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To determine the effects of dietary organic selenium (0S) supplementation on the growth performance
and immune competence of marron, Cherax cainii (Austin, 2002), a group of marron were fed 0.2 g kg !
of Sel-Plex™ supplemented basal diet and then compared with another group (control) of marron fed
basal diet without any supplementation. After 90 days of feeding, fi weight, average weekly gains
[AWG), relative gain r (RGR), specific growth rate (SGR), survival, total and differential haemocyte
counts (THC and DHC), were compared between the two groups. Surviving marron from each group were
then divided into three sub-groups (three tanks per sub-group with seven marron per tank); (1) first sub-

g?gn:r:]ircdi;]enjum group was injected with 20 uL of 3.24 x 10° cfu Vibrio mimicus; (2) the second sub-group was injected
Marron with 20 pL normal saline and (3) the third sub-group was not subjected to injection and became the

control group. THC, DHC, neutral red retention time (NRRT) and Vibrio ranks of post-injected marron
were evaluated for 96 h, at every 24-h interval. The results showed that after 90 days of feeding, final
weight, AWG, RGR, SGR, survival, THC, proportion of hyaline cells of 0S-fed marron were significantly
higher (P < 0.05) than the control group, whereas proportion of granular and semigranular cells were not
affected by dietary OS. After challenging with V. mimicus, survival rate of marron without dietary OS
significantly decreased (P = 0.05) as compared to the control group of marron. THC of marron in all sub-
groups were significantly reduced (P < 0.05) after the challenge. However, THC and granular cells of sub-
groups fed OS were higher than other sub-groups. Vibrio ranks and NRRT of marron fed OS5 were
significantly lower and slower, respectively, than marron fed without OS. These findings demonstrated
the benefits of OS inclusion in the marron diet in terms of growth, health and disease resistance.

© 2013 Elsevier Ltd. All rights reserved.
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1. Intreduction

2

Vibrio species have beenfBflentified as serious pathogens to
various aguatic animals [ 1-6] resulting in mass mortalities to many
cu]turedvenebrates [2,7.8). Among various Vibrio species, Vibrio
mimicus is known to cause disease outbreaks in black tiger shrimp
(Penaeus odon) and red claw crayfish (Cherax quadricarinatus)
[3,4,9,10]. Intramuscular injection of V. mimicus can produce vi
lent reaction and high mortalities in yabbies (Cherax albidus) [9]. To
overcome high mortalities of cultured animals, some aquaculturists
use antibiotics to prevent the virulent reaction of V. mimicus
infection [11-13].

However, the increasing global demand for safe seafood and the
need to preserve an eco-friendly environment, the application of
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antibiotics, tcrious for creating antibiotic-resistant pathogens
and environmental deterioration has been questioned [14,15]. Thus,
various dietary trace elements, such as organic selenium (0S) have
been tested and used as an alternative to antibiotics [16—19].
Recently, there has been a surge in the use of organic forms of
various trace elements to enhance the productivity of cultured
aquatic animals [20—-22]. 0S has been tested to improve growth
and resistance to Tara syndrome virus (TSV) in white shrimp
(Penaeus vannamei). Five weeks of feeding 0.3 mg kg ' of OS to
shrimp resulted in higher survival [23]. The dietary OS in channel
catfish (Ictalurus punctatus) [17], tilapia (Oreochromis niloticus) [24]
and hybrid striped bass (Morone chrysops = Morone saxatilis) [25]
has also improved their growth and immunity. Further, OS is re-
ported to be better absorbed, has higher bioavailability and is less
toxic than inorganic selenium [17,26—28]. The dietary inclusion of
0S also increases the number of total haemocytes and granular
haemocytes in white shrimp [17,23,28-30]. In addition, OS as an
integral part of selenomethionine and selenoprotein [23,31,32), is
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2
recognized as a constituent ofg antioxidant enzyme responsible
for preventing cellular damage and improving immune compe-
tence in grouper (Epinephelus malabaricus) [33].

The immunity related physiological responses measured by al-
terations in total haemocytes @hints (THC), differential haemocyte
counts (DHC) and Vibrio ranks can be used as indicators of immune
competence and health status of several crustaceans [34-37],
including marron, Cherax cainii [38]. The neutral red dye retention
time (NRRT) technique has also been successfully used as a tool to
evaluate the lipid mbrane integrity of marron during infection
[36]. However, the effect of dietary OS on the growth performance
and immune competence of marron when challenged with
V. mimicus is unknown. The aim of this experiment was to evaluate
the effects of dietary OS on the growth performance, survival,
various immune responses and Vibrio ranks in OS-fed marron when
challenged with V. mimicus.

2. Materials and methods
2.1. Preparation of basal diet and test diet

All ingredients of basal diet and test diet, except OS were sup-
plied by Specialty Feeds Pty. Ltd, Western Australia. The source of
0S was from Sel-Plex”®, which was supplied by Alltech Inc. USA. The
basal diet was formulated using Feed LIVE software version 1.52
from Live Informatics Company Limited, Thailand (Table 1). Basal
diet pellets (0.5 mm diameter, 1 mm length) were prepared by
mixing all ingredients with approximately 1000 mL kg ' distilled
water an?elletized using a mincer and then dried under direct
sunlight. Dried pellets were then allowed to cool at room temper-
ature, packed and stored in a dark room before being used as a
control-basal diet. To prepare a test diet, 0.2 g kg ! of Sel-Plex® was
added and mixed with the basal diet ingredients and then consti-
tuted into the pelleted form similar to the basal diet.

