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The growing demand for sustainable aquafeeds has intensified the search for alternatives 
to fishmeal and soybean meal. Fungal-derived proteins, particularly mushroom-based 
meals, remain underexplored in shrimp nutrition despite their potential to provide both 
nutritional and functional benefits. This study evaluated the effects of dietary 
mushroom-derived myco‑meal (MM) inclusion on growth performance, immune 
function, gut microbial balance, and physiological responses of whiteleg shrimp 
(Litopenaeus vannamei) during a 60-day feeding trial. Experimental diets were formulated 
with varying MM to soybean meal substitution levels (0, 25, 50, 75, and 100%). Growth 
performance was maximized at 50% MM inclusion, where specific growth rate and feed 
utilization peaked. Moderate MM levels also enhanced gut lactic acid bacterial counts and 
hemocyte density, indicating improved microbial balance and immune stimulation. 
However, excessive substitution (≥75%) led to reduced blood glucose and potential 
metabolic trade‑offs. Overall, myco-meal can replace up to 50% of soybean meal in 
shrimp diets without compromising growth or health, offering a practical and sustainable 
protein alternative. 

INTRODUCTION 

Feed is the largest input in aquaculture, directly shaping 
the growth, health, and productivity of cultured species. 
However, the rising costs and constrained supply of conven
tional feed ingredients pose significant challenges to the 
long-term sustainability of the aquaculture sector. Global 
feed challenges, including rising costs and competition for 
resources, directly impact shrimp aquaculture. This has 
prompted the search for mushroom-based alternatives that 
can provide both nutritional and functional benefits. Ensur
ing the resilience of aquaculture, therefore, requires the de
velopment of alternative, renewable, and functionally ben
eficial feed ingredients that provide essential nutrients 
while supporting animal health. 
Soybean meal is the predominant plant-based protein 

source in aquafeeds, valued for its high protein concentra
tion and well-balanced amino acid composition. However, 
its price volatility, land-use implications, and limited avail
ability raise concerns over sustainability. Moreover, mod
ern aquaculture diets are expected not only to meet nutri
tional requirements for growth and reproduction but also 
to enhance host immunity and resilience against stressors 

and pathogens.1 These challenges have prompted growing 
interest in alternative protein sources, including insect 
meals, algae, single-cell proteins, and mycoproteins, which 
can fulfill both nutritional and functional roles.2‑4 This has 
led to the exploration of alternative proteins, including in
sect meals, algae, single-cell proteins, and fungal-derived 
proteins. 
Mushrooms have recently gained attention as functional 

feed ingredients, offering high protein content (20-40%), 
essential amino acids, vitamins, minerals, and bioactive 
compounds.5,6 Beyond their nutritional value, mushroom-
derived compounds exhibit immunomodulatory and pre
biotic properties that can enhance gut microbial balance 
and host defense mechanisms.7,8 Recent aquaculture stud
ies have demonstrated improved feed efficiency and im
mune responses in finfish and tilapia when mushroom-
based substrates were incorporated into diets.9,10 

Straw mushrooms (Volvariella sp.) were selected due to 
their local abundance, cost-effectiveness, and presence of 
bioactive polysaccharides (β-glucans, chitin) with im
munomodulatory potential. Compared to other mush
rooms, such as Lentinula edodes and Ganoderma lucidum, 
straw mushrooms offer comparable bioactive compounds 
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while being more readily accessible in the Philippines. 
Their wide availability and low production cost further 
strengthen their suitability as candidates for aquafeed for
mulation. Shrimp physiology is highly sensitive to dietary 
protein sources and immune modulation, making Litope
naeus vannamei an ideal model for testing the effects of 
fungal proteins. 
This study addresses a critical gap in evaluating mush

room-derived proteins within shrimp nutrition. The hy
pothesis tested was that straw mushroom-based myco-
meal can partially replace soybean meal in Litopenaeus 
vannamei diets while supporting growth performance, feed 
utilization, and immune responses through its bioactive 
and prebiotic compounds. Moderate inclusion was antic
ipated to enhance gut microbial balance and hemocyte 
counts, whereas excessive substitution could impose meta
bolic trade-offs. These findings highlight the importance 
of optimizing inclusion levels to maximize nutritional and 
functional benefits while minimizing physiological costs. 

