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Abstract

This study investigated the influences of dietary supplementation with Lactobacillus
plantarum (LP) on digestive efficiency, growth performance, immunological response, and
disease resistance of black sharkminnow (Labeo chrysophekadion) challenged with
Aeromonas hydrophila (A. hydrophila). Experimental fish (2.2 + 0.14 g) were fed different
doses of LP supplementation (0, 107, 108, and 10° CFU g!) for eight weeks. We found that
the digestive efficiency of fish fed various dietary LP levels increased significantly after four
and eight weeks of feeding (P < 0.05). Growth parameters of fish fed LP diets were much
greater than those fed non-LP diets. In addition, all dietary treatments of LP supplementation
substantially elevated lysozyme and peroxidase activity in both serum and skin mucus of
black sharkminnow compared to their activities in non-LP supplementation control fish (P <
0.05). The highest level of digestive efficiency, growth rate, and immune response was
obtained in fish fed the 10® CFU g’ LP diet (P < 0.05) after four and eight weeks of
experimental trial. Non-LP dietary supplementation fish challenged with A. hydrophila had a
survival rate of 30%, compared to a survival rate of 73.33-83.33% for LP dietary
supplementation fish, Collectively, these findings suggest that dietary supplementation with
L. plantarum at a concentration of the 108 CFU g in black sharkminnow significantly
improved growth rate, digestive enzyme activity, immune, and disease resistance against 4.
hydrophila infection,

Keywords: black sharkminnow, Lactobacillus plantarum, dietary supplementation; digestive

efficiency, disease resistance
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1. Introduction

In the last decade, fish have been progressively subjected to extreme stress as a consequence
of super-intensive farming practices, resulting in a decline in feed intake, emergence of
numerous aquatic diseases, and a deterioration in safety of aquatic products (Naiel et al., 2022,
Rohani et al., 2022). Antibiotics and chemotherapeutics are often used to combat disease
outbreaks in aquaculture production recently relatively (Rohani et al., 2022; Yilmaz el al.,
2022). Nonetheless, antibiotic use has a variety of undesirable side effects that reduce its
efficacy in combating infectious infections, and it also presents a significant threat to the
aquatic ecosystem, In addition, antibiotic use impairs the natural immune response of fish and
promotes the development of antibiotic-resistant strains of pathogenic bacteria, which
encourages the use of higher doses of antibiotics (Desbois et al., 2021; Nadella et al., 2021).
Hence there is a need to find viable alternatives to combat the risk of antibiotics for a
sustainable high-quality production of fish. Functional feed additives, such as
immunostimulants, are increasingly being used in farmed animals to prevent infectious
disease and avoid indiscriminate use of antibiotics, to enhance the growth of commercially
farmed aquatic animals. A variety of feed additives such as yeasts, medicinal extracts,
probiotics or prebiotics, have been shown to be promising candidates for providing one or
more of these advantages in both small scale and large scale commercial aquaculture (Butt et
al., 2021; Ghosh et al,, 2021; Hernandez-Contreras and Hernandez, 2020; Yilmaz et al.,
2022). Probiotics, particularly lactic acid bacteria (LAB), are one of the most promising
dietary supplements in aquaculture. In fact, a number of studies have shown that LAB
supplementations have the potential to improve the overall health of aquatic animals, such as
snakehead fish (Channa argus) (Kong et al., 2020), whiteleg shrimp (Litopenaeus vannamer)
(Lin and Chen, 2022), bighead catfish (Clarias macrocephalus) (Hien et al., 2021), pond

loach (Misgurnus anguillicaudatus) (Yang et al., 2021), Nile tilapia (Oreochromis niloticus)
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(Van Doan et al., 202 1a), and Asian seabass (Lates calcarifer) (Siddik el al., 2022). Among
the LAB, Lactobacillus plantarum (L. plantarum) is one of the most common species used in
aquaculture (El-Saadony et al., 2021). It is a well-adapted bacterium that may efficiently
inhibit the growth of pathogens by producing bacteriocin (Dai et al., 2022). It has been shown
that the administration of L. plantarum increases digestive enzyme activity, enhances growth
performance and feed utilization efficiency, and boosts immune response and infection
resistance in aquatic animals (Foysal et al., 2020; Hien et al., 2021; Sagada et al., 2021; Van
Doan et al., 2021b). To date, however, there is limited investigation regarding the effects of
L. plantarum on black sharckminnow (Labeo chrysophekadion).

