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With trends rowards low fishmeal and higher plant ingredient-based diets for shrimp, there is consequently
greater demand on feed additives to bolster the protein and nutiient profile quality for achieving more efficiency.
Also, there is a need fo enhance innate immunity and resilience to infection under intensive shrimp production
scenarios. This investigation tested incremental levels 0, 0.2; 0.4; 0.6 and 0.8 % of a commercial veast cell wall
extract mainly comprising p-glucan and mannan oligosaccharides (MOS) (YM, YeaMOS, Angel Yeast, Yichang,
Hubei, China) for post-larval shrimp Penaeus vannamei in isonitrogenous and iso-lipidic diets with proteinaceous
plant ingredients amounting to 50 % contribution of the diet formulation. After 60 d, growth and feed utilization
performance were not significantly affected in shrimp in terms of weight gain or FCR, but due to much highel
survival, total biomass in groups of shrimps fed with dietary YM was higher compared to the control treatment. A
sequential specific pathogen challenge test with Vibrio parahaemolyticus at final dose of 10* CFU mL * resulted in
a marked impirovement in suivival against the control group with niuch enhancement at the inclusion level of
0.4% YM (p<0.05). Before challenged, the total haemocyte count (THC) and the relative gene expression of
Prophenoloxidase (ProPO) were higher in the group of shrimps fed with YM. Likewise, after infection, the
amount of THC and ProPO remained better in the group of shrimps fed with YM. However, the 0.8% YM
eatment did not significantly differ from the control for phagocytic activity and index. The histomorphology
condition of the hepatopancreas of shnimp before the infection for all treatments appears normal without sig-
nificant numbers of hepatopancreatic tubules (T) and epithelial cell vacuoles (V). After pathogen challenge, all
shrimp exhibited severe necrotic cell damage and massive sloughing of hepatopancreatic tubule epithelial cells
into the lumen. Overall, giving YM as feed additives can improve the shiimp biomass and health, with the use of
0.4 % inclusion levels in practical diets for shrimp P. vannamei become the optimum dose to develop more
efficient aquafeed production.
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1. Introduction

Farmed prodoction of Pacilfic white shrimp Penaens vamummei serves
as one of the fasrest-growing commodities in the aquaculmire indusrry
(Asmild et al., 2024; Bondad Heanisso el dl., 2012; Emerenciano e 4l.,
2022}, Globally, the production number has increagsed from 155 thou-
sand tonnes in 2000-5.8 million ronnes in 2020, with the main driving
factors being the yrowill i population dnd income (Asmild e gl 20249),
However, disedse oulbreaks caused Dy viroses, Dacteris, sand wicro
sporidians sre becoming one of the primary factors that could hamper
shrimp produerion and trade (Kuimar o1 al,, 2023), resulting in serfous
economic losses of around USS 6 billion worldwide and USS 20 billion
over a decade in Asian coumtries (Shinn or al., 2001 8). Although anrihi-
otics is quite popular ro reear discases, the frequent nse of antibiotics has
allonwed Tor the development of drug-resistant strains leading o anri-
microbial resistance {Defoirdl et al., 2008; Seethalakshmmi e al., 2021},
Therefore, preventive approaches to stimulate and enhance imnime
responses are essential in the shrimp industry and to mitigate the serions
issue of qutimicrobial resistance.

Optimization of the nnme respouse irough e admindsiration of
a# functional diet that provides health benefits beyond essential nutrition
is often necessary for shrimp (Herndndez-Cabanyero et al, 2023),
especially considering the primfdve fmumne condiden in shrimp and
mastly dependenr on their innare immune factors as rthey lack a trie
adaptive immune response mechanism like fish and higher verrehrates
(Chen and e, 20019 Fajardo o ale, 2029 Kulkarn] eral., 2021: Mansour
el al, 2022), Several research investigations has been concluded and
detailed the sneeessful activation of immune like response through the
administration of functional feed addirives such as administrating pro-
bioties (Olmos 21 4l,, 2001 ); nucleotides (Novriadi et al., 20223 P glucan
and yeast based additives (Chen &1 al., 20020; Chiochird &t a1, 2023; fin
el al., 2018; LI & al., 2019); seaweed polysaccharides (Abbas et al.,
2023), enzymes and functonal immunostndants (Chuchicd ef al,,
20247, Aoy these, 3 oelucan and veast based additives hiave etneryed
as promising candidates due o their srable nntritional contenr and
immunomodilatery properties.

Yeast is also rich in high-guality protein (Aghoola et al., 2021),
making it a valuable dietary supplement for shrimp supplving a
balanced source of essential amino acids. A study by Zhao et al. (2007}
demonstrated that the sapplemenration of yease extract for replacing
dietary fsh nieal in e preseqce of supplewnentsl fish oil, phospliorus
gnd caleium resulted in similar weight gain and survival of shrimp.
Moreover, the presence of polysaccharides {mannan and p-glucans)
contained in the veast cell wall could inhibit the pathogen adherence,
mwodulste e bacterial growth (Sodith e al, 20200, and mprove e
sensitivity of the immine response mechanism (Tausting or al., 2021,
Lin et al, 20210, Furthermore, the hvdrolvsis process of mannan o
produce mannan oligosaccharide (MOS) received significant artention
in aquacuiture as a prebiotic and immune modulator by triggering the
activation of the innate imnume system in response o a
non-scll-substance (Torrecillas e gl 2014). Tnrerestingly, the combi-
pation of MOS with [ glucan even prolonged the lugh levels of nnnme
indices compared with MOS or pglocan supplementation alone {(Guo
al al., 2011)%

