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Shrimp is an important aquaculture species worldwide. The use of antibiotics to

suppress disease outbreaks has led to antibiotic resistance; however, probiotics

or natural herbal additives can enhance the health of farmed shrimp. In this study,

the effects of formulations containing natural herbs and probiotics on shrimp

farming were explored. Following indoor shrimp farming, the shrimp were

returned to outdoor natural ponds for 1 week in the presence of a fermented

probiotic product. The gut microbiota was surveyed using 16S rRNA gene

sequencing at 1, 2, 3, and 8 weeks after the natural pond release. The results

showed that Vibrio-related bacterial genera increased significantly in the shrimp

intestinal microbiota at 2 weeks and were particularly high at 3 weeks after

natural pond release. The phyla Firmicutes, Bacteroidetes, Vibrio-related

bacteria, and the genus Cetobacterium emerged as crucial bacteria linked to

shrimp health and growth. Overall, the diversity of the shrimp intestinal

microbiota was lower upon release into the natural pond. However, this

outcome may be associated with dysbiosis or influenced by the natural

environment. Further research is warranted to substantiate these findings. A

perspective on the shrimp gut microbiota provides important information for

aquaculture management and explains the implementation of control measures.
KEYWORDS

shrimp, fermentation product, 16S rRNA gene sequencing, gut microbiota, vibrio
related bacteria
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1 Introduction

Shrimp aquaculture is a vital economic cornerstone of many

countries. Most early studies on shrimp aquaculture management

have focused on shrimp disease and nutritional supplementation

(Toma and James, 1975; Feingold, 2000; Walker and Winton, 2010;

Lightner, 2011). However, in recent decades, with the advancements

in next-generation sequencing and microbiota studies, research on

the gut microbiota of aquatic species, including fish and shrimp, has

dramatically increased (Diwan and Harke, 2022; El-Saadony et al.,

2022; Turner et al., 2022; Vijayaram et al., 2022). The gut

microbiota, particularly the interactions between the gut

microbiota and the host, is a prominent research field (Adak and

Khan, 2019).

Research on aquatic organisms, especially economically

important aquaculture animals, has focused on disease-related

topics, including pathogens such as Vibrio species (de Souza

Valente et al., 2020; Gainza and Romero, 2020; Soo and Bhassu,

2022). Many non-pathogenic strains within the Vibrio genus are

important for crustaceans due to their ability to produce chitinases

(Sugita and Ito, 2006), which may support healthy gut function. The

impact of other relevant microbial communities in the shrimp gut

on the stability of the Vibrio species composition has also been

evaluated (Holt et al., 2021; Sha et al., 2022). Another critical area of

focus is the variation in the gut microbiota composition among

different shrimp species and their interactions with the host (Holt

et al., 2021; Wang et al., 2020), along with the gut microbiota in

different sections of the shrimp gut (Holt et al., 2021). However,

further studies are required to enhance the aquaculture efficiency

and prevent shrimp diseases. Studies have also provided insights

into the prevention of disease transmission through food (de Souza

Valente et al., 2020). Therefore, a large focus of research in this field

is enhancing aquaculture efficiency while also preventing

shrimp diseases.

Probiotics, which are defined as live microorganisms, contribute

to intestinal function and immune system development (Diwan and

Harke, 2022; Ma et al., 2022). The intestine is the largest immune

organ in the body (Wu and Wu, 2012). Probiotics facilitate efficient

feed utilization, maintain physiological immune mechanisms, and

improve growth efficiency, among other functions (Fuller, 1989).

Thus, hosts lacking a healthy microbial community are prone to

rapid death owing to infection, highlighting the indispensable

symbiotic relationship between probiotics and hosts (Bhogoju and

Nahashon, 2022; Nourizadeh et al., 2022). The use of probiotics in

aquaculture has been extensively studied for their capacity to inhibit

detrimental environmental and gut bacteria, stimulate growth, and

optimize enzymatic systems (Balcazar et al., 2006; Martinez Cruz

et al., 2012). The goal is to enhance the diversity of gut microbes to

optimize the breakdown and absorption efficiency of organic

matter, thereby further improving intestinal immune function

(Ringo et al., 2022; Zeng et al., 2023). The enhancement of this

mechanism also leads to improvements in the survival rates of

aquaculture species and has the potential to reduce reliance on

drugs in aquaculture (Martinez Cruz et al., 2012; Meng et al., 2023).