2.2, Culture system

The present experiment was carried out in the Curtin Aquatic
Research Laboratory (CARL), Technology Park, Curtin University,

Table 1
Ingredient of basal diet (g kg ") used for the marron culture,

Ingredient Content (g kg ')
Fish oil* 32
Wheat bran 545.59
Soybean meal 1015
Fish meal” 257.14
Calcium carbonate 02
Ascorbic acid 0.5
Betaine® 12
Premix” 15
Cholesterol 25
Wheat starch 47.07
Proximate composition
Crude protein 2705
Crude fat 8.02
Crude fibre 6.39
Moisture content (%) 9.01
Ash (%) 6.56
Dry matter (%) 90,98
gy (Cal/g) 1833249
All ingredients supplied by Specialty Feeds Pty Ltd, WA, Australia.
2 Cod liver oil.

" Peruvian fishmeal, 56% CP.
° Betaine anhydrous 97%,
4 Commercial vitamin and mineral premix for trout.

Western Australia. Eighteen plastic cylindrical culture tanks
(800 mm diameter, 500 mm high, 250 L capacity, 70 L of freshwater
in each tank) were used. Freshwater in each tank was continuously
filtrated using fluval 205 filters (Hagen, USA) at a rate of approxi-
mately 2 L min~ . Each tank was provided wfgll aeration and ten
PVC pipes (55 mm diameter, 150 mm length) were placed in each
tank to provide shelter for marron. To maintain a constant tem-
perature of 20 °C in the culture tanks, individual automatic heaters
(Sonpar®, Model: HA-100, China) were used.

2.3. Animals

A total of 180 marron (average initial weight 3.29 + 0.08 g),
purchased from Aquatic Resource Management Pty. Ltd., Western
Australia were used for 90 days feeding trial followed by a challenge
test. All marron, after transportation were placed in the cylindrical
experilrgtal tanks for 1 week for acclimation to the culture con-
ditions. During the acclimation period, the marron were fed the
basal diet at a rate of 3% of body weight every two days. The marron
after acclimation were randomly distributed into two groups (nine
tanks per group with ten marron per tank). First group were fed the
basal diet and the second group were fed 0.2 g kg~ ' of Sel-Plex”
suppl@ihented test diet. The marron in every tank were fed the
diets at a rate of 3% of their body weight every second day. Before
every feeding, uneaten food and faeces were siphoned out and
sufficient freshwater was added to maintain a constant water level
of 70 L in each tank. Water quality parameters, such as temperature,
pH and dissolve oxygen were monitGfi weekly using Cyberscan pH
300, Eutech Instruments, Singapore. Nitrate, nitrite and ammonium
were measured and recorded weekly using chemical test kits
(Aquarium Pharmaceuticals™, Inc., USA).

2.4, gaﬂenge test

At the end of the trial, both groups of marron were further
divided into three sub-groups each (three tanks per sub-groups,
seven marron per tank). Two sub-group, one from each group
were injectecnith 20 pL of 3.24 x 10° cfu V. mimicus stock sus-
pension that was obtained from tg Department of Agriculture,
Western Australia; two sub-groups from each group were injected
with 20 pL normal saline solution and; the third and final two sub-
groups fr each group were not subjected tdfinjections
(controlled sub-group). All injections were performed through the
base of the fifth thoracic leg. All marron were Bien monitored for
survival, THC and DHC, Vibrio ranks and NRRT at 0, 24, 48, 76 and
96 h post-injection time.

?5. Data collection

2.5.1. Growth indices, survival and immune responses

Marron were measured for total weight using electronic balance
(GX-4000, A&D Company, Ltd., Japan) immediately after acclima-
tion and after 90 days of the feeding trial. The marron weights were
used to measure final weight, average weekly gain (AWG) [39],
relative gain rate (RGR) and specific growth rate (SGR) [40,41]. The
marron survival was recorded every day and at 0, 24, 48, 72, 96 h
post-challenge time and the surviving marron in each sub-group
were also analyzed for THC and DHC.

To measure THC and DHC, at day 0 and 90 of feeding trial and at
0, 24, 48, 72, 96 h post-challenge, 0.2 mL of haemolymph was
collected from each marron represented by each replicate from all
treatments. Haemolymph from individual marron was withdrawn
from the base of the fifth thoracic leg into a 23-gauge needle con-
taining 0.2 mL solution of 1% glutaraldehyde in 0.2 M sodium
cacodylate and dispensed into an Eppendorf tube [42]. Total
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haemocytes were counted using a haemocytometer (Neaubauer,
Germany) under 100-fold magnification [44]. The haemocytes were
counted in both grids and the resulting mean was used as
mean THC.

THC = (cells counted x dilution factor x 1000)/
volume of grid (0,1 mm3)

To calculate the DHC, one drop of the mixture of glutaraldehyde
in sodium cacodylate and haemolymph was smeared onto a glass
slide. After smearing and air-drying, it was fixed in 70% methanol
for 10 min. The fixed smear was stained in May-Griinwald and
Giemsa stains for 10 min each [43] and then mounted with a
coverslip. The number and percentages of three major marron
haemocyte types for each individual were counted using a mini-
mum number of 200 cells from each slide. The DHC were then
calculated by using the following equation:

DHC = (Number of different haemocyte cell type/
Total haemocyte cells counted) = 100

2.5.2. Vibrio ranks

Vibrio rank assessment was done using the procedure used by
Sang et al. and Hauton et al. [36,44]. 0.1 mL of haemolymph was
withdrawn into sterile syringe and then smeared onto a nutrient
agar plate. The plate was then inverted and placed in an incubator
at 25 °C for 24 h. Each plate was examined for colony forming units
(cfu) and cfu mL~!' were counted based on the total volume of
0.1 mL plate ', The cfu mL ! was ranked 1 (1-399 cfu mL ') t
(3600-3999 cfu mL'). A final rank of 11 was assigned as too
numerous for an accurate count,