L agquaculiure, distary §glucans have been shown o sthnulate the
e syvstenn of mdny species by Dinding specific receplors o im
mune eclls, activating them to defend against pathogens (Tladinzzaman
et al, 2022 Kim et al,, 2011: Rodrigoes et al,, 2020), Research on fish
has shown thar dietary supplementation with p-glucans from yeast en-
hances immune responses (Machuca etal | 2022). Meanwhile in shrimp,
the use of fglucan could be recognized by the specific pattern recog-
nition reecprors (PRR) and potentiate the humoral innare imnnme
resporise, activale the innpune related genes, mmcluding prophenolox
idase (proPD) (Cerenius et al., 2008; Emesto Cesena et al., 2021; Zhao
of al, 20134), increase the production of ant-microbial peptides, and
improve the agplutinarion process (Gubaarte e al,, 2024),
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The adoption of MOS and pglucan yeast-based supplements in
shrimp farning can contribute o sustainable and efficient aguaculiure
pracrices while reducing the reliance on lishmeal. We know thar high
plant-based leods wirh low animal or marine ingredients may compro-
mise performance, health condition and resilience of aqualic organisis.
For these reasons, a study was imiplemented to ascertain further evi-
dence for the rommercial yeast cell wall extract mainly comprising
{ wluean dand neaneEan olivosaceliarides, KOS (YM, YeahlOs, Angel Yeast
Con Lede Yichans, Hubei, Ching) product gs 4 partdal fioonedonal ogre
dient for P. Vamame! under experimnental conditions, Therefore, this
research was conduocted to evaluare the effect of YM supplementing the
lovw' Hsh meal-based dier ar 0.2; 0.4; 0.6 and 0.8 % in Vanoamed diets by
assessing the growth performance and (eed urilisarion. Additionally, we
condicted a subsequent pathelogical challenge trial o evaluare the of-
lect of YM on the survival, immune responses and hepatopancreatic
histomorphological condition of shrimp before and afier being chal-
lenged by Vibrio parachaemelyticus under controlled exposure. The find-
ings from this research might provide unseful information on the
fonuulation of econouical and functonal diews for B vaonoeet.

2. Maiterials and methods
2.1, Experimenrd diets

Experimental diets, including conirol reatment, were designed o ba
iso-nitrogenous and iso-lipidic (35 % protein and 7 % lipid). The conrrol
dier conrained 10 % fish meal (FM), 44,1 % de-hulled solvenr extracted
sovbean mieal (SBM), and 8 % corn protein concentrare (CPC) as the
dicrary protein sources. The serics of five diets were Tormulared o
cantain 0, 0.2 0.4 0.6; and 0.8% of commercial f-glucan and MOS {YM,
YedMOS, Anyel Yedst Co. Lid, Yichang, Hubel Provinee, Chita) gs 8n
effective broad-spectrum product with =20 % purity for }ghuean and
=20 % purity for MOS, designated as 0.2 % YM, 0.4 % YL, 0.6 % YM,
and 8% YM, respectively (Table 1), Prior (o the production of exper
nental diets, e veast vwias mixed with wiero ingredienls, including the
mineral premix, vitamin premix, cholinge chloride, Viramin C and CaP-
dibasic. All micro-ineredients then mixed with macro-ingredients
homogenously in a 100kg batch followed by grinding to a particle
gize of <200 pm using a disk mill [Jinan Shengrun, China). The mixed
ingredients were conditioned in a steam injection conditioner for 12 s
prior to pellating. The peller temperatiee just alter pelleting was 80 —
82°C, After the drving process in au oven, the pellets (3-mm digmeter)
were sampled for homogeneity and stored in sealed plastic bags until
fisrther use. Proximate composition and amino acid profile of the diets
were aralved ai the Saraswanll lndo Genetecl) Laboratory, Bogor, West
Javy, ludonesia and sunnnarized in Fable 2,

2.2, Experimenmal design

The growth rrials were conducted at the Batam shrimp rescarch
developenl (Batam, Kepulanan Biau, Indonesial, Shirihwp P, vannaine!
post larvas (PL)Y were obtained from P11, Maju Tambak Summr (Kaliands,
Lampung, Indonesida) snd nursed in a semi-indoor recirculating systent
The PL were fed with a conunercial feed (Evergreen Feed, Lampung,
[Indonesia) for three weeks untdl they reached the suitable size, Shrimp
(2.020.02 ¢ inital weean weighit) were slocked inte A0 <35 x A0
(1) aquaria tank with 15 shrimp per tank or eqoal with 150 shrimp
mi <. Six replicare groups of shrimps were adniinistered different tvpes
of experimental diets using nuiriton research standard protocols for 60
days and fed by hand fowr rimes daily, at 07:00, 11:00, 15:00 and
19:00 h. Based on our historic resuls, daily feed inputs were pre-
progrannned gssuniing (e noriul growil of shirimp and feed conver
sion rato of 1.5 Dally allowances of feed were adjusied based on
observed feed consumption, weekly counts of the shrimp and mortality
records,

The sequential cliallenge est followed by the assessient of health
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Table 1
Formulation of experimental diets (%, as is) used to evaluate the effects of
various inclusion levels of yeast cell wall extract to the shrimp P. vannamei.