For crustaceans, common probiotics include Bacillus S11,
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Pseudomonas sp. PM11, and Vibrio fluvialis PM17 (Farzanfar,

2006; Kumar et al., 2016). These probiotics are primarily used to

enhance growth, resist pathogens, and increase the productivity of

crustacean aquaculture. Thus, probiotics can be used as natural

additives in healthy aquaculture systems.

Many reports have indicated that traditional Chinese herbal

medicine possesses specific therapeutic and preventive capabilities

against diseases (Zhai and Li, 2019; Zhang et al., 2021). Numerous

herbs exhibit natural antipyretic and detoxifying effects and contain

essential natural compounds, such as phenylethanoid glycosides,

resins and their glycosides, pentacyclic triterpenoids, chlorogenic

acid, iridoids, and essential oils, which play crucial roles in curing

viral infections and enhancing resistance (Liao et al., 2022).

Common medicinal herbs with such effects include Isatis

indigotica, Datura stramonium, Pulsatilla chinensis, Eucalyptus

leaves, Forsythia suspensa, Lonicera japonica, Acorus tatarinowii,

and Gentiana macrophylla. These active substances in natural herbs

are often subjected to fermentation and extraction using fly larval

enzyme solutions and selenium-enriched yeast, producing liquid

formulations containing natural compounds widely used in

aquaculture for disease and antibacterial resistance (Zhang et al.,

2021; Liao et al., 2022).

Penaeus vannamei, commonly known as white shrimp, is a

significant species in mainland China. However, this species is often

plagued by gill and white spot diseases, necessitating the use of

medications to maintain the health of aquaculture organisms and

inadvertently promoting the emergence of drug-resistant pathogens

(Hassan et al., 2022; He et al., 2023; Tadese et al., 2022). Therefore,

bioactive compounds that can be extracted from traditional Chinese

medicine and have gained attention to recent years (Cai et al., 2022).

Recently, probiotics have been frequently used as byproducts in feed

additives (Martinez Cruz et al., 2012) due to their ability to

decompose naturally (Diwan and Harke, 2022; Ma et al., 2022).

In this study, we studied the impact of a fermented herbal probiotic

on the gut microbiotas of white shrimp. The juveniles of white

shrimp were grown in the presence of Chinese herbal fermented

products for 7 days, after which they were released into natural

cultivation ponds. Subsequently, temporal changes in the intestinal

microbiota of white shrimp after culture in natural environments

were analyzed to understand the impact period of adding fermented

products to white shrimp. This study provides crucial reference data

for environmentally friendly and healthy aquaculture practices.
2 Materials and methods

2.1 Probiotic fermentation
product composition

The probiotic fermentation product contained the following

mixture: 30 units humic acid; 8 units lactic acid bacteria; 5 units

selenium-enriched yeast; 8 units Bacillus subtilis; 20 units brown

sugar; 0.1–0.4 units vitamin complex; 0.1 unit vitamin complex,

which contained vitamin C, vitamin B1, vitamin B2, vitamin B6,

vitamin B12, niacin, pantothenic acid, folate, and choline; and 60
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units pure freshwater. The herbal components of the Chinese herbal