Black sharkminnow, commonly known as black shark or black labeo, is a species of
freshwater fish of the carp family (Fricke, 2020). It is indigenous to Asia, and is distributed
from the Mekong River and Chao Phraya basins to the Malay-Indonesian Archipelago
(Froese, 2009). Currently, black sharkminnow is a commercially important species and it is
one of the most costly fish on the market in the areas of the Mekong river basin, southern of
Lao PDR, northern and northeast of Thailand (Lasasimma and Ingram, 2008). Infectious
diseases, on the other hand, have lately caused enormous economic losses in commercial
aquaculture, especially in Labeo chrysophekadion (L. chrysophekadion) farming in both
cement and earthen ponds. One of the most prevalent pathogens is Aeromonas hydrophila (A.
hydrophila), a pathogenic bacterium that causes a broad spectrum of infections in fish. In this
study, we access the effects of different doses of L. plantarum on growth rate, immune
response, digestive efficiency, and disease resistance against A. hydrophila in black
sharkminnow.

2. Materials and methods

2.1 Diet preparation
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Lactobacillus plantarum (MU1 strain) used in this study was provided by Assoc. Prof. Dr.
Chanagun Chitmanat (Maejo University, Chiang Mai, Thailand). The administration doses of
L. plantarum were chosen based on previous research (Dash et al., 2015; Giri et al.,2013). L.
plantarum supplemented diets were daily prepared following the protocols previously
reported by Irianto and Austin (2002). The basal diets used in the current study were modified
from previous study (Safari et al., 2017). The diets contained approximately 36.88% of crude
protein and 1.67% of crude lipid. Four experimental diets were designed by supplementing
the basal diet with L. plantarum concentration as follows: 0 CFU ¢! (LP1-control), 107 CFU
g! (LP2), 10® CFU g' (LP3), and 10’ CFU g' (LP4) (Table 1). The LP concentrate was
thoroughly combined with soybean oil and shaped into feed pellets prior to packaging and
storing at 4 °C for further use (Van Doan et al., 2021a).

2.2 Fish maintenance and experimental design

Black sharkminnow fingerlings (2.2 + 0.14 g) were purchased from the Boonlert Farm,
Lampang, Thailand. Fish were raised in 150 L tanks (4 x 4 x 1,5 m) and given a commercial
feed (CP9950, Thailand) for two weeks. A total of 360 fish were randomly allocated in 12
experimental tanks, each tank containing 30 fish. Each treatment was carried out in triplicates,
Each cultured tank was equipped with constant aeration and at least 50% of water was
replaced daily.l Water parameters, including temperature, pH, and DO were measured twice
daily using multiparameter (HI 98196, Hanna, Romania).

2.3 In vitro digestibility assays and digestive enzyme activity

Stomach and intestine samples from black sharkminnow (3 fish/tank/replicate) were collected
at different time points (day 0 and day 60). In vitro digestibility assays of different fish diets
were examined according to the procedures as previously described (Rungruangsak-Torrissen
of al., 2002). Briefly, the samples (stomach and intestine) were homogenized (1:1 w/v) in

Tris-HC1 (50 mM, pH 8.0), followed by centrifuging at 15,000 x g at 4 °C for 60 min. The
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supernatant was then dialyzed in phosphate buffer (10 mM, pH 7.8) overnight. The crude
enzyme extract was collected by centrifuging and stored at —80 °C for further analysis. Next,
a total of 40 mL of phosphate buffer (10 mM, pH 8.2) and 0.2 mL of 0.5% chloramphenicol
(dissolved in 96% ethanol) were added into 25 mL of crude enzyme extract and mixed
thoroughly. The mixture was incubated in a shaking incubator at 15 °C overnight. Prior to
performing digestion, 0.5 mL of each mixture was taken as a control. The remaining mixture
was immediately heated at 100 °C for 5 min to inactivate enzymes, followed by rapidly frozen
at— 80 °C for subsequent examination of control reactive amino groups and liberated reducing
sugar levels using trinitrobenzene sulphonic acid (TNBS) and dinitrosalicylic acid (DNS)
assays, respectively (Rungruangsak-Torrissen, 2018; Rungruangsak-Torrissen et al., 2002).
The activity of trypsin and chymotrypsin were measured in the same manner as previously
reported by Rungruangsak-Torrissen (2018). Briefly, trypsin activity was measured according
to the protocols as previously described (Torrissen and Male, 2000), using 1.25 mM of
benzoyl-L-arginine-p-nitroanilide dissolved in 5% dimethylformamide as substrate in 0.2 M
of Tris-HCI pH 8.4 and the absorbance was detected at a wavelength of 410 nm.
Chymotrypsin activity was similarly measured using 0.1 mM of N-succinyl-Ala-Ala-Pro-Phe-
p-nitroanilide dissolved in 5% dimethylformamide as substrate in 0.2 M of Tris-HCI pH 8.4
(Torrissen and Male, 2000) and the absorbance was detected at a wavelength of 410 nm. The
activity of protease was measured according to the procedures as previously described by
Rungruangsak-Torrissen (2018), using 1% azocasein as substrate and the absorbance was
detected at a wavelength of 440 nm. The activity of amylase was measured according to the
protocols as previously described by Rungruangsak-Torrissen (2018), using 1% starch as a
substrate and the absorbance was detected at a wavelength of 540 nm.