2.5.3. Neutral red retention time assay

Neutral red dye retention time was evaluated using a based
on previous protocol [45]). To prepare a stock solution, 10 mg of
neutral red dye powder was dissolved in 1 mL of dimethyl sulph-
oxide. A working solution (dye concentration 0.02 mg mL ') was
prepare by mixing 10BBL of stock solution and then diluted with
5 mL of saline water. mL of marron haemolymph sample was
transferred into an Eppendorf tube containing 0.2 mL e water
and gently mixed. The mixture of haemolymph sample was placed
onto a microscope slide treated with a poly-i-lysine solution to
enhance cell adhesion. The slide was immediately placed in a 10 °C
incubator for 15 min to allow the haemocytes to attach to the slide.
The slide was removed from the incubat@§and the excess haemo-
lymph was removed. A 40 mL of neutral red working solution was
added to the slide and then covered with a coverslip. The slide was
then returned to the incubator. Every 15 min the slide was taken
out and the sample was examined using a microscope. The time at
which 50% of the haemocytes had started to lose dye from their
lysosomes was recorded as the neutral red retention time of the
marron lysosomal membrane.

2.6. Statistical analysis

All data were represented as mean + standard error (SE). A
student t-test was performed to compare the growth indices, sur-
vival and immune responses onwrron between two treatment
groups. Percent data of survival were normalized using an arcsine
transformation before performing significant differences analysis.
Multiple comparison and post hoc test (Tukey's) were performed to
determine significant differences of survival, immune responses
including THC, DHC, Vibrio ranks and NRRT after being challenge
with V. mimicus. All statistical analysis were made using SPSS for

Microsoft software version 18 (SPSS, Inc., USA). Significance at
P = 0.05 was used.

3. Results
3.1. Growth indices, survival and immune responses

Growth indices, survival and immune response parameters of
the marron fed two different diets are presented in Table 2. After 90
days of feeding, final weight, AWG, RGR, SGR and survival were
significantly higher (T-test, P < 0.05) in marron fed dietary OS than
marron fed control diet. THC, percentage hyaline cells of marron fed
dietary OS were significantly higher (P < 0.05) than control group,
whereas the proportion of granular and semigranular haemocytes
of marron were not affected by the dietary OS. 1

After being challenged with V. mimicus, survival rate of marron
fed only the basal diet was significantly lower (P < 0.05) than the
other marron. THC in 24 h post-challenged marron were signifi-
cantly reduced (P < 0.05) compared to the THC before the chal-
lenge. However, after 48 h post-challenge, THC of marron fed 0S
supplementation were higher than any other sub-group of marron
(Table 3). After 72 h of post-injection the entage of granular
cells of sub-groups with dietary 0S was also higher (P < 0.05) than
sub-groups of marron fed only basal dns. whereas the percentage
of semigranular and hyaline cells, of marron fed the control diet
was significantly reduced (P < 0.05) compared to the sub-group of
marron fed the dietary OS (Fig. 1).

3.2, Vibrio ranks

Vibrio ranks of marron fed OS supplementation were signifi-
cantly lower than marron fed without OS after being challenged
with V. mimicus (Fig. 2). After 76-h post-injection, there was a sig-
nificant decrease (P < 0.05) in Vibrio ranks in all sub-groups of
marron fed OS supplementation. However, any sub-group of mar-
ron with OS in their diets showed no significant differences
(P = 0.05) amongst each other.

3.3. Neutral red retention time (NRRT)

NRRT of all marron was significantly reduced 24 h post-
challenge, Espective of dietary OS. However, the NRRT of mar-
ron fed OS was significantly longer (P < 0.05) than marron fed the

Table 2

Growth indices, survival and immune responses of marron after 90 days of feeding.
Parameters Groups

Control 0.2 g kg ' Sel-Plex®

Growth indices
Final weight (g) 392 + 0.05° 420 + 005"
AWG (g/week) 0.049 + 0.002° 0.072 + 0.007"
RGR (%) 20.255 + 2.26" 29.69 + 2.85"
SGR (%) 0.19 + 0.01° 027 + 002"
Survival (%) 77.77 + 3.64° 94.44 + 242"
Immune competence
THC (x10° cells/mL) 247 +0.30" 375 + 0.15"
Granular (%) 32,66 = 1.45° 36.54 + 1.32°
Semigranular (%) 2944 + 129" 29.85 + 1.51°
Hyaline (%) 3777 £ 1.07° 33.49 + 1.79°

Different alphabets (a, b) indicate significantly different means for different treat-
ments at P = 0.05. AWG = average weekly gain; RGR = relative gain rate;
SGR = specific growth rate, Sel-Plex™ was added to basal diet as a source of organic
selenium (08).
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Table 3
Total haemocyte counts (THC) and neutral red retention time (NRRT) of marron challenge with V., mimicus.
Parameters Hour Groups
Control diet 0.2 g kg ' Sel-Plex®
BNil BNs BVm OSNil O35Ns O5Vm
THC (105 mL ") 0 12.47 + 0,03 12.44 + 006" 12,51 4+ 0,06" 13.87 £ 007° 14.06 4 0.24° 14.29 + 0.33¢
24 22.61 + 014" 22.04 + 0.09° 2121 £ 0.03" 23.81 + 0.04° 23.69 + 0.04° 23.52 + 0.13¢
48 22.54 £ 010" 22,11 + 0.04° 51.25 + 000" 23.57 £ 0.32¢ 23.77 £ 0.09° 2366 + 0.10¢
72 22.48 + 0.09* 2241 £0.12° 2117 + 0.04° 23.67 + 0.09° 23.40 + 0.17¢ +4.35 + 0.26
96 2243 £ 011* 22,48 4+ 0.18" 21.04 4+ 003" 23.55 4 0.15° 23.12 4+ 0.11¢ 2445 + 0159
NRRT (min) 0 185.00 + 3.16% 192.50 + 4.60° 182.00 + 6.78" 1130.50 + 11.40° 1145.50 + 8.36¢ 1125.50 + 5.00°
24 295.00 + 5.00* 285.00 + 3.16° 22250 + 3.35° 2122.50 + 7.15¢ 279.00 + 2.13¢ 245.00 + 3.87¢
48 297.50 + 3.35* 292.5 + 2.49° 53000 + 4.74° 212250 + 6.02¢ 5115.00 + 3.16¢ 252.50 + 3.35°
72 287.50 + 2.49* 295,00 + 3,167 233.75 + 3.75" 2115.00 + 3.16° 2100.00 = 3.16¢ 25250 + 3.35°

