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Introduction: Aquaculture is the fastest-growing source of animal protein
globally and currently provides nearly half of the world's seafood consumption.
Due to the limited fishery resources from ocean catches, this shortfall must be
addressed through the aquaculture industry. To tackle the issues of fishmeal
shortages in recent decades, special attention has been given to the use of
alternatives such as insects in aquaculture feed. Insects are one of the most
diverse animal groups in the world, with some species possessing suitable
nutritional value. Among insects, the yellow mealworm Tenebrio molitor stands
out due to its high protein and fat contents. It also contains considerable amounts
of bioactive compounds and chitin with antioxidant potential, antibacterial
peptides, and other immune stimulants that enhance immunity and improves
hematological parameters in various aquatic species. In this study, the effects of
replacing fishmeal with the yellow mealworm larvae meal were investigated on
blood parameters, serum biochemical composition, and liver enzymes in Beluga,
Huso huso.

Materials and methods: A total of 360 fish with an average weight of
approximate 112.9 + 8.0 g were randomly distributed to polyethylene circular
tanks with a capacity of 1500 liters. The experimental treatments (each with
three replicates) included the replacement of 0% (control), 20%, 40%, 60%,
80%, and 100% of yellow larval mealworm (MW) meal with fish meal. At the
end of the trial, blood sampling was performed using a syringe from the fish's
caudal fin. The counting of red blood cells and white blood cells was done using
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a hemocytometer (Neubauer), and the hematocrit was measured through the
microhematocrit method, while the hemoglobin concentration was measured by
the cyanmethemoglobin method using a spectrophotometer at a wavelength of
540 nm in grams per deciliter. Liver enzyme levels including alkaline
phosphatase (ALP), aspartate aminotransferase (AST), and alanine
aminotransferase (ALT) were measured using the a-ketoglutarate method.
Lactate dehydrogenase (LDH) was tested using the lactate-pyruvate method to
determine the possibility of tissue damage. Data analysis was performed using
One-Way ANOVA and Duncan's multiple range comparison tests were
performed at a significance level of P<0.05.

Results: According to the results of growth indices, the highest body weight gain
and specific growth rate were achieved in treatments substituted with 40% and
60% MW (P<0.05). The survival rate of the fish did not show a significant
difference between the treatments (P>0.05). The number of white blood cells,
red blood cells, hemoglobin, and hematocrit decreased as mealworm powder
increased in diet, with the lowest values observed in 100% MW (P>0.05). The
values of MCH and MCHC significantly decreased with 100% MW replacement
(P>0.05). Lymphocyte numbers were significantly higher in 40% and 60% MW
groups compared to the 20% (P>0.05). The values of albumin and total protein
improved with dietary replacement of MW powder, except for the 100%
replacement (P<0.05). The concentration of triglycerides in group with 20%
MW was similar to that of the control (P<0.05); however, it decreased as the
MW replacement increased (P<0.05). Hepatic enzymes such as AST, ALT, and
ALP decreased with the inclusion of MW in the diet (P<0.05).

Discussion: Total protein and albumin play an important role in immune
responses, and the improvement of these parameters in the current study may
indicate enhanced immunity in beluga after replacing fishmeal with MW.
Additionally, diets containing insect meal improve the microbial composition of
the digestive system, ultimately affecting fish immunity and health. Chitin also
regulates fat metabolism by preventing the hepatic circulation of bile acids and
interfering with the natural digestion and absorption of fats in the intestine and
the biosynthesis of fatty acids in the liver.

Conclusion: Based on the results, it is not feasible to completely replace MW
meal with fishmeal, and a 20% replacement level is suggested as the optimal for
beluga. However, substitution levels up to 40-60% may also be considered with
caution.

*Corresponding author: a.esmaeili@sanru.ac.ir
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Table 1 Ingredients and proximate analysis of the experimental diets (%)

Replacement levels (%)

Ingredients (g/kg) 0 (Control) 20 40 60 80 100
Fish meal 50 40 30 20 10 0
T. molitor meal 0 10 20 30 40 50
Meat meal 5 5 5 5 5 5
Soybean meal 10 10 10 10 10 10
Corn gluten 2 3 4 5 6 7
Wheat flour 14 14.75 15.5 16.25 17 17.75
Fish oil 6 5 4 3 2 1
Soybean oil 6 5 4 3 2 1
Mineral premix' 2 2 2 2 2 2
Vitamin premix? 2 2 2 2 2 2
Monocalcium phosphate 1 1.25 1.5 1.75 2 2.25
Binder 2 2 2 2 2 2
Proximate composition (%)

Dry matter 8.4 8.13 8.57 8.07 8.4 8.0
Crude protein 40.26 40.41 4127 40.11 40.62  40.26
Crude lipid 21.55 21.27 20.86 21.30 2023  20.28
Ash 10.64 10.93 9.83 9.11 8.65 8.25
Total carbohydrate? 27.55 2739  28.04 2948 30.4 31.20
Energy (Kj/g)* 19.01 1892 19.03 19.10 1894  18.96

1- Contained (g/kg mix): MgS0Os. 2H»0, 127.5; KCl, 50; NaCl, 60; CaHPO4. 2H,0, 727.8; FeSOa. 7H,0,
25.0; ZnS0O4. 7TH20, 5.5; CuSO4. SH20, 0.785; MnSOs. 4H,0, 2.54; CoSO4. 4H,0, 0.478; Ca (103),. 6H,0,

0.295; CrCls. 6H20, 0.128.

2- Vitamin premix contained the following vitamins (each per a kilogram of diet): vitamin A, 10,000 IU;
vitamin D3, 2000 IU; vitamin E, 100 mg; vitamin K, 20 mg; vitamin By, 400 mg; vitamin B, 40 mg; vitamin
Bs 20 mg; vitamin B, 0.04 mg; biotin, 0.2 mg; choline chloride, 1200 mg; folic acid, 10 mg; inositol, 200

mg; niacin, 200 mg; pantothenic calcium, 100 mg.

3- Total carbohydrate = 100 - [(lipid (%) + protein (%) + ash (%)]
4- Calculated energy content using the factors: carbohydrate, 11 kJ/g; protein, 20.9 kJ/g; and lipid, 35.1

kJ/g (Brafield, 1985).
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Table 2 Growth performance and survival rate of beluga (Huso huso) fed with different replacement levels of fish meal by yellow larval

mealworm (7enebrio molitor) for 8 weeks

Replacement levels (%)

Parameters 0 (Control) 20 40 60 80 100
Initial weight (g)  121.66 +2.51 121.66 £3.78  105.33+10.15 10533+13.32  110.33+8.57 116.1£6.2
Final weight (g)  391.86 +24.53° 451.80 £23.40° 424.53+18.41%® 416.80+£2823%® 409.8 £16.25" 41526+ 11.37%®
Weight gain (g) 2712+£6.37° 331.16+£4.70°  320.8+6.82%®°  311.48+7.4®  300.42+8.12%®°  298.54 +5.04%°
WGR (%) 221.41+£15.44° 271.77+27.06° 304.83+14.51* 297.62+29.45 27333+16.90® 256.98 +9.80°
SGR (%/day) 2.07 £0.08° 2.34£0.12% 2.5+0.06° 2.47£247° 2.37 £0.08%® 2.27 £0.04°
FCR 1.60 £0.12° 1.30 £0.09° 1.34£0.07° 1.38+0.13¢ 1.42 £0.08%® 1.43 £ 0.05%
Survival rate (%) 100 + 0.00° 100 + 0.00° 100 + 0.00° 100 + 0.00° 100 + 0.00° 100 + 0.00?

