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Abstract The aims of this study were to evaluate the effects
of Lactococcus lactis subsp. lactis on the growth, intestinal
microbiota, digestive enzyme activity, and disease resistance
of Litopenaeus vannamei. Diets containing four different con-
centrations of L. lactis (0 [basal diet], 10%, 107, and
10 CFU g ") were fed to white shrimps L. vannamei (average
weight 5.89 £ 0.36 g) for 8 weeks. At the end of the feeding
trial, shrimps were immersed in Caspian Seawater (10.8 ppt)
contaminated with 10° CFU ml ™" pathogenic V. anguillarum
for 2 h. Results revealed that growth rate, survival, and body
protein level were increased with dietary supplementation of
L. lactis. The activities of digestive enzymes (cellulose, lipase,
amylase, and protease) were significantly higher in the groups
fed with diets containing 107 or 10* CFU g ' L. lactis than
those in the control. The Lactobacillus and Bacillus counts
were higher (P < 0.05) in the intestine of shrimps fed with
L. lactis-supplemented diets. In addition, higher level of
L. lactis supplementation decreased the Vibrio counts.
Moreover, L. vannamei fed diet supplemented with
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108 CFU g ™! of L. lactis exhibited significantly the highest
hematocyte count and post-challenge survival rate (79.2 %).
Collectively, these results suggest that dietary supplementa-
tion of L. lactis subsp. lactis at 108 CFU g™ can promote
growth performance, digestive enzyme activity, and disease
resistance of L. vannamei.

Keywords Lactococcus lactis subsp. lactis - Growth
performance - Digestive enzyme - Intestinal microbiota -
Disease resistance

Introduction

White shrimps (Lifopenamei vannamei) are one of the most
important farmed crustacean species in the world. The produc-
tion of white shrimps has increased from 154,515 metric ton
(mt) in 2000, representing 13.6 % of total production of
shrimps and prawns (1,137,048 mt), to 3,314,447 mt in
2013, representing 74.4 % of total shrimp and prawn produc-
tion (4,454,602 mt) [1]. Asian countries share about 80 %
(2,668,180 mt) of global L. vannamei production in 2015
[1]. However, problems of adverse environmental conditions
and disease outbreaks have seriously affected the shrimp pro-
duction worldwide [2]. Bacterial pathogens pose most serious
threat to L. vannamei culture. Vibrio spp. have been reported
as one of the major causes of bacterial infections in farmed
shrimps. Vibrio infection causes massive colonization of the
appendages, mid gut, foregut, hepatopancreas, and a terminal
septicemia [3]. Though antibiotics and chemotherapeutics
provide a promising approach to combat disease problems in
aquaculture, their excessive use may result in an increase in
drug-resistant pathogens, environmental hazards, and food
safety concerns [4]. Therefore, it is imperative that natural or
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eco-friendly therapeutics approaches be developed to ensure
sustainability of aquaculture.

Recently, application of beneficial bacteria as probiotics in
an aquaculture practice is gaining momentum. Probiotics have
widely been used to boost the immunity of farmed shrimps
against various bacterial pathogens [5, 6]. Probiotics can in-
crease the nutritional status of the host species by producing
digestive enzymes, and in turn, promote their growth and sur-
vival rates [7, 8]. Among probiotics, various bacilli and lactic
acid bacteria (LAB) (e.g., genera Lactobacillus, Lactococcus,
and Pediococcus) are considered as an alternative to antibi-
otics or chemotherapeutics in shrimp aquaculture to induce
immunity against pathogenic bacteria [8, 9]. Probiotics have
the potential to counter diseases caused by various species of
vibrio such as V. anguillarum, V. vulnificus, V. alginolyticus,
and V. harveyi [6, 9]. Many probiotics including LAB [9-11]
have been reported to inhibit vibrio infection in shrimp aqua-
culture. Further, LAB enhanced the growth and survival of
Penaeus indicus challenged intra-muscularly with
V. alginolyticus [10] and L. vannamei challenged with
V. harveyi [3]. However, the antagonistic effect of LAB
against Vibrio spp. is highly dependent on the ability of the
probiotic to survive and dominate in the gut environment of
shrimps [6].

