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A B S T R A C T

The current study was conducted to evaluate the effects of different levels of yeast culture (YC) supplementation
at 0% (YC 0%), 1% (YC 1%), and 2% (YC 2%) on growth, feed conversion ratio, body composition, intestinal
morphology, microflora, immune response, and resistance to Vibrio harveyi infection in Litopenaeus vannamei.
After 8-weeks feeding trial, the results showed significant improvement (p < .05) in the final weight, weight
gain rate, specific growth rate, survival rate and low feed conversion ratio in YC groups than the control. Serum
total protein, superoxide dismutase, catalase, alkaline phosphatase, acid phosphatase, lysozyme, and phenol
oxidase in shrimps fed diet YC (2%) were significantly higher (p < .05), whereas significantly decreased trend
in serum cholesterol, triglyceride, aspartate aminotransferase, and alanine aminotransferase (p < .05) were
observed in YC (2%) diet. Proteobacteria, Bacteroidetes, Actinobacteria, and Firmicutes were the core phylum
bacteria found in the shrimp intestines. At the genus level, opportunistic pathogenic bacteria, Vibrio was sig-
nificantly decreased (p < .05) while beneficial bacteria Pseudoalteromonas was increased in YC (2%) group.
Intestinal villus height and width in shrimps fed YC diets were significantly improved than the control diet
(p < .05). YC groups challenged test significantly showed (p < .05) improved shrimps immune response
against V. harveyi infections with YC (2%) recording the highest percentage survival rate (70%). The present
study demonstrated that supplementing YC (2%) can improve growth, intestinal microbiota, intestinal mor-
phology, and immune response against V. harveyi infections in L. vannamei.

1. Introduction

Litopenaeus vannamei (Pacific white shrimp) is a worldwide cultured
animal among the crustacean species because of its rapid growth,
tender flesh, and high nutritional value [1]. For the past years, disease
occurrences have led to substantial economic loss in the shrimp aqua-
culture industry [1–3]. Preventing pathogenic microorganisms using
antibiotics have been widely associated with problems such as devel-
opment and bioaccumulation of antibiotic resistant pathogens [4,5]. As
an alternative to traditional disease-control, the use of probiotics, pre-
biotics, and natural immunostimulants has been of growing interest [4].
Non-digestible feed ingredient, prebiotics has the potentials of affecting
host immunity by exclusively modulating metabolic activities in the
gut, therefore, stimulating the host intestinal balance [6]. Due to
abundant vitamins, proteins, pigments nucleotides, β‐glucan content of
single-cell proteins such as microalgae, yeast, and bacteria, they are

often used as feed additives in aquaculture [7].
Single cell protein of some yeast, for example, Saccharomyces cere-

visiae and Candida species have been used as probiotics [8,9]. The po-
tential probiotics effects of S. cerevisiae on several aquatic species are
enhanced immunity, growth, and protection against pathogen infec-
tions [10–12]. Yeast culture (YC) is a complex fermented product,
which contains yeast cell and its metabolic products. YC possesses high
protein, lipid, and B-vitamins [13], and as a source of prebiotics, it
contains β‐glucan, chitin, nucleic acid, and oligosaccharides. Mannan
oligosaccharides (MOS) and β-glucan structural components of yeast
cell walls have the capacity of enhancing immunity. The B-glucan
component in yeast culture activates the macrophage and releases
various immunoglobulins, interleukin and cytokines to defend the fish
against various pathogens [14]. Fish, when fed yeast culture diet, in-
crease the abundance of Actinobacteria in the intestinal microbiota [15].
Actinobacteria maintain intestinal permeability, down regulate
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inflammation by IL-4 and IL-I3, and induces regulatory T-cells [16]. The
complex carbohydrate (MOS) content of yeast in the intestine inhibit
pathogen colonization by blocking pattern recognition molecules and
serves as binding site of potential pathogen instead of directly colo-
nizing the gut walls [17]. Proven effects have shown that (MOS) can
improve fish growth performance, gut morphology, modulating the
intestinal microbiota [11,18], and elevating immunity and stress-re-
sistance ability [19,20]. Reports have shown that yeast β-1,3-glucan has
immunostimulatory capacity in shellfish against viral or bacterial in-
fections [21]. A further report on β-glucan fed to Penaeus monodon
postlarvae enhanced vibriosis resistance in shrimp [21]. Studies have
demonstrated positive effects of YC on feed intake and nutrient di-
gestibility, which in turn improved feed efficiency and growth of
aquatic animals [22,23]. Dietary 1% yeast hydrolysate or brewer's yeast
(Guangdong Hinabiotech Co., Ltd and Tech-bank Aquatic Feed Co., Ltd
respectively) supplementation in diet improved growth performance,
immune response, and ammonia nitrogen resistance of Pacific white
shrimp [1]. Zhang et al. [24],reported that dietary supplementation of
YC (4 g/100 g diet) (Enhalor Biotechnology Company (Beijing, China))
resulted in better growth performance, enhanced immune response,
and improved the protection against Aeromonas hydrophila in gibel carp
(Carassius auratus gibelio). A range of studies have shown that dietary
YC supplementation improved growth, immune response, and diseases
resistance in aquatic animal, however, information regarding YC effect
in L. vannamei is limited.

Therefore, this research was conducted to evaluate the effect of YC
supplementing fish meal (FM) concentration at 1% and 2% in L. van-
namei diets by assessing growth performance, serum immune response,
intestinal microbiota, intestinal morphology, and resistance against V.
harveyi. The findings from this study might provide useful information
on the formulation of immune response and disease resistant diets for L.
vannamei production.

2. Materials and methods

2.1. Ingredients and experimental diet preparation

The ingredients and the nutrient profile of the basal diet are dis-
played in Table 1. Three experimental diets were formulated by sup-
plementing YC at 0%, 1%, 2% designated as YC (0%), YC (1%) and YC
(2%) respectively. The YC derived from S. cerevisiae was provided by
Enhalor Biotechnology Company (Beijing, China) and contains 50.0%
crude protein, 0.29% crude lipid, 4.0% moisture, and 9.3% ash on dry
matter basis. The basal diet contains fishmeal (60% crude protein),
soybean meal, peanut meal and shrimp shell powder meal as a protein
source and fish oil, soybean oil, and phospholipid oil as lipid sources.
Prior to diet preparation, all the coarse ingredients were milled into
powder using a hammer mill machine, sieved through 80 mm mesh
before mixing thoroughly with minerals and vitamins in a V-mixer
machine. Phospholipid oil, soybean oil, and fish oil were added to
mixtures and mixed by hand. Water containing Choline Chloride was
blended in the mixture (approximately 25% of the total ingredient
weight) to dough form which was divided into 1 kg and 3 kg. They were
separately pelleted using meat grinder machines containing different
discs with holes sizes of 1.0 mm and 1.5 mm to make spaghetti pellet.
Pellets were oven-dried at 90 °C for 15 min, followed by air drying
using electrical fan until moisture content reduced to about 10%. Pel-
lets were broken into pieces, sieved into a proper length of 2.00 mm and
3.0 mm. After packaging pellets into seal bags, they were then stored at
−20 °C until feeding.

2.2. Shrimp and rearing conditions

Juveniles of L. vannamei with the same genetic background, free
from pathogens were obtained from Zhanjiang Allied Pacific
Aquaculture Limited to Marine Biological Research Base of Guangdong

Ocean University where the experiment was conducted. Shrimps were
conditioned in indoor rearing fiberglass tanks for four weeks and fed
with a commercial diet. Having starved shrimps for 12 h, those with an
average weight of 0.36 g ± 0.002 were selected for the experiment. A
group of 40 healthy shrimps was stocked into each fiberglass tank
containing 200 L of sieved seawater. They were offered diet four times
daily (7.00, 11.00, 17.00 and 21.00) at 5–8% of their average body
weight in four replicates. Before first feeding, 70% of water in each tank
was replaced with new seawater every day. Feed intake, mortality, and
water quality parameters were monitored. The rearing temperature was
28.0 ± 2.0 °C whiles dissolved oxygen (DO) was within 6–8 mgl−1.

2.3. Sample collection

After feeding trials for 8 weeks, all shrimps were starved feed for
24 h before sampling. The total numbers, as well as body weight of
shrimps from each tank, were recorded. Per tank, two shrimps were
randomly picked, stored at −20 °C for carcass analysis. Hemolymph
samples were drawn from the first abdominal segment of ten shrimps
per tank with the aid of 1 mL sterile syringe into 1.5 Eppendorf tubes.
The tubes were kept at 4 °C overnight before centrifuging at 3500 rpm/
min for 10 min at 4 °C, supernatants were separated and stored at
−80 °C for enzymatic activities analysis. Mid-guts (0.8–1.2 cm) were
aseptically removed from three shrimps in each tank and fixed into 10%
paraformaldehyde for histological analysis. Furthermore, another three
mid-guts per tank were randomly sampled gently loaded into empty 1.5
Eppendorf tubes and immediately stored in liquid nitrogen for

Table 1
Ingredients and proximate composition of the experimental diets (%).

