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The study investigates the outcomes of adding sodium humate and sodium
humate with probiotics (Lysinibacillus, Bacillus subtilis) to culture water on the
growth performance, enzyme activity, and microbial environment of shrimp.
The sodium humate and probiotics concentrations were 3 mg/L and 10° CFU/
mL in the culture water. Litopenaeus vannamei (0.31 + 0.03 g) at a density of
300 shrimps/m® were cultured in nine buckets for a 43-days culture
experiment. The results showed that the survival rate (SR) of L. vannamei in
sodium humate group and sodium humate with probiotics group were
(88.44%) and (86.07%), with the sodium humate group outcome being
significantly better than the control group. The shrimps’ final body weight
and specific growth rate (SGR) in the two experimental groups were
significantly higher than the control group. The feed conversion rate (FCR)
was significantly lower than the control group. The ammonia nitrogen
concentration in sodium humate with probiotics group was significantly
lower than the control group on the 15th day. The activities of intestinal
amylase, lipase, trypsin and hepatopancreas superoxide dismutase (SOD),
phenol oxidase (PO), and catalase (CAT) in sodium humate group were
significantly higher than the control group. Notably, SOD, PO, and lipase
activities in sodium humate with probiotics group were significantly higher
than the control group. Illumina MiSeq high-throughput sequencing showed
that the Chao and Ace indices of the culture water microflora in experimental
groups were higher than the control group, and the sodium humate group was
significantly higher than the control group. At the phylum level, Proteobacteria,
Bacteroidetes, and Actinobacteria were the dominant bacterial communities in
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the intestine and culture water of L. vannamei, Proteobacteria was the most
abundant phyla. At the genus level, the relative abundance of Pseudohongiella
of water microflora in the control group was significantly lower than the
experimental groups. Ruggiella (15.22-19.56%) was the most abundant
genera of intestinal microflora. These results infer that the addition of sodium
humate enhances the growth performance, digestive enzymes, and some
immune enzyme activities, improving the richness of the water microbial
community of L. vannamei.
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Introduction

Litopenaeus vannamei is one of the most economically
important shrimps globally at present. The total culture
production of L. vannamei in China was 1.86 x 10° t in 2020
(FBMA, 2020), the largest in the world. With the rapid
development of shrimp aquaculture, the water environment is
deteriorating daily, and diseases are frequent and spreading.
Many antibiotics are used for disease prevention and control,
causing problems such as pathogenic drug resistance and
residual trace amounts of the drugs, seriously affecting the
health of the shrimp industry and sustainable development
(Flegel et al, 2008; Thitamadee et al., 2016). To solve the
many contradictions in the shrimp aquaculture industry, such
as breeding, food, and ecological safety, the search for green and
environmentally friendly antibiotic alternatives and farming
technologies has become urgent (Gatesoupe, 1999; Liu et al.,
2014; Hai, 2015; Pinto et al., 2020).

Sodium humate is the sodium salt of humic acid, widely
distributed in nature and extractable from lignite and peat
(Motta and Santana, 2013). Sodium humate is a light powder
or amorphous granule with bright black or brownish-black
crystals and is easily soluble in water. It is an organic weak
acid salt. Since sodium humate dissolves in water and turns
black, sodium humate can be used for blanking the light in water
to inhibit algae growth. Studies have shown that sodium humate
solution can remove sulfur dioxide and nitrogen dioxide (Sun
et al., 2010; Hu et al., 2010) and can also form hydrogels with
starch or clay to adsorb Cu®* or methyl blue dyes in aqueous
solutions (Yi and Zhang, 2008; Zheng et al., 2010), indicating
that sodium humate can chelate metal ions and adsorb
pollutants, so it is widely used in biological agriculture and
pollution control (Dou and Jiang, 2019). In addition, previous
studies have shown that dietary supplementation with 0.6%
humic acid for 60 days could improve fish meat quality and
the immune parameters of rainbow trout (Yilmaz et al.,, 2018).
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Some studies reported that adding 0.28-0.37% sodium humate to
the feed is beneficial to the growth and health of tilapia and can
be used as a feed additive for tilapia (Deng et al., 2020). However,
few research reports investigate sodium humate’s benefits in
shrimp farming.