additive solution product include the roots of Isatis indigotica,

Zornia cantoniensis, Pulsatilla chinensis, and leaves of Tasmanian

Bluegum, Forsythiae Fructus, Lonicera japonica, Acorus gramineus,

Gentiana cruciate. These components were fermented using a

fermentation liquid and selenium yeast. All raw materials were

purchased from the traditional Chinese medicine market.
2.2 Addition experiment

Various herbal additives, with the compositions described in

Section 2.1, were added to the initial shrimp cultivation ponds in an

indoor environment on day 8 after fermentation. The average size

of the cultivated shrimps was approximately 5 cm. The aquaculture

conditions and feeding regimen were as: three circular aquaculture

tanks, each containing 2.5 tons of water, and 500 shrimp larvae per

tank (individual averages were recorded during the initial

experimental observation on July 10). The water temperature is

maintained between 28–30 °C, with feeding occurring three times

daily at 7:30, 12:30, and 19:30. The natural pond was 2 m long and

2 m wide with a maximum depth of 3 m. In natural ponds, the

shrimp density was 200 individuals per m3. The salinity of water in

the natural ponds was maintained at approximately 18 PSU. SDR1

(SDR1-1, SDR1-2, and SDR1-3) represents the sampling time point

with the addition of the probiotic fermentation product for 7 days,

SDR2 (SDR2-1, SDR2-2, and SDR2-3), SDR3 (SDR3-1, SDR3-2,

and SDR3-3), SDR4 (SDR4-1, SDR4-2, and SDR4-3), and SDR5

(SDR5-1, SDR5-2, and SDR5-3) correspond to 1, 2, 3, and 8 weeks,

respectively, after returning the shrimp to the natural cultivation

ponds. Three specimens were collected at each time point, and five

white shrimp guts were mixed. Therefore, 15 and 75 shrimp gut

microbiota samples were used for microbiota analysis. The relative

abundances of each sample are shown in Supplementary Figure S1.
2.3 Genomic DNA extraction

Genomic DNA (gDNA) was extracted from shrimp gut using a

QIAampDNAMicrobiomeKit (Qiagen, Hilden, Germany) according

to the manufacturer’s instructions. The concentration of extracted

gDNA was determined using a NanoDrop 2000 spectrophotometer

(Thermo Fisher Scientific, Waltham, MA, USA). The quality of the

extracted gDNA was evaluated using electrophoresis separation

(1.5% gel in Tris-acetate ethylenediaminetetraacetic acid buffer),

and purified gDNAwas stored at −20°C until partial 16S rRNA gene

sequencing analysis.
2.4 16S rRNA gene sequencing, library
construction, and microbial
community analysis

The 16S rRNA gene targeting the V3-V4 regionwas amplified using

the KAPA HiFi HotStart Ready Mix PCR kit. Amplicon PCR

amplification was performed using the Illumina MiSeq system
Frontiers in Marine Science 03
(Illumina, San Diego, CA, USA) following a comprehensive protocol

for paired-end sequencing as described previously (Villanueva and

Chen, 2019). After obtaining raw sequencing files from the next-

generation sequencing platform, the data were analyzed using the

Qiime2 software package to characterize microbial diversity at the

phylum and genus levels (Bolyen et al., 2019). Briefly, sequence data

were trimmed to remove chimeras and clustered into operational

taxonomic units (OTUs) using a 97% threshold limit of similarity

with respect to the RDP database. The confidence threshold for limiting

taxonomic depth was set to 0.7. Additionally, beta diversity was

measured based on the weighted UniFrac index, followed by a

permutational multivariate analysis of variance using phyloseq

(McMurdie and Holmes, 2013). The results were visualized using

ggplot2 (Villanueva and Chen, 2019). The relative abundance of

microbes at the genus and species levels was determined using

QIIME2 v2019.1, and the results were visualized using the ggplot2

and Eulerr packages (Chen et al., 2011). The Chao and Shannon indices

were used to determine the alpha diversity of the sampling group.

Subsequently, the t-tests were conducted to compare the alpha-diversity

of the shrimp gut microbiotas from the various timepoints. Statistical

significance for Firmicutes, Bacteroidetes, Vibrio, and Cetobacterium

between each pair of time points within five different time points was

assessed using theWilcoxon rank-sum test based on relative abundance

ratios. The distribution pattern of the microbial community based on

similarities and dissimilarities was further assessed through Statistical

Analysis of Metagenomic Profiles (STAMP) (Parks et al., 2014).

Principal coordinate analysis was conducted using canoco5.1 software

(http://www.canoco5.com/, accessed on May 14, 2020). Additionally,

linear discriminant analysis effect size (LEfSe) was performed using

Galaxy software (http://huttenhower.sph.harvard.edu/lefse/) using a

linear discriminant analysis score >2 and p-value < 0.05 to identify

the differential abundance of microbiota among the experimental

groups (all time points vs. all time points).
3 Results

3.1 Clustering, microbial community
composition, and abundance analysis
based on 16S rRNA V3-4 sequencing

According to the 97% OTU analysis, after 7 days, the fermented

probiotic treatment (SDR1) showed the most unique features

(33.9%) compared to the other groups, as shown in the Venn

diagram (Figure 1A). However, a small portion (2.2%) of the OTUs

was shared among the five groups, indicating a variable microbial

community with temporal changes, particularly in natural shrimp

cultivation ponds. Moreover, after being released at 1 week (SDR2)

and 3 weeks (SDR4), the samples showed similar proportions for

the individual abundance (3.3% and 2.7%, respectively) of OTUs,

indicating the presence of dominant species at these time points.

