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Abstract
This study explored the effects of β-1,3/1,6-glucan derived from Saccharomyces cerevi-
siae cell walls on the growth, survival, and physiological responses of post-larvae (PL) 
of M. rosenbergii. Over a 3-week period, larvae were fed a formulated egg custard diet 
containing varying amounts of β-glucan. The findings revealed that incorporating β-glucan 
into the diet had a substantial positive impact. The inclusion of β-glucans significantly 
enhanced survival (59.14% for the PL fed 0.2% β-glucan versus 46.58% for the control; 
p < 0.05), promoted growth (13.58 mg wet weight for the PL fed 0.2% β-glucan versus 
9.53 mg for the PL fed the control diet; p < 0.05), and accelerated the time to metamor-
phosis (26.67 days for the PL fed 0.2% β-glucan versus 28.0 days for the PL fed the control 
diet). As the amount of β-glucan in the diet increased, larval growth performance consist-
ently improved. The group receiving 0.2% β-glucan exhibited the highest performance in 
terms of wet and dry weight, total length, and mean production of PL. Furthermore, the 
study assessed the influence of β-glucan supplementation on larval tolerance to hypersaline 
stress. Although the differences were not statistically significant, the addition of β-glucan 
resulted in incremental improvements in the ability of larvae to withstand hypersaline con-
ditions. In conclusion, the dietary supplement containing 0.2% β-glucan exhibited the high-
est performance among the inclusion levels tested. Further investigation is recommended 
to determine the nutritional and physiological effects of β-glucan supplementation under 
salinity stress conditions.
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Introduction

Macrobrachium rosenbergii, also known as the giant freshwater prawn, is the world’s fifth 
most farmed crustacean species, representing 2.62% of global crustacean production and 
3.96% of worldwide shrimp and prawn aquaculture. In 2020, the global production of M. 
rosenbergii was 294,019 tons with China, Bangladesh, and Thailand as the top producers 
of this species. Malaysia, the country focus of this study, ranked 10th; national production 
had decreased from 205.58 tons in 2019 to 192.69 tons in 2020 against a backdrop of rising 
global production of 7.95% year-on-year over the period 2016–2020 (FAO FishStatJ 2023). 
Well-established hatchery technologies have contributed to the widespread success of 
freshwater prawn farming, particularly the cultivation of M. rosenbergii, in various regions 
across the globe (Wilder et al. 1999; Vici et al. 2000). The success of freshwater prawn 
farming, like any other aquaculture sector, is dependent on the availability of high-quality 
seed for stocking grow-out ponds. Hatchery-raised post-larvae (PL) prawns are favoured 
due to their selection from breeding programs and fed dietary regimes, which together can 
contribute to improved disease resistance (Khasani et al. 2022; Zarantoniello et al. 2023). 
Using aquaculture stocks means a reduced reliance on wild-caught seed and broodstock. 
Nevertheless, the low survival rate of prawn seed in commercial production remains an 
ongoing challenge (Hongtuo and Jin 2018).

In commercial hatcheries of giant freshwater prawns in Southeast Asia, it is common 
to use egg custard as an artificial diet that includes seafood, milk powder, and chicken 
egg yolk (Harun et al. 2021; Liew et al. 2022; Xu et al. 2023). In a study by Nik Sin and 
Shapawi (2017), it was found that by supplementing a common egg custard diet with 
poultry byproduct meal and fish oil resulted in successful improvement in larval sur-
vival (i.e. 46% survival rate) when provided alongside Artemia nauplii. However, they 
found that when a mixture of egg custard containing shrimp, squid, and bivalve meal 
was used as a complete replacement for live feed, the survival rate dropped significantly 
to only 9%. More recently, several studies have focused on exploring the utilisation of 
additional ingredients/microorganisms in small quantities to enhance the egg custard 
base diet, operating at both biochemical and physical levels (Kangpanich et  al. 2017; 
Mohmad et al. 2020; Xu et al. 2023). Similarly, functional feeds containing beneficial 
agents such as bacterial preparations, complex carbohydrates nutritional factors, plant 
and animal products, hormones, cytokines, and products derived from synthetic sources 
are extensively used to enhance seed production in a wide range of shrimp species 
(Vici et al. 2000; Apines-Amar et al. 2015; Wang et al. 2020). These feed supplements 
have been recognised for their ability to enhance growth, disease resistance, and vari-
ous other qualities in fish and shrimp (Deshimaru and Yone 1987; Burrells et al. 2001; 
Dash et al. 2016; Dawood et al. 2018; Lim et al. 2018). Out of the numerous prebiotics 
employed in aquaculture, β-glucan stands out as a well-documented immunomodulator. 
Extracted from various organisms such as yeast and plants, this glucose polymer has 
been extensively studied in the aquaculture industry. Its immunomodulatory effects have 
been thoroughly evaluated (Soltanian et al. 2009; Meena et al. 2013). Among the vari-
ous types of β-glucans, it is suggested that the β-1,3/1,6-glucans derived from baker’s 
yeast exhibits high potency as an enhancer of the immune system (Ringø et al. 2011). 
Studies such as Miest et  al. (2016) and Khanjani et  al. (2022) have demonstrated the 
immunostimulatory effects of β-glucan. These effects include improved stress tolerance 
and disease resistance in various aquatic species, which are crucial for the survival and 
growth of shrimp larvae. Additionally, β-glucan acts as a prebiotic, fostering the growth 
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of beneficial bacteria within the digestive system of crustaceans. This promotes nutrient 
uptake, overall health and subsequent improvements in survival rates (Song et al. 2014; 
Kühlwein et al. 2014; Shah et al. 2016; Nieves-Rodríguez et al. 2018; Shoukat and Sor-
rentino 2021).

