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Abstract

This study aimed to investigate the effect of dietary probiotics Lactobacillus plantarum T13 on growth
performance and digestive enzyme activity of Pacific white shrimp. Two concentrations of T13 were prepared and
mixed with commercial shrimp feed to give final concentrations of approximately 10° CFU g'1 (A) and 10° CFU g'1
(B). Probiotic shrimp feeds were stored at 4°C and was prepared fresh every week. P15 shrimp, L. vannamei, were
acclimated for 10 days with the average initial weight of 0.015 + 0.0016 g and were divided into three groups:
control (C) and two treatments fed with probiotic shrimp feed (A and B). The experiment was conducted in triplicate
for eight weeks. During the experiment, weekly water quality was monitored and managed to maintain the
acceptable aquaculture conditions. In comparison to the control group, final weight, weight gain and protease
activity were significantly higher in shrimp fed with probiotics (P<0.05). Significant differences (P<0.05) for feed
conversion ratio (2.03+0.15) and specific growth rate (9.48+0.14) in treatment A were observed as compared with
the control but not with treatment B. However, no significant differences (P>0.05) were detected for survival rate
and amylase activity among all experimental groups. Our study demonstrated that probiotic L. plantarum T13 at the

concentration of 10° CFU g™ could improve growth performance and protease activity of Pacific white shrimp.

Keywords: Probiotic, Pacific white shrimp, growth performance, digestive enzymes

Introduction

Culture and production of the Pacific white shrimp (Litopenaeus vannamei) have increased and replaced
black tiger shrimp after 2005 in Thailand (Lebel et al., 2010). The annual white shrimp production reached to
600,000 tons in 2011(Thitamadee et al., 2016). However, disease outbreaks have caused a great loss to the shrimp
cultivation industry, particularly from opportunistic and pathogenic bacteria such as Vibrio sp. and viruses (Flegel,
2006; Lebel et al., 2010). The use of antimicrobial agents for disease control has stimulated the development of
multiple antibiotic resistance genes in bacteria (Farzanfar, 2006). Therefore, the use of beneficial bacteria called
probiotics to displace pathogenic bacteria by competitive processes in the shrimp digestive system is a better
approach than administering antibiotics which provides sustainable aquaculture as well as being environmentally
friendly (Desriac et al., 2010; Farzanfar, 2006; Gillor et al., 2008; Wang et al., 2008).

Probiotics are defined as “live microorganisms which when administrated in adequate amounts confer a
health benefit on the host” (Pineiro et al., 2007). The use of probiotics in shrimp aquaculture has recently received
increased attention (Luis-Villasenor et al., 2013; Nguyen et al., 2018; Wang et al., 2019; Zokaeifar et al., 2012; Zuo
et al., 2019). Probiotics provide advantages to their hosts such as inhibitory activity against pathogens, stimulating
the immunity, enhancement of digestibility of nutrients, promotion of growth and survival, improvement of water

quality and bioremediation (Farzanfar, 2006; Gillor et al., 2008; Kewcharoen et al., 2019; Martinez Cruz et al., 2012;
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Nimrat et al., 2012; Toledo et al., 2019). The inhibitory activity against pathogens result from several compounds
that may inhibit the growth of competing bacteria (Farzanfar, 2006). Among these compounds, the bacteriocins are
the most important (Desriac et al., 2010; Gillor et al., 2008).

Lactic acid bacteria and the Bacillus genus are among the microorganisms most frequently used as
probiotics in marine shrimp culture (Buntin et al., 2008; Nguyen et al., 2018; Toledo et al., 2019; Vieira et al., 2013).
Lactobacillus plantarum T13 is a bacteriocin-producing lactic acid bacterial strain isolated from traditional
Vietnamese fermented cabbage (Nguyen et al., 2014b). The culture extract from T13 was shown to prolong the
chilling preservation of fresh cobia meat (Nguyen et al., 2014b) and exerted substantial antimicrobial activities
against acute hepatopancreatic necrosis disease (AHPND)-causing Vibrio strains (Nguyen et al., 2018). Besides,
the probiotic feed for spiny lobster (Panulirus ornatus) prepared by adding three strains including Bacillus pumilus
B3.10.2B, Bacillus cereus D9 and Lactobacillus plantarum T13 displayed increased in growth and reduced feed
conversion rates (Nguyen et al., 2014a). Therefore, the objective of this work was to investigate the efficacy of
dietary probiotics Lactobacillus plantarum T13 on growth performance and digestive enzymes activity of Pacific

white shrimp (Litopenaeus vannamei) in Thailand.