Probiotics are live microorganisms beneficial to health by
implanting or colonizing the host’s microflora or the
environment, thereby exerting beneficial effects on the host’s
health (Hai, 2015; El-Saadony et al., 2021). Probiotics are
expected to be an alternative to antibiotics because they do not
leave residues in animals and do not confer resistance to
pathogens (Reid and Friendship, 2002; Hai, 2015). Many
studies have shown that probiotic supplementation can
improve the survival rate and growth rate of aquatic animals
and reduce the occurrence of diseases by improving the immune
system of fish and shrimp (Amoah et al., 2019). In addition,
probiotics can also improve the water quality of aquaculture
(Zibiene and Zibas, 2019), increase the yield of aquatic animals
(Jatoba et al., 2011; Sunitha and Padmavathi, 2013), regulate the
intestinal micro-ecological balance of aquatic animals (Zhang
et al,, 2021), improve the activities of digestive enzymes (Zuo
et al., 2019), improve the immunity of aquatic animals
(Zokaeifar et al., 2012), and inhibit the growth and
reproduction of pathogenic microorganisms (Reid and Burton,
2002). The Bacillus spp. has a better sporulation capacity among
probiotics, allowing a higher survival rate and effectiveness
(Abriouel et al, 2011). Some studies reported that fermented
feed with 10° CFU/g Bacillus subtilis could improve growth,
digestive enzyme activities, non-specific immune performance,
and the immunity of L. vannamei (Lima et al., 2021). With the
rapid development of next-generation sequencing technology,
high-throughput sequencing based on 16S rRNA gene
amplicons has been widely used in microbial research (Dougal
et al,, 2014; Niu et al, 2015). In this study, the probiotics
(Lysinibacillus, Bacillus subtilis), which were isolated and
identified from the shrimp culture pond, were used together
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with sodium humate to explore the effects on the growth,
enzyme activity, and microbial environment of L. vannamei,
to find a green and ecological way of L. vannamei farming.

Materials and methods

Experimental materials and feeding
management

The experiment was carried out at the Donghai Island Marine
Biological Research Base of Guangdong Ocean University over 43
days. The laboratory isolated and identified probiotics from
Shrimp farm ponds, including Lysinibacillus and Bacillus subtilis
which were identified by molecular analysis. The genomic DNA of
strains was extracted by Bacterial Genomic DNA Extraction Kit
(Tiangen Biochemical Technology (Beijing) Co., Ltd., China) and
16S rDNA was amplified by primers 27F (5-AGAGTTTGA
TCCTGGCTCAG-3") and 1492R (5’-
GGTTACCTTGTTACGACTT-3’). The reaction conditions of
PCR: 94°C for 5 min followed by 35 cycles of 94°C for 30 s, 55°
C for 30 s and 35 cycles of 72°C for 1 min, and 72°C for 5 min. The
amplified products were sequenced (Bioengineering (Shanghai)
Co., Ltd., China) and the 16S rDNA sequence was compared and
identified in the GenBank database (http://blast.ncbi.nlm.nih.gov/
Blast.cgi). The probiotics were ratified as colonies were identified
on the bases of their morphological, and biochemical
characteristics. The probiotics were activated by inoculation in a
2216E solid medium (Qingdao Haibo Biotechnology Co., Ltd.,
Qingdao, China) and incubated at a constant temperature of 28°C.
Single colonies of activated probiotics were picked and incubated
in 2216E liquid medium (Qingdao Haibo Biotechnology Co., Ltd.,
Qingdao, China) at 28°C with oscillation (150 rpm), then
expanded with fresh 2216E liquid medium at 10% inoculum
(100 mL) in a 1000-mL flat bottom flask. Overnight cultures of
probiotic bacteria were collected by centrifugation (5000 rpm for
10 min at 4°C) and washed twice with phosphate-buffered saline
(PBS) at a pH of 7.2. Finally, cell pellets were re-suspended, the
optical density (OD) was measured at 600 nm (Gupta et al., 2014)
using a spectrophotometer (Shanghai Jing Yi, China) and values
were correlated with colony forming unit (CFU) counts using
Total Plate Count method.

Sodium humate was commercial sodium humate produced
in Wuhai City, Inner Mongolia, China. It was ground and
dissolved in water with a 150-mesh sieve. The transparency of
the 3 mg/L sodium humate solution was (68.3 + 2.8) cm, and the
total organic carbon (TOC) concentration was (2.34 + 0.28) mg/
L. L. vannamei was taken from the Donghai Island Marine
Biological Research Base of Guangdong Ocean University. The
body color of the shrimps was normal, healthy, and disease-free
which was temporarily cultured in a pool (14.5 m?, 28 + 1 °C,
DO > 5 mg/L, salinity 32.5%0) for one week before the
experiment, fed with artificial compound feed four times a day

Frontiers in Marine Science

03

10.3389/fmars.2022.989325

at 10% body weight, cleaned shrimp feces and bait
regularly daily.