Data expressed as mean + S.D., n = 3 (each replicate tank was stocked with 20 fish).

Values along rows with different superscripts differ significantly (P<0.05).
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Table 3 Hematological indices of beluga (Huso huso) fed with different replacement levels of fish meal by yellow larval mealworm

(Tenebrio molitor) for 8 weeks

Replacement levels (%)

Parameters 0 (Control) 20 40 60 80 100
RBC (x10%mm?) 0.75 +0.02° 0.68 + 0.02° 0.64 + 0.02¢¢ 0.67 + 0.02% 0.62+0.01¢ 0.57+0.02¢
Hb (g/dL) 4.59+0.13° 436+ 0.28® 3.86 +0.25° 3.69 +£0.22° 4.04 +0.19 2.63+0.11¢
Hct (%) 27 +1° 25+ 1° 23.66 + 0.57° 23.23+0.57° 23.66 + 1.15° 21+ 1¢
MCV (fL) 385.5+13.7° 366.18 +22.6° 366.1 £ 13.7° 347.7+16.97° 378.3 + 24.7 364.4 + 18.6%
MCH (pg/cell) 61.03 + 1.37% 63.98 + 5.57° 59.81 + 5.24%® 55.01 £2.28° 64.64 + 4.21° 45.69 + 3.55¢
MCHC (g/dL) 17.04 £0.9° 17.45 + 0.45° 16.31 +0.85° 15.85+1.15° 17.09 + 0.63* 12.56 + 1.14°
WBC (x10*/mm?®) 21.03 +0.56* 19.28 +0.5° 18.51 +0.3% 18.06 + 0.49° 17.96 + 0.68° 16.23 + 0.3¢
Lymphocyte (%) 81.66 = 1.65° 80.33 +£3.05° 85.66 = 3.05° 86.00 £ 2.64° 84.7 + 1.65® 81.66 £ 1.52°
Neutrophil (%) 1433 +£1.15° 14.66 +2.51* 10 £2° 9.33+£1.52° 10+ 1° 14+1°
Monocytes (%) 3.66 + 1.52° 4417 4+1.1° 433 +1.52° 5.33+0.57° 4£1°
Eosinophil (%) 0.33 +0.57° 1£0.1° 0.33 +0.57° 0.33 +0.57° 0.01 £ 0.00? 0.33+0.57*

Data expressed as mean + S.D., n = 3 (each replicate tank was stocked with 20 fish).
Values along rows with different superscripts differ significantly (P<0.05).
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Table 4 Serum biochemical indices in beluga (Huso huso) fed with different replacement of fish meal by yellow larval mealworm
(Tenebrio molitor) for 8 weeks
Replacement levels (%)

Parameters 0 (Control) 20 40 60 80 100

Glucose (mg/dL) 47.16 £1.72¢  55.36+2.05° 50.5 £ 0.96° 57.63 +1.60° 65.86 £ 2.14° 67.66 = 0.40*
Albumin (g/dL) 0.95 +0.014 1.24 £ 0.05% 1.11 +£0.04° 0.99 +£0.01 1.05+0.07% 0.91+£0.01°
Total protein (g/dL) 2.87 +£0.05¢ 4.13 £ 0.05° 3.65+0.23° 3.38+0.1% 4.40+0.25° 3.16 £ 0.21¢

Cholesterol (mg/dL) 45.7 £ 3.9¢ 51.5+1.96° 53.9+1.57° 63.33 £2.05° 72.46 + 3.23? 68.6 +£2.92%
Triglyceride (mg/dL) 818 +7.93* 854.33 £ 9.86° 683.66+24.19° 701.66+3.51° 74633 +14.75° 654.33 + 58.59°
Data expressed as mean + S.D., n = 3 (each replicate tank was stocked with 20 fish).
Values along rows with different superscripts differ significantly (P<0.05).
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Figure 1 Liver enzymes and lactat dehydrogenase enzymes content in beluga (Huso huso) fed with
different replacement of fish meal by yellow larval mealworm (7enebrio molitor) for 8 weeks



(O g Alels (5 3L) (alo b oS 5 95 byl (S ety 0 Shoe p (oale 33 Sbm 0)) Scwg 9)Y 39 (Sl SIS VA

3y Swogw 93 ;09 TN L (Bl yogy (3Kl a5 s S
aile i)leS oBiws lag,mSL o slaws ioli8l cow
Eubacterium rectale .Clostridium coccoides
s Carnobacterium spp. Bacillus spp.
syl o Wil 5l S aS o Entferococcus spp.
2y 9,Sdas L»-’Léf 9§ dlge g ol (1Bl oo
o Sen ¢ Sankian . yuoen oS o bl ke ik
2188 Bras o5 g ol e s a5 Wols L (Y4 VA)
zhw il b (Siniperca scherzeri) ¢y Jsile ale
1Y e U ale jog sl 4 pyshe o iRl
a il galS Coas 4 Y gl o g sl il
2 e solgd (YY) o, Ken g Rawski cslis jobo
b 8o Slge D g s Sgue 9 039) jp o3l (I
e oad 2100, alS jog 1Y V0 sbaw gl
239,515 6 e $)Ls (le 0 ez ) ol Sl s
cho (V) o Kea 4 Valipour Ko aslas
Olee aly ol om sl @ pyshe ;09 VYO 0Kl
A5 eSS, YIS heslonze 5o asgy gl
OIS T in,S (yme aie b oy g 0y 0 ,Shee
Jdo 4oy o lpis YL okl eolaiwl a5 wis S
3 Skoe lS o 3¢ Slyo s pdypan e 3G
oSer o Harsij cnl ogzg b ogdee plnle wi,
o1y 0y Swgw 0aiy o5 18 HuilbS maw (Y419)
YT oale ;0 2138 (590,00 9 0, slo aziwl 8 g
b o5)ls5 slampl iy Sy 5l Sl (LSS,
(e W3S SIS ) 05 Swse 95 35 (53958
o zolaw o aS wols HLii (Y+10) ol ) Ken 4 Belforti
PR Sl 43 Swgw Y o SRl 100 5 YO
oSSy @YU olale 2l 03y 5o ol ol
Seog 391 5998 b @l Jrad G pd g 0l osalie
5 ey w50y sloasls spuge o Jaisd ¥
rya> ) pol> adlllas lale b ohg o, 25 5 218
Stz Jalge @ Olgson 1) (Ol (23Rl ol 5
Pogke g clio (2138 (5] 5 (pliention oS 5 alex