Numerous studies have highlighted the benefits of incorporating β-glucan into shrimp 
diets. Oral administration of glucans has been shown to protect against opportunistic 
pathogens and environmental stress in various cultured species. Dietary supplementa-
tion of 0.05–0.20% β-glucan has been found to enhance growth, survival, and low-salt 
stress tolerance in Pacific whiteleg shrimp, Penaeus vannamei (see Qiao et al. 2022). In 
P. vannamei, inclusion of 0.2% β-glucan positively impacted growth performance, par-
ticularly under low salinity conditions (Murthy et al. 2009). Moreover, feeding P. van-
namei with 0.05–0.15% β-glucan improved growth, antioxidant activities, non-specific 
immunity, and disease resistance against Fusarium solani infection (Eissa et al. 2023). 
Low dietary β-glucan supplements at concentrations of 0.02–0.04% improved digestibil-
ity, antioxidant capacity, immunity, growth performance, and survival in P. vannamei 
under low salinity conditions (Li et al. 2019). In banana prawns, Penaeus merguiensis, 
treatment with 0.2% β-glucans from Chaetoceros muelleri and Thalassiosira weissflogii 
increased survival after Vibrio parahaemolyticus infection (Pooljun et  al. 2022). The 
findings indicate that β-glucan has the potential to mitigate the effects of low-salinity 
stress in penaeid shrimp. Moreover, the results highlight that β-glucans derived from 
the same species but from different sources and obtained through diverse biotechno-
logical processes can demonstrate distinct biological characteristics after extraction and 
purification.

The physiological processes of shrimp are directly influenced by the surrounding water, 
and various environmental factors have specific impacts on their innate immunity (Chen 
and He 2019). It has been observed that water pH, temperature, and other physical and 
chemical factors can weaken the shrimp’s immune system (Cheng and Chen 2000). In crus-
tacean hatcheries, stress tests, including variations in salinity, temperature, pH, ammonia, 
or exposure to formalin, are conducted to evaluate the quality of post-larvae (PL), along 
with assessing their survival capacity. Salinity stress testing, commonly employed by 
shrimp farmers, assesses the ability of shrimp to cope with stressful environmental con-
ditions but does not necessarily indicate disease resistance. Activity tests have been uti-
lised to evaluate the quality of Macrobrachium sp. seed through salinity shock, enabling a 
quick assessment of larval quality by subjecting test organisms to short-term salinity shock 
and evaluating their survival potential through osmoregulation (Devresse et al. 1990; De 
Caluwe et al. 1995; Merchie et al. 1995; Cavalli et al. 2000; Kangpanich et al. 2017; Rodri-
gues et al. 2018; Wei et al. 2021). Similar tests have been conducted in marine shrimp and 
fish (e.g. Tackaert et al. 1989; Dhert et al. 1990; Zacarias et al. 2021). This study aims to 
assess the potential benefits of supplementing the diet of larval/post-larval M. rosenbergii 
with β-glucan on their survival and tolerance to environmental stressors, such as sudden 
changes in salinity levels. Such information can contribute to the optimisation of shrimp 
aquaculture production and support conservation efforts.

Limited published evidence exists regarding the effects of β-glucan on M. rosenber-
gii larvae. To the best of the authors’ knowledge, no studies have specifically examined 
the impact of dietary β-glucan supplementation on larval development and physical stress 
resistance, such as exposure to hypersaline water. Therefore, the present study aimed to 
investigate the effect of the selected doses of β-glucan supplementation on the growth, sur-
vival, and robustness of offspring under high salinity conditions (65 ppt).
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Materials and methods

Origin of the experimental animals and their maintenance

Three gravid M. rosenbergii females, with an average length of 15.5 cm (measured from 
rostrum to telson) and an average weight of 44.05 g, were captured by a licensed fisher-
man from the Manir River (05°, 17′ 39.2′′ N and 103°05′ 23.1′′ E) near Kampung Teluk 
Menara, Kuala Terengganu, Terengganu. The three female individuals were carefully 
selected from a larger pool to guarantee uniformity in size, and the eggs within their brood 
chambers were in comparable stages of development. They were then transported to a 
research aquarium facility at the Faculty of Fisheries and Food Sciences (FPSM), Univer-
siti Malaysia Terengganu (UMT), Malaysia, for the purposes of the current study. Each 
female was placed in a separate 80-L black plastic tank, containing freshwater (0 ppt) with 
a temperature range of 26.9–29.2 °C. The tanks were equipped with supplementary aera-
tion and subjected to a 12-h light and 12-h dark photoperiod. Sections of plastic pipe meas-
uring 30 cm in length and 5 cm in diameter were provided as shelter. Brackish water (11 
ppt) was prepared by filtering untreated seawater collected from the Pantai coast, passing 
it through an 80 μm sand filter and a 3 μm filter bag, and then mixing it with dechlorinated 
freshwater to the required salinity. The prawns were allowed to acclimate to the aquarium 
conditions; then the salinity of the water was gradually increased to 11 ppt over a period 
of 4 days. The females were fed a commercial pelleted diet with 40% protein content from 
Gold Coin, twice a day at a rate of 5% of their body weight per day. The eggs carried by 
the females took approximately 15 to 20 days to hatch and to be released from their brood 
chambers. The counting of hatched larvae was conducted in the absence of light when the 
larvae have a uniform distribution; this practice results in greater count accuracy. In the 
presence of light, larvae exhibit positive phototaxis and tend to gather at the tank wall, 
which can make counts more challenging.