2.4 Growth parameter
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After four and eight weeks of feeding trial, growth parameter and survival rate of fish were
measured as follows:

Weight gain (WG, g) = final weight — initial weight

Average daily gain (ADG, g day™') = (final weight — initial weight)/experimental duration
Specific growth rate (SGR, %) = 100 x (final weight — initial weight)/experimental duration
Feed conversion ratio (FCR) = feed given (dried weight)/weight gain (wet weight)

Survival rate (%) = (final fish number/initial fish number) x 100

2.5 Hematological assays

To collect blood samples, fish (3 fish/tank/replicate) were randomly taken and anesthetized
by a lethal dose of clove oil, followed by withdrawing blood at the caudal vein using 1 mL-
syringe. The blood samples were then stored at 4 °C for further use. White blood cell (WBC)
and red blood cell (RBC) counts were carried out in the same manner as previously reported
(Houston, 1990). Giemsa-stained blood smears were used to detect differential WBC and
RBC counts.

2.6 Immune response

2.6.1 Sample collection

To collect mucus samples, fish (3 fish/tank/replicate) were randomly retrieved and
anesthetized by clove oil (5 mL litre™ of water). Fish were kept in a plastic bag supplemented
with 10 mL of 50 mM NaCl and gently rubbed for 1 min. The samples were centrifuged at
1500 x g for 10 min, and the mucus samples were collected and stored at —80 °C until need.
The sample collection wés conducted according to the procedures as previously described by
Cordero et al. (2016).

To collect serum samples, 1 mL of blood was withdrawn from the caudal vein of fish using a
1 mL-syringe. The blood collection (without anticoagulant) was conducted following to the

procedures as previously reported by Van Doan et al. (2019). The blood samples were
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incubated for an hour at room temperature and at 4 °C for further four hours, followed by
centrifuging at 5000 x g for 5 min, The serum was collected and stored at ~80 °C until needed.
2.6.2 Lysozyme and peroxidase assays

Lysozyme activity in serum and skin mucus was measured according to the methods
described by Parry ef al. (1965), with a minor modification in Van Doan et al. (2019). Briefly,
three replicate samples of skin mucus (100 pL) and undiluted serum (25 pL) were added to
wells on a flat-bottom microplate, followed by the addition of 175 pL. of Micrococcus
Iysodeikticus into each well. The microplate was rapidly mixed, and turbidity changes were
recorded every 30 s using a microplate reader at 540 nm. The equivalent unit of activity for
each sample was computed using the standard curve established by graphing the reduction in
optical density value against the concentration range of 0-20 pL mL™ of hen egg-white
lysozyme (Sigma, USA) and was expressed as pg mL™ of serum.,

Peroxidase activity in serum and skin mucus was measured according to the methods
described by Quade and Roth (1997) and Cordero et al. (2016). Briefly, 5 pL of skin mucus
and serum was added to a flat-bottom microplate with three wells, along with 45 pl. of Hank's
balanced salt solution, and 100 pL of S1 solution [containing 30% H20: (Sigma, USA), 1
tablet of 3,3",5,5'-tetramethylbenzidine (Sigma, USA), and distilled water] were added to each
well. The reaction was halted by the addition of 50 pL. 2 M H2SO4 after 5-10 min, and
the absorbance was measured at 450 nm using a microplate reader. The activity was
expressed in units (U) per mg of skin mucus or serum proteins, where a unit was defined as
the amount of serum or mucus proteins that caused an absorbance change of one.

2.6.3 Alternative complement pathway activity (ACH50)

ACHS50 activity was measured following the procedure of Yano (1992), with a minor
modification in Van Doan et al. (2019). Briefly, rabbit red blood cells (R-RBC) were washed

3-5 times in 0.01 M veronal buffer (ethylene glycol tetra-acetic acid-magnesium-gelatin,
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EGTA-Mg-GVB), followed by adjusting the concentrate of R-RBC up to 2 x 108 cells mL™
in same buffer. The R-RBC suspension (100 pL) was then lysed with distilled water (3.4 mL).
The absorbance of hemolysate was detected at a wavelength of 414 nm. Serum samples (100
uL) were diluted with veronal buffer (400 pL) and 2-fold serially diluted solutions were used
to evaluate ACHS50 assays. The R-RBC suspension (100 L) was kept at 20 °C for 1.5 h,
followed by the addition of 3.15 mL of 0.85% NaCl to halt the reaction. The solution was
centrifuged at 1600 x g for 5 min, The absorbance was detected at a wavelength of 414 nm.
The hemolysis levels were measured (corrected absorbance value/ corrected absorbance of
100% hemolysis control). The serum volume that presented 50% hemolysis was used for
calculating ACHS0 activity. The formula for calculating ACH50 was carried out in the same
manner as previously described (Van Doan et al., 2016).