Ingredients CO (0%) YC (1%) YC (2%)

Fish mealA 20.00 19.26 18.51
Yeast culture 0.00 1.00 2.00
Soybean mealA I8.00 18.00 18.00
Peanut mealA 18.00 18.00 18.00
Shrimp shell powderA 7.00 7.00 7.00
High-gluten flourA 20.00 20.00 20.00
Fish oilA 1.80 1.80 1.80
Soybean oilA 1.80 1.80 1.80
Phospholipid oilA 1.80 1.80 1.80
Vitamin mixtureB 0.20 0.20 0.20
Mineral element mixtureC 0.50 0.50 0.50
AttractantA 0.10 0.10 0.10
Antioxidants ethoxyquinA 0.03 0.03 0.03
Choline chloride 99%A 0.50 0.50 0.50
92% monobasic calcium phosphateA 1.00 1.00 1.00
Vc polyphosphate 35%E 0.09 0.09 0.09
Antimony trioxideD 0.50 0.50 0.50
CMCCD 8.86 8.32 8.02
Total 100.00 100.00 100.00
Nutrient levels
Dry matter 89.16 89.06 89.67
Crude protein 42.20 42.19 42.21
Crude lipid 8.01 7.95 7.90
Ash 8.94 8.89 9.05

A. Ingredients purchased from Zhanjiang HaiBao Feed Factory, Zhanjiang,
Guangdong, China.
B. Vitamin mixture supplied the following per kg of the diet: vitamin A, 22,500
IU; vitamin D3, 6,000 IU; vitamin E, 200 mg; vitamin K3, 40 mg; vitamin B1,
30 mg; vitamin B2, 45 mg; vitamin B6, 35 mg; vitamin B12, 0.25 mg; calcium
pantothenate, 150 mg; niacin, 225 mg; folic acid, 12.5 mg; biotin, 0.5 mg; in-
ositol, 500 mg (Obtained from Zhanjiang Yuehai Feed Co. Ltd., Guangdong,
China).
C. Mineral element mixture provided the following per kilogram of diet: Fe,
60 mg; Zn, 24 mg; Mn, 16 mg; Cu, 1.4 mg; Co, 0.2 mg; Se, 0.1 mg; I, 0.2 mg
(Obtained from Zhanjiang Yuehai Feed Co. Ltd., Guangdong, China).
D. Obtained from Shanghai Macklin Biochemical Co. Ltd., 1288 Guangdong
Rd., Shanghai, China.
E. Obtained from Shantou Xilong Chemical Factory, Guangdong, China.
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microbiota analysis.

2.4. Growth performance analysis

Shrimp were weighed from each tank at the initial stage and 8
weeks after feeding trial. The total amount of diet fed to each of the
experimental groups and the control group was calculated after 8 weeks
of the feeding trials. The final weight (FW), weight gain rate (WGR),
specific growth rate (SGR) and feed conversion ratio (FCR) were cal-
culated using the following formula;

= ×

=

Shrimp final number
Shrimp initial number

SR (%) 100 ; FCR

Total dry feed intake
Total wet weight gain by shrimp (g)

;

=

×
−In Final body weight g Initial body weight g

SGR (%) 100
[ ( )] ln [ ( )]

number of culture days
;

= ×
−Final body weight g Initial body weight g

Initial body weight g
WGR (%) 100

[ ( ) ( )]
( )

2.5. Chemical analysis of feed and whole body composition

Proximate compositions of formulated feed and shrimp carcass
samples were examined using a standard method [25]. Dry matter was
assessed by oven-drying samples at 105 °C until a constant weight was
obtained. Crude protein was established following the Kjeldahl method
which involves using boric acid to trap NH3 and was calculated as N x
6.25. The quantity of ash was tested by burning 2 g of samples in a
muffle furnace at 550 °C for 4 h. Crude lipid was examined by the ether-
extraction method using Soxtect System HT.

2.6. Serum immune analysis

The serum collected from shrimp were used to analyze parameters
such as Glucose (Glu), Triglyceride (TG), Cholesterol (CHO), Catalase
(CAT), Superoxide dismutase (SOD), Acid phosphatase (ACP), Aspartate
aminotransferase (AST) and Alanine aminotransferase (ALT), Alkaline
phosphatase (ALP), Lysozyme (LZM), and Phenoxidase (PO). These
parameters were determined using commercial kits (Nanjing Jiancheng
Biological Engineering Institute, China) following the company's pro-
tocol. A unit of SOD activity was described as the quantity of enzyme
required to yield 50% inhibition of the nitroblue tetrazolium reduction
(NBT) rate measured at 550 nm using ELISA microplate reader and is
expressed as unit/millilitre (U/ml). A unit of CAT activity was defined
as the amount of enzyme needed to decrease absorbance of 0.01/min at
405 nm in a microplate reader and is expressed as unit/millilitre (U/
ml). AST and ALT activities were determined following the calorimetric
method of Reitman and Frankel's [26] decided by standard curve ac-
quired by contrasting assay between experimental method and Car-
men's unit (1 Carmen's unit = 0.482 IU/L, 25 °C) at an absorbance peak
of 510 nm. ACP and AKP activities of the serum were determined by
spectrophotometer at 520 nm. A unit of AKP activity was defined as the
volume of an enzyme that reacted with the matrix to produced 1 mg
phenol in 30 min at 37 °C. A unit of ACP activity was defined as the
amount of enzyme that reacted with the matrix and produced 1 mg
phenol in 30 min at 37 °C. A unit of LZM activity was defined as the sum
of the enzyme required to cause decrease absorbance rate of
0.001 min−1 mL−1. The PO activity was well-defined as the amount of
enzyme required to produce an increase in absorbance of 0.001 min−1.
TP was quantified as described by Ref. [27] using bovine serum al-
bumin as a standard.

2.7. Histological analysis of shrimp intestine

In order to determine the effect of the YC diet on shrimp intestinal
morphology, we examined intestinal morphological indexes as de-
scribed by Ref. [28]. Briefly, after the fixation process, intestinal seg-
ments retrieved from Bouin's liquid were dehydrated with graded
concentrations of alcohol, cleared in toluene, equilibrated in xylene,
and inserted in paraffin to form wax blocks. About 5 μm of wax blocks
with tissue segments were sliced by using a rotary microtome and then
stained with hematoxylin-eosin (H&E). Intestinal images were captured
by using a microscope (Olympus, model BX51, Serial number:
9K18395, Tokyo, Japan). Electronic measurements were taken using
the software, Image-Pro Plus 6.3 (Media Cybernetics, Inc., Rockville,
USA) to obtain data on intestinal villus height (VH), villus width (VW)
and muscle thickness (MT) at 100× magnifications. From each tissue,
12 measurements were taken.

2.8. Microbiota analysis

Using high-throughput sequencing to identify the V3–V4 region of
16S rRNA gene, microbiota analysis was performed according to Ref.
[29] with slight changes. Bacterial genomic DNA was extracted from
the stool sample using Soil DNA Kit by following the manufacturer's
instructions. Sample DNA concentration was quantified using Nano-
Drop ND-2000 spectrophotometer (Thermo Scientific, Wilmington, DE,
USA). The 16S ribosomal V3–V4 hypervariable region of bacteria gene
was amplified by polymerase chain reaction (PCR) (95 °C for 2 min,
followed by 27 cycles at 98 °C for 10 s, 62 °C for 30 s, and 68 °C for 30 s
with final elongation at 68 °C for 10 min) using universal bacteria
primers (341F: 5′-CCTACGGGNGGCWGCAG-3’; 806R: 3′-GGACTACH-
VGGGTATCTAAT-5′). PCR reactions were carried out in triplicate 25 μL
mixture containing 2.5 μL of TransStart Buffer, 2 μL of dNTPs, 1 μL of
each primer, and 20 ng of template DNA. Through Illumina Hiseq 2500
sequencing, high-throughput sequencing was performed. Amplicons
were then separated by 2% agarose gel and purified using the AxyPrep
DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, U.S.) by
following the manufacturer's protocol before being quantified with
QuantiFluor-ST (Promega, U.S.). Purified amplicons were pooled in
equimolar and paired-end sequenced (2×250) on an Illumina platform
according to the standard protocols.

Quality filtering on the raw reads was performed by filtering to
obtain the high-quality clean reads according to the Cutadapt. The
reads were compared with the reference database (Silva database,
https://www.arb-silva.de/) using UCHIME algorithm (UCHIME
Algorithm, http://www.drive5.com/usearch/manual/uchime_algo.
html) [30] to detect chimera sequences, and then the chimera se-
quences were removed and finally, clean reads were obtained. Se-
quence analysis was performed by Uparse software (Uparse
v7.0.1001,http://drive5.com/uparse/) [31] where ≥ 97% similarities
were assigned to the same OTUs. Alpha diversity was applied in ana-
lyzing the complexity of species diversity for samples through 4 indices,
including Chao1, Shannon, Simpson, and ACE. Unique species among
groups were shown by Venn analysis.

2.9. Challenge test

Bacteria Vibrio harveyi (HY99) was acquired from Guangdong pro-
vincial key laboratory of pathogenic biology, Fisheries College,
Guangdong Ocean University. They were grown in Luria-Bertani (LB)
media in 250 ml flat bottom flask by shaking in an incubator at 37 °C in
180 rmp for 20 h. The cells were centrifuged at 8,000 rpm for 10 min at
4 °C and supernatant discarded. The cells were washed twice with
sterile phosphate-buffered saline (PBS). Using serial dilutions method,
graded concentrations (106, 107, 108 and 109 CFU/ml) of V. harveyi was
used to conduct preliminary bacteria challenge experiment. 0.1 ml of
each concentration of V. harveyi was intramuscularly injected into the
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third abdominal segment of ten shrimps (average weight 9.7 ± 0.1 g)
in two replicates each in tanks containing 50 L of seawater. Mortalities
were observed for 168 h, and calculation of best median lethal dose 50
(LD50) was determined (108 CFU/ml).

At the end of the feeding trial, 40 shrimps from each treatment were
randomly redistributed into four tanks for bacteria resistance test.
Another ten shrimps per each experimental group were randomly se-
lected and intramuscularly injected with PBS which was indicated as
the negative control (NC). The other four replicate tanks were chal-
lenged with 0.1 ml of V. harveyi cell suspensions (108 CFU/ml) by in-
tramuscular injection. During the challenge trials, shrimps were still fed
with their normal experimental diets. From ten shrimps per each
treatment, hemolymph was sampled after 24 h of bacteria injection and
centrifuged at 3500 rpm/min at 4 °C for 10 min, sera were separated
and stored at−80 °C for subsequent analysis of ACP, ALP, PO, and LZM
activities. The PBS and the other three bacteria challenge groups per
treatment were kept under monitoring, and mortality was recorded up
to 168 h. Cumulative mortalities were calculated using the formula
shown below.

=

×

Total mortality in each treatment after challenge
Total number of shrimp challenged for same treatment

Cumulative mortality, % 100  

 

2.10. Statistical analysis

The results in this experiment were presented as Mean ± Standard
Error (SE). Statistical significant differences were established by using
One-Way Analysis of Variance (ANOVA) at 5% level of probability and
differences between means were compared using Tukey Range Test.
Statistical analysis was carried out in SPSS for Windows, version 22
(SPSS Inc.) Chicago, IL, USA.