Sriymas Gl g shie dlge ol o Jletal dse

Coleoptera ; Diptera lasy,5 alo> 5l &l i glgil
) Comb )0 3lsls Olale (anb 238 3 5l (o250
Pyka and Kolman,) aes o  elas! oy «
51 ooliiul a5 g, oo b 40 (2003; Xu et al. 2019
7 9 B9 3l (@Yb polie il Jdo 4 Slpi o9
5 el gl 5l coslin B oS5 528l L ol an
b sl I8 m (sl i L 51 ezl o (slaaend
il g Sl 55l leale o3l 550 (sloisS
€98 a5 W oo lis Olpis j0g 005 o LS Slalllas
$lds slajls 5 oole 435 39y (l0e (5510 2 500
slads glagasls 5 ab) o Slee p gody 4 2L
Hoffmann et al. 2020; Liland ) wes 135,56
ol asllas o (et al. 2021; Rawski et al. 2021
2 (pskee) 955 Swgas 9 ¥ o0 b (pbo yo5 (3Kl
G el sgu 4 ymie hale b 0yex )0 zolaw plo
09,5 b dulie o (a9 &5 £5 5 O (g RIFD w5,
g 15+ 51 VL ol 5o o sle Jp o asls
» S e Ko Bk laiad s Slee oS ow
gobw o ol adlae Glabefsd ;o Ayan 0jse b
b o350l aas oo lis a5 aid sasline 3K el
Ol comizen 2aala lale (Swilely » he ol
Fo e sk bonsadss plabe o LlE o cuye
EazS 53 .28l Sguge wall 09,5 4 s 30> 1P
el 45 5,8 s s lads 5 o, e asls
b0 Bl jom Gl apyshe o 1P B Rl
3 b e Oyt 4 1Y+ gl Jy s 052y oals
Tobam 0 (Rl aizen 09h oo Slpiiay solatdl L
P g ad, gl Slee jialS 4 e (JA-Ye) YL
G iz 0 alodih o i s s ol
&l olole alex Sl plale Gl slaaiss ;o M8
(Y1) o, Ken g JOZeflak « Jlio ol p sl oo 3,155
aS 20,5 ke (Acipenser baerii) sy plowl )
GG AL S Cagll o Swge o (9954
Ot e bl g a0l (5165 oliws o (Sdsmgn
Ol Wil oS oo 58 Gljee cedls 5 0y b pes Soe



AT O 205558 08 ojled ool Jlo) lil s

ire SIS 93 sl pasly yrpyskes 100 5 5k
SLs 0 (Y+YY) ) Sen 5 ANANY (poen Cilas
9 ply 3G e g (Oreochromis niloticus) J.s
olis Saccharomyces cerevisiae) s g p sl
JoudS olaws (iol58l o oles 4 yode (ailouS oS wisls
Py b oS gles 5 mslSgen Olime o8 g die
Feng . Jlic ;5 ool S5 sl ,9i56 (6,36 p sk
G 2l S e 0 (V) ke
aS w8, b5 (Macrobrachium rosenbergii)
Sl i Gl b Coagen sloasl IS olass
s W AN GYF 5l bl oe sl @ pyekbe 00
MCH 50 Lals ool andllas o .l il (V8.
aS o odalive pysle yog oS 3Kl o MCHC 4
cole oo 5 Jols GseS @ ol las! S
o3l G sole (o jluiyer sbaplul jo 36,8 sl JodS
Sg>g alawly 4 wilgs ooyl ol (Ates et al. 2008) oz
aS Al S aiile g (091 40 D950 (gdre Jub dlge
CAz pae s Cenl (See (0l (YL ol o
29 W o by g Sgd el wile polie (S
g s sl s

e 09 b SladsdS 5l 095 (n et ilamgdd
Lol (RlS 5 wigd oo wgmms 35l Jolge il 5o glds
ail 4l plale codle o coge G el (e
Xy, pé 4 «pol> adlle ,o (Falahatkar et al. 2017)
5ol e Sl 1L i sl el olass o alS
sledelS Glyie 4) Comsad glaasl slaas o 5V
0dy 1¥e-Fe s o (Gloale o3 ;0 9290 ol dan
— U5l sl als ezl LYo a5 sy oo Sl 4y s
SlaS 5 2z 5l Slie Canl Son (395 ddes 5 508 sl
Exoge (nl (D (pg, &5 2Bl pyske 135 50 S92 90 00
Sl s enl 5hols s ean )0 55ds Glacm,p &
£5 eople aisT 5 S pé e yols aslllas glaazily
b Ghan sheme Jeloe 5 oailbnS gshaw 0pio 00
Anany et al.) o,bs Jlgzea L3 cldlhas 51 Sy
2023

Comez Gl g (ean] Sl jo G 4 L)
(ean] lalllae ;o Gados 4 5L3) (Sdgmgyn slags xSL
395 byl ool Sliadms 1o b o)lge ol a5 ol s

Lgh ale 2 )
P looetion sla,eSl 5 So> slaasli 5 pSeslul
Sodle Caxdy 2l slr cwle )l olele s
2 Sl il slagel 5 a8 0 Sles ((ooges
oo 3,5 5 g b slmo iz b eat i Lals
Po SRl E ey o gogame Slillae igd
i o o 4 5 05 ool 5 s lenls 5o ke
oads plosl Lol ;oo slodiss L Lol aslllas sboools
prolee yo9 ailuS aS ol las pols addlas ol ol
b ol J5 Sjdylen slaaxinlp noopz 5o
Ol b 9 50,8 SlaJoulS Slaws 4S5 o 4y o BlSS
o sasSlr g IR L oSl 5 ouslSen
S5 b Azl i (nl gzg b awiSly als e slee
59,5 )13 jokee 09 3l cou YU GuilS sl o
il wals 05,8 b o pime M Gl pel 4o
WeS ad gl 4 Db 4 (Se3 laaziulp polie ax S
wlataly azee Jalse 5 oyl (ale (39 9 o
o9 slesls polas Jy «(Falahatkar et al. 2017)
odgaze ;0 (ool oga> U ole J8 yo ols aslas
5 s L liime S50 ey edd L3S O late
S8bes i siie Ol Sl polo aslllas ;5 )5k 09 (S
Bahmani et al. 1999; ) cula Ss5 slo,e56 IS
o i 109 ol «pl 59>9 L (Binaii et al. 2014
2 e Sl Gl sl o o ol o G @
3555 sl (L5 slaasily 51 (5 5 s> sla sl
@y 0 il T by ol anlllae gl L ol 51 a8
aS wols las (Y4)9) e 4 Valipour k.
5 omolSen Al a4 e jsles 09 TYO 03Kl
B a0l mhw Gl bl s VI3 s co Sles
O &S 0l dbgye polie rals a4 e LYo 5 VO
el 09z Lol sn Lol adlas o (guig,
eyl as wols e (Y- YY) e g Melenchon
obos oRe 0,82 93 135 b (ol j3gy VY 510 Zslan



