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Abstract. Disease management is still an obstacle in Litopennaeus vannamei culture. For example, in
2009, a new disease appeared in brackish water shrimp species, namely EMS (Early Mortality Syndrome)
caused by Vibrio parahaemolyticus with a unique strain (Vp-AHPND) plasmid (pAP1) 70 kbp. The
syndrome could decrease the survival rate of L. vannamei dramatically after infection. This study aimed
to examine the effect of synbiotic (Amorphophallus muelleri Bl. and Bacillus sp.) mixed in the commercial
feed to boost L. vannamei immune system against V. parahaemolyticus. The study was conducted with 4
treatments, including TO (commercial antibiotic), T1 (3% prebiotics), T2 (2% probiotics and 3%
prebiotics), T3 (4% probiotic and 3% prebiotic), T4 (6% probiotic and 3% prebiotic). Furthermore, all
data was analyzed using statistical analysis that is provided by SPPS program. The results showed that
the administration of synbiotics consisting of 2% probiotic and 3% prebiotic increased most parameters,
including total hemocyte count (THC), granulocytes cells, total weight, and survival rate reaching 13.4 x
108 cells mL™, 58.67 %, 0.182 g, and 50 %. Moreover, the highest number of phagocytosis was
generated by T1, accounting for 65.67 %, while four treatments (TO, T1, T3, and T4) had a similar level
for hyaline. Based on the results, the present study suggests that 2% probiotic and 3% prebiotic (T2)
could be applied in the L. vannamei culture as a synbiotic to improve the immune system and growth
performance.
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Introduction. Vannamei shrimp (Litopenaeus vannamei) is one of Indonesia's fishery
commodities and an export commodity (Amelia et al 2021). Based on statistical data
from the General Directorate of Aquaculture Indonesia, the production of vanamei shrimp
reached 517.397 tons in 2020. Furthermore, the production of vannamei shrimp is
projected to climb, achieving 1.290.000 tons in 2024 (a rise of 250%) (Soebjakto 2020).
However, shrimp production increases with intensive shrimp cultivation always negatively
impact the environment and generate some diseases, such as bacteria, viruses, fungi,
and protozoans (Gao et al 2016; Pang et al 2019; Putra & Romdhonah 2019). In 2009, in
China, a new disease appeared in brackish water shrimp species, namely EMS (Early
Mortality Syndrome) caused by the bacterium Vibrio parahaemolyticus with a unique
strain (Vp-AHPND) plasmid (pAP1) 70 kbp (Lestiawan et al 2016). According to Soto-
Rodriguez Sonia et al (2015), genus Vibrio sp. causes vibriosis generating necrosis to
shrimp tissues, particularly the hepatopancreas. Moreover, V. parahaemolyticus could
produce a toxin that leads to Acute Hepatopancreatic Necrosis Disease (AHPDN), which
causes the shrimp death within 20-30 days (Khimmakthong & Sukkarun 2017; Kumar et
al 2020).

Therefore, it is necessary to find a solution for ensuring the success of shrimp
production through increasing shrimp immunity (Munaeni et al 2020). Commonly, shrimp
farmers use chemicals or antibiotics to combat pathogens and boost immunity, leading to
an environmental hazard and increasing resistance to bacteria (Cheng et al 2020;
Munguia & Nizet 2017; Van Hai 2015). Recently, many researchers have been concerned
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about using medicinal plants or probiotics to promote the shrimp immune system
(Kewcharoen & Srisapoome 2019; Ringg & Song 2016; Zhang et al 2020). For instance,
Bacillus aryabhattai supplemented in commercial feed could enhance immune
parameters, including phenoloxidase (PO) activities and the total antioxidant activity in
the L. vannamei plasma. Moreover, B. aryabhattai also upregulated some immune-
related genes, such as C-type lec, pen3a, hsp60, trx, and fer (Tepaamorndech et al
2019). Total hemocyte count, PO activity, phagocytic activity, and O2~ production of L.
vannamei also enhanced after feeding trial with 20 g of Phyllanthus amarus extract (PAE)
to prevent Vibrio alginolyticus (Ngo et al 2020). In other exciting work, bacteria (108 cfu
Bacillus sp.) and IMOS, isomalto-oligosaccharides (2 g kg=!) both in one combination
improved various vital body processes such as enhanced hemocyte phagocytosis,
respiratory burst abilities, phenoloxidase, acid phosphatase, alkaline phosphatase
production, and disease resistance to WSSW (Ringg & Song 2016). The combination of
dietary synbiotic was studied by Kumar et al (2018), and Bacillus subtilis and the
prebiotic Mannan oligosaccharide (MOS) promoted Cirrhinus mrigala juveniles
physiologically and immunologically resistance to Aeromonas hydrophila. In addition,
there was a combination between 5 g kg~! Jerusalem artichoke (Helianthus tuberosus)
combined with 108 CFU g Lactobacillus plantarum boosted specific growth rate, feed
conversion ratio, serum lysozyme, phagocytosis, respiratory burst activities, and post-
challenge survival rate compared with the control group (Van Doan et al 2016).
Therefore, the present study aimed to evaluate a combination between Bacillus sp. and
Amorphophallus muelleri Bl. to L. vannamei immunity and its resistance to V.
parahaemolyticus. Bacillus sp. have been studied as a probiotic bacteria for any purpose,
such as boosting shrimp immunity and increasing feed digestibility and utilization (De et
al 2018; Laranja et al 2017; Madani et al 2018). However, there is still a limitation of A.
muelleri, related to promoting shrimp immunity and its function as a prebiotic. Yanuriati
et al (2017) says A. muelleri, could be determined as having a high potential of
glucomannan, which plays a critical role in food, pharmaceutical, cosmetics and chemical
industries. Glucomannan hydrolysate could be a beneficial prebiotic that modulates the
development of probiotic bacteria, promotes the formation of short-chain fatty acids, and
optimizes gastrointestinal health (SCFAs) of the host (Li et al 2021).