Active individuals with intact appendages and no damage
were selected for the experiments. The shrimp’s body length was
(3.30 £ 0.07) cm, and the body weight was (0.31 + 0.03) g. The test
seawater was extracted from the sea area and used after
precipitation, sand filtration, and disinfection with chlorine-
containing disinfectant, and the water body was continuously
and evenly aerated. The experiment was undertaken in a blue
plastic bucket (1.0 m deep) with a volume of 1 m>. The culture
water body was 0.75 m”, the stocking density was 300 shrimps/m’,
the water temperature was 28.1 + 0.8 °C, and the salinity was 32-
34%o. Each experimental bucket has three air stones (DO > 5 mg/
L) and one feed observation desk, fed with artificial compound
feed (Crude protein > 43.0%, Crude fat > 6.0%, Crude fiber <
5.0%, Coarse Ash < 16.0%, Crude fat > 6.0%, water < 12.0%, Total
phosphorus > 1.2% Lysine > 2.2%, Guangdong Yuequn Marine
Biological Research and Development Co., Ltd., China) four times
a day. Feeding times are 07:00, 11:00, 15:00, and 19:00. The
feeding amount was 5-10% of the body weight of the shrimps,
which was adjusted according to the feeding and growth
conditions of the shrimps, and there was only replenished water
for evaporation once a week during the experiment.

Experimental design

The study consisted of three groups with three replicates for
each group. Group A was the control group that did not add any
substances; group B was an experimental group which had 3 mg/
L sodium humate in culture water; group C was another
experimental group that had 3 mg/L sodium humate and 10°
CFU/mL probiotics (Lysinibacillus, Bacillus subtilis) in culture
water. Sodium humate was added once every ten days and
probiotics were added once at the beginning of the experiment.

Measurement of growth performance

Thirty shrimps were randomly selected before the
experiment, and the body length (using a vernier caliper) and
mass (with an electronic balance after absorbing the water with
filter paper) were measured. At the end of the breeding
experiment, the number of each parallel shrimp was recorded,
the body length and weight were measured, and the survival rate
(SR), feed conversion rate (FCR), and specific growth rate (SGR)
of the shrimp were calculated:

SR (survival rate, %) = surviving counts / stocking counts x 100;

FCR (feed conversion rate) = feed mass /

(harvested biomass - stocking biomass);
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SGR (specific growth rate, %/d) =
[(In Final body weight - In Initial body weight) /

culture days] x 100.

Water quality monitoring
and measurement

The water indices were detected once every three days
during the experiment, and the water passed through a
0.45um glass fiber microfilter (Zinteng Laboratory Equipment
Co., Tianjin, China). Water temperature and pH were detected
using electric analyzers (SX-610, Shanghai Sanxin Instrument
Factory), and the salinity was detected using an Optical
salinometer. The concentration of ammonia nitrogen, nitrite
nitrogen, and nitrate nitrogen was measured according to
standard methods (Center, 2007).

Digestive enzymes and immune analysis

After the experiment, ten shrimps were randomly selected from
each experimental bucket, and sterilized tweezers and scissors were
used to dissect the shrimps. The obtained hepatopancreas and
whole intestine were snap-frozen in liquid nitrogen and then
transferred to -80°C for cryopreservation. The samples were cut,
the weight was checked, and PBS was added (pH 7.2-7.4). Samples
were rapidly frozen with liquid nitrogen and then maintained at 2-
8°C after melting, with PBS added (pH 7.4). Samples from different
organ were separately homogenized by hands, with centrifugation
of 20-min at the speed of 3000 rpm to remove supernatant.

The activities of superoxide dismutase (SOD), phenol oxidase
(PO), catalase (CAT), and lysozyme in Hepatopancreas (Aguirre-
Guzman et al, 2009) were determined according to the kit
instructions (Shanghai Enzyme Link Biotechnology Co., Ltd.,
China). The shrimp intestines were ground with buffer solution
in the kit to prepare the sample, and the activities of amylase,
lipase, and trypsin, in the intestinal tract were determined
according to the kit’s requirements (Shanghai Enzyme Link
Biotechnology Co., Ltd., China).

Microbial sample collection

Once the experiment had finished, samples of water
microflora were collected. 500 mL of water was randomly
taken from each experimental bucket, and a 0.45 pum filter
membrane was used for suction filtration. It was quickly
stored in a -80°C refrigerator to determine water microflora.
The whole intestines of 30 shrimps were taken from each
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experimental bucket, combined into one sample, rinsed with
sterile normal saline, put into a sterile antifreeze tube, placed
quickly in liquid nitrogen, and stored in a -80°C refrigerator for
the determination of intestinal microflora.

DNA extraction and miseq sequencing

The microbial community DNA of the intestine and culture
water samples were extracted from 36 samples using the
MagPure Stool DNA KF kit B(Magen, China) and
PowerWater DNA Isolation Kit (MO BIO Laboratories,
Carlsbad, California, USA) according to the manufacturer’s
instructions. DNA was quantified with a Qubit Fluorometer
using the Qubit dsDNA BR Assay kit (Invitrogen, USA). The
quality was checked by running aliquots on 1% agarose gel.