96

295.00 + 3.16" 285.00 + 3.16" 222.50 + 7.49" 2110.00 + 5.00° 292.50 + 249" 257.50 + 7.15°

Different alphabets (g). ¢, d, e) indicate significantly different means for different treatments at P < 0.05. Different numericals (1, 2) indicate significantly different means at
different times at P < 0.05. Mote: BNil = control with no injection; BNS = control with 20 uL normal saline injection; BVm = control with 20 L V. mimicus; OSNil = 0.2 g kg '

Sel-Plex™ suppl with no chall 1 OSNS = 02 g kg ' Sel-Plex™ supplementation with 20 uL normal saline injection; 0SVm = 0.2 g kg ' Sel-Plex” supplementation

with 0.2 ulL V. mimicus injection.
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Fig. 1. The comparison of differential haemocyte counts (DHC) in the haemolymph of marron. Note: BNil = confrgl with no injection; BNS = control with 20 pl normal saline
injection; BYm = control with 20 pl V. mimicus; OSNil = 0.2 g kg ' Sel-Plex™ supplementation with no challenge; S=0.2gkg 'Sel-Plex” supplementation with 20 uL normal
saline injection; 0SVm = 0.2 g kg " Sel-Plex® supplementation with 20 pL V. mimicus injection. * = Significantly difference at P < 0.05.
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Fig. 2. Mean + SE qabn'o ranks of marron after being challenge with V. mimicus.
Different alphabets (a, b, ¢} over bars indicate significantly different means for different
treatments at P < 0.05. Different numericals (1, 2, 3) over bars indicate significantly
different means at different times at P < 0.05. Note: BNil = control with no injection;
BNS = control with 20 pL normal saline injection; BVm = control with 20 pl
V. mimicus; OSNil = 0.2 g kg ' Sel-Plex™ supplementation with no challenge;
0O5SMNS = 02 g kg ' Sel-Plex™ supplementation with 20 pL normal saline injection;
05vm = 0.2 g kg "Sel-Plex® supplementation with 20 uL V. mimicus injection.

control diet and continued to remain significantly longer even at
96 h post-challenge (Table 3).

4. Discussion

Micronutrient, such as selenium (Se), plays a pivotal role in
improving aquaculture productivity [16,19,46] and in its organic
form has proven to enhance the growth and survival [47-49] of
aquatic animals. The weight gains of rainbow trout (Oncorhynchus
mykiss) [27), hybrid striped bass (M. chrysops x M. saxatilis) [50]
and juvenile grouper (E. malabaricus) [47] respond positively to
dietary OS supplementations. Current study showed that the
application of dietary supplementation of Sel-Plex” as a source of
0S, can significantly improve the growth and survival of marron.
Sel-Plex® is also known as selenoyeast that contains selenoprotein.
It is a baker's yeast dried product, derived from Saccharomyces
cerevisiae strain CNCM 1-3060, cultivated in a Se-enriched
fermentation medium to provide a high level of selenomethio-
nine [51]. Selenomethionine may be incorporated into proteins in
place of methionine or be metabolized to selenocysteine [30,52,53].
The present results also showed that 0.2 g kg ' of dietary Sel-Plex™
can significantly improve marron's survival irrespective of being
challenged with V. mimicus. Similarly, improved survival of Taura
Syndrome Virus (TSV)-infected shrimp (P. vannamei) fed Sel-Plex®
as a source of 0S has also been reported [23].

One kg of Sel-Plex” approximately contains 2 g of 0S mainly
represented by selenomethionine and has high bioavailability and
appears to be 90% absorbed [50,54]. Following absorption, seleno-
methionine is metabolized to other forms of selenium, such as
hydrogen selenide, which is the key metabolite derived from the
inorganic form of selenium, selenite or selenate, and for is diverted
into pathways of methionine metabolism and finally stored as
selenoprotein. Active selenoprotein as a type 1 iodothyronine 5'-
deiodinase interacts with iodine and prevents abnormal hormone
metabolism [55,56], which can be reflected in higher growth. In
addition, OS can be deposited in muscle tissues longer than inor-
ganic selenium and retained in muscles and hepatopancreas as
selenoprotein for about three years. OS is extensively utilized and
re-utilized to maintain status quo of selenium in animals to sustain
growth performance and boost immune competence [29,57].

The number of THC decreases due to various stressors including
pathogen infections [36,58). The decrease in THC is related to
defence activities of haemolymph and haemolymph lysis
[36,59,60]. The present study indicated that THC of both controlled
sub-groups and infected-sub-groups were significantly reduced
after getting infected with V. mimicus. However, the marron fed 0OS
supplementation were healthier as shown by their higher number
of THC following 24 h post-challenge. OS supplementation in the
diet stabilizes the proportion of circulating granular cells which
play an important role in defence against bacterial infection [61] of
marron through their phagocytic activities. Past research has
shown that animals with better phagocytic activity and clearance
efficiency have higher disease resistance [36,62—64). In this study,
the capability to reduce invasive pathogen, V. mimicus, were
significantly increased following 0S supplementation in the diet,
which in turn led to increased resistance against V. mimicus [21,65].