Material and Method

Experimental design. From June to August of 2021, the study was carried out at the
Fisheries Laboratory of the University of Muhammadiyah Malang in Indonesia.
Furthermore, the experiment employed a completely randomized design (CRD) with four
treatments replicated three times. Those treatments included (TO) 6 mL of synthetic
antibiotic (followed factory instruction), (T1) the addition of 0% probiotics and 3%
prebiotics, (T2) addition of 2% probiotic and 3% prebiotic, (T3) addition of 4% probiotic
and 3% prebiotic, (T4) addition of 6% probiotic and 3% prebiotic per 1 kg of commercial
feed. Furthermore, the feeding trial was carried out for 14 days to promote L. vannamei
immunity before the shrimp sample was challenged with A. hydrophila. At the end of the
period, the present study evaluated some immune systems, such as total hemocyte
count (THC), differential hemocyte count (DHC), and phagocytosis index (IF). At the
same time, growth rate (GR) and survival rate (SR) were determined to support
measurements.

Prebiotic, and probiotic preparation. The preparation of liquid media from A. muelleri
Bl. referred to Azhari et al (2021) study. In brief, A. muelleri Bl. tubers were peeled and
washed before being sliced and soaked in water. Following the step, the sliced A. muelleri
Bl was introduced in calcium carbonate (CaCOs) with a ratio of 1:1. Afterwards, A.
muelleri was sliced again in 1 mm to 2 mm slices, to speed up the drying process.
Furthermore, the thin A. muelleri Bl. were dried in the oven at 50°C to get a constant
weight. Finally, the dried sample was grounded and filtered with 100 to 120 (0.125
millimeter to 0.149 millimeters) mesh to yield A. muelleri Bl. flour.
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Moreover, the preparation of A. muelleri Bl. liquid medium was carried out by
inserting 0.5 g of A. muelleri Bl. flour into a beaker glass containing 50 mL of distilled
water, according to Praseto (2015). After that, the mixture was homogenized using a
magnetic stirrer before being heated on a hot plate. The boiled mixture was poured into a
200 mL Erlenmeyer and sterilized in an autoclave for 25 min at 121°C. The sterile liquid
media was stored at room temperature.

This study used Bacillus sp. as a probiotic agent, synergized with A. muelleri Bl.
liquid medium, and a commercial probiotic available in the society. The probiotic bacteria
(108 CFU mL-') was provided by the Parasite and Fish Disease Laboratory, Faculty of
Fisheries and Marine Science, Brawijaya University, Malang, East Java, Indonesia.
Meanwhile, the commercial antibiotic (Inroflox 25) was bought from the local fisheries
market, Malang, East Java, Indonesia.

Experimental shrimp, and diets preparation. All preparation in this section referred
to Wijayanti et al (2018) and Ramadhani (2017) methods with light modifications. In the
first step, the aquarium (40 cmx30 cmx30 cm) was disinfected using 30 ppm chlorine
for 24 h before being filled with 34 sterile seawater of the total volume. Meanwhile, the
experimental L. vannamei (12 g to 15 g) were provided from shrimp ponds in the
Pasuruan, East Java, Indonesia. A total of 10 L. vannamei were acclimated in a container
according to each treatment and were fed with a commercial diet (28 % to 38 % protein)
ammounting to 3 % of the total body weight for 3 days.

The feed treatment was prepared by making a combination 1 kg of commercial
diet and each treatment, completed with 2% binder agent. Following the next step, the
feed treatments were air-dried for 10 min-15 min under sunlight to reduce water content
and increase binding among particles. Afterwards, the diet was stored in an airtight
container. The present study conducted four feeding trials with as much as 3% of the
total shrimp biomass in each treatment.

Challenge and survival rate evaluation. The Parasite and Fish Disease Laboratory,
Faculty of Fisheries and Marine Science, Brawijaya University laboratory, provided V.
parahaemolyticus (108 CFU ml-1) used in this study. The challenge test was conducted
after the 14 days feeding trial, and the survival rate was recorded for each 7 days.
Survival rate (SR) is the percentage of shrimps still alive after the challenge test. The
survival rate of shrimp can be calculated using the following formula from the research of
Nur et al (2016):

NO— Nt
R= NO x100
where:
SR = Survival rate of shrimp (%)
Nt = number of dead shrimps after the challenge test
No = number of shrimps at the beginning of the study

Hemolymph collection. Hemolymph was carefully taken from the cephalothorax
between the walking and swimming legs (the beginning of the 5th pereiopod) as much as
0.3 mL using a sterile syringe (1 mL) containing anticoagulant (10 % Sodium Citrate).
Afterwards, the collected hemolymph was homogenized and placed in 2.0 mL
Eppendorf™ tubes. The mixture was then stored in a cool box to observe the shrimp
immune response parameters (Anaya-Rosas et al 2019; Subagiyo & Fatichah 2016). The
sampling was carried out on three shrimp at the end of the period.

