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Introduction

Nile tilapia (Oreochromis niloticus), a globally significant aquaculture species, plays a critical role in
addressing food security due to its high nutritional value and adaptability to diverse farming environments
(Shafiujjaman et al., 2024). However, the intensification of aquaculture practices has introduced stressors
that adversely affect fish health and increase vulnerability to diseases (Li et al., 2022). Conventional
solutions like antibiotics and chemical therapeutics, while effective, raise concerns about environmental
degradation, drug resistance, and food safety. Functional feed additives, particularly those derived from
natural sources, have emerged as promising alternatives for enhancing fish health and immune function.
White button mushrooms (4garicus bisporus), recognized for their rich bioactive compound profile—
including polysaccharides, phenolics, and antioxidants—have shown potential in modulating immune
responses and oxidative stress (Habib ef al., 2021). Despite the demonstrated benefits of mushrooms in
aquaculture, the molecular mechanisms underlying their effects, particularly on cytokine-mediated
immune responses, remain underexplored. This study evaluates the impact of dietary supplementation with
A. bisporus powder on antioxidant activity, immune parameters, and cytokine gene expression in Nile
tilapia, providing valuable insights into its potential as a sustainable aquafeed additive (Habib ez al., 2021;
Harikrishnan et al., 2018).

Methodology

White button mushrooms were sourced locally, cleaned, sliced, dried at 50°C for 24 hours, and ground
into powder. Experimental diets were formulated to include 0%, 0.5%, 1%, and 2% mushroom powder
(Amiri et al., 2018; Hoseinifar et al., 2019). Diets were adjusted to maintain iso-nitrogenous and iso-
caloric properties and pelletized into uniform 2 mm pellets for feeding. A total of 240 juvenile Nile tilapia,

weighing approximately 3.1+0.3 g, were distributed randomly into 12 aquaria (250 liters) in a completely
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randomized design. Each treatment was replicated thrice, with 20 fish per aquarium. The fish were fed
their respective diets to apparent satiation four times daily over 56 days. Water quality parameters,
including temperature (28.01+0.10°C), pH (7.1340.20), and dissolved oxygen (5.23+0.18 mg/L), were
maintained within optimal ranges. At the conclusion of the feeding trial, six fish per treatment group were
anesthetized using 0.3 mL/L of 2-phenoxyethanol. Blood samples were collected via caudal vein puncture
for serum isolation. Immune tissues, specifically the head kidney and spleen, were aseptically excised and
stored in RNA later solution for subsequent molecular analysis. Antioxidant enzyme activities, including
catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase (GPx), as well as total
antioxidant capacity (T-AOC), were quantified using commercial kits. Lipid peroxidation was assessed by
measuring serum malondialdehyde (MDA) levels. Immune parameters, including serum bactericidal
activity, immunoglobulin M (IgM) concentrations, and lysozyme levels, were evaluated using standard
methodologies. RNA was extracted from head kidney and spleen tissues and reverse-transcribed into
cDNA. Quantitative PCR (qPCR) was used to measure the expression of immune-related cytokines,
including interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and interleukin-1 beta (IL-1).
Relative expression levels were normalized to -actin, and fold changes were calculated using the 2—AACt
method. Data were analyzed using one-way ANOVA followed by Tukey's post hoc test for pairwise
comparisons. Results were presented as mean + standard deviation, with statistical significance set at
p<0.05.

