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Introduction: The most important and widely used plant-based protein sources in poultry nutrition are
soybean meal, rapeseed meal, and canola meal. However, due to limited production and competition between
humans and animals for the consumption of common protein sources, the prices of these items are
increasing. Therefore, finding an alternative protein source is important (Tacon & Metian, 2008). Typically,
animal-derived protein sources contain all the essential amino acids required by poultry. Insects grow and
reproduce rapidly and have a good feed conversion ratio because they are cold-blooded. They are also able to
convert agricultural waste into valuable biomass with high levels of energy and protein (Collavo et al.,
2005). Insects are also highly efficient protein sources, with nearly their entire biomass being edible.
Mealworms are the larvae of a species of nocturnal beetle, Tenebrio molitor, from the family Tenebrionidae,
found worldwide and are known as Mealworms because they are a pest of grains, flour, and stored food
(Ramos et al., 2002). This larva is commercially reared worldwide and is available in live, canned, dried, and
powdered forms as feed for pets, birds, and fish. The crude protein content of the dried powder of this larva
is reported to be between 31 and 50 percent, crude fiber is 10 to 15 percent, ash is 3 to 5 percent, ether
extract is 31 to 43 percent, and its gross energy is between 5890 and 6520 kcal/kg (Makkar et al., 2014). It
has also been reported that the presence of chitin in these larvae, due to its prebiotic properties, can have
beneficial effects on the consumer's immune system (Bovera et al., 2015). The nutritional composition of
mealworms depends strongly on their developmental stage, diet, and environmental conditions
(Siemianowaska et al., 2013). In general, considering the price of common protein sources and the possibility
of less access to them in the future, the use of animal protein, including insects and their larvae, could be one
of the proposed solutions (Huis et al., 2013).

Materials and Methods: An experiment was designed to investigate the effects of different dietary levels of
mealworm powder on the performance and immune response of laying hens. This experiment was conducted
at the Department of Animal Husbandry of Agricultural and Natural Resources University of Khuzestan. The
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experiment was conducted for 8 weeks (two weeks of adaptation and 6 weeks of data collection) using 120
Leghorn laying hens of the Hy-Line W-80 strain, in a completely randomized design with four levels of
mealworm powder (0, 1, 2, and 3%) with 4 treatments, 5 replications, and 6 chickens per replication with
corn-soybean based diets. Propagation, rearing, and preparation of mealworm larvae for use in diets were
carried out at Sarzamin Salamat Company. Records were taken throughout the experiment. At the end of the
experiment, blood and egg samples were collected for hematological, immunological, and egg quality
analyses.

Results and Discussion: Chemical analysis of mealworm powder revealed 97% dry matter, 40% crude
protein and 28% extract. The results showed that dietary inclusion of mealworm powder significantly
improved the overall performance of laying hens compared with the control group during the experimental
period. During weeks 1-2 of the experiment, performance was not affected by the experimental treatments.
During weeks 3-4, feed conversion ratio decreased under the influence of mealworm consumption. During
weeks 5-6, percentage production and egg mass increased under the influence of 1 and 2% mealworm
consumption, and feed conversion ratio decreased with 1% mealworm consumption. Throughout the entire
experimental period, chickens fed diets containing mealworm powder produced more egg mass and had
better feed conversion ratios compared to the control group. The egg production efficiency index increased
significantly with the inclusion of mealworm powder in the diet. Chickens fed with 1% of mealworm powder
significantly reduced LDL levels compared to other groups. Alanine aminotransferase (ALT) activity
increased significantly with increasing mealworm powder levels. Glucose, triglycerides, cholesterol, and
aminotransferase enzyme were not affected by the experimental treatments. The highest secondary antibody
titer against sheep red blood cells (SRBC) was observed in the groups fed diets containing mealworm
powder.