Ingredient (As is % Dietary treatments

tctissen) Control 0.2%  0.4%  06%  0.8%
YM YM M M

Menhaden fishmeal® 10.00 10.00 10.00 10.00 10.00
Soybean meal” 44.10 44,10 44.10 44.10 44.10
Corn protein Cﬂl‘ll‘.‘EﬂUﬂl’.Eh 6.00 6.00 .00 6.00 6.00
Commercial yveast 0.00 0,20 0.40 0.60 0.80

(p-glucan and mannan

oligosaccharides)®
Menhaden fish oil® 5.57 S.0b R 5.04 5.52
Lecithin {sov)" 0.10 0.10 0.10 0.10 0.10
Cholesterol” 0.05 0.05 0.05 0.05 0.05
Corn Starch” 1.78 1.59 1.40 1.21 1.03
Whole wheat” 28.00 28.00 28.00 28.00 28.00
Mineral premix [Shri.l:ﬂp]!- 0.50 0.50 0.50 0.50 0.50
Vitamin premix {Sh.rimp]'- 1.80 1.80 1.80 1.80 1.80
Choline chloride (0.2 % all 0.20 0,20 0.20 0.20 0.20

diets)”
Rovimix Stay-C 35 96" 0.10 (.10 0.10 0.10 0.10
CaP-dibasic’ 1.80 1.80 1.50 1.80 1.80
Total 100.00 100.00 100,00 100.00 100.00

"Trace mineral premix (g/100 g premix): cobalt chloride, 0.004; cupric sulfate
pentahydrate, 0.550; ferrous sulfate, 2.000; magnesium sulfate anhydrous,
13.862; manganese sulfate monohydrate, 0.650; potassium iodide, 0.067; so-
dium selenite, 0.010; zine sulfate heptahydrate, 13.193; alpha-cellulose, 69.664.
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condition of the shrimp were performed at the Department of Aqua-
culture, Faculty of Agriculture, Gadjah Mada University, Indonesia after
14 days of a feeding period with yeast-containing feed. Just before and
after the challenge test, blood and tissue sampling inventories were
conducted to determine the immune status system in shrimp, including
the total haemocyte count, phagocytosis index and activity analysis, and
the gene expression for the phenoloxidase. All the analyses were also
supported with the histomorphological scrutiny of the hepatopancreas
of the shrimp before and post infection.

2.3. Growth sampling and water quality analysis

For the growth trials, pH, dissolved oxygen (DO), water temperature
and salinity were measured four rimes daily using the Aqua TROLL 500
Multiparameter Sonde instrument and connected to AquaEasy apps
(Bosch, Singapore) for dara monitoring and recording. Ammonium
(NH4), Nitrate (NOg3), Nitrite (NOy), and Phosphate (PO4) were
measured once per week by using absorption spectrophotometry
(DR890, HACH, USA). At the end of the feeding period, the shrimp in
each hapa net were counted and weighed to calculate the final biomass,
final weight, percentage weight gain (PWG), feed conversion ratio
(FCR), percentage survival (SR) and thermal unit growth coetficient
(TGC) as follows:

(average individual final weight — average individual initial weight )

*Vitamin premix (g/kg premix); thiamin-HCL, 4.95; riboflavin, 3.83; pyridox- FWG= (average individual initial weight )

ine-HCL, 4.00; Ca-pantothenate, 10.00; nicotinic acid, 10.00; biotin, 0.50; folic 100

acid, 4.00; cyanocobalamin, 0.05; inositol, 25.00; vitamin A acetate (500,000

IU/g), 0.32; vitamin D3 (1000,000 IU/g), 80.00; menadione, 0.50; alpha-

cellulose, 856.81 . feed given(g)
* PT FKES Multi Agro, Tbk. Jakarta, Indonesia FCR = alive wpfgh g{'””{gl}
" Empyreal”®, Cargill starches, sweeteners and texturizers, Blair, NE, USA
“ AﬂgE}. yeast, Fubon Nutiition, China ﬁ”ﬂj number ﬂf Shrf”w i
° PT Rajawali Mitra Pakanindo, Banten, Indonesia SR = initial number of shrimp 100
® PT Pundi Kencana, Cilegon, Banten, Indonesia
* PT Fenanza Purra Perkasa, Jakarta, DKI Jakaita, Indonesia -. FBWY2 _ [BW

TGC = “100
Y10

Table 2

Proximate and amino acid (AA) composition (% as is, dry matter basis) of experimental diets.
Composition Unit Control 0.2 %YM~ 0.4 %YM 0.6 %YM 0.8% YM
Proximate analysis’
Protein Content %o 35.04 35.03 35.27 32.10 35.16
Total Fat Yo 733 7.47 7.49 7ol 7.55
Total Calories Keal/ 100 g 370.79 379.37 381.65 379,07 381.33
Moisture Content %o 8.59 7.26 7.76 7.44 7.98
Ash Content % /.88 8.23 5.45 85.56 7.88
Amino acid profile’
L-Alanine % 1.50 1.57 1.55 1.55 1.56
L-Arginine o 213 2.29 2.02 2.40 212
L-Aspartic Acid L] 2.50 2.72 2.63 2.57 2.61
Glycine % 1.50 1.53 1.48 1.63 1.60
L-Glutamic Acid %o .23 2.57 544 5.37 2.38
L-Histidine %o 0.89 1.02 0.84 1.03 0.90
L-Iscleucine %o 1.43 1.46 1.45 1.50 1.54
L-Cysteine %o 1.90 1.81 1.47 1.55 1.55
L-Leucine %o 2.68 2.74 2.72 2.583 2.79
L-Lysine %o 1.70 1.68 1.76 1.63 1.69
L-Methionine % 0.59 0.60 0.59 0.60 0.60
L-Tryptophan %o 0.31 0.33 0.34 0.34 0.35
L-Valine %o 1.57 1.61 1.59 1.65 1.63
L-Phenvlalanine %o 1.86 2.21 1.77 2.18 2.03
L-Proline %o 1.72 1.75 1.75 1.79 1.78
L-Serine Yo 1.79 1.87 1.77 1.98 1.99
L-Threonine %o 1.50 1.58 1.46 1.66 1.65
L-Tyrosine %o 1.07 1.20 0.95 ) B b 1.23