2.7 Challenge test

Aeromonas hydrophila was kindly provided by Assoc. Prof. Chanagun Chitmanat, (Maejo
University, Thailand). The bacterial culture was performed on Tryptone Soya Agar (TSA)
medium. After eight weeks of feeding trial, a total of 10 fish from each replicate was
intraperitoneally injected with 0.1 mL of A. hydrophila (approx. 108 CFU mL™) (Yousefi et
al, 2021). The mortality and abnormality of fish were observed for 15 days. The relative
percentage of survival (RPS) was measured as follows: RPS = [1 — (% mortality in dietary
treatment/% mortality in control)] x 100 Amend (1981).

2.8 Statistical analysis

SAS Computer Program was used to examine data normality using the Kolmogorov-Smirnov
test (SAS, 2003), and significant differences between treatments were calculated using one-
way ANOVA and Duncan's Multiple Range Test. Data with statistically significant
differences (P < 0.05) are given as means + SE.

3. Results
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3.1 Analysis of In vitro digestibility

In vitro digestibility activity of carbohydrate and protein (mean + SE) in stomach and intestine
of L. chrysophekadion is presented in Table 2, After eight weeks of feeding, fish fed the 0
CFU g'LP (PL1) and 107 CFU g! LP (LP2) had significantly (P <0.05) higher carbohydrate
digestibility than those fish fed the 108 CFU g LP (LP3) and 10° CFU g"' LP (LP3), but this
was not statistically significant (P > 0.05) between fish fed LP1 and LP2 (Table 2). No
significant difference was found between fish fed LP3 and LP4 (P > 0.05). The highest levels
of carbohydrate digestibility were obtained in fish fed the LP1, followed by the level of fish
fed the LP2, P4, and LP3, Protein digestibility was not statistically significant difference in
any of dietary treatments (P > 0.05) (Table 2). The highest levels of protein digestibility were
recorded in fish fed the LP4, followed by the levels of fish fed the LP3, LP2, and LP1.

3.2 Analysis of digestive enzyme activity

Digestive enzyme activity of amylase, protease, trypsin, chymotrypsin, and T/C ration in
stomach and intestine of L. chrysophekadion is presented in Table 3. There was no statistically
significant difference (P > 0.05) in amylase activity between fish LP-supplemented diets and
those fed only a basal diet (0 CFU g! LP) after eight weeks. However, fish fed the 10° CFU
g LP diet had significantly higher amylase activity than those fed the 107 CFU g LP diet (P
<0.05). No significant difference was found in fish fed LP1 and LP3 (P > 0.05).

After eight weeks of feeding, fish fed LP diets (107, 108, and 10° CFU g') had a higher
protease activity than those fed the basal diet with 0 CFU g™' LP, but this was only statistically
significant (P < 0.05) for fish fed the LP3 diet (Table 3). Trypsin activity was significantly
higher (P < 0.05) in all LP-supplemented dietary treatments compared to the control group (0
CFU g! LP), but differences between groups fed the LP supplemented diet were not
significant (P > 0.05) (Table 3). Similar observations were noted with chymotrypsin activity.

The highest chymotrypsin activity level was obtained in the LP4 diet group (0.35 +0.23) after

10
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eight weeks of feeding trial. T/C ratio determination displayed a substantially higher level in
the control group compared to those in the LP2 and LP3 diet groups (P <0.05). No statistically
significant difference was observed in any group of LP-supplemented dietary treatments (P >
0.05).

3.3 Analysis of growth performance

Growth performance and feed utilization of L. chrysophekadion after four and eight weeks of
feeding trial are presented in Table 4. After four weeks of feeding, fish fed the LP diets (1 07,
108, and 10° CFU g!) had a greater weight gain (WG), average daily weight gain (ADG), and
specific growth rate (SGR) than those fed the basal diet with 0 CFU g”' LP, but no statistically
significant differences (P > 0.05) were obtained in any groups of treatments (Table 4).
However, after eight weeks of observation, WG, ADG, and SGR were significantly higher (£
< 0.05) in all LP-supplemented dietary treatments compared to the control group, but
differences between groups fed the AR supplemented diet were not significant (£ > 0.05)
(Table 4). The lowest FCR was observed in the LP3 diet group (2.10 £ 0.05), followed by the
LP4 (2.13 +0.02), LP1 (2,18 £ 0.03) and LP2 (2.25 + 0.03) after eight weeks of trial. None
of the treatments substantially differed in terms of survival rates (P>0.05).