Conclusion: Overall, the findings of this study demonstrate that dietary supplementation with 1% mealworm
powder effectively improves feed conversion ratio, enhances the egg production efficiency index (EPEI), and
positively influences egg quality, hematological parameters, and immune response in laying hens.
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Table 1- The ingredient and nutrient composition of experimental diets
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 Mineral-permix (kg/diet): Choline chloride, 150 mg; manganese, 112.5 mg; zinc, 62.5 mg; copper, 12.5 mg; selenium, 0.31 mg; iodine, 1.4 mg; iron,
32.5 mg.
2Vitamin-permix (kg/diet): Retinyl acetate, 10000 IU; cholecalciferol, 4500 iu; a-tocopherol acetate, 37.5 iu; thiamine, 1.25 mg; niacin, 39.25 mg;
folic acid, 0.5 mg; pantothenic acid, 10 mg; vitamin K, 5 mg; nicotinamide, 4.63 mg; choline, 37.5 mg; cobalamin, 0.025 mg.
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Table 4- Effect of using different levels of mealworm powder in egg production efficiency index (EPEI)

Jol win g po> didn 93 pow 4idn 93 0)9> JS

e The first two weeks The second two weeks The third two weeks The whole course
Treatment 900 pASLS 890 paSLS Sr90 e paSLS 2908 pASLS

EPEI EPEI EPEI EPEI
aald 387.27 384.11° 348.65P 360.01°
Control
pagke Py 2o S 421.64 435,56 422.722 416.842
Mealworm 1%
Pagkee 23 202 9 392.40 42156 398.69° 394,232
Mealworm 2%
poolee g Lo yd dw
Mealworm 3% 386.74 429.332 395.962 396.502
OSlee 3 lusliul (8l =l
SEM 14.15 10.69 15.64 10.62
Jlis] pdaus

0.283 0.016 0.029 0.013
value—P

P 1+0) w5yl (g )by gime (g lo] glis cilisee gy gl (slonSilio ¢yt yo j
0.05).<In each column, means with different letters are statistically significantly different (P

NI 055 (slog o § o036 S Dliao oy 13 pyghee g ilisre sk jl odlitl b -€ Jga
Table 5- Effect of using different levels of mealworm powder in the diet on the egg quality traits of laying hens

s (p5) éron> 0139 odss M2 )d 03) do)yd Llwgy o yd sl 2ol Pl
fl'féatment Egg weight Albumen Yolk Egg shell Hough Aogy
(9) percentage percentage percentage unit (kg m/s?)
?“t | 65.87 60.03 26.74 13.22 65.42 2.10
ontro
Pigh 139, 202 S 65.42 56.46 30.24° 13.29 65.87 2.82

Mealworm 1%

poghee 39 013 93 63.62 61.04 26.69b 12.26 63.62 2.50
Mealworm 2%

pogke g do > dw
Mealworm 3%

. 64.42 56.78 29.612@ 13.60 64.42 2.62
3,85kl Bl ol
oSke
SEM 0.86 0.77 0.57 0.35 0.96 0.22
Lo s
J 0.87 0.06 0.02 0.60 0.87 0.74
value-P

(PS40 w3 g sine (glof Sglis Cilisn gy gyl (gl il (pgis 2 5

0.05).<In each column, means with different letters are statistically significantly different (P
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Table 6- Effect of using different levels of mealworm powder in the diet on the blood parameters of laying hens

S5 S puelS 5 ol b Jypals ol UL il ol
Treatment Glucose Triglyceride Cholesterol (mg/dl)  AST (WL)jkel  (U/L) jll
(mg/dl) (mg/dl) (mg/dl) LDL* ALT
261.00 1583.6 139.40 71.80? 177.60 8.80b°
Control
P doyd S
252.60 1255.6 121.20 47.80° 162.60 8.00¢

Mealworm 1%

Pishs 2 22 92 278.60 1979.4 199.00 71.60° 166.60 10.20%
Mealworm 2%

paolee )9 Loyd dw
Mealworm 3%

e 1 al e 269.80 1619.4 174.40 67.40% 162.80 11.002
5kl 3l ool
4.74 117.10 13.41 3.28 4.25 0.36
Jlois! s
0.25 0.19 0.16 0.01 0.59 0.004
value—P

(PS‘/'&) Byl gy ize LS)L"’] Gglay caliseo gy (glyly (olo (:Sleo ¢ygiw yo )
In each column, means with different letters are statistically significantly different (P<0.05).
*Low-Density Lipoprotein, Aspartate Transaminase, Alanine Transaminase.