Non-specific immune response. Hemolymph (10 pL) was diluted with PBS (20 L)
gently. After that, the mixture was transferred to a hemocytometer using a micropipette.
Finally, the number of THC was calculated based on Permatasari (2017) formula:

THC (cells mL=!) = number of cells counted x dilution x 104
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The hemolymph and anticoagulant mixture was homogenized for 5 min and then dripped
into a glass object. The diluted hemolymph was air-dried and then fixed with 100%
methanol for 15 min. Following the next step, the fixed hemolymph was air-dried and
stained with 10% Giemsa solution for 15 min. The stained hemolymph was washed in
running water for 30 s and allowed to dry again. The slides were observed using a
microscope with a 40x magnification to record the number of hyaline and granular cells.
The formula calculated the percentage of each type of hemocyte cell from Indraswati et
al (2015):

X Type hemocyte

Percentage of hemocyte cell types = x 100%
Hemocyte total

Moreover, the phagocytosis index followed a method from Ramadhani et al (2017) and
Permatasari (2017). In the first step, the fresh hemolymph (20 pL) was put in a
microtube before adding a 10 pL suspension of Staphylococcus aureus, attenuated with
1% formalin for 24 h. Afterward, the mixture was incubated at room temperature for 20
min, and then a 5 pL sample was smeared on the object-glass. The dried slide was
soaked in 70% alcohol for 20 min and rinsed 0.85% NaCl then dried again.

Furthermore, the slide was painted with 10% safranin for 20 min and dried. The
observation was conducted under a microscope with a magnification of 400x. Phagocytic
activity (PA) was calculated using Permatasari (2017) formula:

X Phagocyte cell

PA =
X Hemocyte total

x 100%
Absolute weight. The growth of the final weight of the tested shrimp can be calculated
using the formula according to Edward et al (2015), namely:

Wm = Wt - WO

Wm = Absolute weight (g)
Wt = Average weight of shrimp at the end of the study (g)
) = Average weight of shrimp at the beginning of the study (g)

Statistical analysis. Analyzing differences among groups was performed using ANOVA
(One-way analysis of variance). Multiple comparisons (BNT test) were carried out to
determine significant differences among treatments using SPSS (version 17, USA). Data
were displayed as the mean £SD, p<0.05 was considered significant.

Results

Total hemocyte count (THC). In the case of L. vannamei THC, it could be found that
there was a significant difference (p<0.05) among treatments at 21 days (Figure 1). The
data are represented in 10° cells mL™!. Overall, T2 was the optimum treatment of all
treatments, while the remaining treatments were not significantly different from the
control group (p>0.05). In the top-level, T2 achieved the highest peak of THC number,
reaching 13.4 x 10° cells mL™!, after 21 days of treatment. Meanwhile, four treatments
belonged to the lowest level of THC, including TO, T1, T3, and T4, accounting for 5.5 x
106 cells mL™, 5.6 x 10° cells mL™, 6.3 x 10° cells mL™, respectively. Based on findings,
it revealed that the synbiotic had a better outcome in THC than control group, applying
antibiotic.
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Figure 1. Total hemocytes count of L. vannamei post-challenge V. parahaemolyticus.

Differential hemocyte count (DHC). This study discovered two types of hemocytes
that could be identified at the end of the period. Figure 2 reveals that the feed treatment
could stimulate hyaline and granulocytes for 21 days of research. The data of this
parameter are presented percentually (%). Overall, only T2 became the most
recommendable treatment to incline L. vannamei granulocytes after post-challenge V.
parahaemolyticus. However, T2 went to the lowest level for hyaline quantities if it was
compared to others. Moreover, for another finding, the higher dosage of the synbiotics
did not improve the number of granulocytes. On the other hand, in the hyaline case, the
moderate dosage decreased the number of hyaline.
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Figure 2. The number of granulocyte and hyaline of L. vannamei after V. parahaemolyticus
infection.

The present study revealed that T2 could significantly stimulate granulocyte levels,
reaching 58.67+1.53% after infection. Meanwhile, the remaining treatment, T1, T3, and
T4, accounting for 51.33%4.16%, 46.00+3.61%, and 47.33%£2.08%, did not show
differences to the control group (p>0.05). This means that the T1, T3, and T4 did not
positively affect L. vannamei granulocytes during infection by V. parahaemolyticus.
Moreover, there was a considerable decline of hyaline by T2 of 41+1.5%, while TO, T1,
T3, and T4 (54.00+1.5%, 48.67+1.5%, 54.00+1.5%, and 52.67+£1.5%) were not that
different statistically. Regarding those findings, the synbiotics (A. muelleri and Bacillus
sp.) are considerable and could be introduced in the L. vannameij culture to improve their
immune system better than antibiotic.

Phagocytosis index (IF). Analysis of phagocytosis index (IF) reveals a fluctuation
pattern for 21 days observation after synbiotic treatment and challenge with V.
parahaemolyticus (Figure 3). All IF data are presented in percentages (%). Statistically,
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the IF data showed significant differences in each treatment (p<0.05). Overall, T1 was
determined the optimum treatment to promote IF against V. parahaemolyticus infection.
Meanwhile, the worse treatment was T3 consisting of 4% probiotic and 3% prebiotic.
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Figure 3. Phagocytosis for L. vannamei after 21 days observation.

The present study discovered that T1 could reach the highest peak of L. vannamei IF,
accounting for 65.67+£1.15%. Meanwhile, the second place belonged to TO and T4
(54.00+£5.41% and 56.38%+1.32%, respectively) based on the statistic calculation.
Furthermore, T2 and T3 became worse than other treatments, reaching 33.23+£6.40%
and 22.83%2.75%, respectively. According to those findings, the application of synbiotic
A. muelleri and Bacillus sp. could stimulate the number of phagocyte cells, although the
higher dosage did not cause a positive outcome.

Absolute weight. The present study found that the final weight of L. vannameij
fluctuated at 21 days after treatment with synbiotic through the spray method and V.
parahaemolyticus challenge (Figure 4). Based on this data, the treatment was ineffective
to incline L. vannamei growth during V. parahaemolyticus infection, represented in
absolute weight data. In general, all data did not show a significant difference compared
to the control group (commercial antibiotic) (p>0.05). Interestingly, only P1 and P2
revealed a significantly different, reaching 0.18 g and 0.11 g, respectively. Regarding
those discoveries, combination of A. muelleri Bl. and Bacillus sp. did not promote L.
vannamei development during V. parahaemolyticus challenge.
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Figure 4. The absolute weight of L. vannamei during 21 days of observation.