Experimental procedures and test diets

This study set out to assess the impact of four distinct diets on the performance of M. 
rosenbergii larvae. The control diet, serving as the reference point, was formulated to meet 
the nutritional requirements for optimal prawn growth. It was developed by modifying the 
egg custard recipe specifically designed for M. rosenbergii larvae, with chicken egg and 
powdered milk being the primary protein sources (Barros and Valenti 2003; Nik Sin and 
Shapawi 2017). To assess the effect of different inclusions of β-glucan, three experimental 
diets were created by supplementing the basal diet with β-1,3/1-6 D-glucan derived from 
the cell wall of baker’s yeast (S. cerevisiae) obtained from Horbäach (USA) and incor-
porated at three different concentrations: 0.05% (βG1), 0.1% (βG2), and 0.2% (βG3) (see 
Table  1) based on the content of active ingredient in the commercial product (i.e. 70%; 
see https:// horba ach. com/ produ cts/ beta- glucan- 1-3- 1-6- d- 500 mg- 180- capsu les). The dry 
ingredients were measured, and eggs and fish oil were included in the mixture. The mix-
ture was then blended using a kitchen mixer. Subsequently, the mixture was steamed in a 
water bath (75–100 °C) for 15 min and allowed to cool. It was then stored in a freezer at 
a temperature of −18 °C until it was time for feeding. The daily amount of feed required 
was kept refrigerated at 4 °C. Prior to feeding, the feeds were weighed and sieved using a 
stainless-steel mesh with a size range of 425–1000 μm.

https://horbaach.com/products/beta-glucan-1-3-1-6-d-500mg-180-capsules
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Proximate analysis

The nutrient content of the experimental diets was determined through proximate analy-
sis using techniques detailed in the Association of Official Analytical Chemists (AOAC) 
(1995). All analyses were carried out in triplicate. The moisture content was measured 
by drying 2 g samples of each diet at 105 °C for 24 h. The crude ash level was deter-
mined by subjecting the samples to a temperature of 600 °C for 6 h using a muffle fur-
nace (Gallenkamp). The Kjeldahl method determined the crude protein content, involv-
ing acid digestion and distillation with 0.01 HCL using a Kjeltec Autoanalyser (FOSS 
KT200 Kjeltec™, Höganäs, Sweden). Crude lipids were extracted using petroleum ether 
(boiling point 40–60 °C) via the Soxtec™ system and the 2043 Extraction Unit (FOSS 
Tecator, Höganäs, Sweden). Fibre was analysed using a Fibretherm FT12 automatic sys-
tem (C. Gerhardt GmbH & Co. KG, Germany). Nitrogen-free extract (NFE) was deter-
mined by subtracting protein, lipid, fibre and ash from 100.

Table 1  The composition of the three experimental diets containing the different levels of β-glucan supple-
mentation and their respective nutrient content*

*The values are shown as the mean ± 1 standard deviation derived from three replicates. Abbreviations: 
CMC, carboxymethylcellulose; 1Nestle products Sdn. Bhd., Petaling Jaya, Kuala Lumpur, Malaysia; 2Scc 
Marketing (M) Sdn Bhd., Puchong, Selangor, Malaysia; 3TripleNine, 700 g  kg−1 crude protein; 4TripleNine, 
100% marine oil;5Global Agora Resources., Bandar Pinggiran Suban 40150 Shah Alam, Malaysia; 6D Che-
mie Chemical Supplie, Skudai, Johor, Malaysia ; 7Vitamin pre-mix contained (as g/kg) vitamin A, 50; vita-
min D3, 10; vitamin E, 130; vitamin K3, 10; vitamin B1, 10; vitamin B2, 25; vitamin B6, 16; vitamin B12, 
0.1; niacin, 20;  pantothenic acid, 50; folic acid, 8; biotin, 0.5; anti-caking agent, 20. DSM Nutritional Prod-
ucts (Thailand) Ltd 700/437 Chonburi, Thailand; 8Mineral pre-mix contained (as g/kg) copper, 7.5; iron, 
125; manganese, 25; zinc, 125; cobalt, 0.5; iodine, 0.175; selenium, 0.3; anti-caking agent, 10; 9Horbäach 
(USA); 10Barkath Foods Sdn. Bhd, Seberang Perai Tengah, Malaysia

Ingredients Control (0% βG) βG1 (0.05% βG) βG2 (0.1% βG) βG3 (0.2% βG)

Chicken egg 47 47 47 47
Milk  powder1 20 20 20 20
Rolled  oats2 10 10 10 10
Fishmeal3 8 8 8 8
Fish  oil4 5 5 5 5
Diatomaceous  earth5 2 2 2 2
Starch / (CMC)6 2 1.95 1.9 1.8
Mixed  minerals7 1.5 1.5 1.5 1.5
Mixed  vitamins8 1.5 1.5 1.5 1.5
β-1,3/1,6-glucan9 -- 0.05 0.1 0.2
Catalyst10 3 3 3 3
Proximate analysis (DW)
Moisture 53.00 ± 0.80 53.12 ± 0.42 54.03 ± 0.38 53.67 ± 0.80
Ash 10.41 ± 0.27 10.69 ± 034 10.44 ± 0.13 10.18 ± 0.58
Protein 52.70 ± 1.34 53.45 ± 0.68 53.63 ± 2.50 53.23 ± 1.59
Lipid 33.75 ± 1.41 33.43 ± 0.90 33.90 ± 0.62 33.99 ± 0.40
Fibre 1.37 ± 0.01 1.37 ± 0.01 1.37 ± 0.01 1.37 ± 0.01
NFE 1.74 ± 2.73 1.03 ± 1.48 1.13 ± 0.85 1.59 ± 0.53
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Larviculture system