(Y slive 53 o)) 35055 slagpo )3 (sthussS o8 sloselS aile (52l Yo 2 032 )3 pishe yo5y Cilieo o 3l odlitul ;36 =T Jgd
Table 7- Effect of using different levels of mealworm powder in the diet on the immune response of laying hens (Log 2)

e adg) gy 456 gl
Treatment Primary response Secondary response
:“t | 6.25 7.25b

ontro
piske 9 202 S 6.85 8.428

Mealworm 1%

pogkee )92 4o)d 93 7.20 8.372
Mealworm 2%

pasle 392 Moyd A

Mealworm 3% 7.37 8.52

5k 3kl Gl ol

SEM 0.18 0.21
Lois] xdas

J 0.08 0.03

value—P

)9 pygtee (lend OLLS 5 (ySojlasl (imgin onl

(P10 )l (o losine slel oglis ilizeo gy (glyls (6layiSiles pgio yo 5

0.05).<In each column, means with different letters are statistically significantly different (P

(P<-/-0) i 1o olojl slaylos U ) Jobs mls & Jgis
adgl b jlus pliue md oo Ui 1) S50 slag e e
s gl Jle 0 (P>+/+0) 8,55 JE iolojl syl il cow

.
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1y 6 5039 5 slisl 093 53 Ll ol L5 (g )l5 sine glis smlis
il 58 (6,500 Liame} o (Elahi et al., 2020) sl i3l
FYLTe 8 slodnss oy 53 pysko b by S Jol5
e Ll i 8)S5 ly 8yl cos (655059 5 0 09 5o
i FYBYF 5 Shss hds qupe 5 (Sisy FY U YF Slys
bl LS gl Bymo 155 o 59y SY LY
(Islam & Yang, 2017) 5l 5 pMus! .(Bovera et al., 2015)
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] ‘_’,lf.\.i).g~ dl.amb'; B o.\;.:Sstm ML\U»\ (329 ‘u:).J
4 jls (Fakhraei et al., 2010) ,Sen 5 ol 58 gls (wloly
ool s gl ) i cosllhe Era055 0395 sl (i)
(odddiogi Hlade 5l i Juo)d VO 291n) Gl §repsd g
bauogs odbdlaitiy (ljee 2 48U iy (3 e el Il
DS o e il § penss 0395 p 48 Canl B9y sl il
lodewl g gy Sluasuiie jl (2Vh oS 5 CulS bapghe
2 a9 el Slasel (ySlgld 252 i 9 30 aiel
13 o lge (NRC, 2012) bl a3l o pysheo (slog,Y
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Cel Bg b o 030wl (glos eSS Sllges w355 (gl &S Sl
Sen @l SO b dulie ) pan bl 5 03) 3)Sles S5
5 yud 5Ly py5 e (Veldkamp et al., 2012) Ko o
i e et |y il i eyl il oy s el
Sl (S olyis 4l Jdsas, (Siemianowska et al., 2013)
o35 L ) Sl ilgs oo yoabo cplpls cbiinss joubo (oribo 0y
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Slpis 3l @5l ol )1 5l S oks AVY b ¥VA
Ribeiro, 2017; Alves et al., ) a_il oo oo 213 Coiel 1y
a3 b (e j) Y olsse g gl (2016
L&s(o)9_l~o .AJ)I.) b.\_m.s&L_w‘ (g dl.ba.b.w‘ Ty J)lﬁ )mlp.,o
9 mrite (S5l Oeimen g oS e AL (g9) @it Olgied
ra)j Voo 2y 4 And e uL.w uLuS)J )Jl)‘ J..w:l)ua &9 po
b p SV p)S VO nSgn p)5 Y pyshe 9y SES (g
Jin et al., ) o)l da2s g5 0 LSS WA 5 L uSBY/S
(2016
WU oo (Bap 3,Slee Jgl wiin 93 (b psls jiolejl
i ipgd ain 93 (b g €85 8 il sla e
pow din g3 b .codl dam sl Bras pSU cow Sl
EronPS 0395 9 M5 p gk L0y 93 9 Sy ol Bpae (iale]]
S Joy i8)S5 )15 lof] slyless y3b Cos Eyan g
s S g i3l E eSS 0395 e ke Bpan U OB
(Dalle Zotte et al., 2019) ¢, Ken 5 &g .cdl ials Sy
= bz, 31 iS50 slag po g 38050 clapayals 0y
L 4 100,S5 sdalidie 055 (455 9 055 Mg5 duoyd «Slygd B pne
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