Survival rate. Figure 5 shows the L. vannamei survival rate data at 21 days after being
injected with V. parahaemolyticus. The data reveals significant differences among
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treatments (p<0.05) after employing a statistical tool. All data are interpreted in terms of
percentages (%). In general, T2 was the best treatment, while the least recommended
was T1 to prevent V. parahaemolyticus infection. Moreover, survival rate data revealed
that T2 could increase SR by 50%, 4% higher than the control treatment.
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Figure 5. The survival rate of L. vannamei during maintenance.

Interestingly, TO and T2 were not statistically significantly different, even though there
was a gap between those two treatments, accounting for 46.67+£5.77% and 50+5%. On
the other hand, TO was also not significantly different from T3, with an SR value of 40%.
At the lowest level, T4 and T1 have 23.3% and 6.6%, respectively. Regarding those
findings, the synbiotic treatment could keep the survival rate of L. vannamei after V.
parahaemolyticus infection.

Discussion. Many studies have looked at the influence of prebiotics and probiotics on the
immune system and have shown their value (Chen et al 2020; Kumar et al 2018; Lee et
al 2018; Nayak 2010; Wongsasak et al 2015). Aquaculture has effectively utilized
oligosaccharides and Bacillus as prebiotics and probiotics. Glucomannan, a type of
oligosaccharides, could protect against infections, modulate immunity, and influence
metabolism, as well as increasing mineral absorption (Li et al 2021; Sanders et al 2019).
In this case, the Amorphophallus genus has potential as a probiotic because they are
49% to 60 % rich in glucomannan.

Moreover, A. muelleri has the potential to be proven to facilitate bacterial
populations, including lactic bacteria and E. coli, to grow well (Harmayani et al 2014).
Based on a previous study, certain bacteria of the genus Bacillus were good probiotics. A
survey by Tepaamorndech et al (2019) discovered that oral commercial feed completed
with B. aryabhattai TBRC8450 (1x108 CFU/g diet) treatment increased L. vannamei
immunity against Vibrio spp. Therefore, finding out how prebiotics and probiotics interact
with each other in aquaculture is critical. The present study has proven the success of the
addition of synbiotic in natural immunity against the V. parahaemolyticus infection.
Synbiotic supplements are a mixture of probiotics and prebiotics, which work together to
level a beneficial effect on each other (Cerezuela et al 2011; Kumar et al 2018). The host
determines a probiotic's synergistic effect, and the prebiotic must notably boost the
probiotic's growth and enzyme activity (Huynh et al 2018).

In the case of shrimp immunity, our study discovered that the combination
between A. muelleri and Bacillus sp. promoted the number of L. vannamei hemocytes to
prevent V. parahaemolyticus (Figure 1). Based on Guzman et al (2009) review, dietary
immunostimulants stimulate hematopoietic tissue and elevate hemocyte cells. The role of
hemocytes is known for fighting disease through their protection capabilities
(Jiravanichpaisal et al 2006). The presence of more THC in crustaceans indicates that
their immunity has improved (Jiravanichpaisal et al 2007). Hemocytes are involved in
phagocytosis, coagulation, encapsulation, nodulation, antimicrobial peptide synthesis,
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and prophenoloxidase activity (Koiwai et al 2018; Ng et al 2015; Sui et al 2016). In a
study by Madani et al (2018), dietary probiotic Bacillus enhanced the total of hemocytes
count of L. vannamei significantly after feeding trials (60 days). Litopenaeus vannamei
given 25% Fermented Soybean Meal with Bacillus sp. had a substantially greater THC
(p<0.05) compared to all other groups (Cherdkeattipol et al 2021). In contrast, dietary
supplementation with B-glucan and synbiotics (i.e., microencapsulated B. subtilis and
Pediococcus acidilactici) did not positively affect THC L. vannamei (Wongsasak et al
2015).

Furthermore, our results revealed that granular cells (Figure 2) increased in
synbiotic-fed shrimp (T2), while hyaline cells declined at the end of the period presented
by T2 as well. The hyaline (HC) decrease was assumed because the compensation of
granulocytes (GC) climbed considerably post-infection. It could be related to Xu Z. et al
(2019) research, a sharp rise in Penaeus vannamei HC occurred after 9 hours of the low
temperature and air exposure to compensate for a drop of GC Granulocytes (GC), whose
primary function is phagocytosis, and are tasked with storing prophenoloxidase (Zhu et al
2018). In the same case, the role of Hyaline cells (HCs) is phagocytosis, a procedure that
helps to remove bacteria (Chen et al 2015). Based on this study's findings, it is
concluded that the synbiotic-supplemented shrimp diet improved immune function, as
demonstrated by their higher number of hemocyte cells and GC cells.

In addition, the synbiotic (T1) treatment could stimulate phagocyte cells
significantly than other treatments (p<0.05). According to Xu L. et al (2019), the
increase of phagocyte cells is connected to L. vannamei hemocytes. Unfortunately, T1
could not increase the number of hemocytes considerably compared to the control group
(TO). In contrast, immunostimulants work by enhancing the activity of phagocyte cells,
which helps the body's immune system function better (Yin et al 2006). The results of
increased phagocytic activity indicate that probiotic bacteria can activate phagocyte cells
and are thus capable of carrying out the phagocytosis process if an attack occurs
(Widanarni et al 2016). Regarding those results, the present study assumes that the
addition of synbiotic consisting of A. muelleri and Bacillus sp. promoted promptly the
number of phagocytic cells.

