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Probiotics and sea cucumber farming
Hirimuthugoda Nalini Yasoda'?', Zhenming Chi' and Zhu Kai Ling'

Abstract

With the development of sea cucumber farming, new diseases are expected to appear in the near future. To
prevent aquaculture-related diseases, antibiotics are generally used in large quantities although their un-
limited application results in the appearance of new virulent pathogens. Probiotic technology is rapidly be-
coming popular due to its effectiveness against pathogenic microorganisms. This work emphasises the use
of probiotics against pathogens in the sea cucumber farming industry.

Introduction

Sea cucumbers are the most commonly consumed
echinoderms and have been eaten since ancient
times. Although holothurian fishing has a long his-
tory, sea cucumber aquaculture has only developed
in recent decades. It is now well established in
many countries such as Australia, China, the Gala-
pagos Islands, Indonesia, Japan, Malaysia, and the
Philippines (see Conand 2004 for review). The raw
products were consumed within the producing
countries, while processed products were exported
mainly to China, Hong Kong and Taiwan (Conand
2004; Vannuccini 2004).

In addition to their good flavour, sea cucumbers
are also eaten for their medicinal value. They are
commonly used for treating weakness, impotence,
constipation and frequent urination (Hamel and
Mercier 2004). They are also remarkably rich in vi-
tamins, trace elements, and polysaccharides (con-
droitin sulfate), which reduce arthritis pain and in-
hibit viral activities, and saponin glycosides that
inhibit cancer activities (Hamel and Mercier 2004).

The rapid increase in market demand has resulted
in the overexploitation of natural sea cucumber
populations all over the world. As a result, sus-
tainable industries with modern hatchery tech-
niques have been established in several countries.
Because of the low oxygen consumption of sea cu-
cumbers, some industries have accomplished fi-
nancially profitable polyculture farming (shrimp
and sea cucumber) without extra aeration or fre-
quent water exchange (Hamel and Mercier 2004).
The quick spread of intensified farming has led to
an increase of various pathogenic diseases, which
have become a major limiting factor in the indus-
try. A lack of information regarding diseases and
preventive measures makes it difficult to ascertain
the expected profit of the industry if faced with a
disease outbreak.

Holothurians are easily infected by parasites, in-
cluding protozoans, bacteria and metazoans

(Becker et al. 2003; Eeckhaut et al. 2004). The high
density of animals in hatchery tanks and ponds fa-
cilitates the spread of pathogens, and the aquatic
environment — with regular applications of pro-
tein-rich feed — is ideal for culturing pathogenic
and non-pathogenic microorganisms. Even when
pathogenic bacteria or viruses are not present,
farmers use antibiotics as prophylactics in large
quantities. This has led to an increase in bacteria
that are resistant to multiple antibiotics and to an
increase in more virulent pathogens. Therefore, the
use of beneficial bacteria that would reduce
pathogenic bacterial development by a competitive
process is a better solution than antibiotic applica-
tions. This work discusses the possibility of using
probiotics as an “eco-friendly”, biological method
of disease control in sea cucumber farming.

Diseases and associated microorganisms of sea
cucumbers

Since sea cucumber farming is a relatively new in-
dustry, the emergence of disease outbreaks is not
well understood in contrast to diseases observed in
other economically important aquaculture indus-
tries. However, the “Advances in sea cucumber
aquaculture and management” workshop, held in
China in 2003, pointed out several diseases that ap-
pear worldwide and within different species.

Very few studies have been carried out to identify
the causal agents of sea cucumber diseases. Zhan
and Yu (1993) identified parasitic sporozoans. Most
of these parasites were seen in the hemal system
and in the gut of sea cucumbers.

To identify microbial diseases, Sun and Chen
(1989) carried out studies on Ling Shan Island
(China) and isolated 11 genera of bacteria, from the
foregut, hindgut, coelomic fluid and the integu-
ment of Stichopus japonicus. The bacteria belonged
to the following genera: Vibrio, Pseudomonas, Neis-
seria, Acinetobacter, Flavobacterium, Arthrobacter, Mi-
crococuus, Xanthomonas, Corynebactterium, Caulobac-
ter, and Alcaligenes. Four genera of yeast — Torulop-
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sis, Rhotorula, Cryptococcus and Debaryomyces —
were also found in sea cucumbers and Achromobac-
ter and Bacillus were the dominant genera in
muddy environments (Sun and Chen 1989). Bacil-
lus strains are commonly found in mud but a few
of them are found in Stichopus japonicus species
(Sun and Chen 1989).