(O 5 Alels (5 8L) (oale 8 oS 5 (95 oyl (5 ey 0,8ee p (oale 139y (Sl 3,5 Swwge 9 39 (o3l SIS AN

anli a baee 1) o cle a5 cutls oS olscdl
P rd g (207 2979 10 S 0l 00 250
9595 2 $Fpe Jolo Sl (Sew Dlyie 00 0 VL
Sanchez-) aislb ole ;o oS slasl wjsugl
Sobos lale o a5 el ;I .(Muros et al. 2016
(Tpsle a,9) (Bl 035 ;0 (Gae Slge iz ainy
as) (Goblet cell) JSio ol> slaaisl slass g 009,
(ol Al il 5Ty o5 Sy T el
o3 @S5 poskee 08 b opasa sanl e

ool 55978 pleded
Slompl e Ghall (s slompl polie s
/f’—;" O"" CB.E.M: )o 009"4} 4.: ALP 9 ALT ‘AST
AST/ALT cocs o gime 09 YL LS o o3l
sl wS s Shee ppyskee 00 (0l 5l gsla
L ol oimoplis Lawdly ALT (oW colad o8,k
A Rl g o egatar | SRlEl o de )
5 oS slae Bl e il (uimen bl Ve e
op> 0 2l g S Bi> LIS sae ssimolis
paskee 25 oS (il a5 09,00 oS il (aleJS
<oz ol ol slul iz slaawl Jolss (0500 0 b
0 5 Shee s e Sl by i jo Pl g glod
pogkee 05 S 5 0 e Oy slaasul (SO Sl
0y iy oy ool 5l seS polie a5 >0 el
sl codie (Finke, 2002) o,ls 0929 o] ;o sbeol e
9 S9dee &S )0 JordSanls s ady o Sl
N5 8t o 5L ol 3 (ogasa |, a8 slap ]
28,5 LiliE (YY) ), Lias Sysb @ s
15 05 59,55 camgn IV 51 L s 5 oslisd 45
o 5en s Hoffmann « Jlie ;o 058 o0 Jgeno j9u5
5 poskee yo5 LY 030 j0 o cxe WS (YY)

L 55515 I w5 o oo sloaminl § L
ol a8 28l Gl (Lol b 0z 4 o joke 090 (093]
by 335855 e 5l 6551 adg 4 Sl (S
25U cos dite yob 4y 05 sla T a5 bl 5l g sl
S 51 3 55518 aal3l a5 S g s i S5 18
S5 Sibled sl Gl g 00s 5o (el (slagaly
(Wiegertjes et al. 1996) el als o sl olKiws
7 oM il plgie 4 Slpde g A (IS 5k 4
309 bS8 o5 cdale Lol addllas po ool
e JoindS 990 )3 4023 (nl (Jg 28l LS )9k
3 dpedlSie 5 als g JotadS (e BN S oo
Cnl u&«o [°)5'l""° 3909 I VES C}'a.w )l oé; <\.>~.\.u UL&LA
ol g gldl oz lavsul SYL polie S92y
b pe pyshes j3g 50 002 i glidline oy slane]
alllas glaazsly M, (Caimi et al. 2020b) asb
5 JopelS SslE olie alisde BB alS ol
<ol @b b el e e
cilisee o 3l 00,5 adss (Dicentrarchus labrax)
O35 (VoY) o, Ke g Mastoraki lawgs p,eke j09
Sy, (YA o) es 3 Khosravi pumes o
Bloye o ) 0By Gl o sialS
Tobw el Lol 4,35 le> (Sebastes schlegeli)
4 03,5 5 pyskee yos IYY S YE NP A Sl
Sliize ol slaasily b ol asllas gl cillas 5l oLis
Bl (Sep o)l Ll e 0 S| (4
4 aisls (yLis (Y VA) oS g Sankian «,ol> axlas
le 50 pygkee 509 Y g Vo ) ailnS ol G
3 dpedlSis g Ledy S5 JondS polie o luile
solie Jgzdl galS mohe Ko 4 cos Yz
cob 5l e o0 Slamsl g cmesdl gl sy
cbas 4 W0,S LT Gy lowli o (YY)
e 0dd a3 aym MelS yoen I AYVIO b Sl
Kl ie S b s sl 4 oo by



AYTOVEF 0005958 (050 o,lods o33l Jlo) ()bl 4355

WS ) o sladsul adgi g 039, 10 (27 (b D32
.(Xia et al. 2010; Henry et al. 2018) oS vdas

b oole yo (R iRle de 5o ol plowl Dlalllas jiiey
5 05y slagasls n el o9 alex Ol p3g
8o D31 5o aties lapanslSs 5Bl (g0 (bl i
s9>g L .(Alfiko et al. 2022) coul oo 55 peie Lyl
29 3L sk (asS j3 caiiSsgaze Lol Jalse <yl
Jolial Jlgy «oufign s bl pals 4 ol
slaaul polas Ollug § oy 99 YU ! glaaul
23 plgie gldl oz glassul (ogVl ogasa o)z
@ pygkee pog SIAYO-Y (il e whaw (bl )
SSbee e Sl e J98 BB e anion Olgis
VYV o Sen s Liland s s 0,0 5o oLl S
!y el oo ad pdy (Y0Y0) o Ken 3 Willora 4
slacald 5 (Hly i g mas oo 0928 (o) (ol
Sloaiss Lls5 olfws )5 pjlee j3g (il g S
dox jl )bl leale o (ogazar ysnsn! Al
095 S5y, 9 (JoSge Sk 5l eolinal b (alofid

(Terova et al. 2021) el (59,0 ool jo

e (5 5 A
oS ol Lt 4ds g 0, sl asls 5l ol adlia
e (Blo e Sl pskee 09 1 5l YL (0Kl
oS oy b S g ad; oSl (o ya8 talS @
olpie 4 IV Sl gl g oad alod o ol
az S oglee Seiiny oladl Gl mlaw g
Tob adS o ale o5 lx a4 pyshe o5 (oSl
D bl s )0 (G sleamiul )l (S ol e
Ol clis o3gaome ;0 ladziial B onl s polie Jy
Tob o5 d oo Sl ol 18 ale LS sl o0
5 o sty n e Ol Gl ol
swosls IS samaax 3ol ale L8 50 sl 3]
Olpse pladed o oS sl pl 5 Sidglen Wi,
S @ pyshee jo5 oS (Lol el a5 285w
gl plgie 47V (Rl gl 5 8)l05 3925 (Bl 0
Sl )3 slosill (g (il 92 b 09 b oo Sleiiay atste

2olie p ple o9 sl @ pole oudidg nee g
sbe YIJPE » ALT 5 AST us ol
3 (Omied 50,55 sanlie (Salmo trutta m. trutta)
pogkes 003 (2302 3 MV r 9 00 el (S0l
Y158 oale glawdly ALP 5 ALT (Jl5ee o 5505