Finally, in the case of the growth performances and survival rate, T2 became the
most effective treatment among other treatments for boosting those parameters at the
end of the period. Discoveries supported by Liong (2008), show that probiotics and
prebiotics work together to promote the host's overall health by modulating gut
microbiota. In a study by Abdollahi-Arpanahi et al (2018), B. subtilis and B. licheniformis
significantly influenced L. vannamei growth performances. In the other case, the increase
of L. vannamei growth also found B. subtilis stimulated that through accelerating feed
efficiency, protein efficiency ratio, and apparent net protein utilization (Tsai et al 2019).
According to Leonel Ochoa-Solano and Olmos-Soto (2006), Bacillus's probiotic strains can
break down several substances (including proteins, lipids, and carbohydrates) via
extracellular enzymes.

Moreover, regarding survival rate, it is believed that Bacillus sp could develop well
on the A. muelleri media as a prebiotic and diminish V. parahaemolyticus by producing
antibacterial substances. According to Sharma et al (2013), Bacillus is the most prolific
antibiotic producer, producing antibacterial, antifungal, and other bioactive chemicals.
This bacterium had a similar material to a bacteriocin. It demonstrated solid antibacterial
capabilities in retarding Gram-positive and Gram-negative bacteria growth, including
important pathogens such as Aeromonas hydrophila and Streptococcus agalactiae
(Meidong et al 2018). Based on those discoveries, the combination between A. muelleri
and Bacillus sp has a potential impact when applied in the L. vannamei farm.

Conclusions. The present study found that A. muelleri and Bacillus sp. could elevate L.
vannamei immunity (THC, DHC, and phagocytosis index), final weight, and survival rate
after V. parahaemolyticus infection. Overall, the T2 is determined as an optimum
combination (2% probiotics and 3% prebiotics) compared to other treatments. Therefore,
this study highly suggests that this synbiotic could be applied to real aquaculture to
combat infectious diseases, mainly bacteria, and replace antibiotic use.

AACL Bioflux, 2022, Volume 15, Issue 1. 496
http://www.bioflux.com.ro/aacl



Acknowledgments. We thank the Director-General of Higher Education, Ministry of
Education, Culture, Research, and Technology, who has funded this research through the
Student Creativity Program. Moreover, we thank the Laboratory of Fisheries, Faculty of
Agriculture and Animal Science, the University of Muhammadiyah Malang that provided
the researchers a place to condone this study.

Conflict of Interest. The authors declare no conflict of interest.
References

Abdollahi-Arpanahi D., Soltani E., Jafaryan H., Soltani M., Naderi-Samani M., Campa-
Cordova A. 1., 2018 Efficacy of two commercial and indigenous probiotics, Bacillus
subtilis and Bacillus licheniformis on growth performance, immuno-physiology and
resistance response of juvenile white shrimp (Litopenaeus vannamei). Aquaculture
496(1):43-49.

Amelia F., Yustiati A., Andriani Y., 2021 Review of shrimp (Litopenaeus vannamei (Boone,
1931)) farming in Indonesia: management operating and development. World
Scientific News 158:145-158.

Anaya-Rosas R. E., Rivas-Vega M. E., Miranda-Baeza A., Pifa-Valdez P., Nieves-Soto M.,
2019 Effects of a co-culture of marine algae and shrimp (Litopenaeus vannamei)
on the growth, survival and immune response of shrimp infected with Vibrio
parahaemolyticus and white spot virus (WSSV). Fish & Shellfish Immunology
87:136-143.

Azhari F., Winarsa R., Siswanto S., Muzakhar K., Utarti E., Sutoyo S., Arimurti S., 2021
Growth of Lactobacillus casei FNCC0900 in media based umbi porang plant
(Amorphophallus muelleri BI.). BERKALA SAINSTEK 9(2):86-94.

Cerezuela R., Meseguer J., Esteban M., 2011 Current knowledge in synbiotic use for fish
aquaculture: a review. Journal of Aquaculture Research and Development 1:1-7.

Chen M., Chen X.-Q., Tian L.-X., Liu Y.-J., Niu J., 2020 Beneficial impacts on growth,
intestinal health, immune responses and ammonia resistance of pacific white
shrimp (Litopenaeus vannamei) fed dietary synbiotic (mannan oligosaccharide and
Bacillus licheniformis). Aquaculture Reports 17:100408-100419.

Chen Y.-Y., Chen J.-C,, Lin Y.-C., Yeh S.-T., Huang C.-L., 2015 White shrimp Litopenaeus
vannamei that vave received Gracilaria tenuistipitata extract show early recovery
of immune parameters after ammonia stressing. Marine drugs 13(6):3606-3624.

Cheng D., Ngo H. H., Guo W., Chang S. W., Nguyen D. D., Liu Y., Wei Q., Wei D., 2020 A
critical review on antibiotics and hormones in swine wastewater: Water pollution
problems and control approaches. Journal of Hazardous Materials 387:121682-
121694.

Cherdkeattipol K., Chuchird N., Chonudomkul D., Yongmanitchai W., Pichitkul P., 2021
Effect of partial replacement of fish meal by Bacillus sp-fermented soybean meal
on growth performance, immunity, hepatopancreas microbiota and disease
resistance in pacific White Shrimp (Litopenaeus vannamei). Journal of Fisheries
and Environment 45(2):32-42.

De D., Ananda Raja R., Ghoshal T. K., Mukherjee S., Vijayan K. K., 2018 Evaluation of
growth, feed utilization efficiency and immune parameters in tiger shrimp
(Penaeus monodon) fed diets supplemented with or diet fermented with gut
bacterium Bacillus sp. DDKRC1. isolated from gut of Asian seabass (Lates
calcarifer). Aquaculture Research 49(6):2147-2155.

