Indian J Fish., 464} ; 367-373, Qct,-Dec, 1999

Effect of a probioticbacterium, Lactobacillus plantarum

on disease resistance of Penaeus indicus larvae

A. UMA, T JAWAHAR ABRAHAM* AND V. SUNDARARAJ
Fisheries College and Research Institute, Tamil Nadu Veterinary and
Animal Sciences University, Tuticorin - 628 008, India

ABSTRACT

The effect of a probiotic bacteirum,

Lactobacillus plantarum on the disease

resistance of penaeid shrimp, Panaeus indicus (H. Milne Edwards) larvae against
the antibiotic resistant lumincus Vibrio harveyi was investigated. Vibrio harveyi,
isolated from the diseased shrimp larvae, induced mortality in experimentally
infected mysis larvae within 12 hours of post-challenge and caused 83% mortality
in 72 hours at 1.28 x 10% cells/ml level. Addition of the probient in shrimp larval
rearing medium from 10* to 10% cells/ml improved the growth and sarvival of P
indicus larvae, with 10% cells/ml being the most effective level, Bioencapsulation
of the probiont (>10* cells/z Artemia sp.)} greatly improved the dietary value of
Artemia sp. nauplii and increased the disease resistance of shrimp larvae. A
significant weight gain (> 70 %) was observed in probiont (10° cells/g Artemia sp.)
fad larvae compared to the control group. Larvae grown in the presence of the

probiont resisted V. harveyi infection when challenged.

Introduction

Vibrio harveyi, the causative agent
of luminous bacterial disease, is consid-
ered a serious pathegen of larval
shrimp in hatcheries (Lavilla-Pitogo et
al,, 1990; Karunasagar et al, 1994).
Antibiotic medication is widely followed
to control this pathogen and to improve
the production of shrimp larvae
(Baticados et al., 1990). The practice of
using antibiotics in shrimp hatchery
disease management is controversial
due to the perceived induction of anti-
biotic resistance (Baticados et al., 1990),
depressive effects on the host immune
response {(Alberman, 1988), concern
over hatchery workers' health and

nearshore environmental impacts
(Brown, 1989} and chance of the anti-
biotic resistance being passed onto the
human pathogenic bacteria (Aoki ef al.,
1990). Bioremediation methods involv-
ing probiotic microorganisms can be the
safe alternative to overcome the said
problems. Studies on these aspects in
larval rearing of shrimp (Penaeus
monodon), crab (Portunus trituber
culatus) (Naeda, 1894) and oyster
(Crassostrea gigas) (Douillet and
Langdon, 1994) showed the efficiency of
using probiotics. The purpose of this
study was to assess the disease resis-
tance and growth performance of
Penaeus indicus larvae when fed with
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probiotic bacterium, Lactobacillus
plantarum, under laboratory condi-
tions.

Material and methods

The lactic acid bacterial (LAB)
strain Lactobacillus plantarum NDRI-
X as a probiotic bacterium was obtained
from the National Diary Research
Institute, Karnal, India. Penaeid shrimp
larval pathogen, luminous V. harveyi
MA 534, was isolated from hatchery-
raised diseased P indicus mysis larvae.
De Man Rogosa Sharpe (MRS) medium,
either as broth or agar, was used for the
growth and maintenance of LAB
(Harrigan and McCance, 1976). Probiotic
LAB cells were routinely grown at 30°C
for 48+3 hours. Sea water (75%),
peptone {0.5%) and yeast extract (0.3 %)
medium (SPYE), either as broth or agar,
was used for the growth of V. harveyi.
This bacterium was routinely grown at
30°C for 18-24 hours and maintained on
SPYE agar slants. Mueller Hinton agar
(MHA) supplemented with 1.5% {w/v)
sodium chloride was used for antibiotic
sensitivity assays. Half strength sea
water made from 35%c aged sea water
or 1.0% NaCl solution was used as
diluent.

Hatchery-raised P indicus larvae
mysis and post-larval (PL) stages were
procured, as and when requirved, from
a commercial shrimp hatchery in
Tuticorin, Tamil Nadu and acclimatised
to laboratory experimental conditions in
sea water (salinity: 28-30%; tempera-
ture: 29£1°C; pH : 8.0) with continuous
aeration. These animals were fed with
live feed, Skeletonema sp. and/or
Artemia sp. or a commercial starter feed
at a level of 10% of biomass during the
experimental period. Nauplii of Artemia
sp. were produced in the laboratory
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following Sorgeloos et al. (1986) from
Artemia sp. cysts (Argent Chemicals,
USA) at a density of 1.0 g/l of incubation
medium. Skeletonema sp. cells were
collected from a commercial shrimp
hatchery.