To profile the diversity and structure of the microbial
communities, the 16S rRNA V3-V4 region of the gene was
amplified with degenerate PCR primers, 341F (5’-
ACTCCTACGGGAGGCAGCAG-3’) and 806R (5’-
GGACTACHVGGGTWTCTAAT-3’). The barcode is a
sequence with eight-nucleotide unique to each sample. PCR
enrichment was performed in a 50 pL reaction containing a 30
ng template, fusion PCR primer and PCR master mix. PCR
cycling conditions were as follows: 94°C for 3 minutes, 30 cycles
of 94°C for 30 seconds, 56°C for 45 seconds, 72°C for 45 seconds
and finally, an extension for 10 minutes at 72°C. The PCR
products were purified with AmpureXP beads and eluted in the
Elution buffer. Libraries were qualified using the Agilent 2100
bioanalyzer (Agilent, USA). The validated libraries were used for
sequencing on an Illumina MiSeq platform (BGI, Shenzhen,
China), following the standard pipelines of Illumina and
generating two 300 bp paired-end reads. The sequences
obtained are available in the NCBI Sequence Read Archive
(SRA) database (Accession Number: SRP379080).

Bioinformatic and statistical analysis

Raw reads were filtered to remove adaptors, low-quality and
ambiguous bases, and then paired-end reads were added to tags
by the Fast Length Adjustment of Short reads program FLASH,
v1.2.11 (Magoc and Salzberg, 2011) to get the tags. The tags were
clustered into OTUs with a cutoff value of 97% using UPARSE
software v7.0.1090 (Edgar, 2013), and chimaera sequences were
compared with the Gold database using UCHIME v4.2.40
(Edgar et al, 2011). The OTU representative sequences were
taxonomically classified using Ribosomal Database Project
(RDP) Classifier v.2.2 with a minimum confidence threshold
of 0.6 and trained on the Greengenes database v201305 using
QIIME v1.8.0 (Caporaso et al, 2010). The USEARCH global
(Edgar, 2010) was used to compare all Tags back to OTU to get
each sample’s OTU abundance statistics table.

frontiersin.org


https://doi.org/10.3389/fmars.2022.989325
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Liao et al.

The Venn plots in OTUs or taxa were plotted with R package
“VennDiagram” version 3.1.1. Alpha diversity (Chao, Ace,
Shannon and Simpson indices, Observed spices, Good’s
coverage) was estimated at the OTU level using MOTHUR
v1.31.2 (Schloss et al., 2009). Principal Coordinate Analysis
(PCoA) and sample cluster and beta diversity at the OTU level
were performed using QIIME v1.8.0 (Caporaso et al.,, 2010).
Barplots and heatmaps of different classification levels were
plotted using R package v3.4.1 and R package “gplots”. KEGG
was predicted using the PICRUSt software (Wilkinson
et al., 2018).

SPSS version 26 software (SPSS Inc., Chicago, IL, USA) was
used to analyze the experimental data statistically, and one-way
analysis of variance was used for the data. The results were
expressed as mean + standard deviation (SD). P< 0.05 was
considered a significant difference. When the difference is
significant, the Duncan test is used for multiple comparisons.

Results
Shrimp growth performance

The growth performance of L. vannamei in sodium humate
(B) and sodium humate with Probiotics (C) groups is presented
in Table 1. The survival rate of shrimps in groups B (88.44%) and
C (86.07%) were higher than the control group (79.11%), and
group B was significantly higher than the control group (P<
0.05). The final body weight (FBW) of shrimps in groups B and
C were (2.12 + 0.03) g and (1.90 + 0.15) g, and the specific
growth rate (SGR) was (4.35 + 0.04%/d) and (4.09 + 0.21%/d),
significantly higher than the control group (P< 0.05). In
addition, the feed conversion rates (FCR) of shrimps in groups
B and C were 1.20 and 1.45, which was significantly lower than
the control group (P< 0.05).

Water quality

During the experiment, the pH values were 7.4-8.1, with no
significant differences between all groups (p > 0.05). The pH
values showed a continuous downward trend in all groups
(Figure 1A). The concentration of ammonia nitrogen was

10.3389/fmars.2022.989325

0.01-3.03 mg/L (Figure 1B). The peak of ammonia nitrogen in
sodium humate with probiotics group (C) reached 1.10 mg/L on
day 12 but was delayed to day 15 in the sodium humate (B) and
control groups (A) with 2.36 mg/L and 3.03 mg/L, respectively.
The ammonia nitrogen in group C (0.73 mg/L) was significantly
lower than the control group (3.03 mg/L) at 15 d (p< 0.05). The
nitrite-nitrogen concentration was 0.01-18.61 mg/L (Figure 1C),
with all groups trending with increasing and then decreasing
levels. Nitrite nitrogen peaks were observed at 30 d, 33d, and 30d
in control, groups B and C with 17.38, 18.61, and 17.27 mg/L,
respectively. However, the nitrite-nitrogen in all groups was
down to 0.05 mg/L at 42 d. The concentration of nitrate-nitrogen
was 0.03-26.83 mg/L (Figure 1D), with no significant differences
between all groups (p > 0.05). In the control group, groups B and
C of nitrate-nitrogen reached peaks of 24.21, 24.64, and 25.15
mg/L at 42 d, respectively.