MATERIALS AND METHODS 

PREPARATION OF MYCO-MEAL AND EXPERIMENTAL 
DIETS 

Freshly harvested straw mushrooms (Volvariella sp.) ob
tained from local farms in Carmen, Davao del Norte, were 
oven-dried at 65°C for 18-24h, ground, sieved through a 
60μm mesh, vacuum-packed, and stored until use. Process
ing into powder extended shelf life while preserving essen
tial amino acids.11 

Five isonitrogenous diets were formulated at the Nu
trition Laboratory, University of the Philippines Visayas, 
Miag-ao, Iloilo. The control diet contained soybean meal 
(42g/100g), while the experimental diets substituted soy
bean meal with myco-meal (straw mushroom) at 25%, 50%, 
75%, and 100% replacement levels, designated as MM25, 
MM50, MM75, and MM100, respectively. All dried ingre
dients were sieved through a 150μm mesh, weighed, thor
oughly mixed, pelleted, oven-dried at 60°C for 12h, and 
crumbled into appropriate pellet sizes. Diets were stored 
in airtight containers until use. The formulation and prox
imate composition of the experimental diets, including 
straw mushroom meal, are presented in Tables 1  and 2, re
spectively. 

EXPERIMENTAL SHRIMPS AND REARING CONDITIONS 

Specific pathogen-free (SPF) Litopenaeus vannamei postlar
vae (PL12) were obtained from a commercial hatchery lo
cated in Guimbal, Iloilo Province, Philippines. Shrimp were 
acclimated for seven days with ad libitum feeding prior 
to the experiment. Following acclimation, 20 post larvae 
were randomly stocked per 70-L tank, and outcome assess
ments (growth, hemocyte counts, microbial assays) were 
conducted under blinded conditions to minimize bias. Each 
tank was provided with continuous aeration and covered 
with mesh to prevent contamination and shrimp escape. 
Tanks were maintained in a recirculating seawater system 

equipped with mechanical filtration to ensure stable water 
quality within optimal ranges. 
Water quality parameters (temperature, salinity, pH, dis

solved oxygen, ammonia, and nitrite) were monitored daily 
using standard aquaculture probes and test kits. Values 
were maintained within optimal ranges for shrimp culture 
(temperature 27-29 °C; salinity 28-32 ppt; pH 7.8-8.2; dis
solved oxygen>5 mg·L⁻¹; ammonia <0.05 mg·L⁻¹; nitrite 
<0.1 mg·L⁻¹). 
Shrimps were fed their respective diets three times daily 

at 0800h, 1300h, and 1800h. The feeding rate was adjusted 
biweekly according to biomass, beginning at 20% body 
weight and gradually reduced to 10% toward the end of 
the trial. The feeding trial lasted 60 days. Mortality was 
recorded daily, and bulk weights were measured every 15 
days to adjust feed accordingly. 

GROWTH PERFORMANCE AND FEED UTILIZATION 

Estimation of growth performance and feed utilization pro
vides a quantitative basis for comparing dietary treatments 
and determining the efficiency of nutrient conversion into 
biomass. These indices are widely applied in aquaculture 
nutrition studies to evaluate the biological and economic 
viability of experimental diets. Growth performance indices 
and feed utilization were calculated using the following 
equations: 

WG (%) = Fw (g) - Iw (g) x 100 
Iw (g) 
SGR (%) =ln Fw - ln Iw x100 
Days of experiment 
PER = WG (g) 
Pi (in decimal) 
FCE (%) = Live WG (g) x 100 
Feed consumed (g) 
Survival (%) = TNMe x 100 
TNMs 

Note: 
WG = Weight Gain 
SGR = Specific Growth Rate 
PER = Protein Efficiency Ratio 
FCE = Feed Conversion Efficiency 
Fw = Final weight 
Iw = Initial weight 
Pi = Protein intake 
TNMe = Total no. of shrimp at the end of culture period 
TNMs = Total no. of shrimp stocked 

PROXIMATE COMPOSITION AND NUTRIENT 
UTILIZATION 

The proximate composition of the shrimp carcass, myco-
meal, and test diets were analyzed using standard proce
dures of the Association of Official Analytical Chemists.12 

Crude lipid content was determined following the method 
of Bligh and Dyer.13 Protein and lipid retentions in shrimp 
were subsequently calculated according to the formula de
scribed by Hardy and Barrows.14 
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Table 1. Formulation and proximate composition of experimental diets (g·100 g⁻¹ dry matter).         ⁻    