The members of the genera Lactococcus and Lactobacillus
are most commonly known for the “generally regarded as
safe” (GRAS) status [12]. Lactococcus lactis improved the
feed utilization and modulated the immune functions in wild
kuruma shrimps (Marsupenaeus japonicus) [13]. Application
of Lactobacillus plantarum increased the immune responses
and survivability of Macrobrachium rosenbergii and
L. vannamei against Aeromonas hydrophila [14] and Vibrio
harveyi [6] infections, respectively. Information regarding the
possible application of L. lactis as a probiotic for L. vannamei
is scanty. Therefore, the present study was aimed to evaluate
the effects of dietary supplementation of L. lactis subsp. lactis
on the growth performance, intestinal microbiota, digestive
enzyme activities, and disease resistance of L. vannamei.

Materials and Methods
Animals and Culture Facility

A total of 720 juvenile white shrimps (L. vannamei) (average
weight 5.89 £+ 0.36 g) were obtained from a research center of
Bandar Abbas province, Iran. Their health status was verified
by bacteriological, viral, and parasitological studies [15].
Shrimps were acclimatized in fiberglass tanks (1000 L capac-
ity) filled with Caspian Sea water for 2 weeks. Tanks were
provided with spongy filters (flow rate of 300 L h™"). Water
temperature, dissolved oxygen, electrical conductivity, and
salinity were 28.3 + 1.8 °C, 6.84 + 0.52 mg L',

5846.3 + 314.6 MM cm ', 10.8 + 0.42 ppt, respectively, and
pH was 8.2 = 0.23 throughout the study period. The photope-
riod was set at 14-h light (using natural lighting) and 10-h dark
cycles. During the acclimation period, shrimps were fed with
basal diet (Table 1) thrice a day.

Potential Probiotics

The potential probiotics used in the study were previously
isolated from the intestine of healthy white shrimps, which
was prepared as a lyophilized stock. Standard biochemical
identification protocols [16] and comparative 16S rRNA anal-
ysis revealed the isolate as Lactococcus lactis subsp. lactis.
Further, the isolate exhibited in vitro inhibitory activities
against Vibrio anguillarum and V. harveyi [17]. The isolate
was cultured in MRS (De Man Rogosa & Sharp broth) medi-
um (pH = 6.7) and incubated at 30 °C for 48 h. After incuba-
tion, cells were harvested by centrifugation (3000%g for
15 min) and washed thrice with phosphate buffered saline
(PBS; pH 7.3).

Test Diets

Hygienic environment was strictly maintained during the
whole process of diet preparation. A basal diet containing

Table 1 Formulation

and chemical Ingredients Percent

composition of the basal Kilka fish meal 22

diet Fish oil 30
Squid meal 6
Soybean meal 27
Liquid lecithin 2
Mineral premix® 2
Vitamin premix 2
Antifungal® 1
Binder” 2
Antioxidant® © 0.5
Shrimp meal 5
Cholesterol 2.5

Proximate composition Percent

Crude protein 383
Crude lipid 34
Ash 17.1
Moisture 10.9
Fiber 10.0

# Premix detailed

> ToxiBan antifungal (Vet-A-Mix,
Shenandoah, 1A)

¢ Amet binder (MehrTaban-e-Yazd, Iran)

4 Butylatedhydroxytoluene (BHT)
(Merck, Germany)
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48.76 % crude protein, 9.16 % crude lipid, 8.7 % ash, 9.2 %
moisture, and a gross energy of 4.52 kcal g ' was prepared
(Table 1). The basal diet was divided into four portions, and
L. lactis was incorporated into diets at O (control), 10%, 107,
and 10® CFU g, respectively [17]. The diets were made into
pellets, air dried, and stored at 4 °C until use. Prior to the
preparation of the experimental diets, trials were conducted
to determine the incorporation success and viability of the
potential probiotics into the diet.

Experimental Design

After the acclimatization period, shrimps were randomly di-
vided into four groups across 12 tanks (3 tanks/group; 1000 L
water/tank). Each group consists of 180 shrimps (60
shrimps x 3 tanks). Shrimps were fed with basal diet or one
of the three experimental diets (thrice a day) for 8 weeks, at 7
and 6 % of body weight during the first month and second
month, respectively. The amount of feed consumed was deter-
mined by daily recovery of excess feed, which was then ad-
justed every 15 days by batch weighing after 24 h of
starvation.

Proximate Composition

At the end of the feeding trial, shrimps were starved for 24 h,
after which they were netted, counted, and the average weight
(g) and length (cm) were measured. Five shrimps from each
tank were frozen alive for final body composition analyses.
Initial body analyses were performed on a pooled sample of
larvae, which was weighed and frozen before the study.
Proximate analyses of whole body water, protein, lipid, and
ash were performed according to standard AOAC [18]
methods.