The larvae were collected and placed into the experimental tanks 24 h after hatch-
ing. The larvae of M. rosenbergii were randomly assigned to the larviculture tanks at 
an initial density of 60 larvae per litre (i.e. 7800 larvae per experimental tank). The 
experiment involved raising four groups of larvae in a recirculation system consisting 
of twelve rectangular fibreglass tanks (i.e. three replicates per dietary group). Each tank 
had a capacity of 150 L and was filled with 130 L of brackish water. The system was 
connected to a 400-L submerged biological filter divided into four chambers. To main-
tain water flow, gravity was used to force water from the larviculture tanks to the bio-
logical filter. An outlet screen with a mesh size of 250 μm was placed at the top of the 
drain pipe (2.5 mm) to allow water to flow back into the biological filter while retaining 
the larvae and Artemia within the rearing tank. The water in the system had a high 
turnover rate of 24 times per day. An air-lift pump was used to pump the filtered water 
back into the rearing tank. To prevent water overflow, the filter screen was cleaned on a 
daily basis. If there was any water loss due to evaporation, it was compensated by add-
ing more brackish water. Brackish water (av. 11.16 ± 0.60 ppt; range 10.9–12.2) was 
prepared by mixing natural, 3 μm filtered seawater and dechlorinated freshwater.

Feeding trials and analytical procedures

Twenty-four hours post-hatch, the M. rosenbergii larvae were fed exclusively on Arte-
mia nauplii, Artemia franciscana (Great Salt Lake strain, Aquatic Artemia Cysts™, 
USA) until the larvae reached stage VI. The preparation of the Artemia was in accord-
ance with the supplier’s instructions. During this first phase of feeding, Artemia nauplii 
were given four times a day (i.e. 10:00 AM, 15:00 PM, 20:00 PM, 00:00 AM).

From stage VI to post-larvae (PL), the larvae were fed live Artemia nauplii supple-
mented with the egg custard diets containing the different inclusion levels of β-glucan, 
namely 0.0% (Control), 0.05% (βG1), 0.1% (βG2), and 0.2% (βG3). The control group 
(βG1) was fed the basal diet without any functional supplement, while the other groups 
were fed the basal diet with a supplement of β-glucan. The prepared feeds were offered 
during daylight three times a day, while Artemia nauplii were provided to each tank of 
prawns once a day as an overnight feed to ensure a continuous food supply. The feeding 
regimen involved 25 Artemia nauplii per prawn larva for days 1–7 (i.e. 1500 Artemia 
nauplii/L), 58 Artemia nauplii per larva plus 0.2–0.3 g of the relevant egg custard diet 
for days 8–15 (i.e. 3,480 Artemia nauplii/L), and 83 Artemia nauplii per larva supple-
mented with 0.3–0.5 g of the relevant egg custard diet for days 16–28 (i.e. 4980 Artemia 
nauplii/L). Feed was slowly added to each tank using a Pasteur pipette, ensuring larvae 
were able to catch and carry feed particles. To ensure larvae were fed to satiation but 
not overfed, the quantity of formulated feed provided to the larvae was closely moni-
tored and carefully evaluated on the amount of leftover feed. Diets were assigned to 
the experimental tanks using a complete random design. Larval prawn feeding require-
ments were determined through subjective evaluation of their growth stage, feeding 
response, and other influencing factors. Any larvae dying during the experimental trial 
were recorded but not replaced. The average total amount of feed added to each tank in 
each experimental group throughout the entire feed trial as given in Table 2 was used to 
provide an indication of diet utilisation.
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Routine husbandry and water quality

Starting from the third day of the experimental trial and before the feeding with the 
egg custard commenced, the residual feed particles, dead larvae, and other wastes were 
removed from the bottom of each rearing tank, and then daily thereafter. To maintain 
water quality, 7–10% of the total water volume was exchanged daily. The water tem-
perature, pH, salinity, and dissolved oxygen levels were closely monitored and recorded 
twice daily using a YSI multiparameter metre (5908 Cap Membrane Kit, USA). Ammo-
nia and nitrite concentrations were measured weekly using a nitrogen and ammonia test 
kit (Model NI-SA, Loveland, CO, USA) to assess water conditions.

Throughout the experimental period (26.67–29.00 days; Table  2), the tanks and larvae 
were exposed to natural photoperiods for at least 12 h daily. The recorded water quality 
results showed that the temperature ranged from 26.48 to 28.30 °C (average 27.33 ± 0.64 °C). 
Adequate aeration in the rearing tanks with a biological filter maintained oxygen levels 
above 5 mg/L (av. 6.19 ± 0.52 mg/L; range 6.19–6.51). Nitrogenous compounds such as 
ammonia, nitrite, and nitrate were measured at average concentrations of 0.19 ± 0.1 mg/L 
 NH3 (range 0.12–0.23), 0.23 ± 0.95 mg/L  NO2

− (range 0.134–0.33), and 20 mg/L  NO3
−, 

respectively. The pH values averaged 7.53 ± 0.32 (ranging from 7.04 to 8.11).