L. plantarum cells, grown in MRS
broth for 48 hours, were harvested by
centrifugation at 5000 r/m for 15
minutes, washed twice with sterilel.0%
NaCl solution and finally resuspended
in 10 ml sterile diluent. LAB cell
suspension was prepared once in two
days and stored at 4°C until used. Cells
of V. harveyi MA 534, grown in SPYE
broth, were harvested as done with
LAB cells and used immediately for
experimental infection studies. Num-
bers of viable cells of L. plantarum and
V. harveyi in the suspensions were
determined on MRS agar and SPYE
agar, respectively, Agar disc diffusion
method of Bauer ef ol (1966) was
followed for testing the antibiogram of
V. harveyi, The minimal inhibitory
concentration (MIC) of antibiotics was
determined by agar dilution method
(Abraham et al., 1997). Pathogenicity of
V. harveyi was tested on P indicus
larvae at mysis-3 stage by immersion
method (Karunasagar et al,, 1994).

Addition of probiont into larval rearing
medium : Post-larvae (PL5} of known
weight were maintained in a series of
experimental troughs (25 larvae/trough)
containing 3 1 sea water with continu-
ous aeration. Probient cell suspension
was then introduced into the troughs in
such a way as to get a concentration of
10% (T1), 108 (T2), 10*(T3) and 10° (T4)
cells/ml of rearing medium in duplicate.
A control group (T5) was also main-
tained without probiont addition.
Probiont cells were added to the larval
rearing medium daily for upto 15 days,
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after replacing them completely with an
equal volume of fresh sea water. Feed-
ing was done daily to all experimental
and control groups. At the end, the
weight of surviving shrimp larvae (PL-
20) in all the experimental categories
was recorded individually. The survived
PL-20 from all the experimental catego-
ries were separated into two lots of 10
numbers each and transferred to fresh
troughs containing 21 sea water to
assess their resistance to V. harveyi
infection. V. harveyi cell suspension was
introduced into the troughs to get a
concentration of 104 cells/ml rearing
medium. Larval mortality was noted
daily for upto seven days.

Bioencapsulation of probiont in Artemia
sp. nauplii: Hatchery-raised pest-lar-
vae of P indicus, 10 numbers each at
PL-10 stage, were introduced into a
series of glass containers (E1-E4 in
triplicate} filled with 2 1 sea water and
acclimatised for 24 hours. Nauplii of
Artemia sp. from nauplii separating
chamber were harvested by filtering
through bolting silk of 60-um pore size.
About 5000 nauplii each were trans-
ferred to a series of four containers (A-
D) and filled with a litre of sea water.
Probiont cell suspension was then
added to the containers A, B, and C at
a concentration of 107, 10 and 10° LAB
cells /ml of the rearing medium, respec-
tively. No probiont was added to the
container D. Nauplii were kept in the
aerated bacterial suspension for two
hours for bioencapsulation and then
harvested. Bioencapsulation was done
daily The Arfermia sp. nauplii exposed
to 107 LAB cells /ml were fed to the
animals in E1, 105 LAB cells /m] to E2,
and 105 LAB cells/m] to E3, and the
Artemia sp. nauplii without probiont
were fed to E4 for 15 days. Growth and
survival rates were determined as done
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before. Artermnia sp. nauplii exposed to
107, 10% and 10° LAB cells /ml of the
rearing medium were asceptically fil-
tered, weighed and macerated using
sterile glass rods separately in sterile
test tubes. The number of LAB cells in
Artemia sp. nauplii was determined by
pour plating. The survived post-larvae
(PL-26) were then challenged with V
harveyi as described earlier. However,
the challenge dose was kept at 105 cell/
ml of rearing medium. ANOVA tech-
nique (Snedecor and Cochran, 1967)
was followed to test the significance of
difference among the treatments.