At the aqualab hatchery in Madagascar, a highly
contagious skin ulceration disease appeared on
juvenile Holothuria scabra and spread quickly
(Becker et al 2003). This disease has also been re-
ported in Aspostichopus japononicus in China, in
Isostichopus fuscus in Ecuador, and in H. scabra in
Australia and New Caledonia (Becker et al. 2003).
The results of this study indicate that a combina-
tion of events and agents, including bacteria, are
required to induce the disease. Vibrio species
(close to V. harvey and V. alginolyticus), bacteroid
species and “alpha” proteobacteria were identi-
fied from the diseased animals.

Due to the availability of sea cucumbers in China,
studies are frequently carried out to improve man-
agement and to control diseases. Wang et al. (2004)
illustrated several non-reported diseases of Aposti-
chopus japonicus, including syndromes of rotting
edges, stomach ulcerations in auricularia stages,
and autolysis of young juveniles that were caused
by bacterial agents. Skin ulcerations, epidermal
erosion, and body oedema were triggered by vari-
ous pathogens including bacteria, fungi and para-
sites during outdoor cultivation. The authors noted
that in 20022004 the high mortality rate caused
great economic loss, which was due to three epi-
demic diseases called “the syndrome of rotting
edges”, “the syndrome of off-plate” and “the syn-
drome of skin erosion”. All were caused by Vibrio
species and the results concluded that vibriosis is
the main disease in farmed sea cucumbers. The au-
thors recommended the use of antibiotics as pre-
ventive measures. Vibrio grow attached to algae
and many reach high population densities after
being ingested with algae and then expulsed from
digestive tubes with lysed algae in faecal pellets;
they are gut bacteria in aquatic animals, including
zooplanktons (Sun and Chen 1989).

Efficacy of probiotics in disease management

A probiotic can be defined as a cultured product or
live microbial feed supplement, which beneficially
affects the host by improving its intestinal (micro-
bial) balance (Fuller et al 1989). Verschuere et al.
(2000) expanded the definition to include a live mi-
crobial adjunct that has a beneficial effect on the
host by modifying its associated or ambient micro-
bial community, by ensuring improved use of the
feed or enhancing its nutritional value, and by im-
proving the quality of its ambient environment.

With successful evidence from past decades,
Irianto and Austin (2002) revealed that microalgae
(tetraselmis), yeasts (Debaryomyces, Phaffa and Sac-
charomyces), gram-positive bacteria (Carnobac-
terium, Enterococcus, Lactobacillus, Lactococcus, Mi-
crococcus, Streptococcus and Weissella) and gram-
negative bacteria (Aeromonas, Alteromonas, Pho-
torhodobacterium, Pseudomonas and Vibrio) and im-
muno-stimulants (polysaccharides, glycans) can be
used as successful probiotics. Unfortunately, no re-
search has been conducted to investigate the appli-
cation of probiotics to sea cucumber farming.

The humic substances found in bottom sediments,
sea and lake waters, soils, peat and coals, resulting
from the decomposition of organic matter, particu-
larly dead plants, consist of a mixture of complex
macromolecules with polymeric phenolic struc-
tures (Flaig et al. 1975; Kupryszewski et al. 2001).
The antimicrobial characteristics of 12 preparations
of humic substances isolated from seawater, ma-
rine bottom sediments and lake water were exam-
ined by Kupryszewski et al. (2001). The focused
humic substances, humic acids and fulvic acids ex-
hibited varied anti-microbial activities that can be
used successfully in disease control. Verschuere et
al. (2000) reported that the use of antibiotics does
not allow microbial control and may result in an
unfavourable change in microbiota. The establish-
ment of a normal gut microbiota may be regarded
as complementary to the establishment of the di-
gestive system and under normal conditions serves
as a barrier against invading pathogens.

Recently, Gorski et al. (2003) observed that bacte-
riophage bind to animal cells, including lympho-
cytes, and perhaps exert immuno-modulatory ac-
tions. It is reported that bacteriophage has a dra-
matic effect on infection, resulting in a 98% reduc-
tion in bacterial titre. These bacteriophages could
be used as a simple vaccination strategy involving
oral delivery of phage tablets or liquid suspensions
(Gorski et al. 2003). Verschuere et al. (2000) re-
ported that most probiotics proposed as bio-con-
trol measures are lactic acid bacteria (e.g. Lacto-
bacillus, Carnobacterium), Vibrio (e.g. V. alginolyti-
cus), Bacillus and Pseudomonas. A variety of Vibrio
phages are prevalent in the Gulf of Mexico (Kel-
logg et al 1995). Moebus and Nattkemper (1983) re-
vealed that 362-366 phage-sensitive bacteria iso-
lated from the Atlantic belonged to the family Vib-
rionaceae and that 280 of them were Vibrio species.

The activities of microorganisms as probiotics in
aquaculture or as biological control agents were
described by Verschuere et al. (2000) and Irianto
and Austin (2002). In particular, the use of probi-
otics in shrimp farming is highly effective and used
worldwide. Ackermann (2003) illustrated that most
pathogenic bacteria can be controlled by using
their host phage (Table 1).
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Table I.