Edward N., Iskandar P., Rusliadi R., 2015 The maintenance of white shrimp (Litopenaeus
vannamei) with different percentage of feed. Jurnal Online Mahasiswa Fakultas
Perikanan dan Ilmu Kelautan Universitas Riau 2(2):1-9.

Gao X., Zhang X., Lin L., Yao D., Sun J., Du X,, Li X., Zhang Y., 2016 Passive Immune-
Protection of Litopenaeus vannamei against Vibrio harveyi and Vibrio
parahaemolyticus Infections with Anti-Vibrio Egg Yolk (IgY)-Encapsulated Feed.
International journal of molecular sciences 17(5):723-733.

AACL Bioflux, 2022, Volume 15, Issue 1. 497
http://www.bioflux.com.ro/aacl



Guzman G. A., Sanchez-Martinez J., Cordova A., Luna A., Ascencio F., 2009 Penaeid
shrimp immune system. The Thai veterinary medicine 39:205-215.

Harmayani E., Aprilia V., Marsono Y., 2014 Characterization of glucomannan from
Amorphophallus oncophyllus and its prebiotic activity in vivo. Carbohydrate
Polymers 112:475-479.

Huynh T.-G., Chi C.-C., Nguyen T.-P., Tran T.-T.-T. H., Cheng A.-C., Liu C.-H., 2018
Effects of synbiotic containing Lactobacillus plantarum 7-40 and galacto-
oligosaccharide on the growth performance of white shrimp, Litopenaeus
vannamei. Aquaculture Research 49(7):2416-2428.

Indraswati V. O., Supono S., Saefulloh A., 2015 [Fish oil supplementation for non-specific
immunity improvement of vannamei shrimp (Litopenaeus vannamei)]. Aquasains
3(2):273-278 [in Indonesian].

Jiravanichpaisal P., Lee B. L., Sdderhall K., 2006 Cell-mediated immunity in arthropods:
Hematopoiesis, coagulation, melanization and opsonization. Immunobiology
211(4):213-236.

Jiravanichpaisal P., Puanglarp N., Petkon S., Donnuea S., Séderhall 1., Séderhall K., 2007
Expression of immune-related genes in larval stages of the giant tiger shrimp,
Penaeus monodon. Fish & Shellfish Immunology 23(4):815-824.

Kewcharoen W., Srisapoome P., 2019 Probiotic effects of Bacillus spp. from Pacific white
shrimp (Litopenaeus vannamei) on water quality and shrimp growth, immune
responses, and resistance to Vibrio parahaemolyticus (AHPND strains). Fish &
Shellfish Immunology 94:175-189.

Khimmakthong U., Sukkarun P., 2017 The spread of Vibrio parahaemolyticus in tissues of
the Pacific white shrimp Litopenaeus vannamei analyzed by PCR and
histopathology. Microb Pathog 113:107-112.

Koiwai K., Kondo H., Hirono I., 2018 The immune functions of sessile hemocytes in three
organs of kuruma shrimp Marsupenaeus japonicus differ from those of circulating
hemocytes. Fish & Shellfish Immunology 78:109-113.

Kumar P., Jain K. K., Sardar P., 2018 Effects of dietary synbiotic on innate immunity,
antioxidant activity and disease resistance of Cirrhinus mrigala juveniles. Fish &
Shellfish Immunology 80:124-132.

Kumar R., Ng T. H., Wang H.-C., 2020 Acute hepatopancreatic necrosis disease in
penaeid shrimp. Reviews in Aquaculture 12(3):1867-1880.

Laranja J. L. Q., Amar E. C., Ludevese-Pascual G. L., Niu Y., Geaga M. J., De Schryver P.,
Bossier P., 2017 A probiotic Bacillus strain containing amorphous poly-beta-
hydroxybutyrate (PHB) stimulates the innate immune response of Penaeus
monodon postlarvae. Fish & Shellfish Immunology 68:202-210.

Lee S., Katya K., Hamidoghli A., Hong J., Kim D.-]., Bai S. C., 2018 Synergistic effects of
dietary supplementation of Bacillus subtilis WB60 and mannanoligosaccharide
(MOS) on growth performance, immunity and disease resistance in Japanese eel,
Anguilla japonica. Fish & Shellfish Immunology 83:283-291.

Leonel Ochoa-Solano J., Olmos-Soto J., 2006 The functional property of Bacillus for
shrimp feeds. Food Microbiol 23(6):519-525.

Lestiawan S., Jati N. S., Wiro H., 2016 North Kalimantan is free from EMS (Early Mortality
Syndrome) in the shrimps. Jurnal Sain Veteriner 32(2):250-259.

Li F., Sun X., Yu W., Shi C., Zhang X., Yu H., Ma F., 2021 Enhanced konjac glucomannan
hydrolysis by lytic polysaccharide monooxygenases and generating prebiotic
oligosaccharides. Carbohydrate Polymers 253:117241-117250.

Liong M.-T., 2008 Roles of probiotics and prebiotics in colon cancer prevention:
postulated mechanisms and in-vivo evidence. International journal of molecular
sciences 9(5):854-863.

Madani N. S. H., Adorian T. J., Ghafari Farsani H., Hoseinifar S. H., 2018 The effects of
dietary probiotic Bacilli (Bacillus subtilis and Bacillus licheniformis) on growth
performance, feed efficiency, body composition and immune parameters of
whiteleg shrimp (Litopenaeus vannamei) postlarvae. Aquaculture Research
49(5):1926-1933.