3. Results

3.1. Shrimps growth performance, feed conversion ratio and survival rates

The growth performance, feed conversion ratio, and survival rates
of L. vannamei juveniles fed experimental diets are shown in Table 2.
Diet supplemented with YC significantly showed improved growth
performance and feed conversion ratio than the control group (YC
(1%)) (p < .05). No significant differences (p > .05) had occurred
between YC (1%) and YC (2%) supplemented diets in terms of FW,
WGR, SGR, and FCR. YC supplemented groups improved survival rate
during the experimental trial period, however, no significant differ-
ences (p > .05) have been found among all the experimental groups.

3.2. Proximate whole body composition of L. vannamei

Proximate whole body compositions of L. vannamei fed experi-
mental diets are presented in Table 3. There was a significant im-
provement in the dry matter (p < .05) of the YC (2%) group but not Y

(1%) when compared to the YC (0%) group. Crude protein and ash were
significantly high (p < .05) in YC (2%) group, followed by YC (1%)
compared to the YC (0%) group. In addition, crude lipid was sig-
nificantly higher (p< .05) in YC (2%) group than the YC (1%) and YC
(0%) treatment groups.

3.3. Evaluation of serum biochemical indexes

Serum biochemical and antioxidant activities are presented in
Table 4. Significantly improved (p < .05) TP (but not higher than YC
(1%)) was detected in YC (2%) treatment in comparison to the YC (0%).
There was no significant difference (p > .05) between the GLU of YC
(0%) and YC (1%), however, GLU of YC (2%) decreased significantly
(p < .05). TG concentration in serum was significantly low (p < .05)
in YC (2%) (but not lower than YC (0%)) supplemented group. CHO
showed no significant difference (p > .05) among all the treatment
groups when compared to the untreated YC (0%) group. All YC treated
groups (YC (1%) and YC (2%)) showed a significant rising tendency
(p < .05) of SOD and CAT activities with the highest been observed in
YC (2%) fed group. The activities of serum ALT and AST in shrimp fed
YC (1%) and YC (2%) diet were clearly lower than the YC (0%) diet
(p < .05).

3.4. Serum innate immune responses

Serum innate immune response in shrimps before and after 24 h V.
harveyi challenge test is presented in Fig. 1. Before the challenge test,
the result showed significant improvement (p < .05) in serum ACP and
LZM activity with shrimps fed YC (1%) and YC (2%) supplemented diet

Table 2
Effects of YC on growth performance and feed conversion ratio in L. vannamei.

Treatment YC (0%) YC (1%) YC (2%)

IW(g shrimp−1) 0.36 ± 0.001 0.36 ± 0.002 0.36 ± 0.000
FW(g shrimp−1) 9.79 ± 0.08a 10.66 ± 0.06b 10.54 ± 0.05b

WGR% 2617.31 ± 43.05a 2824.37 ± 49.94b 2789.75 ± 32.32b

SGR%day−1 6.17 ± 1.35a 6.36 ± 1.29b 6.34 ± 1.24b

FCR 1.35 ± 0.02b 1.29 ± 0.02ab 1.24 ± 0.01a

SR% 85.00 ± 85.00a 91.25 ± 91.25a 87.50 ± 87.50a

Values are presented as means ± SE. The values in the same row with different superscripts are significantly different (p < .05) (n = 4).

Table 3
Effects of YC on L. vannamei proximate whole body composition.

Treatment YC (0%) YC (1%) YC (2%)

Dry Matter (%) 21.45 ± 0.48a 22.60 ± 0.35ab 23.68 ± 0.25b

Crude Protein (%) 15.12 ± 0.07a 15.65 ± 0.02b 16.00 ± 0.10c

Crude Lipid (%) 2.26 ± 0.15a 2.26 ± 0.01a 2.76 ± 0.10b

Ash (%) 2.55 ± 0.02a 2.82 ± 0.04b 2.89 ± 0.01b

The values are presented as the mean ± SE. The values in the same row with
different superscripts are significantly different (p< .05) (n = 4).

Table 4
Effects of YC on serum biochemical indexes in L. vannamei.

Treatment YC (0%) YC (1%) YC (2%)

TP(mmol/L) 22.43 ± 0.77a 23.15 ± 0.62ab 25.14 ± 0.41b

GLU(mmol/L) 2.53 ± 0.03b 2.46 ± 0.06b 2.07 ± 0.44a

TG(mmol/L) 0.78 ± 0.01ab 0.81 ± 0.00b 0.75 ± 0.01a

CHO(mmol/L) 1.24 ± 0.02a 1.29 ± 0.01a 1.23 ± 0.00a

CAT(U/ml) 3.33 ± 0.06a 3.65 ± 0.03b 3.91 ± 0.07c

SOD(U/ml) 938.76 ± 35.0a 1148.99 ± 24.88b 1210.66 ± 27.13b

AST(U/L) 3.24 ± 0.06ab 3.37 ± 0.01b 3.09 ± 0.03a

ALT(U/L) 5.21 ± 0.02b 5.10 ± 0.06b 4.83 ± 0.05a

The values are presented as the mean ± SE. The values in the same row with
different superscripts are significantly different (p < .05) (n = 4).
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when compared to the YC (0%) diet. After 24 h bacteria challenge,
serum AKP, ACP (but not YC (2%)), PO and LZM (but not YC (1%))
were also increased (p < .05) in YC (1%) and YC (2%) treated groups
(Fig. 1) than the YC (0%) group.

3.5. Microbiota analysis in shrimp gut

3.5.1. Intestinal microbiota richness and species diversity
Operation taxonomic units (OTUs) and Alpha diversity data in L.

vannmei intestinal microbiota are presented in Table 5. OTUs in shrimp
fed YC (1%) and YC (2%) diet were significantly (p < .05) higher than
the YC (0%). Venn diagram analysis showed that a total of 224 OTUs
were shared among all the treatments. The individual OTUs were
abundant in YC (2%) (535) group, followed by YC (1%) (177) with YC
(0%) (64) having the least (Fig. 2). YC (1%) and YC (2%) treatment
groups significantly improved (p < .05) chao1 and ACE estimator
indices than the YC (0%) group. In addition, the Shannon and Simpson
estimator index ranged between 5.08 to 5.82 and 0.86 to 0.91 respec-
tively. 3.5.2. Gut microbiota composition of L. vannamei fed with YC

supplemented diets
The top ten most abundant intestinal bacteria at phylum and genus

levels are displayed in Figs. 3 and 4. The four dominant intestinal
bacteria at the phylum level were Proteobacteria, Actinobacteria, Bac-
teroidetes and Firmicutes (Fig. 3). Proteobacteria was significantly
decreased (p < .05) in YC (2%) fed groups while Bacteroidetes and
Actinobacteria increased. Although Firmicutes was abundant in YC
(1%) and YC (2%) fed group, no significant increase had occurred in
any of the experimental groups. At the genus level (Fig. 4), Vibrio,
Motilinas, Pseudoalteromonas, and Candidatus_bacilloplasma were abun-
dant in all the experimental groups. However, Vibrio was significantly
decreased (p < .05) while Pseudoalteromonas was abundant in the YC
(2%) groups than in YC (0%) group (p < .05).

Fig. 1. Effects of YC on serum AKP ACP LZM and PO activity in L. vannamei before the challenge, and after 24 h post-challenge with V. harveyi. Upright bars denote
the mean ± SE. Bars labeled with different letters denote significant difference (p < .05) (n = 4) among the treatment groups.

Table 5
Richness and diversity indexes of intestinal bacterial in L. vannamei fed ex-
perimental diets.

Treatment YC (0%) YC (1%) YC (2%)

Raw Read 85597.39 92351.69 96510.46
Clean Read 80134.65 90462.33 94354.54
Tags 70600.16 89633.33 91688.00
OTU 342.35 ± 22.05a 425.77 ± 19.67a 632.91 ± 26.24b

Chao 382.34 ± 9.67a 463.78 ± 21.07b 666.96 ± 15.97c

ACE 424.96 ± 9.48a 483.85 ± 8.34b 728.97 ± 13.51c

Shannon 5.08 ± 0.03a 5.46 ± 0.02b 5.82 ± 0.05c

Simpson 0.86 ± 0.07a 0.88 ± 0.00a 0.91 ± 0.01b

The data are presented as Mean ± SE. Means in the same row with different
superscripts indicate significant difference (p < .05) (n = 4).

Fig. 2. Venn diagram indicating OTUs shared among L. vannamei fed with YC
diets.
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3.6. Histological analysis of shrimp intestine

Mid-intestine photomicrographs and morphological measurements
of L. vannamei fed with experimental diets are displayed in Fig. 5. No
morphological distortions of villus attachment to their intestinal muscle
wall were detected in shrimps fed the YC (1%) and YC (2%) diets
(Fig. 5A). Taller and wider villi were found in shrimp fed with YC (1%)
and YC (2%) diets than the YC (0%) (Fig. 5B). VH was not significantly
high (p > .05) in YC (1%) compared to YC (2%) whiles VW was sig-
nificantly high (p < .05) in YC (2%) compared to YC (1%) group.

3.7. Challenge test

At the end of 168 h challenge test, no mortality of L. vannamei was
observed in the PBS-injected group. However, L. vannamei post-chal-
lenge with V. harveyi in the experimental group's started dying before
12 h (Fig. 6). YC (1%) and YC (2%) diet fed groups showed low

cumulative mortality rates than the YC (0%) diet (Fig. 6) with the least
recorded in YC (2%) fed group. The mean cumulative mortality rates in
YC (0%), YC (1%), and YC (2%) groups were 80%, 50.0%, and 30.0%,
respectively.