Digestive and immunological enzymes

At the end of the experiment, the activities of intestinal
digestive enzymes (amylase, lipase, trypsin) and immune
enzymes of superoxide dismutase (SOD), lysozyme, phenol
oxidase (PO), and catalase (CAT) in the hepatopancreas of L.
vannamei were analyzed in the sodium humate (B) and sodium
humate with probiotics (C) groups (Figure 2). The activities of
all enzymes in experimental groups increased to varying degrees
when compared with the control group (A).

The amylase activity (Figure 2A) in group B was significantly
higher than control and C groups (P< 0.05), but there was no
significant difference between control and C groups (P > 0.05).
The lipase activity (Figure 2B) in experimental groups was
significantly higher than the control group (P< 0.05). The
trypsin activity (Figure 2C) in group B was significantly higher
than the control group (P< 0.05), while there was no significant
difference between control and C groups (P > 0.05).

The SOD and PO activities (Figures 2D, E) in the
experimental groups were significantly higher than the control
group (P< 0.05), while there was no significant difference
between groups B and C (P > 0.05). The CAT activity
(Figure 2F) in group B was significantly higher than the
control group (P< 0.05), while group C is not significantly
different from the control group (P > 0.05). The highest

TABLE 1 Effects of sodium humate (B) and sodium humate with Probiotics (C) on growth performance of L.vannamei.

Group IBW (g) FBW (g)
A (control) 031 + 0.037 1.65 + 0.07°
B 031 +0.037 2.12 + 0.03°
C 0.31 + 0.037 1.90 + 0.15°

SR (%) SGR (%) FCR
79.11 + 1.31° 3.77 £ 0.13° 1.90 + 0.10°
88.44 + 2.27° 435 + 0.04° 1.20 + 0.03°
86.07 + 5.82% 4.09 £ 0.21° 145+ 0.22°

IBW, initial body weight; FBW, final body weight; SR, survival rate; SGR, specific growth rate; FCR, feed conversion rates. Values (means + SD) with various superscripts depicting

significant differences (P < 0.05).
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lysozyme activity (Figure 2G) was detected in group B, with no
significant difference between three groups (P > 0.05).

Analysis of culture water and intestinal
microbiota

The raw HiSeq sequencing data yielded 862,629 and 824,553
high-quality sequences for the intestine and culture water samples
of L. vannamei, respectively. The OTUs and Alpha diversity
statistics in culture water and intestinal microbiota of L. vanamei
were presented in Table 2. The average clean tags range from 44,674
to 48,616 per group, and the number of operational taxonomic
units (OTUs) in the sodium humate group (BW) was significantly
higher than the control group AW (p< 0.05). Moreover, the total
number of OTUs was 1469. The three groups share 1037 OUTs in
water microbiota, and the unique OTUs in the sodium humate with
probiotics group (CW) were the highest (Figure 3A). For the
intestinal microbiota of the shrimps, the total number of OTUs
was 682, the three groups shared 440 OTUs, and the unique OTUs
of each group were not different (Figure 3B).

The coverage of each group ranged from 0.995529 to
0.998415, indicating the depth of sequencing had effectively
covered the sample microflora. The Chao and Ace indices of
the culture water microflora in BW and CW groups were higher
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than the control group, and group BW was significantly higher
than the control group (p< 0.05). The Shannon and Simpson
indices were not significantly different between all groups (p >
0.05). The Chao, Ace, Shannon, and Simpson indices of the
intestinal microflora in groups BI and CI were not significantly
different (p > 0.05) compared to the control group (Table 2).
There were 31 phyla in the water microflora of L. vannamei,
with Proteobacteria, Bacteroidota, Actinobacteria, Chloroflexi,
and Patescibacteria being the dominant phyla (relative
abundance > 5% at least in one sample) (Figure 4A).
Proteobacteria (42.77-52.31%) was the most abundant phyla,
but there was no significant difference between the groups (p >
0.05). The relative abundance of Chloroflexi in sodium humate
with probiotics group (CW) was significantly higher than the
control group (P< 0.05). In contrast, the Patescibacteria and
Bdellovibrionota in sodium humate with probiotics group (BW)
were significantly higher than the control and CW groups (P<
0.05). The Verrucomicrobiota increased significantly (P< 0.05)
in control group than other experimental groups (Figure 4C).
There were 24 phyla in the intestinal microflora of L.
vannamei, and Proteobacteria (62.30-67.51%) was the most
abundant phylum (Figure 4B). The relative abundance of
Bacteroidota in group BI was significantly higher than the
control and CW groups (P< 0.05), but the Verrucomicrobiota
in group BI was significantly lower than the control group (P<
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FIGURE 2
Effects of sodium humate (B) and sodium humate with Probiotics (C) on intestinal amylase (A), lipase (b), trypsin (C) and hepatopancreas SOD
(D), PO (E), CAT (F) and lysozyme (G) of L. vannamei. Upright bars denote the mean + SD (n = 6). Bars labelled with different letters denote
significant differences (p < 0.05) between the experimental groups.