Evaluation of growth parameters

The progress in larval development was evaluated every alternate day using an Olympus 
STM7 dissecting stereo microscope interfacing with Olympus Stream Essential 24 image 
analysis software by randomly selecting five larvae from each treatment group within the 
larval rearing tank. The average stage of larval development was determined utilising the 
approach outlined by Uno and Kwon (1969). The larval stage index (LSI) was calculated 
using the following formula: LSI = (∑Sixni)∕N proposed by Maddox and Manzi (1976) 
where S is the stage of the larvae (i = 1–12), ni is the number of larvae in each stage, and N 
is the number of larvae examined. The time taken for 95% of the larvae to complete their 
metamorphosis into post-larvae was determined for each rearing tank.

At the conclusion of the experiment, the survival rate of each feeding group was assessed 
by conducting a comprehensive count of post-larvae originating from each tank. Further-
more, a sample of 50 juvenile prawns, comprising a mix of larvae and PL, was randomly 
selected from each treatment group, and their total length determined (TL; measured form the 
tip of the rostrum to the end of the telson) using digital callipers (± 0.1 cm) The wet weight of 
post-larvae were determined using a Mettler Toledo AT21 balance with a resolution of 1 µg 
(Mettler Toledo, Inc., Shanghai, China). Thereafter the post-larvae were oven dried at 60 °C 
for 24 h. After drying, the samples were then transferred to a desiccator to cool for 2 h before 
the dry weight was determined.

Survival to salinity stress test

The robustness of each larvae tank was assessed following the completion of the 30-day 
experimental feeding trial. To determine their resilience to changes in salinity, a salinity 
stress test was conducted using the method applied by Devresse et al. (1990) and Cav-
alli et  al. (2000). To gauge the larvae’s ability to survive drastic environmental condi-
tions, i.e. their capacity to withstand osmotic shock for 1 h at 65 ppt, the mortality of the 
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post-larvae was determined every 3 min. The tests were carried out on post-larvae placed 
in plastic beakers filled with water at a temperature of 28 ± 1 °C. Each treatment involved 
30 PL, with 10 PL per replicate, which were exposed to a salinity of 65 ppt compared to 
a corresponding control group for each experimental diet held for the same time duration 
in 8 ppt brackish water (i.e. 10 PL per replicate, 3 replicates per experimental group). 
The test solution was prepared by combining natural seawater (33 ppt) with artificial 
salts (provided by Qingdao Sea-Salt Aquarium Technology Co., Ltd., China). Mortality 
observations were recorded at 3-min intervals for a maximum duration of 60 min. Larvae 
were considered dead if they exhibited no response or immobility of the pleopods when 
touched with a pipette. The strength and resilience of the M. rosenbergii post-larvae were 
evaluated through a salinity test. Pairwise comparisons between different experimental 
groups of prawns were performed using a Mantel–Cox log-rank test in Windows Excel. 
The pooled mortality data (consisting of three replicates with 10 PL per group) were 
analysed as the time-to-event variable. To determine the overall survival probabilities 
across all time points, the time-stratified Cochran–Mantel–Haenszel test was employed, 
considering the number of observed and expected events at each time point. All statisti-
cal comparisons were conducted at a significance level of 0.05.

Statistical analysis

The data was subjected to analysis using SPSS version 26.0 software. The experimen-
tal data underwent statistical analysis using a one-way analysis of variance (ANOVA). 
In instances where statistically significant differences (p < 0.05) were observed, pairwise 
comparisons were conducted using the least significant difference (LSD) test, also referred 
to as Duncan’s test. Statistical analysis using ANOVA was not conducted for either the 
total feed quantity added or for the ratio of PL biomass (wet weight) to biomass of the 
experimental diet added to each tank.

Results

Composition of the experimental diets

The proximate analyses of the four diets in Table 1 showed consistent levels of mois-
ture, crude protein, crude lipid, NFE, and ash content. The moisture content ranged 
from 53.00 to 54.03%, crude protein from 52.70 to 53.63%, crude lipid from 33.43 
to 33.99%, NFE from 1.03 to 1.60%, and ash from 10.18 to 10.69%. The selected 
combination of ingredients, including fish meal, chicken eggs, milk powder, rolled 
oats, fish oil, and diatomaceous earth, ensured a well-balanced and nutrient-rich 
diet. These ingredients are known for their nutritional value, palatability, and posi-
tive impact on larval survival and growth. Additionally, the diet formulation aimed to 
maintain essential physical characteristics such as buoyancy and water stability; as a 
result of the inclusion of a catalyst and carboxymethylcellulose in the diet which con-
tributed to the buoyancy, stability, and binding properties of the diets as demonstrated 
by early experimental trials (Taguemount et al., unpublished).
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Larval survival

The findings indicated a progressive enhancement in survival as the amount of β-glucan 
supplement in the diet increased. Table 2 displays the average survival rates of M. rosen-
bergii larvae (with 3 replicates per treatment group) that were fed experimental diets con-
taining varying β-glucan supplements. At the conclusion of the experiment, the survival 
rates (mean ± SD) for the four experimental groups were as follows: 46.58 ± 5.39% (con-
trol), 51.82 ± 5.0% (βG1 = 0.05% β-glucan), 54.45 ± 2.63% (βG2 = 0.1% β-glucan), and 
59.14 ± 7.49% (βG3 = 0.2% β-glucan). Significantly lower survival rates (p < 0.05) were 
observed in the control treatment compared to the βG3 treatment, where a supplement 
of 0.2% β-glucan was administered. No significant differences (p > 0.05), however, were 
found between the other treatment groups (see Table 2).

Larval growth

All groups exhibited incremental performance improvements as the amount of βG added to 
the diet increased (see Table 2). On completion of the trial, the group of prawn larvae that 
were reared on a diet supplemented with 0.2% βG consistently demonstrated significantly 
better performance compared to the other groups. Figure 1, however, shows no significant 
difference in larval development (LSI) was observed between the control group (0% βG) 
and the groups fed the experimental diets containing 0.05%, 0.1%, and 0.2% βG.