! Analysis conducted by the Saraswanti Indo Genetech Labotatory, Bogor, West Java, lndonesia. Website www.siglaboratory.com
Mcommercial yeast cell wall extracts mainly comprising p-glucan and mannan oligosaccharides (MOS) (YM, YeaMOS, Angel Yeast, Yichang, Hubei, China)
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2.4. Challenge test

The challenge tests were conducted according 1o a slightly modified
version of the bacteria fmmmersion protocols previonsly described by
Tran et al. (2013). Briefly, after the bacterial strain (Vibrio para-
haemolyticus) was cultured overnight in 1SB medinm containing 2 %
NaCl at 30 “C, aliguots of the cultures were transferred into —-100 ml of
[resh TSB medium plus 2 % NaCl to a bacterial density of OD 600 - 0.1.
Bacterial suspension was then mixed with artificial sea warer to give an
intermediate bacterial density of approximately 107 €U mb L
Thirry six individual shrimp in each rearment were divided equally and
randomly in three tanks confaining sea warer. Cumularive mortality
{dead shirimp) was recorded a1 0, 6, 12, 18, 24, 48, 72 and 96 i post
challenge, Dead shrimp were removed from the experimental 1anks
immediarely.

2.5 Inummne analysis in shrimp

2.5.1. Toral haemocyte count

Before and at the 96-h post innnersion challenge test, haemolynmph
aliquots were taken from the first abdominal segment of shrimp using a
1 mL sterile syringe (26-gauge needle) that has been moistened using a
10 % Nacitrare solution as an anticoagulant. Haemolymph samples
were then transferred into microtubes that had been moistened with
anticoagulants and labelled according to the sample treatment, During
the sampling and travel process, the samples in the mierombe were
stored ar cold remperatures in & cool box 1o avoid damage to the samiple.
Samples were stored ina —20 "C freezer betore the analvsis of immune
parameters. Caleulation of Total Haemoceyte Counts (THC) was done by
miixing 20 pl. of hemolymph and 80 pl, of Phosphate Buffer Saline (5
times dilution). Next, 20 pL from the mixture was put into a hemocy-
tometer {(Hausser Scientific, USA) and observed under a 4Ux magnifi-
cation microscope. THC was determined as followed:

THC = The mgnber of haemocyres per block = % x 25

s« diluton rote ]ﬂqf."l‘.'”.'i/ﬂ”.

2.5.2. Phagocytosis activity — phagocytosis index (AF-IF)

Phagocytosis activiry rest was carried our by diluring 20 pl. of hae
molvmph in 10 pl. Phosphate Buffer Saline, with the addition of 30 pL
Formalin Killed-Vibrio cells (the density of 1210% cells mL 1) and then
inenbated at oo temperature for 30 min. In the next step, 4 5 gl from
the mixmmre was smesred on the glass object and fixed nsing 2.5 %
glutaraldehyde for 20 min, followed by rinsing in 0.85 % NaCl to
remove cells that are not stcking, then air-dried. The samples were
stained using a 10 % Wright stain for 20 mins, rinsed in tap water, and
air-dried. The samples were observed under a microscope with a
magnification of 1003 The AF-IF was calculated based on the following
equarion:

_ humber of engulfing phagocytes "

t*) member of observed phogocytes

1 0%

number of engulfing particles

"~ mumber of engulfing phagocytes
The samples for Phagocytosis activity — phagocytosis index (AF-IF)
analysis also obtained before and alter challenge alter immersed with
pathogen [or 96-h.

2.5.3. Gene expression analysis for prophenoloxidase

Three shrimp per dietary treatment were used for sampled analysis
before and alrer challenged (96 h post immersion). Total RNA was
extracted from haemolymph of shrimp using TRI20l® reagent (Thermo
Seientific) kit following the manufacturer’s instruerions (which ineludes
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DMNAze rrearment), after which the concentrarion and purity of the RNA
was quantified spectrophotomerrically wirth a nanodrop (Thermo Fisher
Scientific. Waltham, MA, USA). The Reverse Transcriptase PCR (RT-
(|PCR) were carried out as follows: primer amnmealing ar 25 °C for
14} minutes; reverse transcription at 42 °C for 15 minutes; inactivation
at 85 “C for 5 minues and hold at 4 “C. The cDNA isolate was then
stored at - 20°C. The gene expression in this study were performed
following the method described by Yudiatl er al. (2016), where the
expression level of each gene was analvsed quantitatively using a real
time thermocycler machine (Biorad CFX96). For the gPCR process, a
2.4 pl of eDNA was added wirth 17.6 pL of PCR Mix (SensiFAST SYBR No
ROX Mix BIOLINE, consisting of: 10 pL 2% SensiFAST SYBR No ROX
Mix; 0.8 pL forward primer (10 pM); 0.8 pL reverse primner (10 pM); 6 pl
Hz0 PCR grade) in the PCR mbe. Then the primer and (argel genes were
used as deseribed in Wang eral, (2012) and Subaidah e al, (2012)and as
shown in Table 3. The gPCR condirion consisted of initial denaturation at
95 C for 1 min followed by 40 cyeles of denaturation at 95 °C for
5 seconds, annealing ar 60 °C for 30 s and elongation at 68 *C for 50 s,
ending with addirional elongation step at 72 “C for 7 min. Finally,
relative guantilication of target gene transcripts with a chosen reference
gene ranscript was done [ollowing the AACT method described by
Livak and Schmirtgen (2001 ).