4. Discussion

Yeast culture is a fermented yeast product which contains yeast cell
wall and its metabolic fermentation products [32]. A range of studies
has established that baker's yeast (S. cerevisiae), YC or yeast extract has
the capacity of improving growth and animal health [33–35]. The
present study demonstrated improved significant FBW, WGR, and SGR,
and decreased FCR among shrimps fed YC (1%) and YC (2%) diets than
the YC (0%). In agreement with the current study, Jin et al. [1], re-
ported that supplementation of 1% yeast products enhanced growth
and feed conversion ratio in L. vannamei. The addition of 1%–3% yeast
products in the diet of shrimp showed an improvement in the final body
weight and specific growth rate [1,36]. Similar growth performance
and feed conversion ratio were reported in L. vannamei fed with yeast-
based additive [33]. Both 1% and 2% dietary supplementation of yeast
nucleotides or baker's yeast improved growth and feed efficiency of
Babylonia areolata [34]. In contrast, hybrid tilapia fed YC diets under
cage culture system did not significantly improve growth and feed
conversion ratio [37]. The discrepancies in fish growth and feed con-
version ratio might be due to the difference in culture systems, fish
species and nutrient composition in the diets. The improved growth
performance observed in the present study could be attributed to the
valuable nutrients in YC such as protein, carbohydrate, vitamins, and
nucleic acids, which might have played major nutritional roles in im-
proving shrimp growth. A different reason may be that YC triggered
digestive enzyme activities which could influence the nutrient digest-
ibility in shrimp [38–40]. Shrimps fed YC (1%) and YC (2%) groups had
a high survival rate without any significant differences being observed
when compared with YC (0%) group. Hybrid striped bass fed both (1%
and 2%) supplemented brewer's yeast or the prebiotic Grobiotick AE
diet was reported to have improved survival rate [41].

Analysis of whole-body composition is a good marker of shrimp
physiology and change in feed composition can adversely affect nu-
trient content in shrimp whole body. In this experiment, positive in-
fluence of the YC diet on protein, lipid, and ash content in shrimp's
whole body has been observed. Also, Abdel-Tawwab et al. [42], ob-
served similar results in tilapia fed with yeast diets, indicating yeast
could enhance the physiology of aquatic animals. From the above re-
sults, it could be said that dietary YC supplementation increase in-
tracellular enzyme production which promotes the growth and nutrient
composition of Pacific whiteleg shrimps.

Serum analysis provides information on the wellbeing of aquatic
animals as it has an essential role to play on the physiological, nutri-
tional, and pathological status of aquatic organisms [43]. TP is a crucial
component of the innate immune system, protecting shrimp from po-
tentially invasive organisms [44–46]. In our study, dietary YC, parti-
cularly 2% significantly improved serum TP. Zhang et al. [47], reported
a significant enhancement in serum TP in grass carp which modulated
immune activities. Yeast nucleotide supplemented diet enhanced serum
TP in shrimp thus may serve as an immunostimulant for shrimp [35].
TG and CHO are part of the shrimp's body fat, which activities in serum
have been used in determining lipid metabolism [48]. YC (2%) diets
displayed a decreased trend of serum TG and CHO which contradict the
findings reported by Ref. [1]. Normally, an increase in serum glucose is
an indicator of stress in aquatic animals [49]. YC (1%) and YC (2%)
groups in the present study demonstrated low glucose content than the
YC (0%) group; this unveiled that feeding Pacific whiteleg shrimp with
YC (1%) and YC (2%) may not expose the shrimps to stress. Metabolic
activities in animals produce several Reactive Oxygen Species (ROS)
which may lead to oxidative stress. SOD have been used as a molecular
marker for assessing oxidative stress condition in shrimps, owing to its

Fig. 3. Effects of YC on intestinal bacterial structure and composition in
shrimps at the phylum level of the taxonomy. Upright bars denote the
mean ± SE. (p < .05) (n = 4). Bars labeled with different letters denote
significant differences (p < .05) among treatment groups.

Fig. 4. Effects of YC on the relative abundance of intestinal bacteria in L.
vannamei at the genus level. Upright bars denote the mean ± SE. (p < .05)
(n = 4). Bars labeled with different letters denote significant differences
(p < .05) among treatment groups.

S. Ayiku, et al. Fish and Shellfish Immunology 102 (2020) 286–295

291



ability to convert superoxide anions to hydrogen peroxide and oxygen
which form the first line of antioxidant enzymatic defense [50]. CAT
being an antioxidant enzyme has the ability to catalyze the conversion
of hydrogen peroxide molecules into water and oxygen during immune
responses in aquatic animals [51]. Shrimp serum SOD and CAT activ-
ities were highly elevated in treated groups compared to the untreated
group in this study. Similar to our study, improvement in SOD and CAT
activities have been reported in shrimps fed with yeast, Rhodosporidium
paludamentum [52]. Furthermore, Yuan et al. [11],reported enhanced
SOD and CAT in yeast hydrolysates diets fed to grass carp (Cyprinus
carpio). Yeast cell contains vitamins [53] which may have beneficial
effects on improving the antioxidant immune system of aquatic animals
[36]. In cell culture studies, B-complex vitamins reduce oxidative stress
caused by H2O2 in monocyte cells [54]. AST and ALT are soluble en-
zymes found in the cytoplasm of liver cells, and their high activities in
serum reflect liver damage [55]. It was observed that YC had no adverse
effect on shrimp which could be seen in the serum ALT and AST levels.
This result corresponds to the YC diet fed in grass carp [56], which
could be that active metabolism had occurred in the liver. The present
study demonstrated that the YC could enhance the antioxidant immune
system in the shrimps as well as protect liver tissues.

Actually, like other crustaceans, Pacific whiteleg shrimp lack an

adaptive immune system [57] to resist infections, thus depends on the
innate immune system to override pathogenic attack [58]. PO, LZM,
ACP, and AKP are key immune enzymes that form part of the innate
immune responses in shrimps. ACP is a key lysosomal enzyme that
plays a critical role in immunity and has been used as a marker of
macrophage activation in animal models [59,60] while AKP hydrolyzes
phosphate conjugates extracellular enzyme in many organic com-
pounds (carbohydrates, lipids, and proteins) [60,61]. LZM plays de-
fensive roles against several types of bacterial infections through
cleaving N-acetylmuramic acid and N-acetylglucosamine bonds in the
cell walls of bacteria, thus damage the cell wall and kills bacteria [62].
PO induces antimicrobial substance into the serum to enhance phago-
cytosis in the shrimp hemocytes. Various studies on aquatic animals
have demonstrated that yeast products have positive effects on innate
immune responses. In Ussuri catfish (Pseudobagrus ussuriensis), dietary
YC supplement at 10% improved plasma ACP, AKP, and serum LZM
indicating improved innate immune response [63]. Tukmechi and
Bandboni [64] reported that supplementation of two combined yeast
products in rainbow trout (Oncorhynchus mykiss) diets enhanced innate
immune responses. With Pacific whiteleg shrimp, improved innate
immune response was reported when proPO gene was expressed in
shrimps fed with yeast hydrolysates [1]. In the present work, shrimps
fed diets containing YC (1%) and YC (2%) modulated ACP, AKP, LZM,
and PO activities before and after shrimps were challenged with V.
harveyi. YC (1%) and YC (2%) diets improving innate immune responses
in shrimps may be due to the presence of β-glucan [65]. Yeast cell β-
glucan contains binding receptors that wave on the cell surface to
phagocyte pathogens. The binding effects increase the activities of
phagocyte cells in overriding, destroying and digesting bacteria [66]. β-
glucan extracted from yeast cell wall in feed, enhanced innate immune
response of Atlantic salmon challenge with several pathogens [67].

Shrimp intestine is an important organ for nutrient breakdown and
absorption, contributing to protection against pathogenic infections,
thus plays crucial roles in growth and also improve the immunity of the
host [68]. Microbiota diversity and richness shape metabolism and
protection activities in shrimps to outweigh pathogenic infections. Ir-
respective of the diets used in this study, the most abundant intestinal

Fig. 5. Photomicrographs (A) and Morphological measurements (B) of the mid-intestine of L. vannamei fed YC diets. Upright bars denote the mean ± SE (n = 4). In
figure (5A), arrows MT, VH, and VW represent intestinal muscle thickness, villus height, and villus width respectively. Upright bars labeled with different letters
denote significant differences (p < .05) among groups.

Fig. 6. Cumulative mortality of L. vannamei fed YC after 168 h of V. harveyi
infections. Every plotted value denote mean ± SE of ten shrimp per three
replicates (n = 3).
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bacterial communities in L. vannamei at the phyla level were Proteo-
bacteria, Bacteroidetes, Actinobacteria, and Firmicutes. Earlier findings by
Ref. [56] on grass carp reported Fusobacteria, Bacteroidetes, Firmicutes,
and Proteobacteria as the most abundant phyla intestinal bacterial po-
pulations in grass carp fed with YC for 10 weeks. The discrepancies of
Fusobacteria dominating grass carp intestinal bacterial might be due to
differences in fish species. Proteobacteria is the most predominant in-
testinal bacterial currently been found in L.vannamei intestine [69]. The
richness variation of Actinobacteria, Bacteroidetes, and Firmicutes in the
intestine of L. vannamei intestine could be influenced by the culture
environment and available nutrient composition in the diet [69]. The
relative abundances of these three major intestinal bacteria in this work
suggested how well shrimps were adapted to the culture environment
and YC diets. These bacteria, Bacteroidetes, Firmicutes, and Actino-
bacteria, have been well known to play a major role in the physiology of
the host health through metabolic activities [70] such as fermentation
of non-digestible carbohydrates which in turn produces short chain
fatty acids (SCFAs) [71]. Butyrate is a key product from Firmicutes
which stimulate the health of the intestinal mucosa [72]. The phylum
Actinobacteria is a gram-positive bacteria having probiotic effect of
producing phenol oxidase which secretes antibacterial, antioxidant, and
mucin, contributing to intestinal health of the host [73,74]. Actino-
bacteria have been increased in YC (1%) and YC (2%) diet groups than
the YC (0%), signifying that YC could improve immune responses in
shrimps. Vibrio is a common pathogenic bacterium in L.vannamei
[75,76]. Pseudoalteromonas produce several anti-microbial compounds
[77] which are involved in the production of marine bioactive and
hydrolytic enzymes through antifouling, antibacterial, and anti-biofilm
activities in marine animal and its environment [78]. Recognizing its
anti-infective roles and probiotic characteristics, strains of these bac-
teria have been used as probiotics to reduce pathogenic infection of
Vibrio species in shrimp aquaculture. In the treated groups, YC (2%)
group remarkably reduced colonization of Vibrio species in L. vannamei
intestine. However, the YC (1%) group increased the abundance of
Vibrio species which warrants further investigations.