Growth Performance

At the end of the feeding trial, 30 shrimps from each tank (i.e.,
30 x 3 = 90 shrimps per group) were randomly collected for
growth performance analysis. Growth performances and sur-
vival rate of shrimps were calculated using the following
formula:

Percent weight gain (PWG) = (Wy— Wy/W;) x 100
Specific growth rate (SGR) = 100 (In W¢— In W)/,
Feed conversion ratio (FCR) = dry feed intake (g)/live
weight gain (g).

Survival rate (%) = 100 (final number of shrimps/initial
number of shrimps).

Where, W; and Weare the initial and final weight (g), and
“¢” is the time of experiment days.

@ Springer

Digestive Enzyme Activity

At the end, 10 shrimps from each tank (i.e., 10 x 3 = 30
shrimps per group) were starved for 24 h and subsequently
used for digestive enzyme analyses. The whole intestines were
removed and rinsed with distilled water [19]. The intestinal
samples were homogenized in PBS (pH 7.5), centrifuged
(12,000% g for 15 min at 4 °C), and supernatants were stored
at —80 °C for enzymatic analysis [19]. Among the enzymatic
parameters, protease [20], amylase [21], cellulase [5], and
lipase [5] activities were measured.

Intestinal Microbiota

Intestinal samples from nine shrimps per group were asepti-
cally pooled to conduct the quantitative analysis of intestinal
microbiota, namely Vibrio spp., Lactobacillus spp.,
Micrococcus spp., and Bacillus spp. Selective agar method
was applied as described by earlier researchers [15, 22, 23].
Also, molecular identifications were conducted by sequencing
16S rRNA analysis as described elsewhere [24]. For 16S
rRNA gene sequencing, chromosomal DNA was extracted
and purified using the phenol-chloroform extraction method
[24]. PCR amplification was carried out with universal bacte-
rial primers as described previously: forward, 5'-GGTT
ACCTTGTTACGACTT-3’ and reverse, 5'-AGAG
TTTGATCCTGGCTCAG-3". The thermal PCR steps were
1 cycle 95 °C for 2 min, followed by 35 cycles of denaturation
at 95 °C for 30 s, annealing temperature at 50 °C for 30 s, and
extension at 72 °C for 1 min. This was followed by a final
extension of 10 min at 72 °C [25]. The PCR products were
separated by agarose gel electrophoresis, purified with gel
extraction kit (Qiagen), and subjected to nucleotide sequence
analysis by the dideoxy chain termination method.
Sequencing process was performed in CinnaGen Company,
Tehran, Iran. The 16S rRNA gene sequence of four isolates
and the representatives of the other species from the GenBank
database were analyzed using the MEGA 6 software.
Similarity between the sequences of the tested isolates and
sequences available at GenBank was defined with the use of
the MEGA 6 software.

Total Hematocyte Counts (THC)

At the end of the feeding trial, 10 shrimps from each tank (i.e.,
10 x 3 = 30 shrimps per group) were selected randomly.
Hemolymph (0.2 ml) was drawn from the ventral sinus of
shrimps using 1-ml sterile syringe containing anticoagulant
solution (30 mM trisodium citrate, 0.34 M sodium chloride,
and 10 mM EDTA, at a pH of 7.5) at 1:1 (v/v) ratio and then
mixed. A drop of hemolymph (20 ul) was placed on a hemo-
cytometer, and the THC was determined using light
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Table 2 Effect of Lactococcus

lactis subsp. lactis on the growth Parameters Control 10°CFU g 10’ CFU g 10°CFU g

performance of Litopenaeus - ) ) -

vannamei Initial weight (g) 5.96 +0.32° 5.89 +0.34° 5.92+023° 5.93+0.27°
Final weight (g) 9.65+1.16* 10.18 £1.18* 12.88 £2.2° 13.14 + 2.45°
PWG (%) 61.91 +6.5° 75.82 £5.26° 117.63 = 6.8° 121.96 £ 10.2°
SGR 0.85 = 0.09* 0.96 +0.16" 1.39+0.17¢ 1.42 £0.14°¢
FCR 130 +0.19° 1.12+0.16° 0.91 +0.18° 0.76 + 0.11¢
SR (%) 88.6 £1.2° 88.6 £2.2° 933+1.7° 933+1.1°

Values are presented as mean = SEM (n = 90 shrimps in each group)

Values in the same row with different superscripts letters are significantly different (P < 0.05)

PWG percent weight gain, SGR specific growth rate, FCR fed conversion ratio, SR% survival rate percentage

microscope (Nikon, Japan) with x400 magnification [26].
THC count was expressed as log cells ml™" hemolymph.