3.4 Analysis of hematological parameter

Hematological indices of L. chrysophekadion after eight weeks of feeding are presented in
Table 5. There was 1o significant difference (P > 0.05) in red blood cell (RBC) counts
between fish fed LP2-supplemented diet and those fed only a basal diet (0 CFU g! LP) after
eight weeks. Fish fed the 10® and 10° CFU ¢! LP diets had significantly higher RBC than
those in other treatments (Table 5). A statistically significant difference in white blood cell
(WBC) counts was found in all the treatments (P <0.05). The highest level of WBC (5.30 +

0.01) was observed in fish fed the 10® CFU g LP, followed by the supplementation of the

11
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10° CFU g LP (4.65 +0.04), 107 CFU g! LP (3.76 + 0.03), and the control diet group (1.21
+0.02),

3.5 Analysis of immune response

3.5.1. Lysozyme and peroxidase activity in skin mucus

Lysozyme activity in skin mucus was significantly higher (P < 0.05) in fish fed LP-
supplemented dietary treatments compared to those in fed the basal diet control (0 CFU g
LP) after four and eight weeks of feeding (Fig. 1). After four weeks of trial, the highest level
of lysozyme activity was obtained in fish fed the LP3 (ca. 2.6-fold), but the greatest level was
observed in fish fed the LP4 (ca. 1.5-fold) after eight weeks of feeding trial. However, no
statistically significant difference in lysozyme activity (P > 0.05) was found between the LP-
supplemented dietary treatment groups (Fig. 1A).

Peroxidase activity in skin mucus was significantly higher (P < 0.05) in fish fed LP-
supplemented dietary treatments compared to those in fed the basal diet control (0 CFU g!
LP) after four and eight weeks of feeding. After four weeks of feeding trial, the highest level
of peroxidase activity was obtained in fish fed the LP3 (ca. 2-fold), but the greatest level was
observed in fish fed the LP4 (ca. 3.1-fold) after eight weeks of feeding trial. However, no
statistically significant difference in peroxidase activity (P > 0.05) were found between the
LP3 and LP4-supplemented dietary treatment groups (Fig. 1B).

3.5.2. Lysozyme and peroxidase activity in serum

Lysozyme activity in serum was considerably higher (P < 0.05) in fish fed LP-supplemented
dietary treatments compared to those in fed the basal diet control (0 CFU g! LP) after four
and eight weeks of feeding (Fig. 2). After four weeks of trial, the highest level of lysozyme
activity was obtained in fish fed the LP3 (ca. 2-fold), but the greatest level was observed in

fish fed the LP4 (ca. 1.3-fold) after eight weeks of feeding trial. However, no statistically

12
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significant difference in lysozyme activity (P > 0.05) was found between the LP-
supplemented dietary treatment groups (Fig. 2A).

Peroxidase activity in serum was significantly higher (£ < 0.05) in fish fed LP-supplemented
dietary treatments compared to those fed the basal diet control (0 CFU g'! LP) after four and
eight weeks of feeding. After four weeks of feeding trial, the highest level of peroxidase
activity was obtained in fish fed the LP3 (ca. 2.8-fold), but the greatest level was observed in
fish fed the LP4 (ca. 3.08-fold) after eight weeks of feeding trial. However, no statistically
significant difference in peroxidase activity (P > 0.05) were found between the LP3 and LP4-
supplemented dietary treatment groups (Fig. 2B).

3.5.3. Alternative complement pathway activity (ACH50)

Alternative complement pathway activity was significantly higher (P < 0.05) in fish fed LP-
supplemented dietary treatments compared to those in fed the basal diet control (0 CFU g
1P) after four and eight weeks of feeding (Fig. 3). After 4 weeks of feeding, the highest level
of ACHS0 was obtained in fish fed the LP3 (ca. 1.6-fold), but the greatest level was observed
in fish fed the LP4 (ca. 1.8-fold) after eight weeks of feeding trial. However, no statistically
significant difference in lysozyme activity (P > 0.05) was found between the LP-
supplemented dietary treatment groups (Fig. 3).