Methods

Probiotic preparation

Probiotic Lactobacillus plantarum T13 was grown in MRS broth using a shaking incubator at 37°C for 12 h

and adjusted OD to 0.05. The culture was then centrifuged at 5000 rpm for 8 min after 6 h of cultivation. The

600nm
pelleted bacteria were washed 3 times and resuspended in Normal saline solution (0.95%) after discarding the
supernatant. The commercial feed (CP 9701, Thailand) was used as the basal diet for the supplementation of T13
in the ratio of feed 1 g: oil 0.05 ml: 0.95% NaCl 0.35 ml to give a final concentration of T13 approximately 10°
CFU g" and 10° CFU g". CP 9701 feed contains protein >35%, fats >5%, crude fiber < 4% and moisture < 11%.
The amount of probiotic T13 was examined using a spread plate technique on MRS agar. The probiotic feeds were

dried at 37°C for 6 h and kept at 4°C until used. The feeds were prepared fresh every week.

Experimental design

The healthy P15 shrimp, L. vannamei, were obtained from a commercial farm (Gong Kanchana 4, Sathing
Phra, Songkhla province, Thailand). Shrimp were acclimated for 10 days and fed with regular feed. Five hundred
and forty shrimp were evenly distributed in 9 tanks (3 tanks per diet), with tank size of 30 x60 x30 cm, containing
36 | seawater. The control (C) group was fed with un-supplemented diet. The other two groups were fed T13
supplemented diets at two different concentrations 10° CFU g'1 (A) and 10° CFU g'1 (B) for 8 weeks. Shrimp were
fed four times a day at 7.00, 12.00, 17.00 and 23.00 h and at 3-7% of the body weight.
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The water was directly collected from the sea followed by treatment before use. Dissolved oxygen was
determined using self-prepared test kit as described by Luangthuvapranit and Srichai, 2007. Temperatures were
between 26-31°C, Salinity of 15-25 ppt and pH of 7.0-8.5. Water chemical parameters were measured weekly using
PARA TEST kits including ammonia (Aquacare 2000.4, Para Ammonium test range 0.25-10 ppm) and nitrite (SONA
Nitrite Test, test range 0.1-3.0 mg I”'). All parameters were measured and recorded within standard ranges, with a
50% water change weekly.

Measurement of shrimp growth and survival

Fifty percent of shrimp in each tank were randomly collected each week to measure weight and length. All
survived shrimp were counted weekly. At the end of the experiment, the final weight, survival rate, weight gain (WG),
feed conversion ratio (FCR) and specific growth rate (SGR) were calculated according to Zokaeifar et al. (2012)

with slight modifications.

Weight gain (%) =100 x (final weight - initial weight) / initial weight
Survival rate (%) =100 x (final numbers/ initial numbers)

Feed conversion ratio (FCR) = Total feed given (g) / wet weight gain (g)
Specific growth rate (SGR) =100 x ([In final wt — In initial wt])/ days)

Determination of enzyme activity

The crude extract of gastrointestinal tract (GIT) was prepared according to Zokaeifar et al. (2012) with
modifications. Five individuals from each replicate were randomly collected at the end of week 8 and shrimp GIT of
each shrimp was removed aseptically, pooled, weighted and homogenized with cold distilled water at ratio 1:10.
The homogenate was centrifuged at 5000 rpm at 4°C for 20 min. The crude extract was separated by filtration
through 0.45 pm filters. Aliquots were made in 1.5 ml microcentrifuge tubes in triplicate and kept at -20°C to analyze
protease and amylase activity.

Protease activity was calculated from a modified method from Shimogaki et al. (1991). The reaction mixture
(1 ml) contained 1% casein as substrate and was incubated at 37°C. After incubation for 20 min, the reaction was
stopped by the addition of 10% TCA and centrifuged at 7500 rpm for 8 min. The absorbance of supernatant was
measured at 280 nm. A standard curve of absorbance at 280 nm was prepared using known concentrations of
tyrosine. The total protein concentration was measured using Bio-Rad protein assay as recommended by the
manufacturer. Protease activity was defined as the amount of enzyme liberating 1 pg of tyrosine per mg protein per
min under the conditions described above.