Ingredient (g·100 g⁻¹) Control 
(MM0) 

MM25 MM50 MM75 MM100 

Soybean (full fat) 42 31.50 21 10.5 0 

Straw mushroom meal 0 10.50 21.00 31.50 42 

Shrimp meal 10 10.5 12 13 14 

Sardines fish meal 6 7 7 8 9 

Squid meal 6.5 8 9 10 11 

Danish fish oil 5 5 5 5 5 

Rice bran 11 8.1 6.8 4 2.3 

Corn starch 11 10.9 9.7 9.5 9.2 

Gluten (corn) 5 5 5 5 5 

Lecithin - soy (70%) 0.5 0.5 0.5 0.5 0.5 

Vitamin-Mineral premix 3 3 3 3 3 

Total 100.0 100.0 100.0 100.0 100.0 

Proximate composition 

Crude protein 35.01 35.35 36.31 35.45 34.32 

Crude lipid 4.25 3.75 5.40 5.62 6.57 

Moisture 5.43 5.77 6.53 7.81 11.50 

Ash 10.77 10.86 11.21 12.41 13.04 

Footnote: 
¹ Vitamin and mineral premix (each 500g): dicalcium phosphate 97%, vitamin A 150,000 I.U., vitamin D3 30,000 I.U., vitamin E 500 I.U., potassium iodide 100 mg, manganese sulfate 
3,500 mg, ferrous sulfate 3,500 mg, copper sulfate 1,500 mg, cobalt sulfate 1,500 mg, zinc sulfate 200 mg 

Table 2. Proximate composition of straw mushroom meal.       

Description % Crude Protein % Crude Fat % Crude Fiber % Moisture % Ash 

Straw mushroom meal 27.56 0.85 19.32 15.75 6.50 

Method References: % Crude protein = Kjeldahl method using block digestion and steam distillation (Foss TecatorTM Digestion and Foss KjeltecTM 8200 Auto Distillation Unit), % 
Crude Fat = Soxtec extraction (Foss SoxtecTM 2050 Automatic System, % Crude Fiber = Foss FibertecTM 2010 System/Ceramic Fiber Filter Method, % Moisture = Mettler Toledo Halo
gen Moisture Analyzer, % Ash = AOAC method 17th edition (2000). 

NR (%) = CNCfinal - CNCinitial × 100 
NI 

where: 
NR = Nutrient retention 
CNCinitial = carcass nutrient content; initial 
CNCfinal = carcass nutrient content; final 
NI = nutrient intake during the feed trial 

PHYSIOLOGICAL, IMMUNOLOGICAL, AND MICROBIAL 
HEALTH INDICES 

To evaluate the effects of dietary treatments on shrimp 
health, representative indicators of physiological, immuno
logical, and microbial status were measured. Blood glucose 
concentration was determined as a marker of metabolic 
response, total hemocyte count (THC) was measured to 
evaluate cellular immune activity, and lactic acid bacterial 
(LAB) count was analyzed to reflect intestinal microbial 
balance. Together, these parameters provide complemen
tary insights into the overall health status of Litopenaeus 
vannamei under the experimental diets. The procedures for 

lactic acid bacterial count, total hemocyte count, and blood 
glucose determination are described below. 

Lactic Acid Bacterial Count. Shrimp samples were trans
ported to the laboratory, rinsed with sterile distilled water, 
and surface disinfected with 70% ethanol. The digestive 
tract was aseptically excised, homogenized in sterile saline 
solution, and subjected to ten-fold serial dilutions. From 
each dilution, a 0.1 mL aliquot was spread onto De Man-Ro
gosa-Sharpe (MRS) agar (TM Media, India) supplemented 
with 2% NaCl. Plates were incubated at room temperature 
for 48 h following the method of Vieira et al.15 LAB colonies 
were enumerated and expressed as log10 colony-forming 
units (CFU) per gram of tissue. 

Total Hemocyte Count. Hemolymph was withdrawn from 
the ventral sinus of shrimp using a sterile 1 mL insulin sy
ringe preloaded with chilled (4°C) anticoagulant solution 
(10 mM EDTA-Na₂, 45 mM NaCl, 10 mM KCl, 10 mM HEPES, 
pH 7.3) at a ratio of three parts anticoagulant to one-part 
hemolymph, as described by Traifalgar et al.16 A drop of 
fixed hemolymph was loaded onto a hemocytometer, incu
bated with Rose Bengal solution (1.2% in 50% ethanol) for 
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2 min to ensure consistent staining, and hemocytes were 
counted under a light microscope at low magnification. 