AACL Bioflux, 2022, Volume 15, Issue 1. 498
http://www.bioflux.com.ro/aacl



Meidong R., Khotchanalekha K., Doolgindachbaporn S., Nagasawa T., Nakao M., Sakai K.,
Tongpim S., 2018 Evaluation of probiotic Bacillus aerius B81le isolated from
healthy hybrid catfish on growth, disease resistance and innate immunity of Pla-
mong Pangasius bocourti. Fish & Shellfish Immunology 73:1-10.

Munaeni W., Widanarni, Yuhana M., Setiawati M., Wahyudi A. T., 2020 Effect in white
shrimp Litopenaeus vannamei of Eleutherine bulbosa (Mill.) Urb. powder on
immune genes expression and resistance against Vibrio parahaemolyticus
infection. Fish & Shellfish Immunology 102:218-227.

Munguia J., Nizet V., 2017 Pharmacological targeting of the host-pathogen interaction:
alternatives to classical antibiotics to combat drug-resistant superbugs. Trends in
Pharmacological Sciences 38(5):473-488.

Nayak S. K., 2010 Probiotics and immunity: a fish perspective. Fish & Shellfish
Immunology 29(1):2-14.

Ng T. H., Wu M.-H., Chang S.-H., Aoki T., Wang H.-C., 2015 The DNA fibers of shrimp
hemocyte extracellular traps are essential for the clearance of Escherichia coli.
Developmental & Comparative Immunology 48(1):229-233.

Ngo H.-V.-T., Huang H.-T., Lee P.-T., Liao Z.-H., Chen H.-Y., Nan F.-H., 2020 Effects of
Phyllanthus amarus extract on nonspecific immune responses, growth, and
resistance to Vibrio alginolyticus in white shrimp Litopenaeus vannamei. Fish &
Shellfish Immunology 107:1-8.

Nur A., Zainal A. M., Iwan H., 2016 [Growth and survival of fish larvae (Osteochilus
vittatus) at different daily ratio]. Jurnal Ilmiah Mahasiswa Kelautan Perikanan
Unsyiah 1(1):1-11 [in Indonesian].

Pang H., Wang G., Zhou S., Wang J., Zhao J., Hoare R., Monaghan S. J., Wang Z., Sun
C., 2019 Survival and immune response of white shrimp Litopenaeus vannamei
following single and concurrent infections with WSSV and Vibrio parahaemolyticus.
Fish & Shellfish Immunology 92:712-718.

Permatasari D., 2017 [Application of Bacillus sp. D2.2 in synbiotics to cellular immune
response of vannamei shrimp (Litopenaeus vannamei)]. B.Sc thesis, Faculty of
Agriculture, University of Lampung, Indonesia, 28 pp [in Indonesian].

Praseto R., 2015 Effectiveness of sinbiotic at different doses in Pacific white shrimp pond
culture. Jurnal Akuakultur Indonesia 14(1):1-8.

Putra A. N., Romdhonah Y., 2019 Effects of dietary Bacillus NP5 and sweet potato extract
on growth and digestive enzyme activity of dumbo catfish Clarias sp. Jurnal
Akuakultur Indonesia 18(1):80-88.

Ramadhani I., Harpeni E., Tarsim T., Santoso L., 2017 [Potential of local synbiotics to
non-specific immune responses of white shrimp Litopenaeus vannamei (Boone,
1931)]. Depik Jurnal Ilmu-Ilmu Perairan, Pesisir dan Perikanan (Depik) 6(3):221-
227 [in Indonesian].

Ramadhani I. S., 2017 [Effect of differences in prebiotic percentage of sweet potato flour
extract in synbiotics, on non-specific immune response of vannamei shrimp
(Litopenaeus vannamei)]. B.Sc, Faculty of Agriculture, University of Lampung, 22
pp [in Indonesian].

Ringg E., Song S. K., 2016 Application of dietary supplements (synbiotics and probiotics
in combination with plant products and B-glucans) in aquaculture. Aquaculture
Nutrition 22(1):4-24.

Sanders M. E., Merenstein D. J., Reid G., Gibson G. R., Rastall R. A., 2019 Probiotics and
prebiotics in intestinal health and disease: from biology to the clinic. Nature
Reviews Gastroenterology & Hepatology 16(10):605-616.

Sharma S. C. D., Shovon M. S., Jahan M., Asaduzzaman A., Rahman M., Biswas K. K.,
Abe N., Roy N., 2013 Antibacterial and cytotoxic activity of Bacillus
methylotrophicus-SCS2012 isolated from soil. Journal of Microbiology,
Biotechnology and Food Sciences 2(4):2293-2307.

Soebjakto S., 2020 [Shrimp farming business development strategy]. Kementerian
Kelautan dan Perikanan, Jakarta, Indonesia, 23 pp [in Indonesian].

Soto-Rodriguez Sonia A., Gomez-Gil B., Lozano-Olvera R., Betancourt-Lozano M.,
Morales-Covarrubias Maria S., Griffiths M. W., 2015 Field and experimental

AACL Bioflux, 2022, Volume 15, Issue 1. 499
http://www.bioflux.com.ro/aacl



evidence of Vibrio parahaemolyticus as the causative agent of acute
hepatopancreatic necrosis disease of cultured shrimp (Litopenaeus vannamei) in
Northwestern Mexico. Applied and Environmental Microbiology 81(5):1689-1699.

Subagiyo S., Fatichah D. I., 2016 [Potential of Caulerpa sp. hot water extract and
Sargassum as immunonutrient components to vannamei shrimp (Litopenaeus
vanameij) cultivation]. Jurnal Kelautan Tropis 18(3):154-159 [in Indonesian].

Sui Y., Kong H., Shang Y., Huang X., Wu F., Hu M., Lin D., Lu W., Wang Y., 2016 Effects
of short-term hypoxia and seawater acidification on hemocyte responses of the
mussel Mytilus coruscus. Marine Pollution Bulletin 108(1):46-52.