0.05). Additionally, Chloroflexi increased significantly (P< 0.05) microflora of L. vannamei (Figure 5A). The relative abundance
in the control group compared to other experimental of Marivita and Ruggiella in the control group was higher than
groups (Figure 4D). experimental groups. However, Pseudohongiella in the control

At the genus level, the top 5 genera were Marivita, Ruegeria, group was significantly lower than the experimental groups (P<
Halioglobus, Woeseia, and Pseudohongiella in the water 0.05). The relative abundance of Gracilibacteria increased

FIGURE 3

Venn diagram showing the unique and shared OTUs in culture water (A) and intestine (B) of L. vannamei with sodium humate (BW, Bl) and
sodium humate with probiotics (CW, Cl). OTUs were defined at the 97% similarity level.
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TABLE 2 OTU, diversity index and estimated OTU richness for the intestinal and water bacterial diversity analysis of L. vannamei with sodium

humate (Bl, BW) and sodium humate with probiotics (CI, CW).
Index water intestine
AW (control) BW CW Al (control) BI CI
Tags 46,589 44,674 46,162 47,393 47,763 48,616
OTUs 876 + 112° 1011 + 21° 946 + 103%° 391 + 18 377 £18 371 + 47
Coverage 0.995951 0.995529 0.995599 0.998310 0.998306 0.998415
Shannon 4.58 +0.33 4.84 +0.14 4.43 +0.45 3.77 0.1 3.76 + 0.24 3.70 + 0.35
Simpson 0.03 + 0.01 0.02 + 0.01 0.04 £ 0.02 0.05 + 0.01 0.05 + 0.02 0.06 + 0.03
Chao 1027.60 + 115.19° 1162.50 + 26.35° 1107.02 + 72.73% 462.82 + 40.46 458.53 + 21.18 44729 + 56.07
Ace 1028.80 + 114.09° 1160.54 + 19.32° 1107.06 + 75.61%° 466.45 + 3331 466.34 + 36.78 44327 + 62.86

Values (means + SD, n = 6) with varying superscripts depicting significant differences (P < 0.05).
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FIGURE 4
Effect of sodium humate (BW, BI) and sodium humate with probiotics (CW, Cl) on bacterial community composition and the top 10 dominant
bacteria at the phylum level in the culture water (A, C) and intestine (B, D) of L. vannamei. Bars labelled with different letters denote significant

differences (p < 0.05) between the experimental groups.
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significantly (P< 0.05) in group BW than the control group.
Moreover, Polaribacter decreased significantly (P< 0.05) in
experimental groups compared to the control group (Figure 5C).

At the genus level, Ruegeria, Vibrio, Woeseia, Sungkyunkwania,
and Halioglobus were the dominant genera (relative abundance >
5% at least in one sample) in the intestinal microflora of L.
vannamei (Figure 5B). Ruggiella (15.22-19.56%) was the most
abundant genus, but there was no significant difference between
the groups (p > 0.05). The relative abundance of Sungkyunkwania
in group BI was significantly higher than the control and CI groups
(P< 0.05), but the abundance of Luteolibacter decreased
significantly (P< 0.05) in group BI compared to control and CI
groups (Figure 5D).

According to principal coordinates analysis (PCoA) based
on unweighted-Unifrac, PCoAl was 28.95%, and PCoA2 was
24.23% in water microflora. It could be seen that the water
microflora of L. vannamei could be well clustered between
samples of the same group and clearly distinguished between
different groups. Group CW was further away from the control
group on PCoAl, experimental group BW was further away
from the control group on PCoA2, and experimental group BW
was further away from group CW on PCoA2 (Figure 6A).
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The PCoA of intestinal microflora in three groups, PCoAl
was 17.57%, and PCoA2 is 12.70%, indicated that the intestinal
microflora of L. vannamei in control and group BI were
clustered together, and the sample community of group CI
was more dispersed. Notably, the group BI was farther away
from the control group on PCoAl, and the group CI was closer
to the control group (Figure 6B).