Taxonomic analysis of the V3-4 region of 16S rRNA revealed

striking differences in the composition and abundance of the microbial

community at the taxonomic level in the shrimp gut cavity at five

different time points. The relative abundances of the top ten phyla and

genera associated with the gut cavities in each group are shown in
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Figures 1B, C. The relative abundances of each sample are shown in

Supplementary Figure S2. Bacteroidetes was themost common phylum

in the gut cavities of the SDR1(65.9%, treatment week) and SDR2

(48.8%, 1 week after release) groups. Proteobacteria was the most

common phylum in the gut cavities of SDR4 (89.3%, 3 weeks after

release) and SDR5 (83.8%, 8 weeks after release). Proteobacteria and

Bacteroidetes were present in the same proportion (approximately

35%) 2 weeks after release (SDR3). The relative abundances of the top

ten phyla in each sample were similar at the same time point, which

was consistent with the results of the OTU analysis (Supplementary

Figure S2). At the genus level, Spongiimonas, Photobacterium, and

Vibriowere the most common genera in the shrimp gut cavity. Among

them, Spongiimonas showed a high occurrence (47.0%) only during the

treatment week (SDR1) and rapidly decreased in samples from later

time points. The genera Vibrio and Photobacterium accounted for

88.8% 3 weeks after release (SDR4) and 77.9% 8 weeks after release

(SDR5). Gammaproteobacteria was dominant in SDR4 (3 weeks after

release). Bacterial diversity was higher in the initial stage than in the

natural shrimp cultivation ponds.
3.2 Alpha diversity and beta diversity of
microbiota in shrimp gut microbiome

We determined the Chao1 and Shannon diversity indices to

explore community richness, taxon richness, and evenness of the
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shrimp gut microbiota at different time points (Figure 2). The

average Chao1 index of the shrimp gut microbiota was the highest

in the SDR1 group, but it also showed the highest standard

deviation. After adding the fermentation product in the first

week, the Chao1 index of SDR2 (1 week after release)

significantly differed from that of SDR1 (treatment week). Over

time, the standard deviations of the subsequent samples (SDR3–5)

increased significantly. Shannon’s index showed that SDR3 (2

weeks after release) had the highest diversity, whereas the trend

in Shannon’s index of other samples was similar to that of the

Chao1 index, suggesting that the fermentation treatment increased

the microbial diversity of the shrimp gut microbiota, whereas

diversity decreased during natural shrimp pond cultivation. The

Chao1 and Shannon’s diversity index value of each sample were

shown in Supplementary Table S1.

Principal coordinate analysis of beta diversity showed that the

shrimp gut microbiota following the addition of fermentation

products exhibited significant dispersion compared to that at

other time points, especially over longer durations (Figure 3).

However, after adding the fermentation product, the samples of

shrimp released at 1 week and 2 weeks (SDR2 and SDR3) were

distributed more closely together, whereas the samples released

after 3 weeks (SDR4) and 8 weeks (SDR5) were similar, indicating

that the addition of the fermentation product led to a more similar

microbial community composition, which became stable after 3

weeks. Furthermore, the gut microbiota exhibited similar
A

B C

FIGURE 1

(A) Ven diagram of shared and unique operational taxonomic units between the five experimental groups. Bacterial taxonomic composition and
abundance at the phylum (B) and genus (C) levels associated with shrimp gut cavity of five experimental groups.
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distributions at the same time points, suggesting that the gut

microbiota of different shrimps at the same time points were

similar and stably influenced by both the pond environment and

the fermentation product. Furthermore, the adonis function based

on permutational multivariate analysis of variance revealed a

significant difference in beta diversity between the initial and

subsequent shrimp samples (p < 0.05).
3.3 Differential analysis at taxonomic levels
associated with the gut cavity from five
time point experiments