3.6. Challenge test

For supplemented fish in the LP1 treatment group, mortality occurred on day 2 and continued
until day 10, whereas the latest incidence of fish mortality was recorded on day 4 for fish in
treatment group LP2. After 15 days of challenge with 4. hydrophila, the highest survival rate
was achieved in LP3 diet (83.33%), followed by the LP diet (80%), LP2 diet (73.33%), and
LP1 diet (30%). The RPS of LP2, LP3, [P4-supplemented dietary treatments were 61.90%,

76.19%, and 71.43%, respectively (Fig. 4).
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4. Discussion

Probiotics are micro-organisms or their derivatives that confer health benefits on the host.
They have been exploited in aquaculture to improve growth and disease resistance by
complementing or replacing the use of antimicrobial substances (El-Saadony et al., 2021
Hoseinifar et al., 2018; Mondal et al., 2022). Lactobacillus plantarum, one of the most well-
known probiotics, has been shown to enhance growth performance in several farmed fish,
such as Common carp, Cyprinus carpio (Zhang et al., 2020); Bighead catfish, Clarias
macrocephalus (Hien et al., 2021); Olive flounder, Paralichthys olivaceus (Li et al., 2021);
Black sea bream, Acanthopagrus schlegelii (Sagada et al., 2021); or Cyprinus carpio (Amit
et al., 2022). In this study, our data showed that fish fed the LP-supplemented dietary
treatments improved growth and feed utilization, resulted in an increase in WG, ADG, SGR
and a reduction in FCR levels. The highest levels of WG, ADG, and SGR, and decreased FCR
were observed in fish fed the LP3 diet (10® CFU g') after eight weeks of trial. This might be
read as more digestive enzyme activity, indicating greater digesting capacity, which in turn
increases growth rate. The WG, ADG, and SGR level were higher in fish fed the LP3 diet
(108 CFUg") compared to those fed the LP4 diet (10° CFUg"), but no significant discrepancies
were found between two dietary treatment groups, Numerous previous studies have indicated
that fish fed diets with higher doses of probiotics had a decreased growth rate compared to
those fed a lower concentration (Sagada et al., 2021; Yang et al., 202[; Zhou et al., 2022). In
addition, it has been demonstrated that the optimal benefits on growth and other physiological
states are not associated with a higher probiotic dose (Amit et al,, 2022). Overdosing may
result in unpleasant side effects and higher costs, whilst underdoing may result in costs
without generating sufficient results (Amit et al., 2022),

Digestive enzymes are essential for nutrient metabolism (Assan et al, 2022), hence

determining the capacity of fish to ingest the relevant nutrients in a particular diet (Gilannejad

14



VWO d Wwh =

347

348

349

350

351

302

353

354

155

356

357

358

329

360

361

362

363

364

365

366

367

368

369

370

3

et al., 2018). There is a majority of evidence to indicate that probiotics may enhance the
activity of digestive enzymes in several species, which is linked to their propensity to produce
digestive enzymes (Dawood ef al., 2018), In this study, the activity of amylase, protease,
trypsin, and chymotrypsin enzymes displayed a considerably greater level in fish fed LP-
supplemented dietary treatments than in those fed the basal diet control group. Previously,
the effects of probiotics on digestive enzyme function have been investigated in different
species, including roach (Rutilus rutilus caspicus) (Tarkhani et al., 2020); Asian seabass
(Lates calcarifer) (Ghanei-Motlagh et al., 2021); or common carp (Mohammadian et al.,
2022). Dietary probiotics may alter the intestinal microbiota composition in fish (Deng et al.,
2022 Guangxin et al., 2022; Zhang et al., 2022). As a consequence, their use may lead to an
increase in the number of beneficial microorganisms in the intestines, which improves
digestive enzyme activity. (Bjergen et al., 2020; Liu et al., 2016)

In fish, haematological markers are significant indications of health, physiological stress
response, nutritional pattern, and environmental factor (Witeska et al., 2022). In this study,
the higher counts of RBC and WBC were observed in fish fed the LP-supplemented dietary
treatments than in those fed without the LP supplementation. The increased levels of WBC
and RBC may stimulate the innate immune defense system against pathogens and improve
the functions of blood immune system (Amenyogbe et al., 2022; Gayed et al., 2021; Puente-
Marin et al., 2019). The findings in this study pointed out that the fish fed without LP-
supplemented dietary treatment are more vulnerable to bacterial infections than those fed
supplementation diets with probiotics.