The conjectural functions of the microbiota in the culture
water and intestine of L. vannamei were illustrated using
PICRUSt. Compared to taxonomic profiles, the functional
profiles of all groups were much more like each other
(Figure 7). All groups were enriched with functions that were
related to amino acid metabolism (relative abundance from
13.64% to 14.04%), carbohydrate metabolism (relative
abundance from 13.03% to 13.37%), metabolism of cofactors
and vitamins (relative abundance from 12.11% to 12.31%),
metabolism of terpenoids and polyketides (8.52% to 9.40%),

metabolism of other amino acids (8.17% to 8.47%), lipid
metabolism (7.37% to 7.82%), xenobiotics biodegradation and
metabolism (5.45% to 6.00%), and energy metabolism (5.29% to
5.41%). These KEGG function classification results indicated
that the shrimp intestinal microbial taxa and cultured water
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Effect of sodium humate (BW, BI) and sodium humate with probiotics (CW, Cl) on bacterial community composition and the top 10 dominant
bacteria at the genus level in the culture water (A, C) and intestine (B, D) of L. vannamei. Bars labelled with different letters denote significant
differences (p < 0.05) between the experimental groups.
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microbial taxa maintained similar biological functions to those humic acids have focused on livestock and poultry and indicate
in culture water and intestine of L. vannamei. that dietary humic acids can promote animal growth and
improve feed efficiency (Islam et al., 2005; Weber et al., 2014).

Soluble humic acids are available in potassium humate and

Discussion sodium humate. Animals prefer sodium humate because sodium
is an essential inorganic electrolyte for animals. Deng et al.

Humic substances are organic compounds abundant in soils (2020) showed that the sodium humate content in the feed had a
and sediments, divided into humic acids, fulvic acid, and humin significant effect on tilapia’s growth performance and feed
according to pH-dependent aqueous solubility. (Alvarez-Puebla efficiency. However, few investigations have investigated the
et al, 2007). Many studies on the biological effects of dietary effects of dietary sodium humate on shrimps. In this study, the
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FIGURE 7
Effect of sodium humate (BW, Bl) and sodium humate with probiotics (CW, Cl) on KEGG function classification of microbiota in culture water
and intestine in the three groups.
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addition of sodium humate to culture water could promote
growth, significantly increase the survival rate, and reduce the
feed conversion rate of L. vannamei, which was similar to the
above study results. The study outcome infers that sodium
humate has a significant effect on the growth performance of
L. vannamei.

Probiotics can maintain the micro-ecological balance of an
organism by competing with harmful microorganisms for
nutrients and space to survive and reproduce and by
inhibiting the growth of harmful microorganisms (Balcazar
et al, 2006; Akhter et al., 2015). In aquaculture, probiotics
play an important role in maintaining water quality and
improving productivity, nutrient cycling and disease control
(Kuebutornye et al., 2019; El-Saadony et al., 2021). Many
studies have shown that dietary supplementation with different
probiotics improves the growth performance of L. vannamei and
promotes the growth and health of the animals (Sadat Hoseini
Madani et al., 2018; Zuo et al, 2019). In this study, adding
sodium humate with probiotics to the culture water could
promote growth, improve the survival rate of L. vannamei,
and decrease the feed conversion rate. However, the results of
probiotic addition were similar to sodium humate group on
growth performance, it showed that probiotics had no function
on shrimp which was inconsistent with the findings of other
researchers (Linan-Vidriales et al., 2021). It may be related to the
way of probiotic addition, which was only added once at the
beginning of the experiment. Moreover, the ammonia nitrogen
in group C was significantly lower than the control group at 15 d.
The data validates that sodium humate with probiotics can
reduce the accumulation of ammonia nitrogen to a certain
extent in cultured water, thereby improving the growth and
health of shrimp.

Digestion and nutrient absorption of food takes place in the
intestine, which is closely related to the activity of intestinal
digestive enzymes. The digestive capacity, growth, and
development of aquatic animals are related to digestive
enzyme activity, and nutrient absorption depends to a large
extent on the level of enzyme activity (Assan et al,, 2022).
Shrimps, like other invertebrates, mainly rely on non-specific
immunity to resist pathogenic bacteria (Li and Xiang, 2013; Holt
et al, 2021). Shrimps’ immune system includes blood cells,
several serum components, and multiple systems (coagulation
protein cascade reaction, phenol oxidase progenitor system)
(Song and Li, 2014). Hematocrit, lysozyme, and phenol
oxidase are important indicators of shrimp immunity and play
an important role in the defense response of shrimp (Rengpipat
et al.,, 2000). Wang and Yin et al. reported that host-associated
bacteria could potentially enhance enzyme production in the gut
of juvenile spot shrimps (Wang et al., 2020). In the current
study, both the intestinal digestive enzymes and some
hepatopancreatic immune enzymes of the shrimps in the
experimental groups increased to varying degrees compared to
the control group, and all measured enzymes in sodium humate
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were significantly higher than the control group except for
lysozyme, indicating that adding sodium humate to culture
water improves the digestive and non-specific immune
capacities of the L. vannamei. Thus, the growth performance
and survival rate in sodium humate of the L. vannamei
significantly increase, and the feed conversion rate reduces.
However, only the SOD, PO, and Lipase activity in group C
were significantly higher than the control group, and the amylase
and lipase activities were significantly lower than the group B. It
indicated that the addition of the probiotics was decreasing the
positive effect of sodium humate addition in term of enzymatic
activities. It may be directly related to the antibacterial properties
of the enzymes with probiotics. The probiotics used in this study
were composed of Lysinibacillus, and Bacillus subtilis strains,
which produced a variety of metabolic products that could
obstruct the growth of other microorganisms (Ahmad
et al., 2014).