Blood Glucose Concentration. Blood glucose concentra
tion was assessed as a physiological indicator of shrimp 
metabolic response to dietary treatments, given that he
molymph glucose is a well-recognized marker of stress and 
nutritional status in crustaceans.17‑19 Measurements were 
obtained using a human glucometer, a technique previously 
applied in crustacean studies. However, validation for 
shrimp hemolymph remains limited, and this limitation is 
acknowledged as a methodological constraint. Hemolymph 
was withdrawn from the ventral sinus using sterile 1 mL 
insulin syringes preloaded with chilled anticoagulant so
lution (10 mM EDTA-Na₂, 45 mM NaCl, 10 mM KCl, 10 mM 
HEPES, pH 7.3) at a ratio of three parts anticoagulant to 
one-part hemolymph, following Traifalgar et al.16 

Hemolymph samples (100 μL) were collected from juve
niles, ensuring volumes remained within safe physiological 
limits, and immediately placed on ice to minimize meta
bolic activity. For glucose determination, a drop of he
molymph was applied to disposable test strips compatible 
with the Glucoleader Value monitoring system. The glucose 
meter was calibrated prior to use, and each sample was an
alyzed in triplicate to ensure accuracy. 

STATISTICAL ANALYSES 

All statistical analyses were performed using IBM SPSS Sta
tistics for Windows, Version 27.0 (IBM Corp., Armonk, NY, 
USA). Data are presented as mean ± standard error of the 
mean (SEM). Prior to analysis, data were tested for normal
ity (Shapiro-Wilk test) and homogeneity of variances (Lev
ene’s test). One-way analysis of variance (ANOVA) was con
ducted to evaluate the effects of dietary treatments, with 
significance accepted at P<0.05. When significant differ
ences were detected, Tukey’s honestly significant difference 
(HSD) test was applied for post-hoc multiple comparisons. 
In addition, polynomial regression analysis was employed 
to estimate the optimum dietary inclusion level of myco-
meal based on specific growth rate (SGR). 

RESULTS 

GROWTH PERFORMANCE AND FEED UTILIZATION 

Shrimp fed diets with varying levels of myco-meal as a 
replacement for soybean meal (0-100%) exhibited signifi
cant differences in growth responses (Table 3 ). Weight gain 
(WG), specific growth rate (SGR), and feed conversion ef
ficiency (FCE) were significantly higher (P<0.05) in shrimp 
fed MM25 and MM50 compared with the control and higher 
substitution groups. The polynomial regression of SGR val
ues (Figure 1 ) showed a significant quadratic response to 
myco-meal inclusion, with the optimum replacement level 
estimated at approximately 48% 
(SGR=7.92+0.022x-0.00023x²; R²0.96). This aligns with the 
observed data, where the highest growth was recorded at 
MM50, followed by a decline at higher substitution levels 
(MM75 and MM100). No significant differences were ob

served in protein efficiency ratio (PER), feed intake (TFI), or 
survival (P>0.05). 

CARCASS PROXIMATE COMPOSITION 

The proximate composition of shrimp carcass biomass fol
lowing the 60-day feeding trial is presented in Table 4 .  
Crude protein content increased significantly (P<0.05) in 
MM25, MM50, and MM100 compared with the control. 
Crude lipid levels were not significantly different among 
treatments (P>0.05). Ash content tended to increase in 
MM25, MM50, and MM75, whereas moisture remained 
comparable across treatments. These results indicate that 
partial substitution with myco-meal supported improved 
carcass protein deposition without compromising lipid or 
ash balance. 

NUTRIENT RETENTION 

Protein and lipid retention patterns in shrimp fed experi
mental diets are summarized in Table 5 . Crude protein re
tention was highest in MM100 (19.29%), followed by MM25 
and MM50, although no significant differences (P>0.05) 
were detected among treatments. In contrast, crude lipid 
retention differed significantly (P<0.05), with MM25 show
ing the highest value (20.27%), while MM100 had the low
est (2.49%). These findings suggest that partial substitution 
improved lipid retention efficiency, whereas full substitu
tion reduced it markedly. 