Skin mucus and serum play an important function in immunological responses in fish (Dash
ef al., 2018; Salinas et al., 2021). They function as an initial line of defense system, which
helps to protect fish from infections caused by pathogens. (Johansson and Hansson, 2016). In

this study, a significant increase was observed in skin mucus and serum of fish fed the 10°
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CFU g' LP after eight weeks of feeding trial. Our findings were consistent with those of other
research conducted in Siberian sturgeon, Acipenser baerii (Ghodrati et al., 2021); zebrafish,
Danio rerio (Hu et al., 2021); bighead catfish (Hien et al., 2021); and in Atlantic salmon,
Salmo salar (Nimalan et al., 2022), There is evidence that lactic acid bacteria may alter one
or more components of humoral, cellular, or nonspecific immunity. These enhancements may
be attributable to the immunomodulatory properties of L. plantarum (Elmadfa et al., 2010;
Masood et al., 2011). L. plantarum significantly increased splenocyte proliferation and NK
cell activity, indicating that the strain may promote humoral immunity and cell-mediated
immunity and, thus, may have potential immunological activity (Meng et al., 2018). In
addition, L. plantarum may stimulate the differentiation of naive T cells (Th1) and contribute
to immunomodulatory response (Ren et al., 2019).

The pathogenic challenge is essential for determining the effect of probiotics on the defensive
responses and disease resistance of fish (Naiel et al., 2022; Rohani et al., 2022), In this study,
supplemented dietary treatments at different doses of LP substantially increased cumulative
survival rates of black sharkminnow challenged with A. hydrophila after eight-week of
feeding trial. Consequently, our findings demonstrated that L. plantarum supplementation
may boost the non-specific immunity of L. chrysophaedium, resulting in resistance to the
infection of A. hydrophila. Previous studies have demonstrated that probiotics (i.g.,
Lactobacillus spp.) improve disease resistance in loach, Misgurnus anguillicaudatus (Yang
et al, 2021); mandarin fish, Siniperca chuatsi (Zhu et al,, 2021), and Nile tilapia,
Oreochromis niloticus (Zhou et al., 2022), which is consistent with our findings in this study.
Our findings indicate that dietary supplementation of the 10® CFU g! L. plantarum can
improve the growth, digestive enzyme activity, immunological response, and survival rate of
L. chrysophekadion against A. hydrophila infection. Taken together, these results suggest that

L. plantarum may be used as a functional feed additive in L. chrysophekadion species.
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Figure 1. Lysozyme (A) and peroxidase (B) activity in skin mucus of Labeo chrysophekadion

3) after eight weeks feeding trial with different doses of

(L. chrysophekadion) (n

Lactobacillus plantarum (LP)-supplemented dietary treatments, with diets; 0 CFU g (LP1-

control), 107 CFU g (LP2), 10° CFU g (LP3), and 10° CFU g (LP4). Data are represented

as mean + SE. Significantly different levels are denoted by superscript letters (P <0.05).
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Figure 2. Lysozyme (A) and peroxidase (B) activity in serum of L. chrysophekadion (n

after eight weeks feeding trial with different doses of LP-supplemented dietary treatments, with

diets: 0 CFU g (LP1—control), 107 CFU g (LP2), 10® CFU g (1P3), and 10° CFU g (LP4).

Data are represented as mean + SE. Significantly different levels are denoted by superscript

letters (P <0.05).
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Figure 3. Alternative complement activity (ACHS0) of L. chrysophekadion (n

weeks feeding trial with different doses of 1P-supplemented dietary treatments, with diets: 0

CFU g (LP1—control), 107 CFU g (LP2), 108 CFU g (LP3), and 10° CFU g (LP4). Data

are represented as mean == SE. Significantly different levels are denoted by superscript letters

(P <0.05).
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hydrophila after eight weeks feeding trial, with diets: 0 CFU g (LP1-control), 107 CFU g
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Table 1. The formulation and proximate composition of experimental diet (%0)

T T R

Experimental diets

Ingredients

LP1 LP2 LP3 LP4
Fishmeal 40.00 40.00 40.00 40.00
Wheat flour 21.00 19.00 17.00 15.00
Soybean meal 13.50 13.50 13.50 13.50
Wheat gluten 5.50 5.50 5.50 5.50
Soybean oil 6.00 6.00 6.00 6.00
Fish oil 6.00 6.00 6.00 6.00
Minerals 3.00 3.00 3.00 3.00
Vitamins 2.00 2.00 2.00 2.00
Alpha - starch 2.00 2.00 2.00 2.00
BHT 0.50 0.50 0.50 0.50
Antioxidant 0.50 0.50 0.50 0.50
Lactobacillus plantarum (CFU g) 0 107 108 10°
Proximate composition of the experimental diets (Y% dry weight)
Moisture 10.39 11.43 10.17 11.28
Crude protein 36.88 36.76 36.70 36.65
Fiber 1155 11.29 11.35 11.39
Ash 411 4.16 4.09 4.14
Crude lipid 1.67 1.64 1.87 2.04