Intestinal microflora affects nutrient absorption, immune
response, and intestinal mucosal morphology of the host is
linked to the intestinal mucosa and constitutes a complex
microbial system (Sha et al., 2016). The shrimp intestine hosts
a structurally complex microflora that affects digestion efficiency
and is relevant to the health and growth of the shrimp (Zheng
et al, 2017). It has been shown that changes in environmental
conditions can lead to an increase in the number of conditionally
pathogenic bacteria, resulting in an imbalance in the intestinal
microflora (Hou et al,, 2017). Once the microflora has been
disrupted, feeding beneficial microorganisms helps the host
establish a normal microbiota (Adel et al., 2017). In this study,
according to Alpha diversity statistics, sodium humate with
probiotics had no significant effect on the diversity and
abundance of intestinal microflora in L. vannamei, indicating
a stable microflora in the L. vannamei intestine.

The bacterial diversity of culture water plays a vital role in
the stability of the water environment. Bacteria in the culture
environment play an important role in the nutrient cycling and
mineralizing of organic compounds (Vaz-Moreira et al., 2011).
Some researchers found that adding agricultural by-product
sugarcane bagasse as a carbon source in biofloc systems with
zero-water exchange increased the total number of heterotrophic
bacteria, facilitated water recycling and improved the growth,
and health of shrimp (Sharawy et al., 2022). In the current study,
the Chao and Ace indices of water microflora in experimental
groups are higher than the control group. The sodium humate
group is significantly higher than the control group, suggesting
that sodium humate as a carbon source increases the abundance
of the water microbial community, with the enhanced bacterial
respiration of bacteria leading to the pH reduction. The PCoA
plot of the water microbial community has a clear shift with the
addition of sodium humate and probiotics, suggesting that
sodium humate and probiotics in the culture water have an
obvious effect on the water microbial community of
L. vannamei.
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In this study, Proteobacteria, Bacteroidetes, and Actinobacteria
are the dominant bacterial communities in the intestine and culture
water of L. vannamei. Proteobacteria is the most abundant phylum,
consistent with previous studies on shrimp ponds (Xiong et al.,
2014; Mongkol et al, 2018). Several studies have shown that
seawater microbiota is slightly more complex than the shrimp
intestine (Sharawy et al., 2022). The microbial communities in
water are more diverse than those in the shrimp intestine
(Johnson et al., 2008). In this study, there are 31 main phyla
within the water microflora of L. vannamei, and 24 main phyla in
the shrimp intestine, indicating the microflora in culture water is
more diverse than the intestinal microflora of L. vannamei. At the
genus level, Ruegeria, Halioglobus, and Woeseia are the dominant
genera in the intestine and culture water of L.vannamei, similar to
the results of previous studies (Gao et al., 2022). Previous studies
reported that Pseudohongiella spp. are representatives of the
family Alcanivoraceae and can enhance abilities to transfer and
metabolize organic and inorganic substances. In this study, the
Pseudohongiella genus in culture water in the experimental
groups is significantly higher than the control group, inferring
that sodium humate and probiotics could indirectly improve the
utilization of organic matter in culture water.

Conclusion

Under the experimental conditions of this present study. The
addition of sodium humate to culture water enhanced not only
the growth performance and activities of intestinal digestive
enzymes and some hepatopancreas immunoenzymes but also
the richness of the water microflora of L. vannamei. However,
the positive effect of growth performance and enzymatic
activities in the addition of sodium humate with probiotics
(Lysinibacillus, Bacillus subtilis) was relatively lower than the
addition of sodium humate, indicating that the addition of the
probiotics was actually decreasing the positive effect of sodium
humate addition, but the addition of the probiotics could
effectively reduce the accumulation of ammonia nitrogen to a
certain extent in the water. In a word, sodium humate can be
used as a beneficial water additive for L. vannamei farming, and
further research is needed on the use of sodium humate together
with probiotics, especially the frequency and concentration of
probiotic additions.
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