Challenge Test

Pathogenic V. anguillarum (ATCC12486) was grown in tryp-
tic soy broth (Merck, Germany) supplemented with 20 g L™
NaCl for 48 h at 30 °C. At the end of the feeding trial, 45
shrimps (15 x 3 = 45 shrimps) from each group were chal-
lenged with Vibrio anguillarum. For this purpose, shrimps
from each group were immersed in sterile Caspian seawater
(10.8 ppt salinity) contaminated with 10° CFU ml™' of
V. anguillarum for 2 h [6]. The challenged shrimps were kept
under observation for 14 days and fed a basal diet. The mor-
tality was recorded daily up to 14 days.

Statistical Analysis

All experimental data were subjected to statistical analysis
using the SPSS software, version no. 18 (SPSS Inc.,
Chicago, IL, USA). One-way analysis of variance (ANOVA)
was used to determine whether significant differences existed
between the treatments at a 95 % confidence limit. Duncan’s
multiple range tests were used to compare means when F
values from the ANOVA were significant (P < 0.05). All data
were presented as means + standard error of the mean (SEM)
of three replicates.

Results

The effect of L. lactis subsp. lactis supplementation on the
growth performances of L. vannamei is shown in Table 2.
The growth parameters such as PWG and SGR were increased
significantly in L. lactis supplementation groups (Table 2),
with the highest (P < 0.05) PWG (121.96 + 10.2), and SGR
(1.42 + 0.14) were recorded in 10° CFU g' of L. lactis sup-
plementation group. FCR value decreased gradually
(P <0.05) in L. lactis supplementation groups, and the lowest
FCR value (0.76 = 0.11) was recorded in 10* CFU g ' of
L. lactis fed group. During the experimental period, the
highest survivability (93.3 1.1 %) was observed in 10" and
10® CFU g~ ' supplementation groups, followed by
10" CFU g ' fed group (88.6 + 2.2 %).

The result of the shrimp’s body composition analysis is
presented in Table 3. Supplementation of L. lactis at
10® CFU g significantly increased the protein as well as lipid
content in shrimps. Body protein content increased gradually
with increasing level of L. lactis supplementation (Table 3).
However, moisture content was almost similar in all the
groups during the experimental period.

The result of the digestive enzyme activity analysis is
shown in Table 4. The enzyme protease, amylase, cellulose,
and lipase activities were significantly higher in 107 and
108 CFU g ' of L. lactis supplementation groups. The highest
enzymatic activities were recorded in 10* CFU g'

Table 3 Body composition (on

wet weight basis) of Litopenaeus Component (%) Initial Final
vannamei fed diets supplemented B - B B . -
with different concentrations of Conirol 10°CFU g 10°CFU g 10°CFU g
Lactococcus lactis subsp. lactis
Moisture 76.16 77.68 £ 1.46* 77.24 £1.71* 76.82 +1.45% 77.83 + 1.65*
Crude protein 17.37 18.65 +0.52° 18.58 + 0.64° 19.59 +0.58° 19.83 +0.76°
Crude lipid 1.79 2.12+0.53* 1.92 £0.62* 1.87 £0.75* 2.07 £0.87%
Ash 0.86 1.03 £ 0.26" 1.32 +£0.34" 1.29 £ 0.25% 1.31 +£0.30°

Values in a row with different superscript letters are significantly different (P < 0.05). Values are presented as

mean = SEM (n = 15)
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Table 4 Digestive enzymatic

activities of Lifopenaeus Enzyme (U/g intestine) L. lactis sub sp. lactis supplementation level (CFU g ")

vannamei fed diets supplemented B B .

with different concentrations of 0 (control) 10 10 10

Lactococcus lactis subsp. lactis
Protease 586.12 £ 4.5" 608.26 + 11.7° 880.34 +23.4° 942.5 +33.6°
Amylase 367.43 + 16.5" 3723 +18.1* 426.1 £22.6° 4782 £32.4°
Cellulase 172.4 + 18.6" 179.6 +21.3° 2183 +22.8 221.5+28.7°
Lipase 3782+ 12.2° 369.7 +13.1° 406.8 +15.7° 428.7 +18.4°

Values in a row with different superscript letters are significantly different (P < 0.05)

Values are presented as mean = SEM (n = 30)

supplementation group. The supplementation of L. lactis at
10° CFU g™ had no significant effect on enzymatic activities.