Results and discussion

Results of antibiotic sensitivity and
pathogenicity of V. harveyl MA 534 are
summarised in Tables 1 and 2, respec-
tively. V. harveyi was resistant to six
out of ten antibiotics tried, suggesting
that numerous shrimp pathogens with
multiple antibiotic resistance (MAR)
may be present in shrimp hatchery
Incidence of MAR among the shrimp
pathogens is well known phenomenon
and is amply documented (Baticados et
al., 1990; Karunasagar et al, 1994;
Abraham et al., 1997). The recorded
MICs for chloramphenicol, sulphadiazine
and trimethoprim against V. harveyi
were high (>100pg/ml) possibly due to
the abundant use of these drugs to
control bacterial infection in shrimp
hatcheries. Development of resistance
to the said antibiotics was associated
with increased virulence of V. harveyi
and mass mortality of penaied larvae in
hatcheries (Karunasagar et al., 1994).
Likewise, the MAR isolate of the
present study was also highly virulent
and capable of causing 83% larval mor-
tality at 1.28x10% celis/ml level within
72 hours (Table 2). This clearly shows
the potential danger of regular and
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TaeLe 1. Results of entibiogram and minimaol inhibitory concentration (MIC) of antibiotics against

Vibrio harveyi MA 534

Antibiotic Concentration/disc Antibjogram group MIC (pg/mlD)
(pg)
Chloramphenicol 30 R 100.00
Ciprofloxacin 5 IM 0.39
Furazolidone 50 R 50.00
Gentamycin 10 IM 6.25
Neomycin 30 R 50.00
Nalidixic acid 30 s 6.25
Oxytetracycline 30 s 6.25
Streptomycin 10 R »>100.00
Sulphadiazine 300 R >500.00
Trimethoprim 5 R 100.00

R=Resistant; IM=Intermediate; S=Senasitive.

continuous use of antibiotics in shrimp
hatcheries and their impact on larval
pathogen, and ultimately on the reared
animal.

Effect of addition of L. plantarum
cells into larval rearing medium on the
survival, growth and disease resistance
of P indicus larvae are presented in
Table 3. Survival rates (72 - 94%) were
significantly high (P<0.01) in larvae
reared in probiont added medium (T1 -
T4) than in control (T5 : 68%), Highest
mean survival (94 + 2%) was recorded in
treatment T1 wherein LAB was intro-
duced at 10° cells/ml. Growth rate in
terms of weight increment was the
highest in T1 group and differed signifi-
cantly among the treatments (P <
0.001). Weight of larvae in T1 group
increased by 70% in 15 days of experi-
mental period over the control group.
Mortality rate observed in T1 group
(60%) was comparatively lower than in
other treatments (60%) and control
(65%) which, however, differed signifi-
cantly only at 10% level., These results
corroborate with the observations made
on shrimp larvae (Maeda and Liao,
1992; Maeda, 1994) and oyster larvae
(Douillet and Langdon, 1994) when

grown in the presence of beneficial
bacteria. According to Douillet and
Langdon (1994}, this effect was due to
the essential nutrients supplied by
probionts besides enzymes that could
enhance the digestive process.
Colonisation of probiont in the gut of
shrimp, possibly from ingestion of
probiont from the surrounding water,
and modification of gut flora, particu-
larly Vibrio spp. could be the probable
reason for the observed improvement in
growth and survival of B indicus larvae.

Bioencapsulation method using
Artemia sp. nauplii was proposed as an
innovative way of delivery to the shrimp
larvae (Mohney ef al, 1989). This
concept was modified and extended to

TasLk 2. Pathogenicity of V. harveyi MA 534 on
P indicus larvae

Concentration of Number dead out of

V. harveyi 100 challenged larvae in
{cells/ml} 24 h 48 h 79 h
1.28 x 108 29 48 100
1.28 x 10° 16 43 an
1.28 x 101 11 36 88
1.28 x 10° 12 29 83
Unchallenged 5 11 17
control
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TaslLe 3. Effect of addition of Lactobacillus plantatum in rearing medium on growth survival and

disease resistance of P. indicus larvae

Treatment Concentration Survival rate (%) Weight increment (g)* Mortality (%} in
L. Plantarum Mean & SD* Mean + SD*¥ challenged larvae
(cells/ml) Mean z SD***
T1 108 94.0 & 2.000 0.0239 x 0.0031 50.0 £0.0
T2 105 900 £ 2.0 0.0174 x 0.0024* 60.0 £ 0.0
T3 10¢ 80.0 £ 2.0h 0.0170 £ 0.0011* 600+ 0.0
T4 LI 720 £4.0¢ 0.0152 + 0.00328 60.0 £ 0.0
Tb Nil 68.0 £ 4.04 0.0140 + 0.00178 685.0 £ 5.0

. F
: F,
: In 7 days of experimental period after challenging with V. harveyi at 10* cells/ml of rearing

: Weight {g) = {final weight of shrimp at the end of experiment + wet weight of dead shrimp)

- initia} weight of shrimp.
= 25.367. P < 0.005; CD = 11.984.
= 293.816; P < 0.001; CD = 0.00124.