All three experimental groups that were fed diets supplemented with βG exhib-
ited significantly higher wet and dry weight rates than the control group (p < 0.05). 
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Fig. 1  Larval stage index (LSI) of the Macrobrachium rosenbergii larvae fed diets containing different 
inclusion rates of β-glucan. Each curve is based on data from three replicates. No error bars are shown 
for clarity. Abbreviations: Control = no inclusion of β-glucan; βG1 = 0.05%; βG2 = 0.1% β-glucan; and 
βG3 = 0.2% β-glucan
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Specifically, the average wet weight for the control group was 9.53 mg, while the dietary 
groups βG1-3 had average wet weights ranging from 12.73 to 13.53 mg. The average dry 
weight for the control group was 3.31 mg, while the dietary groups βG1-3 had average 
dry weights ranging from 6.8 to 7.23 mg. The final wet and dry weights of the larvae 
in the βG treatments did not exhibit any significant differences (p ≥ 0.05) among them-
selves, although the highest values were observed in the βG3 treatment (i.e. 13.58 mg 
and 7.23 mg, respectively).

The average total length (TL) ranged from 10.01 to 11.16 mm, with significantly higher 
values (p < 0.05) recorded in the βG3 treatments (Table 2). The larvae in the βG3 group 
exhibited a significantly greater TL compared to the control group (p < 0.05), while no sig-
nificant differences were observed among the βG fed larvae groups (p > 0.05). The βG1-3 
groups displayed significantly higher final mean productions per litre (ranging from 31.09 
to 35.49 PL/L; p ≥ 0.05) compared to the control group (i.e. 27.95 PL/L) (Table 2). The 
βG3 group had significantly higher post-larval production (averaging 33.71 PL/L; p < 0.05) 
compared to the control group (i.e. 26.55 PL/L) and was similar to the βG1 and βG2 
groups (averaging 29.45–29.54 PL/L; p > 0.05). However, the groups of prawns fed βG1 
and βG2 did not exhibit any significant differences in PL/L when compared to the con-
trol group (see Table  2). The feed treatments did not significantly affect the appearance 
of the first post-larvae, and the control diet resulted in a similar behaviour to the other 
diets. From day 16 of the culture, the control group displayed a slightly faster development 
(Fig.  1). The first PL emerged between 22 and 24 days after rearing, and approximately 
95% of the larvae underwent metamorphosis to PL within 26.6 to 29.0 days (Table 2). The 
βG3 diet notably reduced the larval rearing period to 26.67 days, which was significantly 
shorter (p < 0.05) when compared to the βG1 and βG2 diets with rearing periods of 29 days 
(p < 0.05). However, when compared to the control diet with a rearing period of 28 days, 
the larval rearing period for the βG3 diet did not exhibit a statistically significant differ-
ence (p > 0.05). Additionally, the rearing period of the control diet was similar to the βG1 
and βG2 diets. Likewise, the metamorphosis rate for the βG3 diet was significantly higher 
(56.12%; p < 0.05) and significantly different only from the control group (44.2%). There 
was no significant difference (p > 0.05) in rates between the control group and those deter-
mined for the prawns in groups βG1 and βG2 (49.23–51.76%, respectively).

The biomass of the experimental diet (excluding Artemia) provided to each exper-
imental group was calculated as follows. During days 1–6 of the trial, the larvae 
were exclusively fed Artemia. From days 7 to 15, each tank received a daily alloca-
tion of 1.95 g of the respective experimental diet (calculated based on a feeding rate of 
0.00025 g per larva per day). This phase of the trial operated under the assumption of no 
larval loss, with 7800 larvae per tank. Each larval tank adhered to this feeding regimen 
for a total of 9 days, resulting in a cumulative provision of 17.55 g of experimental diet 
per tank during this period. Starting from day 16 onwards, each tank was provided with 
a daily ration of 3.12 g of the relevant experimental diet (calculated based on a feeding 
rate of 0.0004 g per larva per day), again under the assumption of no larval loss. Since 
the endpoint of this final phase varied among the experimental groups (specifically, 
when 95% of the larvae reached the post-larval stage), the total feed amount provided 
during this period also varied accordingly. By combining the feed quantities adminis-
tered from days 7 to 15 with those from day 16 until the trial’s conclusion, the total 
experimental diet allotment for each experimental group was determined as follows: 
58.11 g (control), 61.23 g (for βG1 and βG2), and 53.96 g (for βG3) (refer to Table  2 
for details). Evaluating the mean larval survival and mean wet weight of larvae within 
each experimental group in relation to the feed provided yields the following amounts: 
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12.025 g (control), 27.486 g (βG1 and βG2), and 33.352 g (βG3). Consequently, this 
translates to ratios of post-larvae biomass (wet weight) to experimental diet of 1:4.832 
for the control group, 1:2.228 for βG1 and βG2, and 1:1.618 for βG3.

Salinity stress testing

The 65 ppt stress test resulted in the complete mortality of all prawns within the 60-min 
duration (see Fig. 2); there were no losses observed in any of the corresponding 8 ppt 
control groups (data not shown).