LP: Lactobacillus plantarum



Table 2. In vitro digestibility of carbohydrate (WM maltose g feed! amylase activitiy') and
protein (M DL-alanine equivalent g feed! trypsin activitiy') in stomach and intestine of L.
chrysophekadion after eight weeks of feeding trial, with diets: LP1 (0 CFU g L. plantarum,
control), LP2 (10" CFU g L. plantarum), LP3 (108 CFU g L. planiarum), and LP4 (10° CFU

g L. plantarum). Different letters in a row denote significant differences (P < 0.05) and

means + SE
Parameters Experimental diets
: LP1 LP2 LP3 LP4
Carbohydrate 7935 +£1.5%° 720+ 1,738 444 + 0.90° 4642069

Protein 16.15+£0.61° 16.44+0.15*  16.65+0.25° 16.84 +0.21°




Table 3. Digestive enzyme activity in the stomach and intestine of L. chrysophekadion after

eight weeks of feeding trial, with diets: LP1 (0 CFU g’ L. plantarum, control), LP2 (107 CFU

g L. plantarum), LP3 (10° CFU g' L. plantarum), and LP4 (10° CFU g L. plantarum).

Different letters in a row denote significant differences (P <0.05) and means + SE

Experimental diets

Fagmekers LP1 LP2 LP3 LP4
Amylase 0.26 £0.04®  0.19+0.01° 0.27 £0,02% 0.30 +0.02°
Protease 0.61 £0.07° 0.64 +0.07° 0.91 +0.03° 0.76 +0.05°
Trypsin 0.13 +£0.01° 0.24 + 0,06 0.24 +£0.02° 0.23 +0.04°
Chymotrypsin 0.11+004>  023+0.07° 0.27 +0.06" 0.35 +£0.23°
T/C ratio 2.07 £1.21° 1.18 £0.33 1.02 +0.31° 1.50 +0.65%®




?

Table 4. Growth performance and feed utilization (mean + SE) of L. chrysophekadion after

four and eight weeks of feeding trial, with diets: LP1 (0 CFU g L. plantarum, control), LP2

(107 CFU g L. plantarum), 1LP3 (108 CFU g! L. plantarum), and LP4 (10° CFU g' L.

plantarum). Different letters in a row denote significant differences (P <0.05)

Duration Parameter

Experimental diets

LP1 LP2 LP3 LP4
W (g) 22+0.14 2.2 40.14 22+0.14 2.2+0,14
WG (g) 348+022° 3.64+0.66° 442+0.19° 439+0.07°
4 weeks ADG (gdays!) 0.12+0.01*  0.12+0.02* 015+0.01° 0.13+0.01°
' SGR (%) 1.51+£021° 157+063" 232+0.14* 2,18+0.07°
FCR 099+003 1.17+0.17°  1.01£0.05* 1.1940.01°
Survival (%)  90.00+3.33* 91.11+1.11* 9334+£333" 95564294
8 weeks WG (g) 353+0.13° 383+0.07° 446+£025 4.45+023°
ADG (g) 0.05+0.01> 0.07+001* 0.07+£001* 0.07+0.01
SGR (%) 061+£011° 1.05+0.07°  1.14+£0.10* 1.10+0.04
FCR 2.18+0.03"% 225+0.03> 2.10+£0.05* 2.13+0.02°
Survival (%)  82.52+6.47° 86.31+4.84° 8533+203° 87.31+441°

IW, Initial weight, WG, Weight gain, ADG, Average Daily Gain; SGR, Specific growth rate;

FCR, Feed conversion ratio, SR, Survival rate



Table 5. Hematological indices (mean + SE) of L. chrysophekadion after eight weeks of
feeding trial, with diets: LP1 (0 CFU gl L. plantarum, control), LP2 (10" CFU g! L.
plantarum), LP3 (10° CFU g L. plantarum), and LP4 (10° CFU g L. plantarum). Different

letters in a row denote significant differences (P <0.05)

Experimental diets
LP1 LP2 LP3 LP4
RBC (x10° cell/mm”) 376+023° 449+011° 1400£077" 19.63+£0.22°
WBC (x10*cel/mm?®) ~ 121£0.02° 3.7640.03° 530+ 0.01°  4.65+0.04"

RBC, Red blood cells; WBC, White blood cells.

Parameters




.onflict of Interest

Conflicts of Interest Statement

The authors whose names are listed immediately below certify that they have NO
affiliations with or involvement in any organization or entity with any financial interest
(such as honoraria; educational grants; participation in speakers’ bureaus; membership,
employment, consultancies, stock ownership, or other equity interest; and expert
testimony or patent-licensing arrangements), or non-financial interest (such as personal
or professional relationships, affiliations, knowledge or beliefs) in the subject matter or

materials discussed in this manuscript.