LEfSe analysis coupled with the logarithmic linear discriminant

analysis score was performed to explore the significant differences

in bacterial taxa between the gut microbiota of shrimp at different

time points (Figure 4A). The LEfSe analysis revealed 34 significantly

different bacteria at different taxonomic levels. Among these, only

one significant bacterium was enriched in shrimp gut microbiotas 8

weeks after release (SDR5), whereas 15 bacteria were significantly

enriched in shrimp guts 1 week after pond release (SDR2). These
Frontiers in Marine Science 05
significantly enriched bacteria were typically more abundant in

association with aquatic bacteria (Figure 4B), with significant

differences between groups. At 3 and 8 weeks after pond release

the most common bacterial genera in shrimp gut microbiotas were

mostly related to Vibrio, whereas at 2 weeks post release, there was

more Celeribacter and Donghicola, both belonging to the family

Rhodobacteraceae. SDR2 (1 week after release) showed a higher

abundance of genera associated with Actinomycetota and

Rhodobacteraceae. However, the SDR1 (treatment week) sample

subjected to fermentation product culture showed a diverse pattern,

with phyla, classes, and genera such as Flavobacterium,

Bacteroidetes, Clostridia, and Firmicutes.
3.4 Differential analysis of key bacteria
associated with the gut cavity from five
time point experiments

We conducted a statistical analysis (Wilcoxon rank-sum test) of

the relative abundance ratios at five different time points based on

important bacterial phyla (Firmicutes and Bacteroidetes)
FIGURE 3

Principal coordinates analysis (PCoA) plot for each sample based on the weighted UniFrac metric.
A B

FIGURE 2

Box plots showing alpha diversity (A) Chao1 richness estimator and (B) Shannon Index variation between groups.
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commonly used to assess nutrient absorption, as well as two

important harmful and beneficial bacterial genera (Vibrio and

Cetobacterium), as shown in Figure 5. The results indicated that

the relative abundance of Firmicutes in SDR1 was significantly

higher than that of other species, indicating that the abundance

decreased over time after returning to the natural pond. In contrast,
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although Bacteroidetes showed a significantly higher abundance in

SDR1 (treatment week) than in SDR3–5 (2 to 8 weeks after release),

its decrease in relative abundance before SDR3 (2 weeks after

release) was not as rapid as that of Firmicutes. This finding

suggests that after the shrimp were removed from the

fermentation solution, there was a lack of phyla such as
A B

DC

FIGURE 5

Relative abundance and statistical analysis of key bacterial phyla/genera at five different sampling time points. (A) Firmicutes, (B) Bacteroidetes,
(C) Vibrio, (D) Cetobacterium.
A B

FIGURE 4

(A) Cladogram showing differentially abundant taxa at the species level associated with the gut microbiota of shrimp. (B) Bar graph showing the
relative abundance of these differential abundant taxa related to the gut microbiota of shrimp at different time points.
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Firmicutes in the natural pond, leading to a rapid decline in the

shrimp intestinal microbiota and resulting in a drastic reduction in

the Firmicutes to Bacteroidetes ratio.

Analysis of the relative abundance of the genus Vibrio, which is

harmful to shrimp growth, revealed the highest proportion in SDR4

(3 weeks after release), with relatively fewer occurrences during the

other periods. Although the relative abundance of Vibrio decreased

in SDR5 (8 weeks after release), this period was dominated by the

genus Photobacterium, which is also related to Vibrio bacteria.

Hence, Vibrio became predominant after SDR4 treatment (3 weeks

after release). The genus Cetobacterium contains potentially

beneficial bacteria and was significantly more abundant in SDR1

(treatment week) than in other samples. These bacteria showed a

low level of SDR3 (2 weeks after released) but were absent from

SDR2, SDR4, and SDR5 (1, 3, and 8 weeks after release,

respectively). This result indicated that Cetobacterium underwent

abundant proliferation during fermentation solution cultivation

and rapidly decreased after returning to the natural pond.

Although some of these bacteria may have been present, they did

not grow in the shrimp intestine over the long term.
4 Discussion

The highest number of OTUs was observed during the

treatment week (SDR1). However, during SDR2 (1 week after

release), when the shrimp were reintroduced into the natural

pond, only six exclusive OTUs remained. Over time, SDR3 (2

weeks after release) showed 20 exclusive OTUs of SDR2 (1 week

after release), and SDR4 (3 week after release) had only five

exclusive OTUs after an additional week. After a more extended

SDR5 (8 week after release) treatment period, the number of

exclusive OTUs increased. This indicates that the shrimp gut

microbiota undergoes sequential changes in the natural

environment over time. However, abrupt changes may also occur,

mainly related to the environment. These results are similar to those

of other temporal studies (Landsman et al., 2019; Dai et al., 2020).