L. lactis supplementation significantly affected the bacteri-
al counts in the intestinal tract of L. vannamei (Table 5).
Lactobacillus and Bacillus counts were increased (P < 0.05)
with higher concentration of L. lactis. However, Vibrio counts
decreased significantly in experimental groups fed with 10’—
10® CFU g ! of L. lactis, compared to the control group
(Table 5). However, supplementation of L. lactis had no sig-
nificant effect on the intestinal Micrococcus count (Table 5).

The supplementation of L. lactis at 10" CFU g ' as well as
10® CFU g ' significantly increased the THC in juvenile
L. vannamei (data not shown). Supplementation of
108 CFU g ! of L. lactis resulted in the highest (P < 0.05) THC.

Dietary supplementation of L. lactis for 8 weeks enhanced
the resistance of L. vannamei against V. anguillarum challenge
(Fig. 1). Cumulative percent mortality was lowest in
10® CFU g ! of L. lactis supplementation group. The highest
(P < 0.05) post-challenge survival rate (79.2) was recorded in
108 CFU g ™' of L. lactis supplementation group, followed by
10" CFU g ' of L. lactis (73 %) and 10° CFU g' of L. lactis
(62 %) supplementation.

Discussion
The results of the present study showed that supplementation

of L. lactis subsp. lactis significantly improved growth perfor-
mances and survivability of white shrimps. Positive effects of

different LAB on the growth performances of shrimps had
been reported earlier. Balcazar et al. [27] found that
L. vannamei larvae fed with B. subtilis UTM 126-
supplemented diets exhibited enhanced the growth perfor-
mance and survivability. Dietary addition of probiotic
Bacillus coagulans increased the final weight gain of
L. vannamei [22]. Higher growth performances have also been
reported in Fenneropenaeus indicus [19], P. vannamei [28],
and L. vannamei [6] fed diets supplemented with LAB
probiotics. Further, the significantly lowest FCR was recorded
in 10® CFU g ' of L. lactis supplementation group, which is
consistent with the earlier reports [6, 28]. Moreover, lower
FCR (P < 0.05) in the experimental groups suggested that
shrimps utilized dietary nutrients more efficiently when sup-
plemented with L. lactis.

The higher growth performance and lower FCR of white
shrimps fed with L. lactis-supplemented diets may be related
to the ability of this bacteria to stimulate digestive enzymes,
which increase feed digestibility and in turn, the energetic
benefits improved the growth rate. The significant increase
in the specific activities of protease, amylase, and lipase of
white shrimp treated with 10”or 10° CFU g ' L. lactis may
enhance digestion and increase absorption of diet, which in
turn contributes to better growth performance [22].
Supplementation of potential probiotic LAB increased the
specific activities of digestive enzymes in P. vannamei [22,
28], Litopenaeus stylirostris [29], and F. indicus [19]. It has
been suggested that the enhancement of digestive enzyme
activities in farmed fishes and shrimps fed with LAB probiotic

Table 5 Different microbial
counts (x10° CFU/g) in the
intestinal tracts of Litopenaeus
vannamei fed diet supplemented

Bacterial groups (CFU x 10°)

L. lactis subsp. lactis supplementation level (CFU g™ ')

with different concentrations of
Lactococcus lactis subsp. lactis

0 (control) 10° 107 108
Vibrio spp. 12.83 +0.82° 12.62 + 0.56° 11.36 + 1.28° 10.94 = 1.05°
Lactobacillus spp. 0.84+0.13* 1.05+0.16* 1.38 £0.35° 2.04 + 0.49°
Micrococcus spp. 11.76 £ 1.5° 1132+ 1.1° 10.94 + 1.3* 11.64 £ 1.7°
Bacillus spp. 2.1+09° 1.86 + 1.04° 2.16 £ 0.86™ 248+1.03°

Microbial count is presented as colony forming unit (CFU). Values in a row with different superscripts letters are
significantly different (P < 0.05). Results are presented as mean + SEM (n = 9)
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Fig. 1 Cumulative mortality (%) of L. vannamei fed with Lactococcus
lactis subsp. lactis (0 [control], 10°, 107, and 10® CFU g") supplemented
diets for 8 weeks followed by challenge with Vibrio anguillarum

might be attributed to the improved gut maturation [30], pre-
vention of intestinal disorders, and pre-digestion of anti-
nutrient factors found in the feed ingredients [31, 32].