As an important tissue in digestion processes, intestinal morphology
and structures are essential for nutrient assimilation and the main-
tenance of normal intestinal functions [79–81]. The functioning of the
intestinal wall depends on villi length as it helps in better nutrient
absorption and also improve growth performances [79,82]. Currently,
YC diets fed to L. vannamei significantly enhanced villus height and
villus width which translated into improved growth. According to Yuan
et al. [4], yeast hydrolysates fed to juvenile Jian carp increased villus
height and enhanced growth performance in the fish. Furthermore,
dietary MOS increased intestinal villus length in L. vannamei [19]; this
indicates that dietary MOS provided nutrient which enlarged the in-
testinal villus structures. The growth in intestinal villus surface area in
the present study may be attributed to MOS which is a component in
YC.

Infectious disease outbreaks have become a core problem and the
most preventive factor in shrimp production [83]. Vibrio species are
well identified as causative agents for infectious disease outbreak in
shrimp culture, causing serious economic losses to farmers under in-
tensive culture through mortalities [84–86]. Feeding shrimps with diet
and later challenging them with bacteria pathogens have been a useful
method in assessing shrimps resistance to disease infections. In the
present study, shrimp fed YC diets showed significant defense against V.
harveyi infection, particularly YC (2%) group. These results are con-
sistent with that of [87] who fed YC to shrimps at 1% diet. Their results
also showed improved resistance of shrimps against V. harveyi as
compared to the control. Increased resistance of shrimps against V.
harveyi suggests YC could stimulate and extend the immune response of
shrimp against pathogenic infections.

In summary, the present study indicates that YC product in L. van-
namei diet can significantly improve growth performance, and serum
immune responses against V. harveyi attack, as well as positively

influence intestinal bacterial composition and morphology, thus YC can
be used as a feed supplement in L. vannamei diet.

Declaration of competing interest

The authors declare that there are no conflicts of interest.

Acknowledgment

This work was supported by the National Key R&D Program of
China (2019YFD0900200) and National Science Foundation of China
(No. 31772864), Natural Science Foundation of Guangdong Province
(2018A030313154 & 2020A1515011129). We are grateful to the
Beijing Enhalor International Tech Co., Ltd., for providing Yeast culture
products.

References

[1] M. Jin, J. Xiong, Q.C. Zhou, Y. Yuan, X.X. Wang, P. Sun, Dietary yeast hydrolysate
and brewer's yeast supplementation could enhance growth performance, innate
immunity capacity and ammonia nitrogen stress resistance ability of Pacific white
shrimp (Litopenaeus vannamei), Fish Shellfish Immunol. 82 (2018) 121–129,
https://doi.org/10.1016/j.fsi.2018.08.020.

[2] E.A. Amaya, D.A. Davis, D.B. Rouse, Replacement of fish meal in practical diets for
the Pacific white shrimp (Litopenaeus vannamei) reared under pond conditions,
Aquaculture 262 (2007) 393–401, https://doi.org/10.1016/j.aquaculture.2006.11.
015.

[3] A. Tassanakajon, K. Somboonwiwat, P. Supungul, S. Tang, Discovery of immune
molecules and their crucial functions in shrimp immunity, Fish Shellfish Immunol.
34 (2013) 954–967, https://doi.org/10.1016/j.fsi.2012.09.021.

[4] X.-Y. Yuan, G.-Z. Jiang, C.-C. Wang, K.P. Abasubong, Q. Zou, Y.-Y. Zhou, W.-B. Liu,
Effects of partial replacement of fish meal by yeast hydrolysate on antioxidant
capability, intestinal morphology, and inflammation-related gene expression of
juvenile Jian carp (Cyprinus carpio var. Jian), Fish Physiol. Biochem. 45 (2019)
187–197, https://doi.org/10.1007/s10695-018-0552-7.

[5] M. Teuber, Veterinary use and antibiotic resistance, Curr. Opin. Microbiol. (2001),
https://doi.org/10.1016/S1369-5274(00)00241-1.

[6] C. Choeychom, Nilnaj Chaitanawisuti, S. Piyatiratitivorakul, Effect of dietary sup-
plementation of brewers yeast and nucleotide singularly on growth, survival and
vibriosis resistance on juveniles of the gastropod spotted babylon, Aquacult. Int. 19
(2011) 489–496, https://doi.org/10.1007/s10499-010-9364-1.

[7] N. Chaitanawisuti, C. Choeychom, S. Piyatiratitivorakul, Effect of dietary supple-
mentation of brewers yeast and nucleotide singularly on growth, survival and vi-
briosis resistance on juveniles of the gastropod spotted babylon (Babylonia areolata),
Aquacult. Int. 19 (2011) 489–496, https://doi.org/10.1007/s10499-010-9364-1.

[8] P. Li, D.M. Gatlin, Evaluation of brewers yeast (Saccharomyces cerevisiae) as a feed
supplement for hybrid striped bass (Morone chrysops×M. saxatilis), Aquaculture 219
(2003) 681–692, https://doi.org/10.1016/S0044-8486(02)00653-1.

[9] U. Scholz, G. Garcia Diaz, D. Ricque, L.E. Cruz Suarez, F. Vargas Albores,
J. Latchford, Enhancement of vibriosis resistance in juvenile Penaeus vannamei by
supplementation of diets with different yeast products, Aquaculture 176 (1999)
271–283, https://doi.org/10.1016/S0044-8486(99)00030-7.

[10] M. Lara-Flores, M.A. Olvera-Novoa, B.E. Guzmán-Méndez, W. López-Madrid, Use of
the Bacteria Streptococcus Faecium and Lactobacillus Acidophilus, and the Yeast
Saccharomyces cerevisiae as Growth Promoters in Nile tilapia (Oreochromis nilo-
ticus), Aquaculture, (2003), https://doi.org/10.1016/S0044-8486(02)00277-6.

[11] X.Y. Yuan, G.Z. Jiang, C.C. Wang, K.P. Abasubong, Q. Zou, Y.Y. Zhou, W. Bin Liu,
Effects of partial replacement of fish meal by yeast hydrolysate on antioxidant
capability, intestinal morphology, and inflammation-related gene expression of
juvenile Jian carp (Cyprinus carpio var. Jian), Fish Physiol. Biochem. 45 (2019)
187–197, https://doi.org/10.1007/s10695-018-0552-7.

[12] P. Li, D.M. Gatlin, Evaluation of brewers yeast (Saccharomyces cerevisiae) as a feed
supplement for hybrid striped bass (Morone chrysopsxM. saxatilis), Aquaculture 219
(2003) 681–692, https://doi.org/10.1016/S0044-8486(02)00653-1.

[13] J. Pongpet, S. Ponchunchoovong, K. Payooha, Partial replacement of fishmeal by
brewer's yeast (Saccharomyces cerevisia) in the diets of Thai Panga (Pangasianodon
hypophthalmus × Pangasius bocourti), Aquacult. Nutr. 22 (2016) 575–585, https://
doi.org/10.1111/anu.12280.

[14] M. Jayachandran, J. Chen, S.S.M. Chung, B. Xu, A critical review on the impacts of
β-glucans on gut microbiota and human health, J. Nutr. Biochem. (2018), https://
doi.org/10.1016/j.jnutbio.2018.06.010.

[15] H. Liu, J. Li, X. Guo, Y. Liang, W. Wang, Yeast culture dietary supplementation
modulates gut microbiota, growth and biochemical parameters of grass carp,
Microb. Biotechnol. 11 (2018) 551–565, https://doi.org/10.1111/1751-7915.
13261.

[16] C. Binda, L.R. Lopetuso, G. Rizzatti, G. Gibiino, V. Cennamo, A. Gasbarrini,
Actinobacteria: a relevant minority for the maintenance of gut homeostasis, Dig.
Liver Dis. (2018), https://doi.org/10.1016/j.dld.2018.02.012.

[17] O. Gainza, J. Romero, Effect of mannan oligosaccharides on the microbiota and
productivity parameters of Litopenaeus vannamei shrimp under intensive cultivation

S. Ayiku, et al. Fish and Shellfish Immunology 102 (2020) 286–295

293

https://doi.org/10.1016/j.fsi.2018.08.020
https://doi.org/10.1016/j.aquaculture.2006.11.015
https://doi.org/10.1016/j.aquaculture.2006.11.015
https://doi.org/10.1016/j.fsi.2012.09.021
https://doi.org/10.1007/s10695-018-0552-7
https://doi.org/10.1016/S1369-5274(00)00241-1
https://doi.org/10.1007/s10499-010-9364-1
https://doi.org/10.1007/s10499-010-9364-1
https://doi.org/10.1016/S0044-8486(02)00653-1
https://doi.org/10.1016/S0044-8486(99)00030-7
https://doi.org/10.1016/S0044-8486(02)00277-6
https://doi.org/10.1007/s10695-018-0552-7
https://doi.org/10.1016/S0044-8486(02)00653-1
https://doi.org/10.1111/anu.12280
https://doi.org/10.1111/anu.12280
https://doi.org/10.1016/j.jnutbio.2018.06.010
https://doi.org/10.1016/j.jnutbio.2018.06.010
https://doi.org/10.1111/1751-7915.13261
https://doi.org/10.1111/1751-7915.13261
https://doi.org/10.1016/j.dld.2018.02.012


in Ecuador, Sci. Rep. (2020), https://doi.org/10.1038/s41598-020-59587-y.
[18] A. Dimitroglou, D.L. Merrifield, O. Carnevali, S. Picchietti, M. Avella, C. Daniels,

D. Güroy, S.J. Davies, Microbial Manipulations to Improve Fish Health and
Production - A Mediterranean Perspective, Fish Shellfish Immunol, 2011, https://
doi.org/10.1016/j.fsi.2010.08.009.