2.6. Hepatopancreas histology

Ten samples of shrimp per dietary rreatment were randomly selected
and individually anesthetized in a solution of Tricaine § (MS 222, i
caine merthane sulfonate salt, Western Chemical, Inc., Ferndale, WA,
LUSA) for histomorphological appraisal of the hepatopancress of (he
shrimp before and after 96 L post innmnersion challenge est. The section
of hepatopancreas were inunediately preserved in Davison's fxarive
solution for 24 h at room temperature and then transferred to 70 %
ethanol solution (VWER, Badnor, PA, USA) until processed by standard
histological analysis procedures. Samples were dehydrated through a
standard ethanol series to 100 %, embedded in paralflin wax, and
sectioned at 4 um intervals for staining with llematoxylin-Eosin (11&E)
stain (Merck, Darmstadr, Germany). For estimarions, double blinded
evaluation with a grading scale of 1 5 was used. Score | was considered
as the normal condition and subsequent scores aceounted for increasing
levels of histopathological alteration compared (o the normal condition.
Tmages were acquired by nsing 4 digital imaging microscope (Olymipus
BEAL, Olympus Oprical Co., Lid., Tokyo, Japan).

2. 7. Stadsrcal anelysis

Growth paramerers, tofal haemocyre counts, Phagoeytosis activiry -
phagocyvtosis index (AF-IF) and phenoloxidase activity were analysed
using one-way analysis of variance (ANOVA) followed by Tukey's
multiple comparison tests o determine the difference between treat-
ment nieans among the reatnents. Score data {or histomorphological
condition of the hepatopancreas of the shrimp as well as the score for
organocleptic analysis were teated as categorical data, tested for
normality and homoscedasticity, and subsequently analvzed using a
linear regression model, Staristical analyses for hapa ner were conducted
nsing SAS systern (VO.4, SAS Institale, Cary, NC, LISA).

Table 3
Primers used o quantily the relarive gene expression of prophenoloxidase.
Pritners Sense Segquences
Prophenoloxidass F 5" - TTCAACGGTAGACCCGTEATTCTTC 3
(AY723296.1)
R o' = TETTGCOGGGTITAAGGTGAACAGT - 3
B-Actin lyhar F - OOTOCATCATEAAGATCAAGATCAT - 37

(AF100085)

R 53 - CACTOCTGTGAACAATTHATGGLTE - 37
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3. Results
5.1, Growth trial

3.1.1. Water quality analysis

Warer qualiry dara (mean + standard deviation), including remper
ature, D.O., salinity, pH, Ammoinimn (NHg), Nitrate (NO5) and Nitrite
(NOg) are presented in Table 4. For physical parameters, dissolved ox-
vaen (DO), remperarure, salinity and pH were in the range of 4.25 +
0.66myg L '; 26,80 & 1.44 °C; 26,22 + 211 gL ; and 7.85 + 0.22,
respectively, For the chemical parameters, during the 60 days of the
nhservarion period, Ammonium (NH, ) Nitrare (NOg); and Nitrite (NO-)
were in the range of 0.075 + 0.012; 14.561 + 1.472; and 0.019 +
0,018 mg L b respectively.

3.1.2. Growth Performance and survival of shrimp

Based on the growth performance and survival of Pacific white
shrimp P. vannamei fed wirth the experimental dier presented in Table 5,
the final body weight (FBW), feed conversion rario (FCR), thermal
growth efficient (TGC), and percentage weight gain (PWG) were not
affected by the reatments (P = 0.05). Meanwhile, for the survival rate
(SR) of the shrimp were significantly affected by the inclusion of YM,
where the SR of the shrimp fed with YM were higher compared to the
control treatment (p <0.0001). This in turn also affect the rotal biomass
of the productiviry. Higher SR in rhe group of shrimps were significantly
increase the biomass yield during 60 days of the observation period (p
= 0.0001 ).

3.2, Challenge and health condition of the shrimp

3.2.1. Challenge test

Mortality of shrimp ocewrred starting from 24 h post-infection with
signs of weakness, displaying passive swimming on the surface, milky
whire abdominal muscles, anorexia, reddish-yellow coloration of the
hepatopancreas, and reduced growth rate, Shrinp that was fed with
0.4 % YM had the greatest (P < 0.05) survival rate with 0.8 % and 0.6 %
YM being intermediare, and control together with 0.2 % YM having the
lowest out of the five experimental treatments (Fig. 1).

3.2.2. Total haesmocyle counis

Before infection, the lowest total haemocyte count (THC) was [ound
in control group (7.1791 4 0.0051 cells wL™") and the highest THC
were [ound in the group of shrimps fed with 0.4 % YM (Fig. 2). Moderate
THC number were found in rthe group of shrimps fed with 0.2; 0.6; and
0.8 % of YM. Afiter infection, the lowest THC munber still found in the
control group compared (0 other dietary treatimment. Meanwhile, the
highest THC number were found in the group of shrimps fed with 0.4
and 0.6 % of YM. Moderate THC number were found in the group of
shirimps fed with 0.2 and 0.8 % of YM (Fig. 2).