2o (Y+YF) o en o Habte-Tsion aslas
S eS) Shawes Sl Gl polie shls im0
309 30 S e (Wb pilS g (St 95l Yo
Salaie 0 i ad, calizee Jolio g i oy Ol i
S5 (S g9 5l Y 5l meS BN 5 5L ol
elondion oS 5 30 S LEIY 0gzg 4 azgi b ol
s C5.|a.w uwb:j ‘).oL> axllas l°)5l'«?"° 09
obebodd cialesl slooyezr o oads el Sl
@ lyopx Gl S5l et 5l J9d BB o atdly
Jdo s bl in aSl @ dzgi b aws plais] sgs
[FPRCCINLINCA SUR P PNEY P ISRE ECR g H ISR
Sebastolobus  sisle S 5l S onl s>
9 Sebastes alascanus
Sl el clad aluly 4 Anoplopoma fimbria
QS oolatwl (S o Slade gol> slao yux "”"‘9‘(5‘"
ool adpdy M5 4b 4 (Gutowska et al. 2004)
G 03T dgazme HeiSBE G leie 4 S a5 el

diploproa

(n) 9529 b g g0 Dl pi j0g sl cslaiul Ho Cusgase
SSbee e Sl il o )3 (S 5l oS palie (3958
5 oS 1Y oozl a5 oysb 4y eewl anila oLl
(9> Azl S dgnn 50 (e Dl Sl oz y0 (e
DAz 5 Ak )3 (5)lsS olliws Uiy Sae o Shos a3l
2 ol o il Jolss il ) Canslin 5 (die Slse
Gopalakannan and Arul, 2006; )
(Harikrishnan et al. 2012; Barrett et al. 2024
2 (V1) o5 g Valipour bug 5o alie mls
S e Sy Dl o (e 225 45 b I3 VI3
3l Glee ol jo el oius cuiS Cysdi g (S
) bgyz pedsnlio Sl (Son (S« Saels 8 Sl
L a5 cgglio sloal oS (505 5l cailas Lo



(O g Alels (5 3L) (oale J8 &S 5 (95 byl (> ed; 0,8hee 5 (ale 390 (Slm 3,5 S 9 39 (o3l SIS AY

Alfiko, Y., Retno, D.X., Astuti, T., Wong, J.,
Wang, L. 2022. Insects as a feed
ingredient for fish culture: Status and
trends. Aquaculture and Fisheries 7: 166-
178. DOI: 10.1016/j.2af.2021.10.004.

Anany, E.M., Ibrahim, M.A., El-Razek,
I.LM.A., El-Nabawy, E.S.M., Amer, A.A.,
Zaineldin, A.L., Gewaily, M.S., Dawood,
M.A. 2023. Combined effects of yellow
mealworm  (Tenebrio  molitor) and
Saccharomyces cerevisiae on the growth
performance, feed utilization intestinal
health, and blood biomarkers of Nile
tilapia (Oreochromis niloticus) fed fish
meal-free diets. Probiotics and
Antimicrobial Proteins 32: 1-12. DOI:
10.1007/s12602-023-10199-8.

Arru, B., Furesi, R., Gasco, L., Madau, F.A.,
Pulina, P. 2019. The introduction of insect
meals into fish diet: The first economic
analysis on European sea bass farming.
Sustainability 11: 1697. DOI:
10.3390/sul11061697.

Ates, B., Orun, 1., Talas, Z.S., Durmaz, G.,
Yilmaz, I. 2008. Effects of sodium selenite
on some biochemical and hematological
parameters of rainbow trout
(Oncorhynchus mykiss Walbaum, 1792)
exposed to Pb*" and Cu?". Fish Physiology
and Biochemistry 34: 53-59. DOI:
10.1007/s10695-007-9146-5.

Bahmani, M., Kazemi, R., Donskaya, P. 1999.

Comparative study of biochemical and

hematological features in reared sturgeons.

Iranian Journal of Fisheries Science 1: 61-
73. DOI:
20.1001.1.15622916.1999.1.2.6.2.
Barrett, M., Godfrey, R.K., Schnell, A.,
Fischer, B. 2024. Farmed yellow
mealworm (7Tenebrio molitor; Coleoptera:

5 (blos! als cole, L) 1 -F+ mohw b 035
5 oSS sl iale;l 4y s aS 518 Sezg ale b 0 pux
SLigmg S (coad (slags 5l ¢ clitndly 558 w)yp

S o0 63908 1) 05 Ol 9 IS ol

Tenebrionidae) welfare: species-specific
recommendations for a global industry.
Journal of Insects as Food and Feed 10:
903-948.  DOLI: 10.1163/23524588-
20230104.

Barroso, F.G., de Haro, C., Sanchez-Muros,
M.J., Venegas, E., Martinez-Sanchez, A.,
Perez-Banon, C. 2014. The potential of
various insect species for use as food for
fish. Aquaculture 422-423: 193-201. DOLI:
10.1016/j.aquaculture.2013.12.024.

Belforti, M., Gai, F., Lussiana, C., Renna, M.,
Malfatto, V., Rotolo, L., De Marco, M.,
Dabbou, S., Schiavone, A., Zoccarato, 1.,
Gasco, L. 2015. Tenebrio molitor meal in
rainbow trout (Oncorhynchus mykiss)
diets: effects on animal performance,
nutrient  digestibility and chemical
composition of fillets. Italian Journal of
Animal Science 14: 670-676. DOI:
10.4081/ijas.2015.4170.

Belghit, 1., Liland, N.S., Gjesdal, P.,
Biancarosa, 1., Menchetti, E., Li, Y.,
Waagbo, R., Krogdahl.,, A., Lock, E.J.
2019. Black soldier fly larvae meal can
replace fish meal in diets of sea-water
phase Atlantic salmon (Salmo salar).
Aquaculture  503: 609-619. DOI:
10.1016/j.aquaculture.2018.12.032.

Binaii, M., Ghiasi, M., Farabi, S. M. V.,
Pourgholam, R., Fazli, H., Safari, R.,
Alavi, E., Taghavi, M.J., Bankehsaz, Z.
2014.  Biochemical and  hemato-
immunological parameters in juvenile
beluga (Huso huso) following the diet
supplemented with nettle (Urtica dioica).
Fish and Shellfish Immunology 36: 46-51.
DOI: 10.1016/5.£51.2013.10.001.

Blaxhall, P., Daisley, K. 1973. Routine
haematological methods for use with fish



AFLOFF 000,558 050 o,leds uasil Jlo) bl adss

blood. Journal of Fish Biology 5: 771-781.
DOI: 10.1111/5.1095-8649.1973. tb045
10.x.

Borges, A., Scotti, L.V., Siqueira, D.R.,
Jurinitz, D.F., Wassermann, G.F. 2004.
Hematologic and serum biochemical
values for jundid (Rhamdia quelen). Fish
Physiology and Biochemistry 30: 21-25.
DOI: 10.1007/s10695-004-5000-1.