The underlying mechanism(s) whereby dietary OS boosts the
resistance of marron against V. mimicus is not properly understood.
However, Alina et al. [66] stated that selenium enriched diet is
assimilated into enzymes, such as antioxidant and protein which
are important in improving immunity. Selenium, as an active agent
plays a role in protecting cell compartments and cell membranes
against lipid peroxidation due to pathogen infection [67] and pro-
mote antioxidant activity in the body via glutathione peroxides
(GPX), a selenium-dependent enzyme which is a primary antioxi-
dant enzyme for cellular defence against oxidative stress [46]. The
inclusion of OS in the diet can increase the level of glutathione
peroxides {GSH-Px), a main antioxidant enzyme that prevents
cellular damage from free radicals [23]. GSH-Px is also associated
with increasing cellular membrane stability and is linked with
phospholipids hydroperoxide (PHGSH-Px), associated with the
plasma membrane. In Addition, GSH-Px plays a main role in the
protection of biological membrane integrity, especially during
bacterial infection [68]. During bacterial or viral infection in the
haemolymph, the level of lipid peroxidation is increased, due to the
increased oxidative stress and induced peroxidation of membrane
lipids. The increased level of lipid peroxidation can lead to a
decreased membrane fluidity and membrane disorganization [69].
A study of amphipods (Gammarus locusta) has showed that the high
level of lipid peroxidation is triggered by decreasing antioxidant
enzyme activity [70]. Thus, it is possible that adding selenium in the
diet may induce the antioxidant activity, in order to reduce the lipid
peroxidation and enhance the lysosomal membrane stability dur-
ing the bacterial invasion.

It is widely accepted that haemolymph of crustacean is the main
internal defence against pathogens [71-73]. Thus, the number of
bacteria in the haemolymph can be used as an indicator to evaluate
the health of the animal. A low number of bacteraemia levels in the
haemolymph indicates an improvement in the immune system,
health status and possibly decreased susceptibility to infections
[42]. Current results showed that the marron fed OS in the diet pre
and post-24 h challenge with V. mimicus, had lower Vibrio ranks
than marron fed without OS. Similarly, low levels of bacteraemia in
the haemolymph were also reported in Bio-Mos®-fed infected
marron [36] and western king prawn (Penaeus latisulcatus) fed a
combination of two probiotics, Pseudomonas synxantha and Pseu-
domonas aeruginosa [74,75).

Bacterial infections may alter the stability of the lysosomal
membrane of marron and Chinese shrimp (Fenneropenaeus chi-
nensis) and can be evaluated by using the neutral red retention time
(NRRT) [36,76]. The unhealthy cells, caused decreasing lipid
membrane integrity due to bacterial infection lose neutral red dye
at a faster rate than healthy cells. In this study, lysosomal mem-
brane integrity was affected by the injection of V. mimicus, as
indicated by longer NRRT on 72-h post-challenged marron fed OS. It
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is possible that dietary selenium can induce the lysosomal mem-
brane stability and reduce the lipid peroxidation [77]. A similar
finding was found in marron wherein lysosomal membrane sta-
bility increased in Bio-Mos®-fed marron [36].

In conclusion, supplementing 0.2 g kg~ ' of Sel-Plex®, which
equates to approximately 0.4 mg kg~ ' OS in the diet of marron is
recommended to enhance growth formance, survival and dis-
ease resistance against V. mimicus. Further research needs to be
conducted to validate the effects of OS supplementation on anti-
oxidant enzymes activity, such as glutathione peroxide, superoxide
dismutase and catalase as well as levels of lipid peroxidase [78,79]
that are related to the health and immunity of marron.

References

[1] Sudheesh PS, Xu H-5. Pathogenicity of Vibrio parahaemolyticus in tiger prawn
Penaeus monodon Fabricius: possible role of extracellular proteases. Aqua-
culture 2001;196:37—-46.

[2] Won KM, Park SI. Pathogenicity of Vibrio harveyi to cultured marine fishes in

Korea. Aquaculture 2008;285:8—13.

Austin B, Vibrios as causal agents of zoonoses. Veterinary Microbiology

2010;140:310-7.

[4] Austin B, Austin DA Bacterial fish pathogens: disease of farmed and wild fish.
Berlin: Springer; 2007, p. 552.

[5] Pengsuk C, Longyant S, Rukpratanporn S, Chaivisuthangkura P, Sridulyakul P,

Sithigorngul P. Development of monoclonal antibodies for simple detection

and differentiation of Vibrio mimicus from V. cholerae and Vibrio spp. by dot

blotting. Aquaculture 2010:300:17-24.

Chrisolite B, Thiyagarajan 5, Alavandi 5V, Abhilash EC, Kalaimani N,

Wijayan KK, et al. Distribution of luminescent Vibrio harveyi and their bacte-

riophages in a commercial shrimp hatchery in South India. Aquaculture

2008;275:13-9.

Karunasagar |, Pai R, Malathi GR, Karunasagar 1. Mass mortality of Penaeus

monoden larvae due to antibiotic-resistant Vibrie harveyi infection. Aquacul-

ture 1994:128:203-9,

Prayitno SB, Latchford JW. Experimental infections of crustaceans with lu-

minous bacteria related to Photobacterium and Vibrio, Effect of salinity and pH

on infectiosity. Aquaculture 1995;132:105-12.

[9] Eaves LE, Ketterer PJ. Mortalities in red claw crayfish Cherax quadricarinatus
associated with systemic Vibrio mimicus infection. Diseases of Aquatic Or-
ganisms 1994:19:233-7.

[10] Payne M, Oakey ], Owens L. The ability of two different Vibrio spp. bacterio-
phages to infect Vibrio harveyi, Vibrio cholerae and Vibrio mimicus. Journal of
Applied Microbiology 2004;97:663—72.