Host range of major phage group (Ackermann 2003)

sea cucumbers are common
pathogenic species and possible
bacteriophages have been inves-

Phage group Bacterial group or genus

tigated. Further research should
concentrate on controlling sea

Caudovirales Eubacteria, Euryarchaeota

Microviridae Enterobacteria, Bdellovibrio, Chamydia, Spiroplasma

Coticoviridae Alteromonas

Tectiviridae (a) Enterics, Acinetobacter, Pseudomonas, Thermus, Vibrio
(b) Bacillus, Alicyclobacillus

Leviviridae Enterics, Acinetobacter, Caulobacter, Pseudomonas,

Cystoviridae Pseudomonas

Inoviridae

(a) Inovirus

(b) Plectrovirus  Acholeplasma
Plasmaviridae Acholeplasma
Lipothrixviridae Crenarchaeota: Acidians, Sulfolobus, Thermoproteus
Rudiviridae Crenarchaeota: Sulfolobus
Fuselloviridae (a) Crenarchaeota:Aciiaians, Sulfolobus

(b) Euryarchaeota: Methanococcus, Pyrococcus

Enterics, Pseudomonas, Thermus, Vibrio, Xanthomonas

cucumber diseases by using
probiotics. The use of disin-
fectants and antimicrobial drugs
has had limited success in the
prevention or cure of bacterial
diseases because of their ability to
produce resistant genes and
transfer genes from generation to
generation. However, production
and use of probiotics in successful
disease control depends on an
awareness of the relationship
between particular species and
strains of bacteria.

Management of water quality in an

Tovar et al. (2002) pointed out that some strains of
yeast produce polyamines, which enable the yeast
to adhere to intestinal mucus. In this study it was
found that the yeast Debaryomyces hansenii HF1
(DH), isolated from fish guts, has the ability to se-
crete polyamines in significant amounts.

Villasin and Pomory (2000) developed a method
to extract substances with antibacterial activities
from sea cucumbers. A methanol acetone extract
from the body wall of the sea cucumber P. parvi-
mensis had antibacterial properties against two
species of bacteria (Bacillus subtilis and Enterococci
coli). Ridzwan et al. (1995), tested extracts from
the sea cucumber H. atra, H. scabra and Bohadshia
argus against seven species of bacteria and found
that lipid and methanol extracts had no inhibitory
activity, though a phosphate buffered saline ex-
tract did have inhibitory activity. Because sea cu-
cumbers lack a well-developed immune system
and can ingest pathogenic bacteria together with
food, some form of active antibacterial substances
must be present in the body for defence (Ridzwan
et al. 1995).

Discussion

Because oceans cover three-quarters of the planet,
marine phages are probably the most prevalent
life forms. Approximately 2100 bacteriophages
were listed in 1981, and this amount increases
annually by about 100 for a present total of more
than 4000. Several bacteriophages have been
intensively investigated at the molecular level
and the interaction between these bacteriophages
and their hosts under laboratory conditions is
well understood (Frank and Russell 2000). The
majority of pathogenic bacteria associated with

appropriate manner enhances the

health of cultured animals. Disin-
fection methods normally used in wastewater treat-
ment on land-based fish farms are ultraviolet radia-
tion, ozonation and chlorination. Because effluent
from fish farms normally consists of suspended
solids, organic matter and different strains of harm-
ful microorganisms, it is essential to focus on disin-
fection of effluent and pond environments to ensure
they are free of pathogenic microorganisms, thus
avoiding frequent disease outbreaks. Bomo et al.
(2003) reported on the use of low-cost infiltration
systems, such as sand filters, as an alternative to en-
vironmentally hazardous chemicals for the disinfec-
tion of fish-farm wastewater.

Some associated microorganisms present in sea cu-
cumbers exhibited the ability to secrete chitinase
(Sun and Chen 1989) and some other polysaccha-
rides. Chitin is a natural polymer that exhibits an-
tibacterial activities, and more attention should be
paid to using natural substances as disease control
agents. Many other extracts of sea cucumbers indi-
cate antimicrobial activities that can be used in dis-
ease control methods.

There is evidence that diseases occurring in this
new industry can be controlled in an eco-friendly
manner to avoid outbreaks and develop antibiotic-
resistant pathogens in the future. The authors of
this review have isolated several marine bacteria
and yeast species associated with sea cucumbers;
two strains of yeasts were taxonomically identified
as Yarrowia lipolytica and Candida tropicalis, which
are capable of producing phytase. Identified yeast
strains were deposited at the National Center for
Biotechnological Information (NCBI), USA, under
the accession numbers DQ 438177 and DQ 515959,
respectively. The authors are conducting further re-
search on these microorganisms.
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