Brafield, A.E. 1985. Laboratories studies on
energy budgets. In: Fish Energetic. New
Perspective. Tytler, P., Calow, P. (Eds.).
Croom Helm, London, 257-281.

Caimi, C., Renna, M., Lussiana, C., Bonaldo,
A., Gariglio, M., Meneguz, M., Dabbou,
S., Schiavone, A., Gai, F., Elia, A.C.,
Prearo, M., Gasco, L. 2020a. First insights
on black soldier fly (Hermetia illucens L.)
larvae meal dietary administration in
Siberian sturgeon (Acipenser baerii
Brandt) juveniles. Aquaculture 515:
734539. DOI: 10.1016/j.aquaculture.2019.
734539.

Caimi, C., Gasco, L., Biasato, 1., Malfatto, V.,
Varello, K., Prearo, M., Pastorino, P.,
Bona, M.C., Francese, D.R., Schiavone,
A., Elia, A.C., Dorr, A.J.M., Gai, F. 2020b.
Could dietary black soldier fly meal
inclusion affect the liver and intestinal
histological traits and the oxidative stress
biomarkers of  Siberian  sturgeon
(Acipenser baerii) juveniles? Animals 10:
155. DOI: 10.3390/ani10010155.

Campbell, T.W., Ellis, C.K. 2007. Avian and
Exotic Animal Hematology and Cytology.
3 edn. Blackwell Publishing, Ames. 287
p-

Cashion, T., Le Manach, F., Zeller, D., Pauly,
D. 2017. Most fish destined for fishmeal
production are food-grade fish. Fish and
Fisheries 18: 837-844. DOI:
10.1111/faf.122009.

Chen, H., Yu, J., Ran, X., Wu, J., Chen, Y.,
Tan, B., Lin, S. 2023. Effects of yellow
mealworm (Tenebrio molitor) on growth
performance,  hepatic  health  and

digestibility in juvenile Largemouth Bass
(Micropterus salmoides). Animals 13:
1389. DOI: 10.3390/ani13081389.

Doumas, B.T., Watson, W.A., Biggs, H.G.
1971. Albumin standards and the
measurement of serum albumin with
bromcresol green. Clinica Chimica Acta
31:  87-96. DOIL: 10.1016/0009-
8981(71)90365-2.

Dumas, A., Raggi, T., Barkhouse, J., Lewis,
E., Weltzien, E. 2018. The oil fraction and
partially defatted meal of black soldier fly
larvae  (Hermetia  illucens)  affect
differently growth performance, feed
efficiency, nutrient deposition, blood
glucose and lipid digestibility of rainbow
trout (Oncorhynchus mykiss). Aquaculture
492: 24-34. DOI:
10.1016/j.aquaculture.2018.03.038.

Falahatkar, B., Alaf Noveirian, H., Ghafouri,
H., Babakhani, A. 2017. Effect of different
temperature regimes on blood parameters
of Acipenser ruthenus during a simulated
transport experiment. Journal of Animal
Research (Iranian Journal of Biology) 30:
225-236. DOLI:
20.1001.1.23832614.1396.30.2.10.1.

Fall, S.K.L., Fall, J., Loum, A., Sagne, M.,
Jatta, S., Ndong, D., Diouf, M., Sheen, S.S.
2020. Effects of partial substitution of fish
meal by Crustacean (Callianassa) meal on
the growth performance, feed efficiency
and survival rate of Nile tilapia
(Oreochromis  niloticus). Journal of
Biology and Life Science 11: 207-217.
DOI: 10.5296/jbls.v11i1.16700.

Feng, P., He, J., Lv, M., Huang, G., Chen, X.,
Yang, Q., Wang, J., Wang, D., Ma, H.
2019. Effect of dietary Tenebrio molitor
protein on growth performance and

immunological parameters in
Macrobrachium rosenbergii. Aquaculture
511: 734247. DOLI:

10.1016/j.aquaculture.2019.734247.
Finke, M.D. 2002. Complete nutrient
composition of commercially raised



(O 5 Alels (5 3L) (oale 8 oS 5 (95 byl (5 ) 0,8ee p (oale 390 (Slm 3,5 S 9 39 (o3l SIS AD

invertebrates used as food for insectivores.
Zoo Biology 21: 269-285. DOI:
10.1002/200.10031.

Gasco, L., Henry, M., Piccolo, G., Marono,
S., Gai, F., Renna, M., Lussiana, C.,

Antonopoulou, E., Mola, P., Chatzifotis, S.

2016. Tenebrio molitor meal in diets for
European sea bass (Dicentrarchus labrax
L.) juveniles: growth performance, whole
body composition and in vivo apparent
digestibility. Animal Feed Science and
Technology 220: 34-45. DOI:
10.1016/j.anifeedsci.2016.07.003.

Gasco, L., Acuti, G., Bani, P., Dalle Zotte, A.,
Danieli, P.P., De Angelis, A. 2020. Insect
and fish by-products as sustainable
alternatives to conventional animal
proteins in animal nutrition. Italian Journal
of Animal Science 19: 360-372. DOI:
10.1080/1828051X.2020.1743209.

Gopalakannan, A., Arul, V. 2006.
Immunomodulatory effects of dietary
intake of chitin, chitosan and levamisole
on the immune system of Cyprinus carpio
and control of Aeromonas hydrophila
infection in ponds. Aquaculture 255: 179-
187. DOLI:
10.1016/j.aquaculture.2006.01.012.

Gutowska, M.A., Drazen, J.C., Robison, B.H.
2004. Digestive chitinolytic activity in

marine fishes of Monterey Bay, California.

Comparative Biochemistry and
Physiology  139A: 351-358. DOI:
10.1016/j.cbpb.2004.09.020.
Habte-Tsion, H.M., Hawkyard, M., Sealey,
W.M., Bradshaw, D., Meesala, K.M.,
Bouchard, D.A. 2024. Effects of fishmeal
substitution with mealworm meals
(Tenebrio  molitor and  Alphitobius
diaperinus) on the growth,
physiobiochemical response, digesta
microbiome, and immune  genes
expression of Atlantic salmon (Salmo

salar). Aquaculture Nutrition 1: 1-21. DOI:

10.1155/2024/6618117.

Halver, J.E., Hardy, R.W. 2002. Fish
Nutrition. Elsevier, Amsterdam,
Netherlands, 839 p.

Harikrishnan, R., Kim, J.S., Balasundaram,
C., Heo, M.S. 2012. Dietary
supplementation with chitin and chitosan
on haematology and innate immune
response in Epinephelus bruneus against
Philasterides dicentrarchi. Experimental
Parasitology  131: 116-124. DOI:
10.1016/j.exppara.2012.03.020.

Harsij, M., Adineh, H., Maleknejad, R.,
Jafariyan, H., Asadi, M. 2019. The use of
live mealworm (7Tenebrio molitor) in diet
of rainbow trout (Oncorhynchus mykiss):
effect on growth performance and survival,
nutritional efficiency, carcass
compositions and intestinal digestive
enzymes. Journal of Fisheries Science and
Technology 8: 137-143. DOI:
20.1001.1.23225513.1398.8.3.3.3.