[11] Supriyadi H, Rukyani A. Use of chemicals in aquaculture in Asia. In: Arthur JR,
Lavilla-Pitogo CR, Subasinghe RP, editors. Proceedings of the meeting on the
use of chemicals in aquaculture in Asia. Tighauan, lloilo, Phillipines: Southeast
Asian Fisheries Development Center, Aquaculture Department; 1996. p. 113.

[12] Pathak SC, Ghosh SK, Palanisamy K. Use of chemicals in aguaculture in Asia.
In: Arthur JR, Lavilla-Pitogo CR, Subasinghe RP, editors. Proceedings of the
meeting on the use of chemicals: in aquaculture in Asia. Tigbauan, lloilo,
Phillipines: Southeast Asian Fisheries Development Center, Aquaculture
Department; 1996. p. 87.

[13] Liao Cl. Use of chemicals in aguaculture in Asia. In: Arthur JR, Lavilla-
Pitogo CR, Subasinghe RP, editors. Proceedings of the meeting on the use of
chemicals in aquaculture in Asia. Tigbauan, lloilo, Phillipines: Southeast Asian
Fisheries Development Center, Aquaculture Department; 1996, p. 193,

[14] Capone DG, Weston DP, Miller V, Shoemaker C. Antibacterial residues in
marine sediments and invertebrates following chemotherapy in aguaculture.
Aquaculture 1996;145:55-75.

[15] Kesarcodi-Watson A, Kaspar H, Lategan M], Gibson L Probiotics in aguacul-
ture: the need, principles and mechanisms of action and screening processes.
Aquaculture 2008;274:1-14.

[16] Chiu ST, Hsieh SL, Yeh SP, Jian ), Cheng W, Liu CH. The increase of immunity
and disease resistance of the giant freshwater prawn, Macrobrachium rose-
nbergii by feeding with selenium enriched-diet. Fish and Shellfish Immu-
nolagy 2010;29:623-9.

[17] Wang C, Lovell RT. Organic selenium sources, selenomethionine and sele-
noyeast, have higher bioavailability than an inorganic selenium source, so-
dium selenite, in diets for channel catfish (Ictalurus punctatus). Aquaculture
1997;152:223-34,

[18] Wang Y. Effect of probiotics on growth performance and digestive enzyme
activity of the shrimp Penaeus vannamei. Aquaculture 2007;269:259-64.

[19] Diirr AJM, Pacini N, Abete MC, Prearo M, Elia AC. Effects of a selenium-
enriched diet on antioxidant response in adult crayfish (Procambarus clar-
kii). Chemosphere 2008;73:1090-5.

[20] Campa-Cérdova Al, Hernindez-Saavedra NY, De Philippis R, Ascencio F.
Generation of superoxide anion and SOD activity in haemocytes and muscle of
American white shrimp (Litopenaeus vannamei ) as a response to |betal-

3

6

7

8

glucan and sulphated polysaccharide. Fish and Shellfish Immunology
2002;12:353-66,

Bachére E. Anti-infectious immune effectors in marine invertebrates: poten-
tial tools for disease control in larviculture. Aquaculture 2003;227:427-38.
Soltanian S, Thai TQ, Dhont ], Sorgeloos P, Bossier P. The protective effect
against Vibrio campbellii in Artemnia nauplii by pure [beta]-glucan and isogenic
yeast cells differing in [beta]-glucan and chitin content operated with a
source-dependent time lag. Fish and Shellfish Immunology 2007;23:1003-14.
Sritunyalucksana K, Intaraprasong A, Sa-nguanrut P, Filer K, Fegan DF. Organic
selenium supplementation promotes shrimp growth and disease resistance to
Taura syndrome virus. ScienceAsia 2011;37:24-30.

Abdel-Tawwab M, Wafeek M. Response of Nile tilapia, Oreochromis niloticus
(L.) to environmental cadmium toxicity during organic selenium supple-
mentation. Journal of the World Aquaculture Society 2010:41:106—14.
Cotter PA, Craig SR, McLean E. Hyperaccumulation of selenium in hybrid
striped bass: a functional food for aquaculture? Aquaculture Nutrition
2008:14:215-22.

Gajeevié Z, Kralik G, Has-Schan E, Pavi¢ E. Effects of organic selenium sup-
plemented to layer diet on table egg freshness and selenium content. Italian
Journal of Animal Science 2009:8.

KOCUKbay FZ, Yazlak H, Karaca 1, Sahin N, Tuzcu M, Cakmak MN, et al. The
effects of dietary organic or inorganic selenium in rainbow trout (Onco-
rhynchus mykiss) under crowding conditions. Aquaculture Nutrition 2009;15:
569-76.

Taylor |B, Finley JW, Caton |S. Effect of the chemical form of supranutritional
selenium on selenium load and selenoprotein activities in virgin, pregnant,
and lactating rats. Journal of Animal Science 2005;83:422.

Bell JG, Cowey CB, Adron JW, Pirie BJS. Some effects of selenium deficiency on
enzyme activities and indices of tissue peroxidation in Atlantic salmon parr
(Salmo salar). Aquaculture 1987;65:43—-54.

Schrauzer GN. The nutritional significance, metabolism and toxicology of
selenomethionine. In: Steve LT, editor. Advances in food and nutrition
research. Academic Press; 2003. p. 73-112.

Barceloux DG. Selenium. Journal of Toxicology Clinical 1999;37:145-72.
Zhan X, Qie ¥, Wang M, Li X, Zhao R. Selenomethionine: an effective selenium
source for sow to improve Se distribution, antioxidant status, and growth
performance of pig offspring. Biological Trace Element Research 2010:1-11.
Lin YH, Shiau SY. The effects of dietary selenium on the oxidative stress of
grouper, Epinephelus malabaricus, fed high copper. Aquaculture 2007;267:
3843,

[34] Jussila |, Mannonen A. Marron (Cherax tenuimanus) and noble crayfish (Asta-

cus astacus) hepatopancreas energy and its relationship to moisture content.
Aquaculture 1997;149:157-61.