[19] J. Zhang, Y. Liu, L. Tian, H. Yang, G. Liang, D. Xu, Effects of dietary mannan oli-
gosaccharide on growth performance, gut morphology and stress tolerance of ju-
venile Pacific white shrimp, Litopenaeus vannamei, Fish Shellfish Immunol. 33
(2012) 1027–1032, https://doi.org/10.1016/j.fsi.2012.05.001.

[20] H.M. Sang, L.T. Ky, R. Fotedar, Dietary Supplementation of Mannan
Oligosaccharide Improves the Immune Responses and Survival of Marron, Cherax
Tenuimanus (Smith, 1912) when Challenged with Different Stressors, Fish Shellfish
Immunol, 2009, https://doi.org/10.1016/j.fsi.2009.06.003.

[21] P.J. Sarlin, R. Philip, Efficacy of marine yeasts and baker's yeast as im-
munostimulants in Fenneropenaeus indicus: a comparative study, Aquaculture 321
(2011) 173–178, https://doi.org/10.1016/j.aquaculture.2011.08.039.

[22] R. da S. Berto, G. do V. Pereira, J.L.P. Mouriño, M.L. Martins, D.M. Fracalossi, Yeast
extract on growth, nutrient utilization and haemato-immunological responses of
Nile tilapia, Aquacult. Res. (2016), https://doi.org/10.1111/are.12715.

[23] M.A. Essa, H.A. Mabrouk, R.A. Mohamed, F.R. Michael, Evaluating different ad-
ditive levels of yeast, Saccharomyces cerevisiae, on the growth and production
performances of a hybrid of two populations of Egyptian African catfish, Clarias
gariepinus, Aquaculture 320 (2011) 137–141, https://doi.org/10.1016/j.
aquaculture.2011.08.015.

[24] P. Zhang, S. Cao, T. Zou, D. Han, H. Liu, J. Jin, Y. Yang, X. Zhu, S. Xie, W. Zhou,
Effects of dietary yeast culture on growth performance, immune response and
disease resistance of gibel carp (Carassius auratus gibelio CAS Ⅲ), Fish Shellfish
Immunol. 82 (2018) 400–407, https://doi.org/10.1016/j.fsi.2018.08.044.

[25] M.H. Lee, Official methods of analysis of AOAC International (sixteenth ed.), Trends
Food Sci. Technol. (1995), https://doi.org/10.1016/0924-2244(95)90022-5.

[26] S. Reitman, S. Frankel, A colorimetric method for determination of serum glutamate
oxaloacetate and glutamic pyruvate transaminase, Am. J. Clin. Pathol. 28 (1957)
56–58.

[27] M.M. Bradford, A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding, Anal. Biochem.
72 (1976) 248–254, https://doi.org/10.1016/0003-2697(76)90527-3.

[28] C.N. Bullerwell, S.A. Collins, S.P. Lall, D.M. Anderson, Growth performance,
proximate and histological analysis of rainbow trout fed diets containing Camelina
sativa seeds, meal (high-oil and solvent-extracted) and oil, Aquaculture 452 (2016)
342–350, https://doi.org/10.1016/j.aquaculture.2015.11.008.

[29] Y. Suo, E. Li, T. Li, Y. Jia, J.G. Qin, Z. Gu, L. Chen, Response of Gut Health and
Microbiota to Sulfide Exposure in Pacific White Shrimp Litopenaeus Vannamei, Fish
Shellfish Immunol, 2017, https://doi.org/10.1016/j.fsi.2017.02.008.

[30] C. Quast, E. Pruesse, P. Yilmaz, J. Gerken, T. Schweer, P. Yarza, J. Peplies,
F.O. Glöckner, The SILVA ribosomal RNA gene database project: improved data
processing and web-based tools, Nucleic Acids Res. (2013), https://doi.org/10.
1093/nar/gks1219.

[31] R.C. Edgar, UPARSE: highly accurate OTU sequences from microbial amplicon
reads, Nat. Methods (2013), https://doi.org/10.1038/nmeth.2604.

[32] Y.B. Shen, X.S. Piao, S.W. Kim, L. Wang, P. Liu, I. Yoon, Y.G. Zhen, Effects of yeast
culture supplementation on growth performance, intestinal health, and immune
response of nursery pigs1, J. Anim. Sci. 87 (2009) 2614–2624, https://doi.org/10.
2527/jas.2008-1512.

[33] D. Deng, C. Mei, K. Mai, B.P. Tan, Q. Ai, H. Ma, Effects of a yeast-based additive on
growth and immune responses of white shrimp, Litopenaeus vannamei (Boone,
1931), and aquaculture environment, Aquacult. Res. (2013), https://doi.org/10.
1111/j.1365-2109.2012.03139.x.

[34] N. Chaitanawisuti, C. Choeychom, S. Piyatiratitivorakul, Effect of dietary supple-
mentation of brewers yeast and nucleotide singularly on growth, survival and vi-
briosis resistance on juveniles of the gastropod spotted babylon (Babylonia areo-
lata), Aquacult. Int. 19 (2011) 489–496, https://doi.org/10.1007/s10499-010-
9364-1.

[35] J. Xiong, M. Jin, Y. Yuan, J.X. Luo, Y. Lu, Q.C. Zhou, C. Liang, Z.L. Tan, Dietary
nucleotide-rich yeast supplementation improves growth, innate immunity and in-
testinal morphology of Pacific white shrimp (Litopenaeus vannamei), Aquacult. Nutr.
(2018), https://doi.org/10.1111/anu.12679.

[36] R. Zhang, Y. Jiang, L. Zhou, Y. Chen, C. Wen, W. Liu, Y. Zhou, Effects of dietary
yeast extract supplementation on growth, body composition, non-specific im-
munity, and antioxidant status of Chinese mitten crab (Eriocheir sinensis), Fish
Shellfish Immunol. (2019), https://doi.org/10.1016/j.fsi.2018.12.052.

[37] S. He, Z. Zhou, Y. Liu, P. Shi, B. Yao, E. Ringø, I. Yoon, Effects of dietary
Saccharomyces cerevisiae fermentation product (DVAQUA®) on growth perfor-
mance, intestinal autochthonous bacterial community and non-specific immunity of
hybrid tilapia (Oreochromis niloticus ♀×O. aureus ♂) cultured in cages,
Aquaculture 294 (2009) 99–107, https://doi.org/10.1016/j.aquaculture.2009.04.
043.

[38] M. Adel, C.C. Lazado, R. Safari, S. Yeganeh, M.J. Zorriehzahra, Aqualase®, a yeast-
based in-feed probiotic, modulates intestinal microbiota, immunity and growth of
rainbow trout Oncorhynchus mykiss, Aquacult. Res. 48 (2017) 1815–1826, https://
doi.org/10.1111/are.13019.

[39] J. hui Wang, L. qun Zhao, J. feng Liu, H. Wang, S. Xiao, Effect of potential probiotic
Rhodotorula benthica D30 on the growth performance, digestive enzyme activity
and immunity in juvenile sea cucumber Apostichopus japonicus, Fish Shellfish
Immunol. 43 (2015) 330–336, https://doi.org/10.1016/j.fsi.2014.12.028.

[40] Z.P. Yang, J.M. Sun, Z. Xu, C.C. Zhang, Q. Zhou, Beneficial effects of Metschnikowia
sp. C14 on growth and intestinal digestive enzymes of juvenile sea cucumber

Apostichopus japonicus, Anim. Feed Sci. Technol. 197 (2014) 142–147, https://doi.
org/10.1016/j.anifeedsci.2014.07.013.

[41] P. Li, D.M. Gatlin, Dietary Brewers Yeast and the Prebiotic GrobioticTM AE Influence
Growth Performance, Immune Responses and Resistance of Hybrid Striped Bass
(Morone Chrysops X M. saxatilis) to Streptococcus Iniae Infection, Aquaculture, 2004,
https://doi.org/10.1016/j.aquaculture.2003.08.021.

[42] M. Abdel-Tawwab, A.M. Abdel-Rahman, N.E.M. Ismael, Evaluation of Commercial
Live Bakers' Yeast, Saccharomyces cerevisiae as a Growth and Immunity Promoter for
Fry Nile tilapia, Oreochromis niloticus (L.) Challenged in Situ with Aeromonas
Hydrophila, Aquaculture, 2008, https://doi.org/10.1016/j.aquaculture.2008.03.
055.

[43] S.H. Hoseinifar, A. Mirvaghefi, D.L. Merrifield, B.M. Amiri, S. Yelghi, K.D. Bastami,
The study of some haematological and serum biochemical parameters of juvenile
beluga (Huso huso) fed oligofructose, Fish Physiol. Biochem. (2011), https://doi.
org/10.1007/s10695-010-9420-9.

[44] G.F. Wiegertjes, R.J.M. Stet, H.K. Parmentier, W.B. Van Muiswinkel,
Immunogenetics of disease resistance in fish: a comparative approach, Dev. Comp.
Immunol. (1996), https://doi.org/10.1016/S0145-305X(96)00032-8.

[45] A.K. Nayak, B.K. Das, M.P.S. Kohli, S.C. Mukherjee, The immunosuppressive effect
of α-permethrin on Indian major carp, rohu (Labeo rohita Ham.), Fish Shellfish
Immunol. (2004), https://doi.org/10.1016/S1050-4648(03)00029-9.

[46] S. Soltanzadeh, A. Esmaeili Fereidouni, H. Ouraji, K.J. Khalili, Growth performance,
body composition, hematological, and serum biochemical responses of beluga (Huso
huso) juveniles to different dietary inclusion levels of faba bean (Vicia faba) meal,
Aquacult. Int. (2016), https://doi.org/10.1007/s10499-015-9933-4.

[47] P. Zhang, S. Cao, T. Zou, D. Han, H. Liu, J. Jin, Y. Yang, X. Zhu, S. Xie, W. Zhou,
Effects of dietary yeast culture on growth performance, immune response and
disease resistance of gibel carp (Carassius auratus gibelio CAS Ⅲ), Fish Shellfish
Immunol. 82 (2018) 400–407, https://doi.org/10.1016/j.fsi.2018.08.044.

[48] S. Agrahari, K.C. Pandey, K. Gopal, Biochemical alteration induced by mono-
crotophos in the blood plasma of fish, Channa punctatus (Bloch), Pestic, Biochem.
Physiol. (2007), https://doi.org/10.1016/j.pestbp.2007.01.001.