Amylase activity was determined by dinitrosalicylic acid (DNS) method modified from Dutta et al. (2006).
50 pl of crude extract was mixed with 50 pl 1% starch. After 3 min of incubation, 100 pul DNS was added and heated
at 100°C for 5 min. Subsequently, the reaction mixture was cooled down until it reached room temperature and the

absorbance at 540 nm was measured. The OD values were converted to micrograms of glucose equivalent using
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a standard graph obtained from the known concentration of glucose. Enzyme activity was defined as the amount
of enzyme that released 1 ug of reducing sugar as glucose standard per mg protein per minute under the assay
conditions described above.

Statistical analysis

Data on water parameters, growth parameters and enzyme activity were analyzed by using one-way
analysis of variance with F-test and Duncan’s multiple range test was used to determine the significant variation

(P<0.05) among treatments.

Results

Water quality was measured every week for 8 weeks. Water parameters including DO, temperature,
ammonia, nitrite, salinity and pH were determined and recorded within the acceptable ranges of dissolved oxygen
of more than 6 mg I, the temperature of 26-30°C, ammonia less than 1 mg I, nitrite less than 0.1 mg " pH between
7.0-8.5 and salinity between 15-25 ppt as shown in Table 1. The average of water parameters was analyzed and
compared each treatment for 8 weeks. The result showed that there was no significant difference among the control

and probiotic T13 feed treatments.

Table 1 The average of water quality parameters of all treatments for 8 weeks

Treatments
Water parameters Mean Standard
Control A B
DO (mg ") 7.1+0.1° 7.0+0.1° 6.8+0.1° 7.0+0.1 >6
Temp (°C) 27.5+0.1° 27.4+0.1° 27.3+0.1° 27.4+0.1 26-31
Ammonia (ppm) 0.63+0.07° 0.57+0.06° 0.52+0.06° 0.57+0.06 <1
Nitrite (mg ") 0 0 0 0 <0.1
Salinity (ppt) 17.2+0.2° 16.8+0.3" 16.5£0.3" 16.8+0.3 15-25
pH 7.7+0.0° 7.7+0.0° 7.60.1° 7.7+0.0 7-8.5

Values (meanxSE) with different superscript in each row show significant differences (F-test, P<0.05)

During the probiotic feed storage, survival rates of probiotic T13 were monitored and results showed that
78-85% survived after 7 days (data not shown). The effect of dietary probiotics T13 10° CFU g’1 and 10° CFU g%on
growth performance including initial weight, final weight, final length, weight gain, FCR, SGR and survival rate was
performed for 8 weeks. The analyzed data in different treatments and control are shown in Table 2. Initial weight
and survival rate did not differ among treated and control groups. However, the final weight and weight gain of
treatment A were recorded and showed a significant difference (P<0.05) compared with treatment B and control

groups. Final length, FCR and SGR of treatment A were not significantly different (P>0.05) compared to that of
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treatment B but had significantly higher (P<0.05) than those of control. Low survival was observed due to stress

and high stock density.

Table 2 Growth performance and survival rate of L. vannamei cultured with probiotic T13 and control for 8 weeks

Treatments Control A: 10° CFU g’1 B: 10° CFU g’1
Initial weight (g) 0.015+0.0022° 0.015+0.0006" 0.014£0.0020°
Final weight (g) 1.85+0.41° 3.09+0.58" 2.31+0.29°
Final length (cm) 6.29+0.33" 7.43+0.26° 6.90+0.15%
Weight gain (g) 1.84+0.11° 3.08+0.32° 2.29+0.09°
FCR 2.60+0.18" 2.03+0.15% 2.20+0.05%
SGR 8.46+0.26" 9.48+0.14° 9.00+0.21%°
Survival (%) 38.33+6.34° 33.89+1.47° 31.67+5.77°

Values (mean*SE) with different superscript in a row show significant differences (F-test, P<0.05)