3.2.8. Phugocytic index and acrivity

Before infection, the lowest phagocytic index (PI) and phagocytic
activiry (PA) were found in the control group (P< 0.001) (Table 6). The
highest Pl and PA were found in the group of shrimps fed with 0.2 and

Table 4

Watel quality of the cultwe enviioniment duing 60 d of the growth tial using
aquaria tank, Data were presented as means standard deviation (range).

Paramelers Uit Besulls of analysis
Dissolved oxygen mg L : .05 + .66
Temperature ik 2689 & 1.144
Salinity gL’ 26,22 + 211

pll - 785 L1022
Arprnoriurn [NEL) mel 0,075 £ 01012
MNitrale (NO5) mg L 14,561 £ 1.472
Nitrite (NO-) myg L 0,019 £ 0,018
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Table 5
Growth performance and swivival tate of Pacific white sluimp P. vannamel ted
with experimental diet for 60 d using aquaria tanks,

Diet Code  FEW® FCR® TGCS PWG SR* Riomass
(g) (%) (%)
Control 10105 1,44 0.5164  401.04 80.00° 120.94°
0.2%YM  10.17 1.43 05199 40530 91.11" 138.85"
0.4 %YM 10,33 L.40 0.5259 411,93 95,557 148.09°
0.6% YM 10,22 1.42 05198  403.35 94,44 144,75
0.8%YM 1017 1.43 05204  406.73 92,29 140.52"
Povalye 0.3712 03895  0.5390 0,6452  <00001  <0.0001
PSE' 01184 00201 0.0049 6.4554  1.3700 1.7253
M nte;

* FBW = Final Body Weight.

b FCR— Feed conversion tatio,

© TGC = Thermal growth coefficient.
4 pPWG = Percentage weight gain.

= S8R = Survival rare.

 PSE = Pooled Standaid Error.

0.4 % YM. After infection, the highest PT and PA also found in the group
of shrimps fed with 0.2 and 0.4 % YM (Table 6). Interestingly, as the
inclusion of YM in the diet increased, the Pl and PA of the shrimp rended
1o decrease significantly (P<=0.05).

3.2.4. Relative expression analysis for prophenoloxidase

Before infection, the lowest immune relared genes prophenoloxidase
(ProPO) activity was obtained in the control group, while the highest
expression of ProPO were found in group of shrimps fed with YM based
diets. After infection with Vibrio parahaemolyticus ar a dose of 10 CFU
mL " under a controlled situation, tie relative gene expression of ProPO
were still lower in the conrrol gronp and the highest relative expression
of ProP0 were found in the group of shrimps fed with (.4 % YM. The
mederate expression level of ProPO were found in the group of shrimps
fed wirth 0.2; 0.6 and 0.8 % YM (Fig. 3).

3.2.5. Histomerphological condition of the heparopancreas before and after
infection

In our study, after being fed wirh dierary mearments and before the
infection, shrimip in the control group exhibited minor histological al-
terations in the hepatopancreas with some vacuolation (V). Vacuolated
cells can be regarded as reliable biomarkers of roxic injury and disrup-
tive to the detoxification functions of the hepatwpancreas, Histological
observations also showed that the hepatopancreas of shrimp fed with
YM-supplemented diets appeared normal in terms of the hep-
atopancreatic tubules (1) and epithelial cell vacuoles (V) prior to the
infection test, Following infection, all surviving shrimp in all weatments
had hepatopancreatic tissue destruction, which was typified by severs
necrotic cells (N) and massive slonghing of hepampancreatic mibule
epithelial cells into the lumen (MS). The histology conditions following
infection did nor exhibit any discernible variaton amongst the treat-
ments at the stage of assessment (Fig. 4).

4. Discussion

Our investigation targeted the application of a commercial yeast cell
wall extract rich in mannan oligosaccharides (MOS) and p-glucan with
powerful biotic effects confirmed in wider animal studies. There has
been a paucity of informarion for shrimp species and certainly [ew
studies relaring to disease and prophylactic intervention through dierary
inclusion of these additves. There are wany versious globally of such
products thar vary considerably in their porency and level of puriry. We
evaluated the produet ol YeaMos (YM) manufactured by Angel Yeast Co.
Lid (Yichang, Hubei Provinee, Clhina) due to its consistent and high
specification. The attributes of MOS and gluean supplementation have
been noted in numerous studies such as in Nile rilapia Oreochromis
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Fig. 1. Survival of shrimp P. vannamei after challenged by Vibrio parahaemolyticus at final dose of 10* CFU mL
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Fig. 2. Total haemocyte counts of shrimp Penaeus vannamei before and after

challenged with Vibrio parahaemolyticus at final dose of 10% CFU mL . Different
letters indicate statistically significant differences within the treatment of
before (A) and after infection (B) (p<0.05).

niloticus (Liranco et al., 2013; Selim and Reda, 2015); common carp
Cyprinus carpio (Magouz et al., 2021); Starry Flounder Platichthys stel-
latus (Schmidt et al., 2017); and Pacu Piaractus mesopotamicus (Hisano
et al., 2018). Most investigations have shown positive results leading to
improved growth rates and feed utilisation efficiency with superior
health indicators and often increased survivability either in feed trials or
post-trial infection studies. Our results agree with other scientific

! and observed for 96 h post-challenged.