Sang HM, Fotedar R. Growth, survival, haemolymph osmolality and orgamo-
somatic indices of the western king prawn (Penaeus latisulcatus Kishinouye,
1896) reared at different salinities. Aquaculture 2004;234:601-14.

Sang HM, Ky LT, Fotedar R Dietary supplementation of mannan oligosac-
charide improves the immune responses and survival of marron, Cherax
tenuimanus (Smith, 1912) when challenged with different stressors. Fish and
Shellfish Immunology 2009:27:341-8.

Morrissy NM. Culturing the marvellous marron in Western Australia. Fresh-
water Crayfish 2002:13.

Sang HM, Fotedar R. Effects of dietary beta-1,3-glucan on the growth, survival,
physiological and immune response of marron, Cherax tenuimanus (Smith,
1912). Fish and Shellfish Immunology 2010;28:957—60.

Sang HM, Fotedar R. Effects of mannan oligosaccharide dietary supplemen-
tation on performances of the tropical spiny lobsters juvenile (Panulirus
ornatus, Fabricius 1798). Fish and Shellfish Immunology 2010;28:483-9,
Wang Y, Jianzhong H, Weifen L, Zirong X. Effect of different selenium source
on growth performances, glutathione peroxidase activities, muscle composi-
tion and selenium concentration of allogynogenetic crucian carp (Carassius
auratus gibelio). Animal Feed Science and Technology 2007;134:243-51.
Sang HM, Fotedar R, Filer K. Effects of dietary mannan oligosaccharide on
survival, growth, physiological condition, and immunological responses of
marron, Cherax tenuimanus (Smith 1912). Journal of the World Aquaculture
Society 2011:42:230-41.

Fotedar 5, Tsvetnenko E, Evans L Effect of air exposure on the immune system
of the rock lobster Panulirus cygnus. Marine Freshwater Research 2001:52.
Bancroft JD, Stevens A. Theory and practice of histological technigques. New
York: Churchill Livingstone; 1977.

Hauton C, Hawkins LE, Hutchinson S. The use of the neutral red retention
assay to examine the effects of temperature and salinity on haemocytes of the
European flat oyster Ostrea edulis (L). Comparative Biochemistry and Physi-
ology Part B: Biochemistry and Molecular Biology 1998;119:619-23.
Hauton C, Smith V]. In vitro cytotoxicity of crustacean immunostimulants for
lobster ( Homarus gammarus) granulocytes demonstrated using the neutral red
uptake assay. Fish and Shellfish Immunology 2004;17:65-73.

Han D, Xie S, Liu M, Xiao X, Liu H, Zhu X, et al. The effects of dietary selenium on
growth performances, oxidative stress and tissue selenium concentration of
gibel carp (Carassius auratus gibelio). Aquaculture Nutrition 2011:;17:741-9.
Lin ¥H, Shiau S5Y. Dietary selenium requirements of juvenile grouper, Epi-
nephelus malabaricus. Aquaculture 2005;250:356—63.

Lorentzen M, Maage A, Julshamn K. Effects of dietary selenite or selenome-
thionine on tissue selenium levels of Atlantic salmon (Salme salar). Aquacul-
ture 1994:121:359-67.




RA. Nugroho, R. Fatedar [ Fish & Shelifish Immunology 35 (2013) 79-85 85

[49] Wang WN, Wang AL Zhang Y). Effect of dietary higher level of selenium and
nitrite concentration on the cellular defense response of Penaeus vannamei.
Aquaculture 2006;256:558-63.

[50] Jaramillo Jr F, Peng LI, Gatlin lii DM. Selenium nutrition of hybrid striped bass
(Morone chrysops = M. saxatilis) bioavailability, toxicity and interaction with
vitamin E. Aquaculture Nutrition 2009;15:160-5.

[51] Burdock GA. Cousins R]. Amendment to the dossier in support of the generally
recognized as safe (gras) status of Sel-Plex as a food ingredient. In Fusing
science and compliance. Orlando, Florida: Burdock Group Consultants;
20101-173.

[52] FoxT, Heuval EVd, Atherton C, Dainty |, Lewis D, Langford M, et al. Bioavailability
of selenium from fish, yeast and selenate: a comparative study in humans using
stable isotopes. European Journal of Clinical Nutrition 2004;58:343 -9,

[53] Esaki N, Nakamura T, Tanaka H, Soda K. Selenocysteine lyase, a novel enzyme
that specifically acts on selenocysteine. Journal of Biological Chemistry
1982;257:4386-91.

[54] Robouch P, Maolteni R, Mitic D, Holst CV. EURL evaluation report on the
analytical methods submitted in connection with the application for author-
isation of a feed additive according to Regulation (EC) No 1831/2003. Geel,
Belgium: European Commission Joint Research Centre; 2011.

[55] Foster LH, Sumar 5. Selenium in health and disease: a review. Critical Reviews
in Food Science and Nutrition 1997;37:211-28.

[56] Burk RF, Hill KE. Regulation of selenoprotein. Annual Review of Nutrition
1993;13:65-81.

[57] Aguilar F, Charrondiere UR, Dusemund B, Galtier P, Gilbert ], Gott DM, et al.
SCIENTIFIC OPINION: -selenomethionine as a source of selenium added for
nutritional purposes to food supplements. Scientific Opinion of the Panel on
Food Additives and Nutrient Sources Added to Food. The EFSA Journal
2009;1082:1-39.

[58] Sahul Hameed AS, Sarathi M, Sudhakaran R, Balasubramanian G, Syed
Musthaq S. Quantitative assessment of apoptotic hemocytes in white spot
syndrome virus (WSSV)-infected penaeid shrimp, Penoeus monodon and
Penaeus indicus, by flow cytometric analysis. Aquaculture 2006;256:111-20.