Henry, M.A., Gai, F., Enes, P., Perez-
Jimenez, A., Gasco, L. 2018. Effect of
partial dietary replacement of fish meal by
yellow mealworm (7enebrio molitor)
larvae meal on the innate immune
response and intestinal antioxidant
enzymes of rainbow trout (Oncorhynchus
mykiss). Fish and Shellfish Immunology
83: 308-313. DOI: 10.1016/.fs1.2018.
09.040.

Hoffmann, L., Rawski, M., Nogales-Merida,
S., Mazurkiewicz, J. 2020. Dietary
inclusion of Tenebrio molitor meal in sea
trout larvae rearing: Effects on fish growth
performance, survival, condition, and GIT
and liver enzymatic activity. Annals of
Animal Science 20: 579-598. DOI:
10.2478/a0as-2020-0002.

laconisi, V., Bonelli, A., Pupino, R., Gai, F.,
Parisi, G. 2018. Mealworm as dietary
protein source for rainbow trout: Body and
fillet quality traits. Aquaculture 484: 197-
204. DOLI:
10.1016/j.aquaculture.2017.11.034.



AFLOTF 5055058 oSy o)kad il Jlo) bl apdis

Jeong, S.M., Khosravi, S., Mauliasari, [.R.,
Lee, S.M. 2020. Dietary inclusion of
mealworm (7enebrio molitor) meal as an
alternative protein source in practical diets
for rainbow trout (Oncorhynchus mykiss)
fry. Fisheries and Aquatic Sciences 23: 1-
8. DOI: 10.1186/s41240-020-00158-7.

Jozefiak, A., Nogales-M¢érida, S., Rawski, M.,
Kieronczyk, B., Mazurkiewicz, J. 2019.
Effects of insect diets on the
gastrointestinal tract health and growth
performance of Siberian  sturgeon
(Acipenser baerii Brandt, 1869). BMC
Veterinary Research 15: 348. DOI:
10.1186/s12917-019-2070-y.

Khosravi, S., Kim, E., Lee, Y.S., Lee, S.M.
2018. Dietary inclusion of mealworm
(Tenebrio molitor) meal as an alternative
protein source in practical diets for
juvenile rockfish (Sebastes schlegeli).
Entomological Research 48: 214-221.
DOI: 10.1111/1748-5967.12306.

Langston, K., Selaledi, L., Tanga, C., Yusuf,
A. 2024. The nutritional profile of the
yellow mealworm larvae (7enebrio
molitor) reared on four different substrates.
Future Foods 9: 100388. DOI:
10.1016/.fufo.2024.100388.

Li, S., Ji, H., Zhang, B., Zhou, J., Yu, H. 2017.
Defatted black soldier fly (Hermetia
illucens) larvae meal in diets for juvenile
Jian carp (Cyprinus carpio var. Jian):
Growth performance, antioxidant enzyme
activities, digestive enzyme activities,
intestine and hepatopancreas histological
structure. Aquaculture 477: 62-70. DOI:
10.1016/j.aquaculture.2017.04.015.

Liland, N.S., Araujo, P., Xu, X.X., Lock, E.J.,
Radhakrishnan, G., Prabhu, A.J.P.,
Belghit, 1. 2021. A meta-analysis on the
nutritional value of insects in aquafeeds.
Journal of Insects Food Feed 7: 743-759.
DOI: 10.3920/JIFF2020.0147.

Makkar, H.P.S., Tran, G., Heuzé, V., Ankers,
P. 2014. State of the art on use of insects
as animal feed. Animal Feed Science and

Technology 197: 1-33. DOI:
10.1016/j.anifeedsci.2014.07.008.

Mastoraki, M., Molla Ferrandiz, P., Vardali,
S.C., Kontodimas, D.C., Kotzamanis, Y.P.,
Gasco, L., Chatzifotis, S., Antonopoulou,
E. 2020. A comparative study on the effect
of fish meal substitution with three
different insect meals on growth, body
composition and metabolism of European
sea bass (Dicentrarchus labrax L.).
Aquaculture  528:  735511. DOI:
10.1016/j.aquaculture.2020.735511.

McClatchey, K.D. 2002. Clinical Laboratory
Medicine, 2" edn. Lippincott Williams
and Wilkins, Philadelphia, 1936 p.

Melenchon, F., Larran, A.M., De Mercado,
E., Hidalgo, M.C., Cardenete, G., Barroso,
F.G., Fabrikov, D., Lourengo, H.M.,
Pessoa, M.F., Tomas-Almenar, C. 2021.
Potential use of black soldier fly
(Hermetia illucens) and mealworm
(Tenebrio molitor) insect meals in diets
for rainbow trout (Oncorhynchus mykiss).
Aquaculture Nutrition 27: 491-505. DOI:
10.1111/anu.13201.

New, M.B., Wijksto, M.U.N. 2002. Use of
Fish meal and Fish Oil in Aquafeeds:
Further Thoughts on the Fishmeal Trap.
FAO Fisheries Circular No. 975
FIPP/C975. Food and Agriculture
Organization of the United Nations, Rome.

Ng, W, Liew, F., Ang, L., Wong, K. 2001.
Potential of mealworm (7enebrio molitor)
as an alternative protein source in practical
diets for African catfish, Clarias
gariepinus. Aquaculture Research 32:
273-280. DOI: 10.1046/j.1355-
557x.2001.00024 .x.

Nogales-M¢érida, S., Gobbi, P., Jozefiak, D.,
Mazurkiewicz, J., Dudek, K., Rawski, M.,
Kieronczyk, B., Jozefiak, A. 2019. Insect
meals in fish nutrition. Reviews in
Aquaculture 11: 1080-1103. DOI:
10.1111/raq.12281.

Piccolo, G., laconisi, V., Marono, S., Gasco,
L., Loponte, R., Nizza, S., Bovera, F.,



(O 5 Alels (5 3L) (oale J8 &S 5 (95 byl (> ey 0,8ee p (ale 390 (Slm 3,5 S 9 39 (o3l SIS AY

Parisi, G. 2017. Effect of Tenebrio molitor
larvae meal on growth performance, in
vivo nutrients digestibility, somatic and
marketable indexes of gilthead sea bream
(Sparus aurata). Animal Feed Science and
Technology 226: 12-20. DOI:
10.1016/j.anifeedsci.2017.02.007.

Pyka, J., Kolman, R. 2003. Feeding intensity
and growth of Siberian sturgeon Acipenser
baerii Brandt in pond cultivation.
Archives of Polish Fisheries 11: 287-294.
DOI: 10.11/APS-1201-8.

Raghuvaran, N., Varghese, T., Jana, P.,
Angela Brighty, R.J., Muthiah Sethupathy,
A., Sudarshan, S., Alrashdi, Y.B.A.,
Ibrahim, A.E., El Deeb, S. 2024. Current
status and global research trend patterns of
insect meal in aquaculture from
scientometric perspective: (2013-2022).
Aquaculture Nutrition 1: 1-20. DOI:
10.1155/2024/5466604.