Results

Dietary supplementation with mushroom powder significantly enhanced antioxidant enzyme activities,
with the 1% and 2% treatments showing the greatest increases in CAT, SOD, and GPX activities
compared to the control group (p<0.05). Total antioxidant capacity (T-AOC) was similarly elevated in
these groups, while serum MDA levels, indicative of lipid peroxidation, were markedly reduced. These
results underscore the potent antioxidant properties of A. bisporus, attributed to its phenolic and flavonoid
compounds, which act as radical scavengers and reduce oxidative stress. Comparable studies have
demonstrated the role of mushroom-derived antioxidants in enhancing oxidative resilience in fish,
including common carp and rainbow trout. Mushroom supplementation significantly increased serum
bactericidal activity, IgM concentrations, and lysozyme levels. The 1% and 2% inclusion levels elicited
the strongest responses (p<0.05), reflecting improved non-specific immune defenses. Polysaccharides such
as beta-glucans, abundant in mushrooms, are known to activate macrophages and stimulate the release of
immune mediators, enhancing humoral immunity. The observed immune improvements align with
previous findings in aquaculture species, where mushroom-based diets augmented pathogen resistance and
overall health. The expression of pro-inflammatory cytokines IL-6, TNF-a, and IL-1p in head kidney and
spleen tissues was significantly upregulated in fish fed mushroom-enriched diets, particularly at the 1%
and 2% inclusion levels (p<0.05). Cytokines play a pivotal role in coordinating immune responses,
mediating inflammation, and facilitating pathogen clearance. The enhanced expression observed in this

study likely results from mushroom-derived polysaccharides interacting with toll-like receptors on
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immune cells, triggering downstream signaling pathways. These findings corroborate previous studies that
reported similar cytokine upregulation in fish fed functional diets containing prebiotics or plant-derived
compounds. The dual antioxidant and immunomodulatory effects of A. bisporus are attributed to its
diverse bioactive compounds, including phenolics, flavonoids, and beta-glucans. These molecules
neutralize reactive oxygen species (ROS), enhance the activity of antioxidant enzymes, and stimulate
immune responses. Additionally, mushrooms may influence gut microbiota composition, indirectly
bolstering immune function. While this study provides compelling evidence of the benefits of A. bisporus,
further research is warranted to isolate specific bioactive compounds and elucidate their precise
mechanisms of action. The findings of this study highlight the potential of white button mushroom powder
as a sustainable alternative to antibiotics and chemical treatments in aquaculture. By enhancing both
antioxidant defenses and immune responses, mushroom supplementation can improve fish health, reduce
disease incidence, and mitigate environmental risks associated with conventional therapeutics. Functional
diets incorporating natural additives like A. bisporus align with the goals of sustainable aquaculture,
promoting health and productivity without compromising ecological integrity.

Discussion and conclusion

This study demonstrates the efficacy of dietary supplementation with white button mushroom powder in
enhancing the antioxidant and immune systems of Nile tilapia. The 1% and 2% inclusion levels yielded
the most significant improvements in antioxidant enzyme activities (CAT, SOD, GPX), total antioxidant
capacity (T-AOC), and reductions in serum MDA levels. Immune parameters, including bactericidal
activity, IgM concentrations, and lysozyme levels, were also significantly enhanced. Furthermore,
mushroom supplementation upregulated the expression of cytokines IL-6, TNF-qa, and IL-1p, indicating
robust immunomodulatory effects. These findings underscore the potential of 4. bisporus as a functional
feed additive, offering a natural and sustainable approach to improving fish health and reducing reliance
on chemical therapeutics in aquaculture. Future research should focus on identifying and characterizing
the specific bioactive compounds responsible for these effects and optimizing their application in
aquafeeds.
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Table 1: Diet formula used in the study

Mushroom meal level

Ingredients (%) Control (0%) 0.5% 1% 2%
Fishmeal 15.10 15.10 15.10 15.10
Wheat bran 38.9 384 37.9 36.9
Soybean meal 22 22 22 22
Wheat flour 8.99 8.99 8.99 8.99
Corn meal 5 5 5 5
Fish oil 7 7 7 7
Vitamin mixture 1 1 1 1
Mineral mixture 2 2 2 2
Butylated 0.01 0.01 0.01 0.01
hydroxytoluene

Button mushroom 0 05 | 5
powder

Proximate analysis (%)

Crude protein 35.60 35.65 35.70 35.80
Crude lipids 9.38 9.23 9.19 9.11
Ash 8.20 8.22 8.24 8.27
Gross energy (MJ/kg) 18.30 18.30 18.29 18.28

ialojl gboo ez b 55 50 0l 5 55, 0F e & e
O VWV 4 Bolar jgb 4 b ale . asals ools gy
Sz Jels  dolas SlS )b LB o (aids o

