: a review.
J Mar Sci: Res Develop 2(1):1-23. doi:10.4172/2155-9910.1000104
Rivera LM, Trujillo LE, Pais-Chanfrau LE, Núñez J, Pineda J, Romero H, Tinoco O, Cabrera C, Dimitrov V (2019) Functional foods
as stimulators of the immune system of Litopenaeus vannamei cultivated in Machala, province of el Oro, Ecuador. Ital J Food
Sci 31(3):227-232.
Sajeevan TP, Rosamma P, Bright IS (2006) Immunostimulatory effect of a marine yeast Candida sake S165 in Fenneropenaeus
indicus. Aquaculture 257(1-6):150–155. doi:10.1016/j.aquaculture.2006.03.008
Sajeevan TP, Philip R, Singh IB (2009a) Dose/frequency: a critical factor in the administration of glucan as immunostimulant to Indian
white shrimp Fenneropenaeus indicus. Aquaculture 287(3-4):248–252. doi:10.1016/j.aquaculture.2008.10.045
Sajeevan TP, Lowman DW, Williams DL, Selven S, Anas A, Rosamma P (2009b) Marine yeast diet confers better protection than
its cell wall component (1- 3)- β-D-glucan as an immunostimulant in Fenneropenaeus indicus. Aqua Res 40(15):1723-1730.
doi:10.1111/j.1365-2109.2009.02275.x
Sang HM, Kien NT, Thanh NT (2014) Effects of dietary mannan oligosaccharide on growth, survival, physiological, immunological
and gut morphological conditions of black tiger prawn (Penaeus monodon Fabricius 1798). Aquacult Nutr 20(3):341–348.
doi:10.1111/anu.12083
Sarkar A, Bhaskara-Rao KV (2016) Marine yeast: a potential candidate for biotechnological applications- a review. Asian J Microbiol
Biotechnol Environ Sci 18(3):6 27-634.
Sarlin PJ, Philip R (2011) Efficacy of marine yeasts and baker´s yeast as immunostimulant in Fenneropenaeus indicus: A comparative
study. Aquaculture 321:173-178. doi: 10.1016/j.aquaculture.2011.08.039.
Sarlin PJ, Philip R (2016) Marine yeasts as feed supplement for Indian white prawn Fenneropenaeus indicus: screening and testing
the efficacy. Int J Curr Microbiol Appl Sci 5(1):55-70. doi:10.20546/ijcmas.2016.501.005
Sharawy Z, Goda AMAS, Hassaan MS (2016) Partial or total replacement of fishmeal by solid state fermented soybean meal with
Saccharomyces cerevisiae in diets for Indian prawn shrimp, Fenneropenaeus indicus, postlarvae. Anim Feed Sci Technol 212:90–
99. doi:10.1016/j.anifeedsci.2015.12.009
Silva EFB, Soares MA, Calazans NF, Vogeley JL, Valle BC, Soares R, Peixoto S (2012) Effect of probiotic (Bacillus spp.) addition
during larvae and postlarvae culture of the white shrimp Litopenaeus vannamei. Aquac Res 44(1):13–21. doi:10.1111/j.13652109.2011.03001.x
Siriyappagouder P, Shankar KM, Naveen BT, Patil R, Byadgi OV (2014) Evaluation of biofilm of Aeromonas hydrophila for oral
vaccination of Channa striatus. Fish Shellfish Immunol 41(2):581–558. doi:10.1016/j.fsi.2014.09.021.
Somboonwiwat K, Marcos M, Tassanakajon A, Klinbunga S, Aumelas A, Romestand B (2005) Recombinant expression and antimicrobial activity of anti-lipopolysaccharide factor (ALF) from the black tiger shrimp Penaeus monodon. Dev Com Immunol
29(10): 841–851. doi:10.1016/j.dci.2005.02.004
Subramanian M, Alikunhi NM, Kandasamy K (2014) Immunostimulatory effect of mangrove-derived marine yeasts in Penaeus
monodon. Aqua Res 45(3):389–396. doi:10.1111/j.1365-2109.2012.03235.x
Sukumaran V, Lowman DW, Sajeevan TP, Philip R (2010) Marine yeast glucans confer better protection than that of baker’s yeast in
Penaeus monodon against white spot syndrome virus infection. Aqua Res 4(12):1799-1805. doi:10.1111/j.1365-2109.2010.02520.x
Suphantharika M, Khunrae P, Thanardkit P, Verduyn C (2003) Preparation of spent brewer’s yeast b-glucans with a potential
application as an immunostimulant for black tiger shrimp, Penaeus monodon. Bioresour Technol 88(1):55–60. doi:10.1016/
s0960-8524(02)00257-2.
Terrazas-Fierro M, Civera-Cerecedo R, Ibarra-Martínez L Goytortúa-Bores E, Herrera-Andrade M, Reyes-Becerra A (2010) Apparent