Rawski, M., Mazurkiewicz, J., Kieronczyk,
B., Jozefiak, D. 2020. Black soldier fly
full-fat larvae meal as an alternative to fish
meal and fish oil in Siberian sturgeon
nutrition: The effects on physical
properties of the feed, animal growth
performance, and feed acceptance and
utilization. Animals 10: 2119. DOI:
10.3390/ani10112119.

Rawski, M., Mazurkiewicz, J., Kieronczyk,
B., Jozefiak, D. 2021. Black soldier fly
full-fat larvae meal is more profitable than
fish meal and fish oil in Siberian sturgeon
farming: The effects on aquaculture
sustainability, economy and fish GIT
development. Animals 11: 604. DOI:
10.3390/ani11030604.

Ribeiro, N., Abelho, M., Costa, R. 2018. A
review of the scientific literature for
optimal conditions for mass rearing
Tenebrio molitor (Coleoptera:
Tenebrionidae). Journal of Entomological
Science 53: 434-454. DOLI:
10.18474/JES17-67.1.

Sanchez-Muros, M.J., de Haro, C., Sanz, A.,

Trenzado, C.E., Villareces, S., Barroso,
F.G. 2016. Nutritional evaluation of
Tenebrio molitor meal as fishmeal
substitute for tilapia  (Oreochromis
niloticus) diet. Aquaculture Nutrition 22:
943-955.DOI: 10.1111/anu.12313.

Sankian, Z., Khosravi, S., Kim, Y.O., Lee,

S.M. 2018. Effects of dietary inclusion of
yellow mealworm (7Tenebrio molitor)
meal on growth performance, feed
utilization, body composition, plasma
biochemical indices, selected immune
parameters and antioxidant enzyme
activities of mandarin fish (Siniperca
scherzeri) juveniles. Aquaculture 496: 79-
87. DOI:
10.1016/j.aquaculture.2018.07.012.

Scaffardi, L., Formici, G. 2022. Novel Foods

and Edible Insects in the European Union:
An Interdisciplinary Analysis. Springer,
Amsterdam, 181 p.

Singh, S.K., Pawar, L., Thomas, A.J,

Debbarma, R., Biswas, P., Ningombam,
A., Devi, A.G., Waikhom, G., Patel, A.B.,
Meena, K.D., Chakraborty, G. 2024. The
current state of research and potential
applications of insects for resource
recovery and  aquaculture feed.
Environmental Science and Pollution
Research  31: 62264-62282. DOI:
10.1007/s11356-023-29068-6.

Su,J., Gong, Y., Cao, S., Lu, F., Han, D., Liu,

H.,Jin, J., Yang, Y., Zhu, X, Xie, S. 2017.
Effects of dietary Tenebrio molitor meal
on the growth performance, immune
response and disease resistance of yellow
catfish (Pelteobagrus fulvidraco). Fish
and Shellfish Immunology 69: 59-66. DOI:
10.1016/;.fs1.2017.08.008.

Su,J., Liu, Y., Xi, L., Lu, Q., Liu, H., Jin, J.,

Yang, Y., Zhu, X., Han, D., Xie, S. 2022.
The effect of dietary Tenebrio molitor
meal inclusion on growth performance
and liver health of largemouth bass
(Micropterus salmoides). Journal of



AN OV E 007558 (050 0,led o3l Jlo) )bl 4355

Insects as Food and Feed 8: 1297-1309.
DOI: 10.3920/JIFF2021.0033.

Taufek, N.M., Aspani, F., Muin, H., Raji,
A.A., Razak, S.A. Alias, Z. 2016. The
effect of dietary cricket meal (Gryllus
bimaculatus) on growth performance,
antioxidant enzyme activities, and
haematological response of African
catfish  (Clarias  gariepinus).  Fish
Physiology and Biochemistry 42: 1143-
1155. DOI: 10.1007/s10695-016-0204-8.

Terova, G., Gini, E., Gasco, L., Moroni, F.,
Antonini, M., Rimoldi, S. 2021. Effects of
full replacement of dietary fishmeal with
insect meal from Tenebrio molitor on
rainbow trout gut and skin microbiota.
Journal of Animal Science and
Biotechnology 12: 1-14. DOI:
10.1186/s40104-021-00551-9.

Tran, H.Q., Nguyen, T.T., Prokesova, M.,
Gebauer, T., Doan, H.V., Stejskal, V.
2022. Systematic review and meta-
analysis of production performance of
aquaculture species fed dietary insect
meals. Reviews in Aquaculture 14: 1637-
1655. DOI:10.1111/raq.12666.

Valipour, M., Oujifard, A., Hosseini, A.,
Sotoudeh, E., Bagheri, D. 2019. Effects of
dietary replacement of fishmeal by yellow
mealworm (7Tenebrio molitor) larvae meal
on growth performance, hematological
indices and some of non-specific immune
responses of juvenile rainbow trout
(Oncorhynchus mykiss). Iranian Scientific
Fisheries Journal 28: 13-26. DOI:
20.1001.1.10261354.1398.28.2.10.3.

Wiegertjes, G.F., Stet, R.M., Parmentier,

H.K., van Muiswinkel, W.B. 1996.
Immunogenetics of disease resistance in
fish: a comparative approach.
Developmental and Comparative
Immunology  20:  365-381. DOI:
10.1016/S0145-305X(96)00032-8.

Willora, F.P., Farris, N.W., Ghebre, E., Zatti,

K., Bisa, S., Kiron, V., Verlhac-Trichet,
V., Danielsen, M., Dalsgaard, T.K.,
Serensen, M. 2025. Full-fat black soldier
fly larvae meal and yellow mealworm
meal: Impact on feed protein quality,
growth and nutrient utilization of Atlantic
salmon (Salmo salar) post smolts.
Aquaculture  595:  741648. DOI:
10.1016/j.aquaculture.2024.741648.

Xia, W., Liu, P., Zhang, J., Chen, J. 2010.

Biological activities of chitosan and
chitooligosaccharides. Food Hydrocolloid
25: 170-179. DOL:
10.1016/j.foodhyd.2010.03.003.

Xu, G., Xing, W., Li, T., Xue, M., Ma, Z.,

Jiang, N., Luo, L. 2019. Comparative
study on the effects of different feeding
habits and diets on intestinal microbiota in
Acipenser baeri Brandt and Huso huso.
BMC Microbiology 19: 297. DOI:
10.1186/512866-019-1673-6.

Zunzunegui, I., Martin-Garcia, J., Santamaria,

0., Poveda, J. 2024. Analysis of yellow
mealworm (Tenebrio molitor) frass as a
resource for a sustainable agriculture in
the current context of insect farming
industry growth. Journal of Cleaner
Production  460: 142608.  DOI:
10.1016/j.jclepro.2024.142608.