AR

olejl Lyl g o oale

Jo lodls oale azm aahad YF+ slaws jiolejl cpl jo
Job 5 0,5 YINE- Y 59 b (Oreochromis niloticus)
8 s sl 3 35 350 S 51 e koo PV I


http://isfj.ir/article-1-2847-fa.html

[ Downloaded from isfj.ir on 2025-12-14 ]

...)f._\f.a.u.l(sh.asd G‘)u J'Ajé:)f:‘l:

b b 5 (ZB-MDA-96A) . MDA s/l 5 o5lle
5 (ZB-TAC-96A) . T-AOC S _lawus! 3
L SODeoJled o83 )18 )y 3)50 oy slodiged
5 0395902 ISl 4 8Ty 50 (951 (7 S5y aos
FoggiSnl olRiwd b agil ¥V - oo Jobo j0 (50|
4325 b CAT s .ol o, (Varian Cary, USA)
Lowids Sy 50 02 5 o 4 H202 Jseg,Se
4 GPX by b b)) /0 UML coples
0 Comlix b g FAY 290 Jobo 10 (6 50 IS & 5500
Tobaw D een e Sbadiged Sl oo 50 92y
5| Lol MDA-TBA _8Lsl oS 5 ¢ 5030l LMDA
5 (TBA) sl Soy5m)bs5 5 MDAy 25Ty
Lye Sy 5 yiogli OYD 4o 53le oS b YU slabes
T-zgbaw 08 eesd (Vo950 + /) iales) (Sl
5° OgrlanST alS (eSS gy Gesb 5l AOC
Olsie 4 SopsSol anul b anglie o cegil T
15 JsessSan Vo o) Yan oo o/ ol Lo il

(Adineh ef al., 2021) s sl TAC 4, (2

02| i 1 bg1 o (5l oo

P (2l L ws called

,o Streptococcus iniae ads g iS5 6 2SS Jld
Khosravi ef) o b, glawe oS 15,500 sloady
Coms V:Y) VBS o sw sbeaises al, (2018
L Jleb o i3 S B0 5 0sh 38, (ol g
alol Sals o 4 (g0 Hlod 5 &)l b oads Jlab el
G 5l 2L Ggamilwges ids See B0 s S
7l b Sal> 4 VBS ;o) -"CFU/ML 4 o0l pudas
Voo SaeaolS gile a0 YT gles o cody 5 0
63 Ly TSB g o ) v pons b 4355 B
i Sy g 00l BLSl b Saly a4 plab Sei v )0 ¥
Sl el VA Coe 4 0l )3 il a0 YA sles (o
Fee 39 OsemlisSl el VA 5+ 5l e (598 S 08
5 JU oy Sodlad f Sld g 00l (5 T oIl gl
Calld Gle ar g ambre Syl boosd Jldyl

2 O3l S o, b S diged e A5 6 SL

el (3500 0 50 (ole Vo) IS5 an b olde Lo
9 L.;’L“‘“’ﬁ) Cels VY wl.a L.;"““a &P 090 u_is FLER W
o o ole ol bai> ialesl Jgb jo (oL el VY
Cass b ailjg, YAz e 5 V00 A Yeo e oA glaceelos
O3 S Shhg> gd 9 Wb oo 485 5l (g b
sl jasls wl e alyy, Slygs B ras aile ad (B
b3 @l g 85 I ey p 050 ailiy, Ol CoaS
9 YINWYE+/Y+ ;o pH ol 5 ol a0 YA/ NE-/Y -
ol s 50 S e BIVYENA o Jslore (5]
Sblgas 51 ooliiwl g bl o Jordlygiws b gollas ol
o1 o&isls 3 UNIOESTE 5l ole olidss sy