digestibility of dry matter, protein, and essential amino acid in marine feedstuffs for juvenile whiteleg shrimp Litopenaeus
vannamei. Aquaculture 308(3-4):166-173. doi:10.1016/j.aquaculture.2010.08.021
Thanardkit P, Khunrae P, Suphantharika M, Verduyn C (2002) Glucan from spent brewer’s yeast: preparation, analysis and use as a
potential immunostimulant in shrimp feed. World J Microbiol Biotechnol 18(16):527–539. doi:10.1023/A:1016322227535
Thirumurugan R, Vignesh V (2015) Probiotics, Live boon to aquaculture. In: Perumal S, Thirunavukkarasu AR, Pachiappan P (ed).
Advances in marine and brackishwater aquaculture. Springer. India. pp 51-61 doi:10.1007/978-81-322-2271-2_6
Tuyub J, Rendíz D, Rojas R, Gaxiola G, Arena ML (2014) Microbiota from Litopenaeus vannamei: digestive tract microbial
community of Pacific white shrimp (Litopenaeus vannamei). Springerplus 3(1):280 doi:10.1186/2193-1801-3-280
Verraes C, Boxstael SV, Meervenne EV, Coillie EV, Butaye P, Catry B, Schaetzen MA, Huffel XA, Imberechts H, Dierick K, Daube
G, Saegerman C, Block JD, Dewulf J, Herman L (2013) Antimicrobial resistance in the food chain: a review. Int J Environ Res
Public Health 10(7):2643–2669. doi:10.3390/ijerph10072643
Volman JJ, Mensink RP, Ramakers JD, de Winther MP, Carlsen H, Blomhoff R, Buurman WA, Plat J (2010) Dietary (1→3),
(1→4)-β-glucans from oat activate nuclear factor-κB in intestinal leukocytes and enterocytes from mice. Nutr Res 30(1):40-8.
doi:10.1016/j.nutres.2009.10.023
Wilson W, Lowman D, Antony SP, Puthumana J, Singh ISB, Phili (2015) Immune gene expression profile of Penaeus monodon in
response to marine yeast glucan application and white spot syndrome virus challenge. Fish Shellfish Immunol 43(6):346-356.
doi:10.1016/j.fsi.2014.12.032
Xiong J, Jin M, Yuan Y, Luo J-X, Lu Y, Zhou Q-C, Liang C, Tan ZL (2018) Dietary nucleotide-rich yeast supplementation improves
growth, innate immunity and intestinal morphology of Pacific white shrimp (Litopenaeus vannamei). Aquacult Nutr 24(5):14251435. doi:10.1111/anu.12679
Yang SP, Wu ZH, Jian JC, Zhang XZ (2010) Effect of marine red yeast Rhodosporidium paludigenum on growth and antioxidant
competence of Litopenaeus vannamei. Aquaculture 309(1-4):62–65. doi:10.1016/j.aquaculture.2010.09.032
Yang SP, Wu ZH, Jian JC (2011) Distribution of marine red yeasts in shrimps and the environments of shrimp culture. Curr Microbiol
62(5):1638–1642. doi:10.1007/s00284-011-9910-8
Yang SP, Wu ZH, Jian JC (2013) Effect of marine red yeast Rhodosporidium paludigenum on antioxidant-related gene expression in
Litopenaeus vannamei. Isr J Aquac Bamidgeh 65(1):1-6. doi:10.1016/j.aquaculture.2010.09.032
Yano Y, Hamano K, Satomi M, Tsutsui I, Ban M, Aue-umneoy D (2014) Prevalence and antimicrobial susceptibility of Vibrio species
related to food safety isolated from shrimp cultured at inland ponds in Thailand. Food Control 38(1):30-36. doi:10.1016/j.

16

Int Aquat Res (2021) 13:1-16

foodcont.2013.09.019
Zhang J, Liu Y, Tian L, Yang H, Liang G, Xu D (2012) Effects of dietary mannan oligosaccharide on growth performance, gut
morphology and stress tolerance of juvenile Pacific white shrimp, Litopenaeus vannamei. Fish Shellfish Immunol 33(4):1027–
1032. doi:10.1016/j.fsi.2012.05.001
Zhao L, Wang W, Huang X, Guo T, Wen W, Feng L, Wei L (2017) The effect of replacement of fishmeal by yeast extract on the
digestibility, growth and muscle composition of the shrimp Litopenaeus vannamei. Aqua Res 48(1):311-320. doi:10.1111/
are.12883
Zhenming C, Zhiqiang L, Lingmei G, Fang G, Chunling M, Xianghong W, Haifeng L (2006) J Ocean U China 5(3):251-256.
doi:10.1007/s11802-006-0010-5
Zhu F, Zhang X (2012) Protection of shrimp against white spot syndrome virus (WSSV) with β-1,3-D-glucan-encapsulated vp28siRNA particles. Mar Biotechnol 14(1):63–68. doi:10.1007/s10126-011-9387-2
Publisher’s Note
IAU remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