44
44

medium. F_, = 6.0; P < 0.10. No mortality was observed in unchallenged control group.

a-d: AB: Values sharing common superseripts differ insignificantly at 5% level.

feed fish larvae with bioencapsulated
probiont in live food (Gatesoupe, 1991).
Results presented in Table 4 show that
the bioencapsulation process greatly
improved the dietary value of Artemia
sp. nauplii. Incubation of Arfemic sp.
nauplii in aerated probiont suspensions
at 107, 10° and 10° cells/ml rearing
medium for two hours during bicen-
capsulation process yielded the LAB
count of > 10¢, >10? and >10%g Arfemia
sp. respectively The highest mean
survival rate was observed in E1 (76.66

%) followed by E2 (73.33 %). Among the
treatment and control groups insignifi-
cant (P > 0.005) differences in survival
rates were noticed. But, significant
differences (P > 0.005) in growth rates
were observed. Highest mean weight
increment of 0.0162g was observed in
E1l group larvae fed with bicencap-
sulated probiont, i.e., 104 LAB cells/g
Artemia sp. followed by E2 and E3.
Larval weight in EI group was in-
creased by 70% over the control group
in 15 days of feeding. Mortality rates

TABLE 4. Effect of feeding bivencapsulated probiont in Artemia sp. nauplii on grewih, survival and

disease resistance of P indicus larvae

Treatment Concentration of  Survival rate (%) Weight increment {g} Mortaliiy (%) in
L. plantarum Mean + SD* Mean £ SD** challenged larvae
(cells/ml} Mean £ SD#++
E1 101 76.66 £ 4.71 0.0162 + 0.6026 5.0+ 5.00
E2 10% 7333+ 4.71 0.0153 + 0.0005 55.0 £ 5.0%8
E3 10¢ 63.33+4.71 0.0109 x 0,0009" 60.0 x 0.0%
E4 Nit 63.33 £ 4.71 0.0095 + 0.0002° T5.0£50
¥ F,. = 4.489; P>0,05; Not significant,
** 1 F,, = 13.28; P<0.05; CD = 0.0048.
¥k o F_. = 25.00; P<0.001. In 7 days of experimental period afier challenging with V. harveyi at

163 cells/ml level.

A, B, a: Values sharing common superscripts differ insignificantly at 5% level,
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in experimentally infected larvae of E1
(45%), E2 (55%} and E3 (60%) groups
were significantly (P < 0.01) lower than
in control (E4 : 73%)} group. It can be
inferred from these reults that the
concentration of probiont plays an
important role in improving the dietary
value of Arfemia sp. and on perfor
mance of larvae, A concentration of
>10* probiont cells/g Artemia sp. nauplii
appeared essential for feeding shrimp
larvae, Likewise, a significant weight
gain was observed in Scophthalmus
maximus (furbot) larvae when fed with
bioencapsulated LAB and Bacillus tovo!
due to the displacement of bacterial
pathogens such as Vibrio spp. in live
larval feed, rotifer (Brachionus plicatilis)
and/or improvement in the dietary
value of rotifer (Gatesoupe, 1991)

Shrimp larvae resisted V. harveyi
infection when they were fed with
bicencapsulated problont or reared in
the presence of probionts (Tables 3 and
4). The observed degree of protection
against bacterial challenge could be
attributed io the activation of the
haemolymph constituents or phago-
cytes of penaeid larvae. LAB were
reported to exhibit immuneomodulatory
role by increasing phagocytosis in man,
livestock and mice (Fuller, 1989) in a
gsimilar fashion as suggested for
immunostimulants used in aquaculture
(Yoshida ef al, 1993). It is concluded
from the results of this study that the
probiotic bacteria, which offer a certain
degree of protection against bacterial
pathogens, may play an important role
in shrimp aquaculture in the nearfuture,
especially in the light of increasing
number of antibiotic-resistant strains of
bacteria, cost effectiveness and strict
environmental regulations of treat-
ments,
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