The highest protease and amylase activity was recorded for the GIT of shrimp fed with treatment A followed
by treatment B and control after 8 weeks of culture as summarized in Figure 1. No significant difference was
observed in amylase activity from all treatments. However, protease activity of shrimp fed with T13 10° CFU g'1
(treatment A) was significantly higher (P<0.05) than those of T13 10° CFU g™ (treatment B) and control. This result
suggested that the increase of protease activity enhanced the digestion and absorption ability and, thus improved

shrimp weight gain.
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Treatment Treatment
Figure 1 Digestive enzyme activity of L. vannamei fed with probiotic T13 at concentrations of 10° CFU g~
(treatment A), 10° CFU g'1 (treatment B) or without probiotic T13 (treatment C) after 8 weeks. A,
amylase activity B, protease activity. Values (mean+SE) with different superscript show significant

differences (P<0.05).
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Discussion

The application of probiotics in aquatic animals is now wildly accepted and is increasing with the demand
for environmentally friendly aquaculture (Desriac et al., 2010; Dobson et al., 2012; Wang et al., 2008). The use of
probiotics in aquaculture has been demonstrated to have beneficial effect on growth performance, enzymatic
contribution to digestion, inhibition of pathogenic microorganisms and increased immune response (Becerra-
Dorame et al., 2012; Castex et al., 2008; Luis-Villasenor et al., 2011; Nguyen et al., 2018; Nimrat et al., 2012;
Toledo et al., 2019; Wang et al., 2008; Zokaeifar et al., 2012), but Arias-Moscoso et al. (2018) reported that the
addition of probiotics did not improve the water quality nor productive response of L. vannamei. Meta-analysis
showed that the probiotic effect on growth performance and shrimp survival depends on rearing conditions, method
of administration, dosage, probiotic strain, shrimp species and production stage (Toledo et al., 2019). In this study,
we demonstrated that L. plantatum T13, a beteriocinogenic bacterium isolated from traditional Vietnamese
fermented cabbage (Nguyen et al., 2014b), could enhance shrimp growth. The crude bacteriocin extract from T13
is stable at 100-120°C and has strong and broad antimicrobial activity against food spoilage and animal pathogenic
bacteria including diverse Vibrio species (Nguyen et al., 2014b). In addition, the combination of T13 with Bacillus
pumilus B3.10.2B and Bacillus cereus D9 in probiotics formulation Biolobster 2 feed increased the growth rate and
feed conversion ratio and resulted in increased survival after exposure to V. owensii as a pathogen in P. ornatus
juveniles (Nguyen et al., 2014a). Nguyen et al. (2018) reported that T13 inhibited the growth of AHPND-causing
V. paraheamolytics XN9, which was isolated from a AHPND outbreak in Ninh Thuan province, Vietnam in 2015.
There was a report that the daily addition of probiotic Bacillus fusiformis could improve the survival and accelerate
the metamorphosis of P. monodon and L. vannamei in larval shrimp rearing system with no water exchange (Guo
et al., 2009).

Aquaculture has become one of major protein sources and requires high quality feed as well as some
supplements to keep organisms healthy which favors growth (Farzanfar, 2006; Wang et al., 2008). Probiotics are a
good candidate for facilitating feed utilization, digestion and growth of aquatic organisms (Farzanfar, 2006; Wang
et al., 2008). Probiotics in the feed are commercially available and have been introduced to fish, shrimp and
mollusks farming (Wang et al., 2008). Lactobacillus and Bacillus are potential probiotics applied in aquaculture
(Farzanfar, 2006; Toledo et al., 2019). Dietary administration of T13 at concentrations of 10° CFU g significantly
improved the final weight and weight gain of shrimp, although FCR and SGR of T13 10° CFU g’1 were not statistically
different from control (table 2). The effect of two probiotics L. plantarum T8 and T13 at the concentration of 10°
CFU g%on body length and weight of L. vannamei studied by Nguyen et al. (2018) showed no significant differences
(P>0.05) among treatments after 5 weeks. However, the shrimps from T8 treatment showed a significant difference
(P<0.05) in body length and weight compared to the control after 12 weeks. The mixture of two probiotic strains,