Table 6

Phagocytic index and activity of shrimp P. vannamei before and after challenge
test (P-value < 0.005). Values represent the mean of three replicates. Results in
the same columns with different superscript letter are significantly different
(P<0.05) based on analysis of variance followed by the Tukey's multiple
comparison rest.

Diet Phagoeytic index Phagoceytie activity
CGode Before After Before After
Infection Infection Infection Infection

Control 2.0775° 2.5725%° 0.3800° 0.4600°

0.2 % 3.1650% 2.6475* 0.5250% 0.5300%
M

0.4 % 3.5025% 2.7175% 0.5500° 0.5325°
YM

0.6 % 2.4800° 2.8025° 0.4575° 0.4875°
YM

0.8 % 2.6600° 2.2750° 0.3650° 0.3550°
YM

P-value <0.0001 0.0050 <0.0001 <0.0001

PSE" 0.1079 0.08390 0.0074 0.0086

findings measuring similar parameters and indices of health status in
farmed shrimp. Numerically, the FBW, TGC, PWG and FBW were better
in the group of P. vannamei shrimps fed with YM compared to the control
treatment despite there being no statistical differences detected. More-
over, the survival rate and biomass in the group of shrimps fed with YM
were deemed to be significantly raised compared to the shrimp fed with
control diet.

Mannan oligosaccharides (MOS) derived from yeast cell walls have
gained significant atrention as a dietary supplement in aquaculture due
to their potential to improve gut health, modulate the intestinal
microbiome, enhance the innate immune response, and promote growth
in fish and for shrimp (Gainza and Romero, 2020). MOS in the diet of
fish and shrimp can effectively act as prebiotics, promoting the growth
and activity of beneficial gut bacteria such as Lactobacillus and Bifido-
bacterium (Guerreiro et al., 2018; Levy-Pereira et al., 2018;
Momeni-Moghaddam et al., 2015). These microorganisms help establish
and maintain a balanced gut microbiome, which is essential for nutrient
absorption and overall gut health. The promotion of beneficial bacteria
can lead to the production of short-chain fatty acids (SCFAs) like buty-
rate, which can strengthen the gut mucosal barrier (Guerreiro et al.,
2018; Harikrishnan et al., 2023). MOS may have a role in modulating
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Fig. 3. Relative gene expression of pophenoloxidase (proP0) in shuimp
P. vannamei before and after challenged with Vibrio parahaemolyticus ar final
dose of 10" CFU mL *. Different letters indicare statistically significant differ-
ences within the oeatment of before (A) and after infection (B) (p <0.05).

rhe innate immune response in fish and shrimp and bind ro pathogenic
bacteria and prevent their adhesion to the gut epitheliuni. This reduces
rhe colonizarion of harmful microorganisms in the intestinal tract, which
can decrease the incidence of infections (Guarreiro ar al., 2018). Addi
rionally, MOS may stimulate the acrivity of immune cells such as mac-
rophages and neutrophils. In combination with probiotics, MOS could
act synergistically to enhance the commensal bacterial colonisation o

(1) Control

:z) 0.2% YM

!"'-T-"‘

A. Before Infection

B. After Infection

(3) 0.4% YM
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greater effect in shrimp although not determined in the current
invesrigarion.

MOS and p-glucan bave been shown o enhance the survival rate of
shrimp after challenged with a specific pathogen. A study from E.J.C.
Mameloco and R.F.M. Traifalgar (2020) suggest that the supplementa-
rion of MOS and f-glucan could enhance the immune responses and
improve the resistance of Lo vanmame against V. parahaemolyticus
infection. Moreover, Salidum et al. (2016) revealed thar rhe adminis-
rration of MOS and [i-glucan ar a dose of less or equal to 0.4 % have
beneficial effects in enhancing survival rate against Vibriosis. The results
of the presenr study indicate thar shrimp fed wirh (.4 % YM had rhe
higher survival rare, while the rrearment with (.6 and (1.8 % YM being
intermediate compared to the control treatment. If we observe the
pattern, shrimp treated with an optimum dose of 0.4 % YM could
maintain the survival rate for 100 % up to 36 h post immersion. After
that, mortality occwrred with increasing signs of weakness, passive
swinuning on the surface, milky white abdominal muscles, anorexia,
and poor feeding responses. This is in line with the results from Solidum
el al. (2016) who demonstrated that using MOS + p-glucan less than or
equal w 0.4 % activated the immune responses and resistance against
vibriosis also in P. Vannamei,

It should be nored thar shrimp survived from bacrerial infections by
relving on the non-specific immune mechanism instead of any pre-
existing highly evolved adaptive immunity (Amparvup er al., 2013).
Among the immune mechanisms of invertebrares, cellular melanotic
encapsulation that requires the combination of circulating haemocytes
and several associated proteins of the prophenoloxidase (ProP(O) system
hecome one ol rhe most effective components thar is responsible for
wound healing and parasite entrapment as well as for microbe killing
(Amparyup et al., 2013; Cerenius and Soderhall, 2004; Kanost and
Gorman, 2008; Nappi and Christensen, 2005). In this current study with
P. Vannamei, before and afrer pathogenic challenge, relative expression
of imnmme related genes of prophenoloxidase (ProPO) were higher in
the group of shrimps treated with YM compared to the control treat-
ment. In concurrence with our results, a study from E. J. Mameloco and
R. F. Traifalgar (2020) showed that the supplementation of combined
f-glucan and MOS could enhance the activation of proPO gene in shrimp
P. vannamei, According to Amparvup et al. (2013), activation of rhe
Pro-PO system is triggered upon recognition of the microbial-derived
pathogen-associated molecular patterns (PAMPs), including p-gluean.
Further work should also be done ro examine the proteomic and even
metabolomic profiles associated with rthe innare immune system of
shrimp for a more holistic comprehension of their mechanisni to combat