PHYSIOLOGICAL, IMMUNOLOGICAL, AND MICROBIAL 
HEALTH INDICES 

Dietary inclusion of Myco-meal significantly influenced 
shrimp health indices. As shown in Table 6 , gut lactic acid 
bacteria (LAB) counts increased with higher levels of MM 
substitution, reaching the highest value at MM75 before 
declining at MM100. Total hemocyte count (THC) also in
creased progressively with increasing MM levels, with the 
highest at MM100. In contrast, blood glucose levels re
mained relatively stable in the control, MM25, and MM50 
groups but declined significantly at MM75 and MM100, in
dicating a possible metabolic adjustment at higher sub
stitution levels. Taken together, these results suggest that 
moderate MM inclusion enhances microbial and immune 
responses, whereas excessive substitution may impose 
metabolic costs on shrimp. 
The elevated LAB counts at MM75 suggest that moderate 

to high levels of myco-meal may promote beneficial mi
crobial proliferation in the shrimp gut, potentially enhanc
ing digestive efficiency and competitive exclusion of 
pathogens. The progressive increase in hemocyte counts 
with higher MM inclusion indicates an immunostimulatory 
effect, consistent with the presence of bioactive compounds 
in fungal meals that can activate cellular defenses. Con
versely, the decline in blood glucose at MM75 and MM100 
may reflect increased metabolic demands or stress adapta
tion at higher substitution levels, suggesting that while im
mune and microbial benefits are evident, excessive replace
ment could alter energy homeostasis. 
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Table 3. Growth and feed utilization responses of       L. vannamei   to dietary myco-meal substitution.     

Treatments WG (%) SGR (%) TFI (g) PER FCE (%) Survival (%) 

Control 3776 ±115ab 8.35±0.03a 62.6 ±2.10a 0.017±0.001 61.9 ±2.15a 88.3 ±3.33 

MM25 4377 ±420b 8.48±0.09ab 58.9 ±1.29 a 0.022±0.002 75.8 ±6.25ab 88.3 ±1.67 

MM50 4518 ±205b 8.52±0.05ab 52.9 ±2.04b 0.024±0.001 87.5 ±5.33b 86.7 ±1.67 

MM75 2642 ±365a 7.98±0.14a 47.3 ±1.56bc 0.016±0.002 57.5 ±6.02a 88.3 ±1.67 

MM100 2553 ±275a 7.96±0.11a 45.2 ±0.79c 0.017±0.002 58.5 ±5.36a 85.0 ±2.89 

Values are mean ± SEM (n=3). Mean values with the same lowercase letter are insignificantly different (P> 0.05). %WG - weight gain (%), SGR - specific growth rate, TFI - total feed 
intake, PER - protein efficiency ratio, FCE - feed conversion efficiency. Control (0% mushroom meal), SMM25 (25% mushroom meal), SMM50 (50% mushroom meal), SMM75 (75% 
mushroom meal), SMM100 (100% mushroom meal) 

Figure 1. Specific growth rate (SGR) of Whiteleg shrimp fed diets with myco-meal (MM) as a soybean meal                 
substitute, fitted with a polynomial regression model (R² = 0.96).           

Table 4. Proximate composition (%, dry weight) of       L. vannamei   carcass after a 60-day feeding trial with myco-       
meal as soybean meal substitute.      

Treatments Crude protein Crude lipid Ash Moisture 

Initial 57.72 ±0.32 7.61 ±2.81 16.68 ±0.15 7.35 ±0.42 

Final 

Control 62.00 ±0.26 8.29 ±0.28 14.98 ±0.30 10.35 ±0.37 

MM25 63.28 ±1.29 8.37 ±0.06 16.44 ±0.16 11.38 ±1.43 

MM50 63.36 ±0.72 8.09 ±0.35 16.45 ±0.84 9.37 ± 0.33 

MM75 62.10 ±0.24 8.20 ±0.40 16.53 ±0.23 9.70 ±0.55 

MM100 64.18 ±0.16 7.64 ±0.23 16.02 ±0.33 9.33 ±0.61 

Values are mean ± SEM (n=3). Different superscript letters indicate significant differences among treatments (P < 0.05). 