B. subtilis L10 and G1 at two different concentrations 10° and 10° CFU g were previously performed on the growth
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performance and digestive enzyme activity of juvenile white shrimp (Zokaeifar et al., 2012). The result showed that
final weight, weight gain and digestive enzyme activity were significantly greater in shrimp fed with 10°and 10° CFU
g’1 diets compared to the control group. The application of multiple-strain probiotics provided more effective in
shrimp growth and overall health than single probiotic strains (Wang et al., 2019). The possible explanation for the
improvement of shrimp growth could be related to the modulation of the intestinal microbiota of L. vannamei and
the induction of digestive enzymes (Castex et al., 2008; Luis-Villasenor et al., 2013; Nimrat et al., 2012). Becerra-
Dorame et al. (2012) evaluated the effect of autotrophic (AS) and heterotrophic (HS) microbial based systems on
the digestive enzymatic activity of postlavae L. vannamei. According to their results, no significant differences were
observed for trypsin, amylase and lipase activities between the AS and control group, whereas the shrimp from HS
showed higher trypsin and amylase activities (Becerra-Dorame et al., 2012). Oujifard et al. 2012 conducted the
experiments to evaluate the effects of different protein levels and sources of protein, growth performance and
digestibility of Pacific white shrimp. The result revealed that weight gain increased when protein levels increased
which was related to digestibility. The protein digestibility for a rice protein diet was distinctly lower than the fish
meal diet , therefore, digestibility of protein was significantly affected by sources of protein (Oujifard et al., 2012).
Highly significant differences (P<0.05) of total protein, protease and amylase activity were observed for L. vanamei
fed diets supplemented with two probiotic B. subtilis strains for 8 weeks (Zokaeifar et al., 2012). In the present
study, the slight increase of amylase activity (P>0.05) and significantly increase (P<0.05) of protease activity
suggested that enhanced digestive activity was possibly caused by the presence of probiotic T13. It could be
concluded that the increase of protease activity markedly contributed to weight gain and FCR (Table 2).
Consequently, improvement in shrimp growth in treatment groups may be due to the concentrations of probiotics
with their activity localized in the digestive systems of shrimp. Kewcharoen et al. (2019) demonstrated that high
doses (1 0° CFU kg’1 diet) of probiotic B. subtilis AQAHBS001 provided positive effects on mucosal structure which
plays important role in digestive activity. The increasing of height and width of the intestinal epithelial cell and villi
help the digestion process by increasing absorption surface area (Kewcharoen et al., 2019). The results of electron
microscopic revealed that the intestinal mucosa was tight and the epithelium cells showed an active secretory state
in the probiotics group (Zuo et al., 2019). A diverse group of intestinal bacterial communities was observed in
shrimp treated with and without probiotics and influenced the health of the host (Luis-Villasenor et al., 2013). The
composition of the intestinal microbiota of shrimp treated with probiotics was distinctly different from control group
by SSCP fingerprints (Luis-Villasenor et al., 2013). However, the effect of probiotics on intestinal microflora of L.
vannamei was periodic, therefore, the microbial communities would tend to return to its original state (Zuo et al.,
2019). The survival of probiotics strain in the shrimp digestive tract is an important feature. B. subtilis AQAHBS001
showed the ability to adhere, colonize and survive in outer surface areas, the surrounding water and the midgut of

shrimp which was confirmed by gqPCR (Kewcharoen et al., 2019). Probiotic P. acidilactici administered at a
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concentration close to 10" CFU g’1 of feed was recovered around 10*-10° CFU g'1 in shrimp gut after 2 h of feeding
and decreased to 10° CFU g after 6 h of feeding (Castex et al., 2008). This result suggested that the probiotic
strain must be transient and may not adhere to the intestinal mucous of shrimp. However, de Vries et al. (2006)
reported that L. plantarum has a proven ability to survive gastric transit and can colonize the intestinal tract of
human and other mammals such as mice. Moreover, L. plantarum has a long history of natural occurrence and safe
use in food products for human consumption such as plant, milk and meat products (de Vries et al., 2006). Several
reports showed that different probiotic strains exhibit different results (Arias-Moscoso et al., 2018; Castex et al.,
2008; Luis-Villasenor et al., 2013; Nimrat et al., 2012; Toledo et al., 2019; Zokaeifar et al., 2012). Therefore,

screening and evaluation of potential probiotics are still challenging.

Conclusions
From our study, the probiotic T13 improved final weight, FCR and SGR of juvenile Pacific white shrimp but
had no effect on survival rate. T13 could increase protease activity after feeding shrimp for 8 weeks and the

appropriate concentration of probiotic T13 was 10° CFU g'1.
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