(4) 0.6% YM (5) 0.8% YM

Fig. 4. Representative histopathological images of hemaroxylin and cosin-stained sections of hepatopancreas of shrimp P. vannamei (A) before and (B) after being

infected with Vibrio parahaemolyticus at final dose of 10° CFU ml

' teated with (1) control; (2) 0.2 % YM, (3) 0.4 % YM, (1) 0.6 % YM, and (5) 0.8 % YM (n=10).

Note that V = Epithelial cell vacuoles, I' = hepatopancreatic tubules, M5 = mass sloughing of hepatopancreatic tubule epithelial cells into the lumen, and N = severe

necrotic cells,
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infection. Ihe production of antimicrobial peptides is a first-line liost
defence mechanisi of innate nmunity in shrimp, However, 1o spite of
the fmportance of infeclious disesses iy crustdcesns, few wolecules
displaying anrimicrobial activities have been fully characterized in these
invertebrates. The identification of a family of antimicrobial peptides
{AMPs), named penaeidins, in the shrimp Penaens vannamei have led tao
important mechanisms of pathogen mitigation being identified [Rach-
Cre, 20000, Turmre investigations should be directed to test the role of
fimectional feed ingredients like yeasts and their cell wall constiments on
AMPs and measure their gene expressions and direct protedn activaion
within the hepalopancreas,

In our investigarion, phagocviosis analvsis was also determined as
another crucial assessipent of the shrimp’s inndis nnnme response,
Haemocyies, which are the primary immune cells in shrimp, are
responsible for eéngulfing and digesting foreign particles, incloding
parhogens. The phagocytic index is a measure of the effliciency of this
process. In this research, before and after infection, the lowest PO, THC
As well us the Phagoeviie ndex aud activites were tound in the control
group. Meanwhile, the use of YM have been shown to enhance the im-
winne systein of sluimp, with the inclusion of 0.4 % becowing estab
lished as the oprimum dose aobtained from this research to optimize the
activation of the Inunune related genes, sugeesting an enbancenent of
the immune response in shrimp P vannamei.

In shrimp, absorption and storage of nutrients as well as the secretion
of digestive enzymes, anrimicrobial peprides, and immumne relared
molecules mainly oceurs in the hepalopancreas (Noyvriadi el al, 2025,
'zne e al, 20014 Wang et al, 2004} The supplementaton of yeast and
ity extravied components iu the dist of shrimp has been s lopie of
considerable research interest in recent years due to its potential bene-
fits on the hepatopancreas. However, few studies have indicared the
structural changes of hepatopancreas belore and alter infection. In this
rescarch, &ll shrimps receiving ¥YM treatment and before the infection
with V. parahaemolyticis ar final dose of 10% cells mL ™! seem 10 have a
norndl condition compsred o the control reatment. However, afler
being infected, all shrimp exhibited severe necrotic cells and massive
slovghing of hepatopanereatic (mbule spithelial cells into he hooen. n
line with our study, Zhang et al. (2022) reported that the use of yeast
culture in the ranee of 5,25 - 10052 % o replace the nclusion of FM
from 4 % 1o 8 % in the diet formulation had no significant effects on the
heparopancreas of shrimp. However, when shrimp are infecred with
V. parafiemolyticus, the hepatopancreas will undergo symproms char-
acterized by shedding of epithelial cells within the hepatopancreas,
followed by necrosis of epithelial cells, and hewmoeyiie infiliration at
later stages (Soto-Bodrignez el al, 2015) Furthermore, a challenged
study performed by Velazguez Lizarrags et al. (2019) revealed that after
12 I post infection, slonghing of epithelial cells wers observed from the
tubule of shrimp. In addition, necrosis, epithelial cells sloughing, atro-
phy, and massive hemoeyre infiltrarion will become more cvidenr in
shrimp from 48 h post infection with V. parahaemolylictis onwards
(Velazgquez-Lizarmzge of al,, 2019}, Our enrrent histopathological resilts
sugegest el e dietary reatment of YM were able 10 maintain the
integrity of the hepatopancreas within an ideal condition period.
Meanwhile, shrimp showed severe siruetural dansge afier massive
expostre (o V. porafaenmolyiioes st A later evaluation dme where infee-
ton has become more established in tdssues and organs and bevond
dietary intervention,

5. Conclasion

In conclusion, this current study with Po vannamei and scientific cv-
idence supports incorporating vesst based produets inte shrimp diets,
improve the biomass vield and immune hncrion against Vibrie paro-
hiemolydcus. The ncelusion level of 004 % could De cousidered as an
optimum dose as it provides the optimum responses for biomass gain,
survival rate, pliagoeviic activity and index, survival rate of shrinp after
challenged with V. parahaemolyticus. haemocvte count and relative aene
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expression of prophenoloxidase (proPO) befors and after ifection. This
will be very important in feeds containing reduced fishmeal and higher
plant by prodoct inclusions el can iinpede shirnup resiience mder
stressful intensive production systenis.
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