Mantel–Cox log-rank tests were performed to analyse the pattern of prawn mortality 
during the first 30 and 45 min, as well as at the end of the 60-min salinity stress test. The 
tests revealed no significant differences between any of the experimental groups. How-
ever, when the data from each replicate within an experimental group were combined, 
and the time points at which 50%, 75%, 90%, and 95% of the population had died were 
determined, the data presented in Table  3 shows that prawns fed diets supplemented 
with β-glucan exhibited increasing levels of resilience as the inclusion rate of β-glucan 
increased, up to the first 70% population loss. Diets βG2 (0.1% βG) and βG3 (0.2% βG) 
resulted in longer durations until 90% of the population was lost compared to the control 
group, while prawns fed the βG3 diet displayed greater resilience than the control group 
for 95% of the population. Since the observations were derived from aggregated data, it 
was not possible to conduct any statistical tests on the time-to-event observations.
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Fig. 2  Cumulative mortality of Macrobrachium rosenbergii post-larvae (PL) assessed in a 65 ppt stress test 
conducted at 3-min intervals over a total duration of 60 min. The graph illustrates the mortality rates of four 
experimental groups that were fed diets with varying inclusion rates of β-1,3/1,6-glucan. The curves on the 
graph represent pooled data obtained from three replicates, each consisting of 10 PL. To account for back-
ground mortality, each experimental diet was compared against a corresponding control group in an 8 ppt 
test, which did not exhibit any mortality (data not shown). The experimental groups included the following: 
Control (no β-glucan inclusion), βG1 (0.05% β-glucan), βG2 (0.1% β-glucan), and βG3 (0.2% β-glucan)
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Discussion

This trial demonstrates that β-glucan supplementation (0.05–0.2%) of diets presented to M. 
rosenbergii larvae led to enhanced survival, growth, and production, with 0.2% being the 
most effective inclusion level of those assessed.

Growth performance

Recent studies in aquaculture have highlighted the potential benefits of incorporating pro-
biotics, prebiotics, and β-glucans to enhance the health and growth performance of fish and 
crustaceans (Kühlwein et  al. 2014; Dawood et  al. 2015a, b; Miest et  al. 2016; Khanjani 
et al. 2022). β-glucan, recognised as a prebiotic, supports the growth of beneficial gut bac-
teria, aiding in nutrient absorption and overall health (Shoukat and Sorrentino 2021). Stud-
ies have indicated that β-glucan supplementation can improve the digestive system of crus-
taceans, potentially leading to enhanced nutrient uptake and higher survival rates (Song 
et al. 2014; Shah et al. 2016; Nieves-Rodríguez et al. 2018).

In this study, the addition of β-1,3/1,6-glucan derived from baker’s yeast, in combination 
with egg custard, had a positive impact on the growth of M. rosenbergii larvae. Among the 
various treatments, the inclusion of 0.2% β-glucan in the diet resulted in the highest overall 
production, survival, growth performance, and metamorphosis of the larvae. However, sup-
plementation with lower levels of β-glucan (i.e. 0.05–0.1%) only improved the final mean 
production and final mean weight compared to the control group. These findings align with 
a previous study on juvenile white Pacific shrimp, P. vannamei, which showed that 0.1% 
β-glucan resulted in the highest final mean weight but not survival (Murthy et al. 2009).

Supplementation of 0.2% β-glucan in the diets emerged as the most effective among 
those evaluated, exhibiting beneficial effects on growth performance, survival, and the pro-
duction of M. rosenbergii larvae. It is possible that the 0.2% β-glucan supplement enhanced 
the digestive system, leading to increased energy production (López et al. 2003) and altera-
tions in the microbial community composition, favouring beneficial bacteria in the intes-
tinal microbiota (Yang et al. 2015; Li et al. 2019). These improvements in growth perfor-
mance and production of M. rosenbergii larvae can be attributed to enhanced digestion and 
nutrient absorption when β-glucan is included in the diet. These findings are consistent 

Table 3  Time-to-event observations are given as minutes·seconds (mean ± SD) by which a proportion of the 
Macrobrachium rosenbergii post-larvae (PL) population was lost under a 65 ppt stress test. The data shows 
that there are increasing levels of resilience with a rising inclusion rate of β-glucan in the diet. Each test 
group was run against a corresponding control held in 8 ppt brackish water over the same time; there was 
no mortality of PL in these controls and the data is not shown

The figures are based on pooled data from three replicates and 10 PL per replicate

Dietary group

% Mortality Control (min) 0.05% βG (min) 0.1% βG (min) 0.2% βG (min)

50% 21.18 ± 2.29 21.49 ± 3.62 23.38 ± 1.73 27.36 ± 1.61
75% 27.33 ± 6.58 27.33 ± 4.58 29.06 ± 4.54 35.15 ± 3.12
90% 44.42 ± 10.52 34.30 ± 7.23 45.00 ± 7.94 46.30 ± 7.55
95% 49.21 ± 10.53 35.38 ± 7.01 47.15 ± 7.94 49.30 ± 6.87
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with previous studies that highlight the positive effects of β-glucan on growth in various 
species (Dawood et al. 2017; Li et al. 2019).

Previous research on P. vannamei has shown that feeding with low dosages of β-1,3-
glucan (i.e. 0.01–0.15%) improved growth but not survival (Boonanuntanasarn et al. 2016; 
Li et al. 2019; Eissa et al. 2023). Qiao et al. (2022) conducted a study feeding P. vannamei 
diets supplemented with 0.05–0.4% β-glucan for 35 days, revealing that optimal growth 
was achieved with a 0.2% inclusion level. Although there were no statistical differences 
in growth between 0.1 and 0.2% inclusions, the higher dosage of 0.2% was recommended. 
However, increasing the supplementation to 0.4% in the diet did not promote the growth of 
P. vannamei larvae and instead resulted in lower growth performance (Qiao et al. 2022).