DISCUSSION 

This study demonstrated that partial replacement of soy
bean meal with myco-meal significantly affected growth, 

hemolymph parameters, and microbial health of L. van
namei. Polynomial regression indicated an optimum inclu
sion level of approximately 48-50%, consistent with the 
highest growth at MM50. Beyond this threshold, perfor
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Table 5. Nutrient retention (%) of     L. vannamei   fed diets with myco-meal as soybean meal replacement for 60           
days.  

Treatments % Nutrient retention 

Crude protein Crude lipid 

Control 12.68 ±0.73 15.96 ±6.69a 

MM25 16.19 ±3.65 20.27 ±1.69ab 

MM50 15.99 ±2.00 10.80 ±4.96a 

MM75 12.80 ±0.67 12.34 ±5.57a 

MM100 19.29 ±0.47 02.49 ±2.03ac 

Values are mean ±SEM (n=3). Different superscript letters indicate significant differences among treatments (P<0.05). 

Table 6. Effects of dietary myco-meal replacement on gut lactic acid bacteria count, total hemocyte count, and                
blood glucose levels of     Litopenaeus vannamei.   

Treatment Gut lactic acid bacteria count (CFU•g-1 

tissue) 
Total hemocyte count (cells·mL-1 

hemolymph) 
Blood glucose level 

(mmol·L-1) 

Control 14.0 ±2.31a 4.5 x 106 ± 1.6 x 105 a 29.0 ±4.93 

MM25 17.7±2.73a 5.7 x 106 ±1.5 x 105 b 31.0 ±3.00 

MM50 27.7±2.67a 5.8 x 106 ±5.8 x 104 b 28.0 ±2.52 

MM75 45.7±3.84b 6.0 x 106 ±1.0 x 105 b 24.3 ±2.03 

MM100 25.0±3.51a 7.1 x 106 ±1.6 x 105 c 24.0 ±3.51 

Values are mean ± SEM (n=3). Different superscript letters indicate significant differences among treatments (P<0.05). 

mance declined, suggesting that while MM is a functional 
protein source, excessive inclusion compromises nutrient 
utilization and metabolic balance. 

GROWTH PERFORMANCE AND NUTRITIONAL 
IMPLICATIONS 

The enhanced growth observed at moderate MM inclusion 
supports the hypothesis that fungal-derived proteins can 
provide a balanced amino acid profile and bioactive com
pounds that are beneficial for shrimp growth. Fungal meals 
are rich in essential amino acids, nucleotides, and cell wall 
polysaccharides such as β-glucans and chitin, which may 
contribute to improved nutrient utilization and immune 
stimulation (Li et al., 2008b; Traifalgar et al.16). Recent 
advances in fungal protein production, such as Enifer’s 
PEKILO®Aqua, have demonstrated that partial replacement 
of fishmeal or soybean meal with mycoproteins can en
hance survival, growth, and health status in Litopenaeus 
vannamei under experimental and semi-commercial condi
tions.20 These findings align with the present study, where 
growth performance peaked at approximately 50% MM sub
stitution, indicating that fungal proteins can serve as sus
tainable alternatives to conventional feed ingredients. 
The decline in growth performance at higher inclusion 

levels (MM75 and MM100), however, highlights potential 
limitations. Performance decline may also involve other 
anti-nutritional factors such as nucleic acid overload, sec
ondary metabolites, or mycotoxin traces. Without bio
chemical assays, causal mechanisms remain speculative. 
Palatability issues may also arise, as excessive fungal inclu
sion can alter feed texture and flavor, reducing feed intake. 

Similar trends have been reported in classical studies on 
yeast and fungal meals in aquafeeds, where moderate inclu
sion improved growth and immunity, but excessive replace
ment led to reduced performance.21,22 These findings sug
gest that while fungal proteins are promising, their optimal 
use requires careful balancing to avoid negative effects on 
growth efficiency. This highlights the importance of pro
cessing strategies (e.g., enzymatic hydrolysis, fermenta
tion) to improve fungal biomass digestibility at higher in
clusion levels. 
From a sustainability perspective, the ability of MM to 

replace up to 50% of conventional protein sources without 
compromising growth is highly significant. Fishmeal re
mains a costly and environmentally constrained resource, 
and soybean meal production is associated with land use 
and ecological concerns. Incorporating fungal proteins into 
shrimp diets therefore contributes to reducing the ecolog
ical footprint of aquaculture while maintaining productiv
ity.18‑20 