[49] K. Eslamloo, B. Falahatkar, S. Yokoyama, Effects of Dietary Bovine Lactoferrin on
Growth, Physiological Performance, Iron Metabolism and Non-specific Immune
Responses of Siberian Sturgeon Acipenser Baeri, Fish Shellfish Immunol, 2012,
https://doi.org/10.1016/j.fsi.2012.02.007.

[50] J. Li, Y. Xu, L. Jin, X. Li, Effects of a probiotic mixture (Bacillus subtilis YB-1 and
Bacillus cereus YB-2) on disease resistance and non-specific immunity of sea cu-
cumber, Apostichopus japonicus (Selenka), Aquacult. Res. (2015), https://doi.org/
10.1111/are.12453.

[51] L. Wang, C. Ge, J. Wang, J. Dai, P. Zhang, Y. Li, Effects of different combinations of
Bacillus on immunity and antioxidant activities in common carp, Aquacult. Int.
(2017), https://doi.org/10.1007/s10499-017-0175-5.

[52] S.P. Yang, Z.H. Wu, J.C. Jian, X.Z. Zhang, Effect of Marine Red Yeast
Rhodosporidium Paludigenum on Growth and Antioxidant Competence of
Litopenaeus Vannamei, Aquaculture, 2010, https://doi.org/10.1016/j.aquaculture.
2010.09.032.

[53] S. Ghazanfar, M.I. Anjum, A. Azim, I. Ahmed, Effects of dietary supplementation of
yeast (Saccharomyces cerevisiae) culture on growth performance, blood parameters,
nutrient digestibility and fecal flora of dairy heifers, J. Anim. Plant Sci. (2015).

[54] K. Kannan, S.K. Jain, Effect of vitamin B6 on oxygen radicals, mitochondrial
membrane potential, and lipid peroxidation in H2O2-treated U937 monocytes, Free
Radic. Biol. Med. (2004), https://doi.org/10.1016/j.freeradbiomed.2003.09.012.

[55] J. Du, L. Cao, R. Jia, G. Yin, Hepatoprotective and antioxidant effects of dietary
Glycyrrhiza polysaccharide against TCDD-induced hepatic injury and RT-PCR
quantification of AHR2, ARNT2, CYP1A mRNA in Jian Carp (Cyprinus carpio var.
Jian), J. Environ. Sci. (China) (2017), https://doi.org/10.1016/j.jes.2016.06.026.

[56] H. Liu, J. Li, X. Guo, Y. Liang, W. Wang, Yeast culture dietary supplementation
modulates gut microbiota, growth and biochemical parameters of grass carp,
Microb. Biotechnol. (2018), https://doi.org/10.1111/1751-7915.13261.

[57] R. Nakamura, I.R. Pedrosa‐Gerasmio, R.R.R. Alenton, R. Nozaki, H. Kondo,
I. Hirono, Anti‐PirA‐like toxin immunoglobulin (IgY) in feeds passively immunizes
shrimp against acute hepatopancreatic necrosis disease, J. Fish. Dis. 42 (2019),
https://doi.org/10.1111/jfd.13024 jfd.13024.

[58] X.L. Liu, Q.Y. Xi, L. Yang, H.Y. Li, Q.Y. Jiang, G. Shu, S.B. Wang, P. Gao, X.T. Zhu,
Y.L. Zhang, The Effect of Dietary Panax Ginseng Polysaccharide Extract on the
Immune Responses in White Shrimp, Litopenaeus Vannamei, Fish Shellfish Immunol,
(2011), https://doi.org/10.1016/j.fsi.2010.11.018.

[59] Z. fu Song, T. xing Wu, L. sheng Cai, L. jing Zhang, X. dong Zheng, Effects of dietary
supplementation with clostridium butyricum on the growth performance and hu-
moral immune response in Miichthys miiuy, J. Zhejiang Univ. - Sci. B. (2006),
https://doi.org/10.1631/jzus.2006.B0596.

[60] J. Li, Z. Bin Wu, Z. Zhang, J.W. Zha, S.Y. Qu, X.Z. Qi, G.X. Wang, F. Ling, Effects of
potential probiotic Bacillus velezensis K2 on growth, immunity and resistance to
Vibrio harveyi infection of hybrid grouper (Epinephelus lanceolatus♂ × E. fusco-
guttatus♀), Fish Shellfish Immunol. (2019), https://doi.org/10.1016/j.fsi.2019.08.
047.

[61] S. Saurabh, P.K. Sahoo, Lysozyme: an important defence molecule of fish innate
immune system, Aquacult. Res. (2008), https://doi.org/10.1111/j.1365-2109.
2007.01883.x.

[62] S.K. Whyte, The innate immune response of finfish - a review of current knowledge,
Fish Shellfish Immunol. (2007), https://doi.org/10.1016/j.fsi.2007.06.005.

[63] X. Bu, X. Lian, Y. Wang, C. Luo, S. Tao, Y. Liao, J. Yang, A. Chen, Y. Yang, Dietary
yeast culture modulates immune response related to TLR2-MyD88-NF-kβ signaling
pathway, antioxidant capability and disease resistance against Aeromonas hydro-
phila for Ussuri catfish (Pseudobagrus ussuriensis), Fish Shellfish Immunol. 84 (2019)

S. Ayiku, et al. Fish and Shellfish Immunology 102 (2020) 286–295

294

https://doi.org/10.1038/s41598-020-59587-y
https://doi.org/10.1016/j.fsi.2010.08.009
https://doi.org/10.1016/j.fsi.2010.08.009
https://doi.org/10.1016/j.fsi.2012.05.001
https://doi.org/10.1016/j.fsi.2009.06.003
https://doi.org/10.1016/j.aquaculture.2011.08.039
https://doi.org/10.1111/are.12715
https://doi.org/10.1016/j.aquaculture.2011.08.015
https://doi.org/10.1016/j.aquaculture.2011.08.015
https://doi.org/10.1016/j.fsi.2018.08.044
https://doi.org/10.1016/0924-2244(95)90022-5
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref27
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref27
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref27
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/j.aquaculture.2015.11.008
https://doi.org/10.1016/j.fsi.2017.02.008
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1093/nar/gks1219
https://doi.org/10.1038/nmeth.2604
https://doi.org/10.2527/jas.2008-1512
https://doi.org/10.2527/jas.2008-1512
https://doi.org/10.1111/j.1365-2109.2012.03139.x
https://doi.org/10.1111/j.1365-2109.2012.03139.x
https://doi.org/10.1007/s10499-010-9364-1
https://doi.org/10.1007/s10499-010-9364-1
https://doi.org/10.1111/anu.12679
https://doi.org/10.1016/j.fsi.2018.12.052
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1016/j.aquaculture.2009.04.043
https://doi.org/10.1111/are.13019
https://doi.org/10.1111/are.13019
https://doi.org/10.1016/j.fsi.2014.12.028
https://doi.org/10.1016/j.anifeedsci.2014.07.013
https://doi.org/10.1016/j.anifeedsci.2014.07.013
https://doi.org/10.1016/j.aquaculture.2003.08.021
https://doi.org/10.1016/j.aquaculture.2008.03.055
https://doi.org/10.1016/j.aquaculture.2008.03.055
https://doi.org/10.1007/s10695-010-9420-9
https://doi.org/10.1007/s10695-010-9420-9
https://doi.org/10.1016/S0145-305X(96)00032-8
https://doi.org/10.1016/S1050-4648(03)00029-9
https://doi.org/10.1007/s10499-015-9933-4
https://doi.org/10.1016/j.fsi.2018.08.044
https://doi.org/10.1016/j.pestbp.2007.01.001
https://doi.org/10.1016/j.fsi.2012.02.007
https://doi.org/10.1111/are.12453
https://doi.org/10.1111/are.12453
https://doi.org/10.1007/s10499-017-0175-5
https://doi.org/10.1016/j.aquaculture.2010.09.032
https://doi.org/10.1016/j.aquaculture.2010.09.032
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref54
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref54
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref54
https://doi.org/10.1016/j.freeradbiomed.2003.09.012
https://doi.org/10.1016/j.jes.2016.06.026
https://doi.org/10.1111/1751-7915.13261
https://doi.org/10.1111/jfd.13024
https://doi.org/10.1016/j.fsi.2010.11.018
https://doi.org/10.1631/jzus.2006.B0596
https://doi.org/10.1016/j.fsi.2019.08.047
https://doi.org/10.1016/j.fsi.2019.08.047
https://doi.org/10.1111/j.1365-2109.2007.01883.x
https://doi.org/10.1111/j.1365-2109.2007.01883.x
https://doi.org/10.1016/j.fsi.2007.06.005


711–718, https://doi.org/10.1016/j.fsi.2018.10.049.
[64] A. Tukmechi, M. Bandboni, Effects of Saccharomyces cerevisiae supplementation on

immune response, hematological parameters, body composition and disease re-
sistance in rainbow trout, Oncorhynchus mykiss (Walbaum, 1792), J. Appl. Ichthyol.
30 (2014) 55–61, https://doi.org/10.1111/jai.12314.

[65] G.S. Jensen, K.M. Patterson, I. Yoon, Yeast culture has anti-inflammatory effects
and specifically activates NK cells, Comp. Immunol. Microbiol. Infect. Dis. (2008),
https://doi.org/10.1016/j.cimid.2007.08.005.

[66] N. Abu-Elala, M. Marzouk, M. Moustafa, Use of different Saccharomyces cerevisiae
biotic forms as immune-modulator and growth promoter for Oreochromis niloticus
challenged with some fish pathogens, Int. J. Vet. Sci. Med. (2013), https://doi.org/
10.1016/j.ijvsm.2013.05.001.

[67] V. Vetvicka, L. Vannucci, P. Sima, The effects of β - glucan on fish immunity, N. Am.
J. Med. Sci. (2013), https://doi.org/10.4103/1947-2714.120792.