Furthermore, because of the influence of fermentation fluid, there

were significantly more exclusive OTUs in the gut microbiota of

SDR1 (treatment week), which has also been observed in other

shrimp populations cultured with probiotics or fermentation

products (Sha et al., 2016; Cheng et al., 2017; Mazon-Suastegui

et al., 2020). To compare relative abundance, we sequenced the V3-

4 region of 16S rRNA and employed OTU-based taxonomic

analysis. In previous studies, this method may have had

limitations in analyzing bacteria with slight variation in the V3-4

region, leading to species bias (Holt et al., 2021). Therefore, in terms

of relative abundance comparisons, we analyzed fewer species.

According to Garcıá-López et al.’s study, comparative analyses of

shrimp intestinal microbiota using 97% OTU, 99% OTU, or ASV

methods demonstrated comparability at the family level

(Garcia-Lopez et al., 2021). At the genus and species levels, 97%

OTU exhibited differences compared to the other two methods.

Surprisingly, 97% OTU, however, produced comparable a and b-
diversity profiles. In summary, the use of ASV in 16S rRNA short

fragment analysis tends to yield more species and diversity. Still, the
Frontiers in Marine Science 07
validity remains subject to debate due to the short fragment length.

On the other hand, the use of the 97% OTU classification method

may underestimate species diversity but demonstrates significant

richness, a-diversity, and b-diversity as expected. Consequently, the
future mainstream approach in microbiota analysis will be using

16S full-length sequencing analysis in conjunction with ASV (Mou

et al., 2023; Su et al., 2023).

Based on species analysis, Vibrio-related bacterial communities

were consistently present in the shrimp gut microbiota throughout

the various stages of this study. However, during the natural pond

cultivation phase, a noticeable increase in the proportion of Vibrio

was observed. Therefore, the diversity of samples from different

cultivation times appeared more similar in the principal coordinate

analysis. A high representation of Vibrio in the shrimp gut

microbiota during conventional cultivation was commonly

observed in many previous studies, particularly for the genera

Vibrio and Photobacterium, which account for over 70% of the

composition in both wild-caught and domesticated shrimp gut

microbiota (Holt et al., 2021; Tzuc et al., 2014; Rungrassamee

et al., 2016; Zheng et al., 2017). These two genera were also rich

in shrimp gut microbiotas at 3 and 8 weeks after pond release,

respectively. One primary reason for this result is that many species

w i th in the Vibr io spp . p roduce ch i t inase enzymes

(Sugita and Ito, 2006), which may have contributed to the

consistently high abundance of Vibrio in the shrimp gut

microbiota. However, within Vibrio spp., there is a higher

proportion of potentially harmful bacterial species, resulting in

suppression of Vibrio-related bacterial communities in the shrimp

gut microbiota, a research focus. In addition to their potential

adverse effects on shrimp growth (Lavilla-Pitogo et al., 1998), many

Vibrio species affect human health (Manilal et al., 2010; Lin et al.,

2021), making them an important aspect of food safety in the farm-

to-table chain (Yang et al., 2019). We showed that the fermentation

products inhibited the proliferation of Vibrio and enhanced the

overall microbial diversity. Additionally, during the initial 2 weeks

of natural pond cultivation, the proportion of Vibrio remained

relatively low. However, because we sequenced only the 16S V3-4

region, further identification of Vibrio species is necessary to

provide more information related to food safety and host health.

Previous research has shown that in shrimp gut microbiota with

slower growth rates, microbial diversity was significantly reduced

compared to shrimp exhibiting faster growth (Holt et al., 2021;

Xiong et al., 2017). The gut microbiota of the shrimp during the

treatment week (SDR1) phase, when raised in a fermentation fluid

environment, demonstrated higher diversity. However, after

reintroduction to the natural pond, both alpha diversity and the

total number of bacterial species and OTUs decreased significantly

over time. The Shannon’s index of SDR3 (2 week after release) is

high, but its Chao index is lower than that of SDR1 (treatment

week), indicating that during the SDR3 period, although the

richness is not as high as SDR1, the overall community diversity

is high. Additionally, based on the microbial composition

distribution diagram (Figure 1), it can be observed that SDR3 has

a relatively similar composition distribution to SDR1(treatment

week), but with a higher species diversity, potentially influenced by

microbial communities in the natural environment. Additionally,
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during SDR4 (3 weeks after release), there was a notably higher

presence of Gammaproteobacteria than during the other periods.