IMMUNOLOGICAL AND MICROBIAL RESPONSES 

Hemolymph analysis revealed a progressive increase in to
tal hemocyte count (THC) with higher levels of MM inclu
sion, highest at MM100. This trend suggests a potential 
immunostimulatory effect, likely attributable to fungal cell 
wall components such as β-glucans, chitin, and manno
proteins, which are reported modulators of crustacean im
munity.16 While these compounds are known to activate 
prophenoloxidase pathways and enhance phagocytosis, it 
should be noted that no biochemical or molecular assays 
were conducted in this study to confirm such mechanisms. 
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Similar immunoenhancing effects have been reported in 
classical studies using yeast and fungal derivatives in 
aquafeeds, where β-glucans elevated hemocyte activity and 
disease resistance.23,24 

Gut lactic acid bacterial (LAB) counts also increased with 
MM inclusion, reaching the highest levels at MM75 before 
declining at MM100. This pattern indicates that straw 
mushroom-derived myco-meal may serve as a prebiotic 
substrate, selectively stimulating beneficial microbial pro
liferation up to an optimal threshold. Recent reviews on 
fungal polysaccharides emphasize their prebiotic potential, 
noting that they can enhance the abundance of lactic acid 
bacteria and other beneficial taxa, thereby improving gut 
health and nutrient assimilation.25 Comparable findings in 
shrimp and fish nutrition have shown that dietary yeast 
or fungal supplements modulate gut microbiota composi
tion, leading to improved growth and enhanced resistance 
against opportunistic pathogens.17‑19 The decline in LAB 
counts at MM100, however, suggests that excessive inclu
sion of straw mushroom meal may disrupt microbial bal
ance, possibly due to reduced digestibility or accumulation 
of indigestible cell wall fractions. The dose-dependent LAB 
response suggests that MM may act as a selective modula
tor of gut microbiota, but excessive inclusion risks dysbio
sis. 

PHYSIOLOGICAL RESPONSE: BLOOD GLUCOSE 

Blood glucose levels remained stable in control, MM25, and 
MM50 groups but declined significantly at MM75 and 
MM100. Hemolymph glucose is widely recognized as a sen
sitive indicator of stress and metabolic status in crus
taceans, reflecting the balance between energy mobiliza
tion and utilization.17 The observed decline at higher MM 
inclusion levels may indicate increased metabolic demands 
associated with immune activation or reduced dietary en
ergy availability due to the lower digestibility of straw 
mushroom biomass. This finding is consistent with classical 
observations that stressors or dietary imbalances can dis
rupt glucose homeostasis in shrimp, often leading to hypo
glycemia under prolonged or excessive metabolic strain.26 

Recent studies further support this interpretation. Shi 
et al.27 demonstrated that dietary modulation of glucose 
metabolism in Litopenaeus vannamei is highly sensitive to 
nutrient composition, with imbalances leading to oxidative 
stress and altered energy regulation. Similarly, Cheng et 
al.28 reported that environmental stressors such as salinity 
fluctuations impair shrimp disease resistance through 
AMP-activated protein kinase (AMPK) pathways, but that 
glucose availability plays a key role in maintaining energy 
homeostasis. The decline in glucose at MM75 and MM100 
likely reflects a physiological trade-off, where energy is di
verted toward immune activation and microbial modulation 
at the expense of circulating glucose. 
This study has some limitations. Digestibility, amino 

acid balance, and potential anti-nutritional factors were 
not assessed, and stress biomarkers beyond hemolymph 
glucose were not measured. Feed intake was estimated 
rather than directly quantified, and future studies should 

address these gaps to strengthen the nutritional interpreta
tion of straw mushroom meal in shrimp diets. 

CONCLUSIONS 

Dietary inclusion of myco-meal significantly influenced 
growth, immunity, microbial balance, and physiology in 
L. vannamei. Growth was optimized at approximately 50% 
substitution, supporting MM as a sustainable alternative 
to soybean meal. Moderate inclusion enhanced protein de
position, hemocyte counts, and gut LAB, while excessive 
levels reduced glucose homeostasis, indicating metabolic 
costs. These findings underscore the importance of opti
mizing inclusion levels to strike a balance between nutri
tional and functional benefits, while minimizing reliance 
on conventional protein sources. Importantly, the func
tional explanations provided here are potential interpreta
tions supported by literature, as no molecular or biochemi
cal assays were performed in this study. 
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