[68] X. zheng Liao, S. kang Hu, B. Wang, H. peng Qin, J. chen Zhao, Z. hao He, X. yan
Chen, Y. sheng Liu, P. Qu, C. bo Sun, S. Zhang, Dietary supplementation with
polypeptides improved growth performance, antibacterial immune and intestinal
microbiota structure of Litopenaeus vannamei, Fish Shellfish Immunol. (2019),
https://doi.org/10.1016/j.fsi.2019.06.033.

[69] E. Li, C. Xu, X. Wang, S. Wang, Q. Zhao, M. Zhang, J.G. Qin, L. Chen, Gut microbiota
and its modulation for healthy farming of pacific white shrimp Litopenaeus van-
namei, Rev. Fish. Sci. Aquac. 26 (2018) 381–399, https://doi.org/10.1080/
23308249.2018.1440530.

[70] C.K. Chakraborti, New-found link between microbiota and obesity, World J.
Gastrointest. Pathophysiol. (2015), https://doi.org/10.4291/wjgp.v6.i4.110.

[71] G. den Besten, K. van Eunen, A.K. Groen, K. Venema, D.-J. Reijngoud, B.M. Bakker,
The role of short-chain fatty acids in the interplay between diet, gut microbiota, and
host energy metabolism, J. Lipid Res. 54 (2013) 2325–2340, https://doi.org/10.
1194/jlr.R036012.

[72] O.C. Velázquez, H.M. Lederer, J.L. Rombeau, Butyrate and the colonocyte: pro-
duction, absorption, metabolism, and therapeutic implications, Adv. Exp. Med. Biol.
(1997).

[73] Y. Duan, Y. Wang, Q. Liu, H. Dong, H. Li, D. Xiong, J. Zhang, Changes in the in-
testine microbial, digestion and immunity of Litopenaeus vannamei in response to
dietary resistant starch, Sci. Rep. (2019), https://doi.org/10.1038/s41598-019-
42939-8.

[74] L. Fan, Z. Wang, M. Chen, Y. Qu, J. Li, A. Zhou, S. Xie, F. Zeng, J. Zou, Microbiota
comparison of Pacific white shrimp intestine and sediment at freshwater and
marine cultured environment, Sci. Total Environ. (2019), https://doi.org/10.1016/
j.scitotenv.2018.12.069.

[75] V. Letchumanan, W.F. Yin, L.H. Lee, K.G. Chan, Prevalence and antimicrobial
susceptibility of Vibrio parahaemolyticus isolated from retail shrimps in Malaysia,
Front. Microbiol. (2015), https://doi.org/10.3389/fmicb.2015.00033.

[76] Wardiyanto Supono, E. Harpeni, A.H. Khotimah, A. Ningtyas, Identification of vi-
brio Sp. As Cause of White Feces Diseases in White Shrimp Penaeus Vannamei and
Handling with Herbal Ingredients in East Lampung Regency, Indonesia, AACL

Bioflux, 2019.
[77] C. Holmström, S. Egan, A. Franks, S. McCloy, S. Kjelleberg, Antifouling activities

expressed by marine surface associated Pseudoalteromonas species, FEMS Microbiol.
Ecol. (2002), https://doi.org/10.1016/S0168-6496(02)00239-8.

[78] R. Sánchez-Díaz, Z.J. Molina-Garza, L.E. Cruz-Suárez, J. Selvin, G.S. Kiran,
J.C. Ibarra-Gámez, B. Gómez-Gil, L. Galaviz-Silva, Draft genome sequence of
Pseudoalteromonas piscicida strain 36Y_RITHPW, a hypersaline seawater isolate from
the south coast of Sonora, Mexico, J. Glob. Antimicrob. Resist. (2019), https://doi.
org/10.1016/j.jgar.2018.09.003.

[79] H. Fang, J. Xie, S. Liao, T. Guo, S. Xie, Y. Liu, L. Tian, J. Niu, Effects of dietary
inclusion of shrimp paste on growth performance, digestive enzymes activities,
antioxidant and immunological status and intestinal morphology of hybrid snake-
head (Channa maculata ♀ × channa argus ♂), Front. Physiol. (2019), https://doi.
org/10.3389/fphys.2019.01027.

[80] Y. Gao, F. Han, X. Huang, Y. Rong, H. Yi, Y. Wang, Changes in gut microbial po-
pulations, intestinal morphology, expression of tight junction proteins, and cytokine
production between two pig breeds after challenge with Escherichia coli K88: a
comparative study, J. Anim. Sci. (2013), https://doi.org/10.2527/jas.2013-6528.

[81] A.J. Vizcaíno, G. López, M.I. Sáez, J.A. Jiménez, A. Barros, L. Hidalgo, J. Camacho-
Rodríguez, T.F. Martínez, M.C. Cerón-García, F.J. Alarcón, Effects of the Microalga
Scenedesmus Almeriensis as Fishmeal Alternative in Diets for Gilthead Sea Bream,
Sparus Aurata, Juveniles, Aquaculture, (2014), https://doi.org/10.1016/j.
aquaculture.2014.05.010.

[82] A.R. Al-Fataftah, A. Abdelqader, Effects of dietary Bacillus subtilis on heat-stressed
broilers performance, intestinal morphology and microflora composition, Anim.
Feed Sci. Technol. (2014), https://doi.org/10.1016/j.anifeedsci.2014.10.012.

[83] M. del C. Flores-Miranda, A. Luna-González, Á.I. Campa-Córdova, H.A. González-
Ocampo, J.A. Fierro-Coronado, B.O. Partida-Arangure, Microbial
Immunostimulants Reduce Mortality in Whiteleg Shrimp (Litopenaeus Vannamei)
Challenged with Vibrio Sinaloensis Strains, Aquaculture, 2011, https://doi.org/10.
1016/j.aquaculture.2011.08.005.

[84] W. Rungrassamee, A. Klanchui, S. Maibunkaew, N. Karoonuthaisiri, Bacterial dy-
namics in intestines of the black tiger shrimp and the Pacific white shrimp during
Vibrio harveyi exposure, J. Invertebr. Pathol. (2016), https://doi.org/10.1016/j.jip.
2015.11.004.

[85] W.-Y. Chen, T.H. Ng, J.-H. Wu, J.-W. Chen, H.-C. Wang, Microbiome dynamics in a
shrimp grow-out pond with possible outbreak of acute hepatopancreatic necrosis
disease, Sci. Rep. 7 (2017) 9395, https://doi.org/10.1038/s41598-017-09923-6.

[86] J. Fan, L. Chen, G. Mai, H. Zhang, J. Yang, D. Deng, Y. Ma, Dynamics of the gut
microbiota in developmental stages of Litopenaeus vannamei reveal its association
with body weight, Sci. Rep. (2019), https://doi.org/10.1038/s41598-018-37042-3.

[87] J.E. Burgents, K.G. Burnett, L.E. Burnett, Disease Resistance of Pacific White
Shrimp, Litopenaeus Vannamei, Following the Dietary Administration of a Yeast
Culture Food Supplement, Aquaculture, (2004), https://doi.org/10.1016/j.
aquaculture.2003.09.003.

S. Ayiku, et al. Fish and Shellfish Immunology 102 (2020) 286–295

295

https://doi.org/10.1016/j.fsi.2018.10.049
https://doi.org/10.1111/jai.12314
https://doi.org/10.1016/j.cimid.2007.08.005
https://doi.org/10.1016/j.ijvsm.2013.05.001
https://doi.org/10.1016/j.ijvsm.2013.05.001
https://doi.org/10.4103/1947-2714.120792
https://doi.org/10.1016/j.fsi.2019.06.033
https://doi.org/10.1080/23308249.2018.1440530
https://doi.org/10.1080/23308249.2018.1440530
https://doi.org/10.4291/wjgp.v6.i4.110
https://doi.org/10.1194/jlr.R036012
https://doi.org/10.1194/jlr.R036012
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref73
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref73
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref73
https://doi.org/10.1038/s41598-019-42939-8
https://doi.org/10.1038/s41598-019-42939-8
https://doi.org/10.1016/j.scitotenv.2018.12.069
https://doi.org/10.1016/j.scitotenv.2018.12.069
https://doi.org/10.3389/fmicb.2015.00033
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref77
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref77
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref77
http://refhub.elsevier.com/S1050-4648(20)30282-5/sref77
https://doi.org/10.1016/S0168-6496(02)00239-8
https://doi.org/10.1016/j.jgar.2018.09.003
https://doi.org/10.1016/j.jgar.2018.09.003
https://doi.org/10.3389/fphys.2019.01027
https://doi.org/10.3389/fphys.2019.01027
https://doi.org/10.2527/jas.2013-6528
https://doi.org/10.1016/j.aquaculture.2014.05.010
https://doi.org/10.1016/j.aquaculture.2014.05.010
https://doi.org/10.1016/j.anifeedsci.2014.10.012
https://doi.org/10.1016/j.aquaculture.2011.08.005
https://doi.org/10.1016/j.aquaculture.2011.08.005
https://doi.org/10.1016/j.jip.2015.11.004
https://doi.org/10.1016/j.jip.2015.11.004
https://doi.org/10.1038/s41598-017-09923-6
https://doi.org/10.1038/s41598-018-37042-3
https://doi.org/10.1016/j.aquaculture.2003.09.003
https://doi.org/10.1016/j.aquaculture.2003.09.003

	Effects of dietary yeast culture on shrimp growth, immune response, intestinal health and disease resistance against Vibrio harveyi
	Introduction
	Materials and methods
	Ingredients and experimental diet preparation
	Shrimp and rearing conditions
	Sample collection
	Growth performance analysis
	Chemical analysis of feed and whole body composition
	Serum immune analysis
	Histological analysis of shrimp intestine
	Microbiota analysis
	Challenge test
	Statistical analysis

	Results
	Shrimps growth performance, feed conversion ratio and survival rates
	Proximate whole body composition of L. vannamei
	Evaluation of serum biochemical indexes
	Serum innate immune responses
	Microbiota analysis in shrimp gut
	Intestinal microbiota richness and species diversity
	Gut microbiota composition of L. vannamei fed with YC supplemented diets

	Histological analysis of shrimp intestine
	Challenge test

	Discussion
	Declaration of competing interest
	Acknowledgment
	References