Tepaamorndech S., Chantarasakha K., Kingcha Y., Chaiyapechara S., Phromson M.,
Sriariyanun M., Kirschke C. P., Huang L., Visessanguan W., 2019 Effects of
Bacillus aryabhattai TBRC8450 on vibriosis resistance and immune enhancement
in Pacific white shrimp, Litopenaeus vannamei. Fish & Shellfish Immunology 86:4-
13.

Tsai C.-Y., Chi C.-C., Liu C.-H., 2019 The growth and apparent digestibility of white
shrimp, Litopenaeus vannamei, are increased with the probiotic, Bacillus subtilis.
Aquaculture Research 50(5):1475-1481.

Van Doan H., Doolgindachbaporn S., Suksri A., 2016 Effect of Lactobacillus plantarum
and Jerusalem artichoke (Helianthus tuberosus) on growth performance, immunity
and disease resistance of Pangasius catfish (Pangasius bocourti, Sauvage 1880).
Aquaculture Nutrition 22(2):444-456.

Van Hai N., 2015 The use of medicinal plants as immunostimulants in aquaculture: A
review. Aquaculture 446:88-96.

Widanarni W., Sukenda S., Septiani G. R., 2016 [Synbiotic application to prevent
infectious Myonecrosis virus infection in white shrimp (Litopenaeus vannamei)].
Jurnal Kedokteran Hewan-Indonesian Journal of Veterinary Sciences 10(2):121-
127 [in Indonesian].

Wijayanti A., Dwinitasari N., Febriyani U., Harpeni E., Wardiyanto W., 2018 [Challenge
test analysis of vaname shrimp (Litopenaeus vannamei) with probiotic Bacillus sp.
D2.2 and sweet potato extract as synbiotic]. Biospecies 11(2):63-71 [in
Indonesian].

Wongsasak U., Chaijamrus S., Kumkhong S., Boonanuntanasarn S., 2015 Effects of
dietary supplementation with B-glucan and synbiotics on immune gene expression
and immune parameters under ammonia stress in Pacific white shrimp.
Aquaculture 436:179-187.

Xu L., Pan L., Zhang X., Wei C., 2019 Effects of crustacean hyperglycemic hormone
(CHH) on regulation of hemocyte intracellular signaling pathways and
phagocytosis in white shrimp Litopenaeus vannamei. Fish & Shellfish Immunology
93:559-566.

Xu Z., Guan W., Xie D., Lu W., Ren X., Yuan J., Mao L., 2019 Evaluation of immunological
response in shrimp Penaeus vannamei submitted to low temperature and air
exposure. Developmental & Comparative Immunology 100:103413-103422.

Yanuriati A., Marseno D. W., Rochmadi, Harmayani E., 2017 Characteristics of
glucomannan isolated from fresh tuber of porang (Amorphophallus muelleri
Blume). Carbohydrate Polymers 156:56-63.

Yin G., Jeney G., Racz T., Xu P., Jun X., Jeney Z., 2006 Effect of two Chinese herbs
(Astragalus radix and Scutellaria radix) on non-specific immune response of
tilapia, Oreochromis niloticus. Aquaculture 253(1):39-47.

Zhang J.-1., Yang H.-L., Yan Y.-Y., Zhang C.-X., Ye J.-d., Sun Y.-Z., 2020 Effects of fish
origin probiotics on growth performance, immune response and intestinal health
of shrimp (Litopenaeus vannamei) fed diets with fish meal partially replaced by
soybean meal. Aquaculture Nutrition 26(4):1255-1265.

Zhu L., Tang X., Xing J., Sheng X., Zhan W., 2018 Differential proteome of haemocyte
subpopulations responded to white spot syndrome virus infection in Chinese
shrimp Fenneropenaeus chinensis. Developmental & Comparative Immunology
84:82-93.

AACL Bioflux, 2022, Volume 15, Issue 1. 500
http://www.bioflux.com.ro/aacl



Received: 25 September 2021. Accepted: 29 December 2021. Published online: 26 February 2022.

Authors:

Alif Z. J. Wananda, University of Muhammadiyah Malang, Department of Aquaculture, Jalan Raya Tlogomas
246, Malang, East Java, Indonesia, Postal Code: 65144, e-mail: zakiagila2@gmail.com

Yhogie A. Setyawan, University of Muhammadiyah Malang, Department of Aquaculture, Jalan Raya Tlogomas
246, Malang, East Java, Indonesia, Postal Code: 65144, e-mail: yhogieas30@gmail.com

Fia S. Setiani, University of Muhammadiyah Malang, Department of Aquaculture, Jalan Raya Tlogomas 246,
Malang, East Java, Indonesia, Postal Code: 65144, e-mail: fiasulissetiani@webmail.umm.ac.id

Indi N. E. Wulandari, University of Muhammadiyah Malang, Department of Aquaculture, Jalan Raya Tlogomas
246, Malang, East Java, Indonesia, Postal Code: 65144, e-mail: indynurekaaa@gmail.com

Soni Andriawan, University of Muhammadiyah Malang, Department of Aquaculture, Jalan Raya Tlogomas 246,
Malang, East Java, Indonesia, Postal Code: 65144, e-mail: soniandriawan@umm.ac.id

This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

How to cite this article:

Wananda A. Z. J., Setyawan Y. A., Setiani F. S., Wulandari I. N. E., Andriawan, S., 2022 Local synbiotic from
Amorphophallus muelleri Bl. and Bacillus sp. to boost Litopenaeus vannamei non-specific immune responses.
AACL Bioflux 15(1):489-501.

AACL Bioflux, 2022, Volume 15, Issue 1. 501
http://www.bioflux.com.ro/aacl