Survival

At the end of the trial, M. rosenbergii larvae fed on 0.2% β-glucan exhibited a significantly 
higher metamorphosis rate, leading to a higher number of post-larvae per litre, final mean 
production, mean weight, and total length. However, there were no significant differences 
in the larval stage index (LSI) at each stage between the larvae fed on different dietary 
treatments and the control group. The number of days to obtain the first post-larva and to 
reach 95% post-larvae in the population was not significantly different from the control 
group, resulting in variations in the number of larvae or post-larvae per litre.

The survival rate of M. rosenbergii larvae fed a diet containing 0.2% β-1,3/1,6-glucan 
was approximately 12% higher compared to the group fed the control diet. This finding 
is consistent with previous research showing enhanced survival in tiger shrimp, Penaeus 
monodon, after being fed a diet supplemented with 0.1% β-1,3-glucan derived from Schizo-
phyllum commune for 40 days (Chang et al. 2003). Similarly, juvenile white Pacific shrimp, 
P. vannamei, exhibited the highest survival when fed a diet supplemented with 0.2% 
β-glucans for 30 days (Murthy et al. 2009). Kuruma shrimp, Marsupenaeus japonicus, also 
showed improved survival when fed peptidoglycan at a dosage of 0.2 mg/kg body weight/
day for a total of 95 days, using an alternating 7-day regime of supplemented diet followed 
by 7 days without supplementation (Itami et  al. 1998). In contrast, feeding P. vannamei 
with 0.1% β-1,3-glucan derived from Saccharomyces cerevisiae continuously for 7 weeks 
did not result in improved survival or weight gain (Scholz et al. 1999).

The study offers insights into the ratio of PL biomass (wet weight) to the biomass of 
experimental diet added to each tank, but cautious interpretation is advised. While larvae 
were fed to satiation, efforts were made to avoid overfeeding, assessed by visually monitor-
ing leftover feed. Feeding was tailored to the larval count (7800 larvae/tank) and tank vol-
ume (130 L). To enhance precision, recovering, drying, and weighing leftover feed daily is 
recommended. Moreover, monitoring survival rates throughout the trial would enhance the 
precision of estimations for each dietary regimen.

Robustness

The incorporation of β-glucans in aquaculture feeds aims at enhancing the immune system, 
improving stress tolerance, and disease resistance (Miest et al. 2016; Khanjani et al. 2022). 
This study tested the robustness of prawn post-larvae (PL) to salinity shock as an indicator 
of their physiological condition and quality, utilising a 65 ppt salinity stress test. Macro-
brachium rosenbergii can tolerate salinities up to 25 ppt, with rapid mortality beyond 30 
ppt (Sandifer et  al. 1975; New 1995). Total mortality was observed in the experimental 
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groups derived from wild-sourced broodstock under the 65 ppt stress test in this study, 
unlike in previous studies where mortality rates were lower.

While the time-stratified Cochran–Mantel–Haenszel and Mantel–Cox log-rank tests did 
not reveal significant differences in mortality patterns among the experimental groups, the 
time to reach specific population loss percentages (i.e. 50%, 75%, 90%, and 95%) indicated 
that higher β-glucan inclusion levels (up to 0.2% in the diets) led to increased tolerance 
during salinity testing. These findings suggest that conducting a larger-scale trial, increas-
ing the number of post-larvae per replicate (i.e. 30–50), and testing at a lower salinity level 
(e.g. 45–50 ppt) could yield stronger data supporting the inclusion of up to 0.2% β-glucan 
in the diet. This could result in significant improvements in the robustness of prawn post-
larvae compared to those fed a standard egg custard diet.

The use of a 65 ppt stress test for freshwater juvenile crustaceans, is considered severe. 
It is recommended to adopt a gradual salinity stress test involving a slow increase in salin-
ity over time to better observe how prawns adapt to changing conditions. The extreme con-
ditions utilised in the study may not accurately replicate real-world scenarios, limiting the 
practical applicability of the findings.

Conclusion

In conclusion, this study demonstrates that supplementing an egg custard with β-1,3/1,6-
glucan at an inclusion rate of 0.2% can lead to significant improvements in growth perfor-
mance, increased survival rates, and potentially enhance the robustness of prawn larvae. 
Therefore, it is recommended to be used in further studies as an ideal amount for prawn lar-
vae diet. However, while the study has extensively delved into the effects of 0.2% β-glucan 
inclusion, it briefly acknowledges that lower levels (0.05–0.1%) only improved final mean 
production and final mean weight. A more in-depth exploration and detailed analysis of 
both lower and higher β-glucan levels on various parameters would, therefore, contribute to 
a nuanced understanding of the dosage-response dynamics.

To better understand the effects of β-glucan on prawn larvae, we recommend investigat-
ing the nutritional and physiological parameters such as hemolymph composition, diges-
tive enzyme activities, energy reserves, cholesterol levels, and digestive gland histology. 
Further research could also explore the impact of β-glucan on gene expression, stress 
resistance, and long-term growth performance. Assessing larval performance and sur-
vival throughout the trial, rather than a single evaluation at the end, would offer a more 
dynamic perspective on the impact of β-glucan over time. Comprehensively understanding 
the physiological effects of β-glucan will aid in optimising its application as a nutritional 
supplement in aquaculture. Using a 65 ppt stress test for freshwater juvenile crustaceans 
is severe and requires modifying. It is recommended a gradual salinity stress test is con-
ducted, where the salinity is slowly increased over time, to observe how the prawns adapt 
to the changing conditions. This could provide valuable insights into their resilience and 
survival capabilities under salinity stress.
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