The increase in Lactobacillus spp. and Bacillus spp. counts
and decrease in Vibrio spp. counts in L. vannamei fed with
L. lactis-supplemented diets may be an indication of the positive
role of this potential probiotic in improving the growth and feed
efficiency of L. vannamei. It has been reported that supplemen-
tation of probiotics can improve intestinal microbial balance [14,
33, 34]. Probiotic bacteria maintain or re-establish a favorable
relationship between beneficial and pathogenic microorganisms
in digestive tract of the host. Intestinal microbiota plays an im-
portant role in immune responses and resistance to infectious
diseases due to its ability to produce antibacterial materials
which prevent pathogenic bacterial infection [22, 35, 36].
Gullian & Rodriguez [37] reported that Vibrio spp. which nor-
mally colonize the hepatopancreas of white shrimps were dom-
inated by Bacillus spp. when it was added to the rearing water.
Dietary supplementation of live or freeze dried Bacillus to tiger
shrimp P. monodon significantly lowered the concentrations of
vibrios in the culture water as well as in the hepatopancreas and
intestine of tiger shrimps [34].

Intestinal microbiota also plays an important role in the nu-
trition of several aquatic animals [31, 32, 34]. Some intestinal
microbiota can produce extracellular enzymes (e.g., proteases
and lipases) which aid in food digestion processes in penaeid
shrimp (Penaeus chinensis) [22]. This microbiota may also
serve as a supplementary source of food such as vitamins, es-
sential amino acids, and fatty acids [38]. It has been reported that
the haematocyte plays an important role in the invertebrate im-
mune responses [6]. Therefore, the higher post-challenge sur-
vival and increases in THC with higher level of L. lactis in the
present study may reflect the improved capability of white
shrimps to act against foreign materials. Similarly, supplemen-
tation of autochthonous L. plantarum increased the THC after
V. harveyi injection and increased LAB populations in the di-
gestive tract in L. vannamei [6]. This suggests that LAB may
possess inhibitory activities against pathogenic bacteria [3, 13,
35]. Moreover, adding L. plantarum in the diet of white shrimps

induced immune modulation and enhanced the immune re-
sponses like phenoloxidase activity, superoxide dismutase activ-
ity, pathogen clearance efficiency, and prophenoloxidase and
peroxinectin (PE) mRNA transcription, and thus increased the
resistance of shrimps against V. alginolyticus infection [11].

L. vannamei fed diets supplemented with L. lactis exhibited
higher post-challenge survival against V. anguillarum chal-
lenge. Dietary administration of L. lactis at 10° CFU g re-
sulted in the highest post-challenge survival (79.2 %) of
L. vannamei. Supplementation of potential probiotics in-
creased the resistance of shrimps against pathogen infection
[2, 3,5, 6, 10, 27, 29, 39]. The elevated intestinal microbial
balance, digestive enzyme activities, and THC in L. vannamei
fed with 10® CFU g ™' of L. lactis-supplemented diet might be
associated with the improved resistance of L. vannamei
against V. anguillarum and resulted in higher post-challenge
survival rate. Earlier, Vieira et al. [3] found that larval white
shrimps fed with two LAB strains isolated from juvenile white
shrimps showed inhibitory activities against V. harveyi and
thus exhibited higher post-challenge survival rate.

In conclusion, the present study provides the evidence that
dietary supplementation of L. /actis subsp. lactis at
108 CFU g ! for 8 weeks can modulate the growth perfor-
mance, digestive enzyme activities, and beneficial intestinal
microbiota of L. vannamei. Clearly, the dietary administration
of L. lactis at 10° CFU g ' has significantly improved the
resistance of white shrimps against V. anguillarum challenge.
Therefore, we recommend that supplementation of L. lactis at
108 CFU g™' can improve the growth performance and disease
resistance of white shrimps. However, future studies should be
focused on immune mechanism, stress responses, and resis-
tance against other shrimp pathogens for exploring the feasi-
bility of its commercial application in shrimp aquaculture.
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