Previous studies have indicated that a substantial decrease in

bacterial diversity in slow-growing shrimp is linked to a sharp

increase in the relative abundance of Gammaproteobacteria (Xiong

et al., 2017). This is a critical concern because the presence of both

Vibrio and Gammaproteobacteria 3 weeks after reintroduction into

the natural pond may lead to sluggish shrimp growth. Another

significant factor was the ratio of Firmicutes to Bacteroidetes.

According to Fan and Li’s 2019 study of the white shrimp

Litopenaeus vannamei in marine aquaculture, the Firmicutes to

Bacteroidetes ratio was 0.34 to 6.04 for normal growth and 3.08 to

3.08 for slow growth (Fan and Li, 2019). Thus, when Firmicutes and

Bacteroidetes were low and high, respectively, the growth rates

tended to be slow. Our results demonstrated a substantial reduction

in Firmicutes after reintroduction into the natural pond; although

Bacteroidetes also decreased, the proportional difference was

significant. Furthermore, both Firmicutes and Bacteroidetes were

nearly absent from the later stages of natural pond cultivation,

which may have impacted overall shrimp growth and is a cause for

concern. Cetobacterium is considered beneficial because it

stimulates the production of vitamin B12 in the gut, thereby

enhancing host immune responses against pathogens

(Qi et al., 2023). Our results revealed a high proportion of this

genus in the gut microbiota of shrimp cultured in fermentation

products. However, this proportion decreased significantly after

reintroduction into natural ponds. This suggests that this genus

cannot effectively establish itself in the shrimp gut in a typical

natural pond environment, primarily because of environmental

factors and the influence of existing microbial communities.

Consequently, fermentation products can promote the growth of

this genus in the shrimp gut, potentially suppressing the

proliferation of pathogens. Thus, during SDR1 (treatment week),

the proportion of Vibrio species was relatively low, and other

species in the Enterobacteriaceae family were relatively scarce.

Previous studies have indicated a significant correlation between

Enterobacteriaceae species and shrimp diseases associated with

algae and pond water (Gardiner et al., 2015; Zheng et al., 2016).

Therefore, the relatively high presence of species from the

Enterobacteriaceae family during SDR3 (2 weeks after release) is

important. LEfSe outcomes showed that the Celeribacter and

Donghicola were significant presented in SDR3, they are a genus

of bacteria from the family of Rhodobacteraceae (Yoon et al., 2007).

LEfSe was a powerful tool to identify the most differentially

abundant taxa between groups.

Limitations of this study include the absence of microbial

analysis of the original herbal additive and the lack of

pretreatment shrimp intestinal microbial data before exposure to

the herbal additive. However, the primary focus of this study was to

investigate the changes in the intestinal microbial community of

shrimp in conventional aquaculture after treatment with an herbal

additive solution. This information serves as a reference for

suggesting subsequent application times. The study involved a

triplicate experimental design, with each experiment comprising

mixed samples from the intestines of five shrimp species.
Frontiers in Marine Science 08
Furthermore, the use of the V3-4 region may introduce bias into

the classification. Future studies should consider utilizing the full-

length 16S rRNA gene for a more comprehensive analysis.
5 Conclusions

After treatment with herbal additives, the microbiota of shrimp

intestines exhibited higher compositional diversity and richness

compared to those of shrimp release natural ponds. However,

notable changes occurred in the microbiota upon returning the

shrimp to the natural pond, characterized by a significant increase

in the abundance of the Vibrio genus and the Rhodobacteraceae

family, particularly after the third week. Further exploration of

Vibrio species is warranted at this stage to ascertain their potential

association with shrimp growth or assess their pathogenicity. It is

crucial to note that the 16S V3-4 region sequencing performed in

this study provides taxonomic resolution only at the genus level or

coarser. For a more comprehensive analysis, especially for better

understanding species that may not be distinctly identified in the

V3-4 region, full-length 16S rRNA sequencing should be

conducted. This limitation should be taken into consideration

when interpreting the study’s findings. In conclusion, this study

presents a temporal assessment of microbiota changes in shrimp

reintroduced into natural ponds after herbal additive treatment.

The results serve as a reference for evaluating shrimp health or

determining optimal timing for additive administration in

the future.
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