[59] van de Braak CBT, Botterblom MHA, Liu W, Taverne N, van der Knaap WPW,

Rombout JHWM. The role of the haematopoietic tissue in haemocyte pro-

duction and maturation in the black tiger shrimp (Penaeus monodon), Fish and

Shellfish Immunology 2002:12:253-72.

Omori SA, Martin GG, Hose JE. Morphology of haemocyte lysis and clotting in the

ridgeback prawn, Sicyonia ingentis. Cell and Tissue Research 1989;255:117-23.

[61] Hryniewiecka-Szyfter Z, Babula A. Total haemocyte counts and Haematopoi-
esis in Saduria Entomon (Linnaeus, 1758) (Isopoda, Valvifera) from the Baltic
sea infected with the yeast Cryptococcus La Urentii (Kufferath Skinner).
Crustaceana 1996,69:485-93,

[62] Ratcliffe NA, Rowley AF, Fitzgerald SW, Rhodes CP. Invertebrate immunity:
basic concepts and recent advances. International Review of Cytology
1985;97:183-350.

[63] Alday-Sanz V, Roque A, Turnbull JF. Clearing mechanisms of Vibrio vulnificus
biotype 1 in the black tiger shrimp Penaeus monodon. Diseases of Aquatic
Organisms 2002:48:91-9,

[60]

[64] van de Braak CBT, Botterbloom MHA, Huisman EA, Rombout JHWM, van der
Knaap WPW., Preliminary study on haemocyte response to white spot syn-
drome virus infection in black tiger shrimp Penaeus monodon. Diseases of
Aquatic Organisms 2002:51:49-55,

[65] Soderhall K. Crustacean immunity. Developmental and Comparative Immu-
nology 1997;21:205-9.

[66] Alina RA, Sara A, Barbu A, Molnar F. The influence of organic selenium on the
growth and survival performances of the common carp (Cyprinus carpio L.),
Galitian and Lausitz Variety, juveniles. Bulletin UASYM Animal Science and
Biotechnologies 2009;66:1-2.

[67] Rameshthangam P, Ramasamy P. Antioxidant and membrane bound enzymes
activity in WSSV-infected Penaeus monodon Fabricius, Aquaculture 2006;254:
32-9.

[68] Winston GW, Di Giulio RT. Prooxidant and antioxidant mechanisms in aguatic
organisms, Aquatic Toxicology 1991;19:137-61.

[69] Mohankumar K, Ramasamy P. White spot syndrome virus infection decreases
the activity of antioxidant enzymes in Fenneropenaeus indicus. Virus Research
2006;115:69-75.

[70] Correia AD, Costa MH, Luis O], Livingstone DR, Age-related changes in anti-
oxidant enzyme activities, fatty acid composition and lipid peroxidation in
whole body Gammarus locusta (Crustacea: Amphipoda). Journal of Experi-
mental Marine Biology and Ecology 2003;289:83—-101.

[71] Itami T, Takahashi ¥, Nakamura Y. Efficacy of vaccination against vibriosis in
cultured kuruma prawns Penaeus japonicus. Journal of Aquatic Animal Health
1989:1:238-42,

[72] Shiu-Nan C. Coping with diseases in shrimp farming. Malaysia: Infofish; 1992,
p113-7.

[73] Bachére E, Mialhe E, Noél D, Boulo V, Morvan A, Rodriguez J. Knowledge and
research prospects in marine molluse and crustacean immunology. Aquacul-
ture 1995:132:17-32,

[74] Hai NV, Fotedar R. Comparison of the effects of the prebiotics (Bio-Mos™ and
[beta]-1,3-p-glucan) and the customised probiotics (Pseudomonas synxantha
and P. aeruginosa) on the culture of juvenile western king prawns (Penaeus
latisulcatus Kishinouye, 1896). Aquaculture 2009:289:310-6.

[75] Hai MV, Fotedar R, Buller N. Selection of probiotics by various inhibition test
methods for use in the culture of western king prawns, Penaeus latisulcatus
(Kishinouye). Aquaculture 2007;272:231-9.

[76] Yao CL, Wu CG, Jian-Hai X, Fuhua L, Zhi-Yong W, Xuezhe H. The lysosome and
lysozyme response in Chinese shrimp Fenneropenaeus chinensis to Vibrio
anguillarum and laminarin stimulation. Journal of Experimental Marine
Biology and Ecology 2008;363:124-9.

[77] Ursini F, Bindoli A. The role of selenium peroxidases in the protection against
oxidative damage of membranes, Chemistry and Physics of Lipids 1987;44;
255-76.

[78] Watanabe T, Kiron V, Satoh S, Trace minerals in fish nutrition. Aquaculture
1997;151:185-207.

[79] Marnett L). Lipid peroxidation—DMNA damage by malondialdehyde. Mutation
Research/Fundamental and Molecular Mechanisms of Mutagenesis 1999:;424:
83-95.




JURNAL

ORIGINALITY REPORT

13.. 0. 13%  Ow

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Sang, H.M.. "Dietary supplementation of 7

. L . %
mannan oligosaccharide improves the immune
responses and survival of marron, Cherax
tenuimanus (Smith, 1912) when challenged with
different stressors", Fish and Shellfish
Immunology, 200908

Publication

Rudy Agung Nugroho, Hetty Manurung, Firman 60/
M. Nur, Widha Prahastika. "Terminalia catappa °
L. extract improves survival, hematological

profile and resistance to Aeromonas hydrophila

in Betta sp.", Archives of Polish Fisheries, 2017

Publication

Exclude quotes Off Exclude matches <3%

Exclude bibliography On



	JURNAL
	by Jurnal_pa Rudi Agung N Buat Gb_5

	JURNAL
	ORIGINALITY REPORT
	PRIMARY SOURCES