...)y LS")L”‘

G5 Higed

Sleoliil byl yo 5l ale il cudss ool 5l e
9 WD Ghorn (R 5o i (oo +/F) Jgibl (oS 925-Y
G5 5 omd g 5 7 e T Sl eslil
Jiie il den ) g S 4 ois gl (93
s ol 3 il az 0 F gl o cele ) Con 4
Mikro guis sole g, S aiBs Vo Saw 4 ol S
NAD (6,055 gy Sl s o5 (sl ol (sl 4z o
Ve 1L ale a5 5 sler oo piens 5| o
Loy 5 Wi g5 Sl &)900 i gale waoy
w3 6yslaez Jb g adS o slacdly sl )5 ooV -
Qiagen) RNAlater Jgloo o0 JSSgy Gubo alolddl 4
A (65l (]

Ogmlinnslyy g (Gl T called fxin
(oW ¢ ZellBio GmbH ;| s v jiovw slacaS
ZB ) (SODbgemss STy ok 23l sl
(ZB-CAT-96A)  CAT Ll «SOD-96A -
2 oolatwl (ZB-GPx-96A)  GPX jlaST, oyeubolS

Yy


http://isfj.ir/article-1-2847-fa.html

[ Downloaded from isfj.ir on 2025-12-14 ]

)bjoﬁ Lﬁ"ﬁ) IR :L:J..al}CDNA A BA> pa)j
A 0, o Kl ax o Ae gloo

o3 ol @il s

TINF-0 JL-6 sl S sl om slayy obe gl
Roche)LightCycler 480 w5l oolazl L (IL1 B
(Y Jsuz) &8,5 )13 sy 90,90 o g Diagnostic
ST il Sen ¥ ol o 855 il Sen 1+ STy o
Sy Gol> Sy 5l s See 8 PCR 4z o
CDNA (5553 25 Sao ¥ (o)l el i) (32,5 ol
00 ol cbale) ;g See +/0 5 (V) 0) oad (33,
2218 Sy Jols GPCR S35 052 sl 0 3l Giasi
a0 0 b yo adgl il gl Jbd gl o an
> Feool Jlis a4 g daide 0 S 4 ol 5 b
Vo Soe 4y o5 ile a0 A0 sl o yganlyeilis
Vo Sl d yeulp 0ad e sles yo ol sl sl
@il V0 Coe 4y o5 ol a0 VY o e 9 4l
Sy il 5l esliial by (CQ) copaS a5 > s oo
o DNA o138l cae yus piSlas a5 0l (yunsd pgo (3iin
Light ;o a5 auS o g puSojlailly a5 > o 10 0als i
I,>! (Roche Diagnostics) 1.0.+ as.s Cycler 480
PCR &Y gams 00s iS5 lakad g anl (sl o
985 )8 Jeloti 9,90 093 (govie peuly i 52
55 3 b oolisal (6 e s sl 05T 5 5,585,550
o plos o oolizul g5lo b5 sl § ACT
gy 5l SilwssS &l sl 1,5 aw RT-QPCR
Muller et al., 2002) w ooliwl 2- %

Wosls (glol Julxigas 205 (9

SPSS ) Y¥ ases SPSS 38l o5 5l eolizsl L laools
blg 5JGT 5l eslaxwl b ¢ (nc., Chicago, IL, USA
Slasls wiz slagyge;]l w9 (ANOVA) a8,b
Syge & mbs L85 IE Jdesaie 000 (S
130 el a5 5 05 G35 o Sl S
NURER JUTIN

Yy

S 45 6 Sl colled sazas L iy OD lacSals

ol digad 4o

(IgM) ydgralSgigos| J5 clials
e ygwgigenl gy Sl esliiul b e JS IEM mhas
Cusabio) = <SS L (ELISA) 51 b Lo e

Sleads &l 5 g, @b » (0w Hubei Wuhan
(Sun et al., 2010) o 5 ,Sojlal enijle oS b
A ol gl FO« yo VLG 5l eoliul b el
ol 5l Bl slaaiges 5l ooliul b aie sl
ok o slp site J S Cdz el 0B A e

AL S yegl ¥Or 5o 6 9 JB

P w2395 Cedlad
S )90 S )95 g 5l ool b o o o9 5d colad
(Mohammadian et al., 2020) =35 || w,y

2 eSS ke < IY) Micrococcus lysodeikticus s S\,
Y o) e Slnd 3L 5o (ledT g, -l 2 e
laaiges 5l 7y Soa olon 4 V0 (BIAPH e Le
Jslee 5l 52g S VY0 5 selps Galed Sl 4y oy
RERFESSNIER N T ERY JNINE WAL
led o yegil FO- 0 aado ¥ 2 0 Cdo sl yiles
Olsie 4l al plol glagds £ 0,90 SO b 35U

e S ke 5o 92l

o2l sy ol

cDNA csle s RNA #1 sl

oS leolinl b (cdl yo y0 6,5 e YO) JS RNA
alS w51 (olp! Sinaclon EX6101) RNA (s;lulas>
Al RNA i bl ol o gl b
o3 agil YA IYF+ slazge Jsb ,o o] i o
coxs JSRNA Glp 59,500 ) G 02 255l 5 6565
oxleBl 0935 DNA 55 s 5l 1o DNase I jlos
St S 5l oolid b g CDNA csle g cé,8 18
&b el (olpl Sinaclon ([EX6101) cDNA

L RNA 5 wiad Lzl olojen jsb 4 iie glo 8


http://isfj.ir/article-1-2847-fa.html

[ Downloaded from isfj.ir on 2025-12-14 ]

e 9 e (5MS0 £, Hu g 558G Ollen 5 il

adllao 4o ooliwl 0yg0 sbdyoslyy Jlgi :¥ Jgu
Table 2: Sequences of the primers used in the study

Gene name Sequences (5’-3°) Tm (°C) Product size (bp) Reference
IL-6 GTTCTGCTACAAAAAGTCGCCC 58 132 (Krishnan et al.,
CAGAGCACACCAACAGCGAGA 2019)
CGTCGTCGTGGCTCTTTGTT .
INF-a TGGGGCTCTGTTTTGTCGC 60 166 (Li et al, 2021)

CGGAATCCACGAAACCACCTA .
ILip CCAGACGGAGTATTTACGCTCA 59 123 (Lietal, 2021)

_ CGGAATCCACGAAACCACCTA .
p—Actin CCAGACGGAGTATTTACGCTCA >3 159 (Lietal, 2021)
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Table 3: Antioxidant indices in tilapia blood serum after 56 days of treatment with mushroom powder
Mushroom meal levels

Parameter —c T (0%) 0.5% 1% 2% » value
CAT (UmL™) 91.21 £5.2¢ 110.15 £ 6.4 140.2 £2.22 138.3 £3.22 0.000
SOD (U mL™") 81.19+1.3¢ 89.14+ 1.3° 95.4+2.5° 943 +£2.3% 0.001
GPx(U mL™) 301.11 £6.4° 318.12+8.1° 331.2146.3% 3333 +7.1% 0.002
T-AOC (pmol mL™) 1022.12 £7.8¢ 1045.21+9.2b 1122.01+9.32 1125.03+9.62 0.000
MDA (pmol mL") 5.15 +£0.02° 3.11+0.01° 2.22+0.03¢ 2.01+0.014 0.012
ol Sl ge Dglas saims (LS 09,5 o 0 Diglaie By,
Different letters in each group indicate significant differences.
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Table 4: Immune indices in tilapia blood serum after 56 days of treatment with mushroom powder
Mushroom meal levels

Parameter Control (0%) 0.5 1% 2% P value
Bactericidal activity (CFU ml!) 132.3 £2.4¢ 139.2 £6.4° 145.6 +£3.9% 1443 £3.32 0.001
IgM (mg dL"') 2505+1.5¢  3511+33°  4131%1.1 40.9+2.3 0.021
Lysozyme (U ml"! min™) 2521+£1.9° 2933 40.9° 292040.7°  30.15+£0.5° 0.000
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Different letters in each group indicate significant differences.
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Figure 1: Relative gene expression of immune cytokines in tilapia kidney tissue after 56 days of treatment with
mushroom powder. Different letters in each group indicate significant differences.
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Figure 2: Relative gene expression of immune cytokines in tilapia spleen tissue after 56 days of treatment with
mushroom powder. Different letters in each group indicate significant differences.
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