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Table 1. The value and diets used on the diet of mealworm

Diet usage in this project Ratio (gr)
1 Wheat straw + crushed wheat 1.5:0.5
2 Cardboard + powdered bread 1.5:0.5
3 Wheat bran 2
4 Barley bran 2
5 Animal fertilizer (sheep) 2
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Table 2. Mean developmental time of different life stages of mealworm reared on different diets (mean (day) +standard error)

Parameters Wheat straw + Cardboard + powdered (o, Barley bran Animal fertilizer
crushed wheat bread ¥ (sheep)
Egg 1.08+4.47 1.06°3.08 1.12°+4.10 - -
F‘rlsgr'v“;itar 0.96°+4.80 0.92"46.20 0.95°+4.80 0.95%6.56 0.93°+4.80
Secol:gv-:elstar 0.96°+3.98 0.92°+4.93 0.95°43.98 0.95'46.93 0.93°+5.00
Th‘lr;;g‘:tar 1.06°43.28 1.02°47.02 1.95%43.68 3.95%410.56 2.93'45.82
F““;;‘V':;Star 1.86°3.50 1.72+7.03 2.95+4.08 4.95"+7.00 1.93°+7.25
F‘f::r'v‘:ztar 1.5243.76 1.25%6.08 1.95%43.32 4.95"+5.00 3.93"+4.90
S‘X:;‘r'v‘::tar 1.26°43.19 1.12%+4.76 0.95"+3.19 ; 2.53"+4.83
Sevelnat:lv;: s 0.96%3.11 0.92°+5.53 0.65*+3.60 i 1.13°43.33
Eighth -instar 1424477 0.62%+4.54 0.60°+3.07 - -
larvae
Ninth -instar 1.2543.00 0.42°45.53 1.95°+2.88 - -
larvae
Tenth -instar 1.65°42.00 0.12%45.50 1.95°+2.00 - -
larvae
Eleventh -instar 1.76bi3.52 1.0224+6.00 0.95°+2.88 - -
larvae
Pupation 1.06°+5.18 0.12%+5.00 1.95%%5.05 - -
Adult 6.79°+64.00 5.77°25.20 0.76°+32.51 - -

stmeans followed by the same letters in each row are not significantly different (LSD test, P>0.05).
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Table 3. Demographic parameters of mealworm on different diets (mean (day) +standard error)

Treatments Intrinsic rate of Finite rate of Net reproductive Mean generation Gross reproductive
increase (r,) increase (1) rate (R,) Time (T) rate (Grr)
Wheat bran 0.004°+0.04 0.004°+1.04 3.51°£15.85 1.57°458.01 13.48°+49.71
Wheat straw + 0.003%:0.06 0.003%1.06 11.9668.93 0.81°63.00 19.66%115.52
crushed wheat
Cardboard + 0.001£0.00 0.004%:1.00 0.09£2.08 11.89%£109.00 5.45411.59
powdered bread

#The means followed by the same letters in each row are not significantly different (LSD test, P>0.05).
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Fig. 1: Age-specific survival rate (Lx) in mealworm under different diets
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Cardboard + powdered bread
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Fig. 2: Age-specific fecundity (Mx) in mealworm under different diets
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Fig. 3: Life expectancy (Ex) in mealworm under different diets

YO U s a5l ay; 0S5 lp (Bx) (S5 4 el (MX) oo 0325 030k (LX) Wy &5 a0 by e gla e
S Ll Olen 53 (655 @55 cp s dnjlas aes (Sl 035 Soaul Slased @ a5 L sl ol L1
dald @ Sl 1 e Ol Shal ) ol edds f.\{”ﬁ&\;\;ﬁjuw Sl Bl JlS 6 i b
Loy Blas w1zl opl 5,1 S 06 5 |5k e w5 Dl I sls 5l
250 oless oo 1 SOLE Bl o X e 4 Oy B33 G 0le 0 Jloa| 0L 4T (S5 40 sl s 50
J_g\Jv_.&;,aC;\J_il:ﬂ&_.ia'-&b'jl}.E.uu{\.l.bNj)w.;ﬁ;j;)jfﬁﬂaﬁsf¢.1;§j¢J.;§al50.31.l§«

sls aj‘.i'.;- U’l‘ u.vLAo.Lv) ulj:a

A4



(Ya=£4) Y44 Jlo ) oylad Y s (elide i Slidos awads aalibas

\) Q)} '/\'0 mﬂ;i..i»';)u}\_,_b O.L\J_O ﬁj))l.o.;} '/\-\/\ U’LJ:":":’ ol .JJ.>' r.\.j}t.l.s/ J“U& V-"'j))J

eils

5 S it Y oS Al e 3 ks 5,1 i O phe wodd 3 5 oS 5 oS SlAE 6 asdy nl 3

5 Dlesd A adalie e 55 an ) 53 (/0 0) Wlaxdls (pAS e go) Aald L (5)ls me sl AL
ol 53 Bl 3T 505 0 S s st S ald L anslie 53 ke SIS Sl sl 3 5 e kS 5 a8 oS l0e
23y SCES 0L 5 Lshe 5 55, AV VAV US55 o iS5 oS oS lds 250 sl o 3,0 555 oS anlllas
JeoSS 105 (BL G 055 a5 ey 5 7l e 55, VA/VY £V/Y fﬁwwwbm/«ﬂ/w ol
Jsb a5, W WL G o w5108 g 10 w55 0 300 305 05 s o oSS laalllas 3 S
S 3 ls s 53 Cdb e 5 Lo nid dag,Y Oy o311 (5 owlel b 136 oiS (Ribeiro, 2017) sl e
s 3l ol e 5 305 D13 s 350 ke C2S lama Vs [y 350 55 S e M5t JalS o)
5 Lol by g OLL 5355 1 39 (S5 a o 351 555 Sargm ol 5ol S 0S5 6553 5 Smm A3 55
Al e Ll w1 a3 S5 a m SVsb Oley (b5 Vb S5 0555 5 oS Al 5 sl 5 eds L
Ly &5 5l Iy dadls G 5 pd8) Sos gladamms & S (it jae Job Co2S Jaes 55 cnl 3 a2
Ds.u)w)ﬂ&waﬁoJ::L"w@\));amtwoww}wmuﬁ;}w SEs 4l 5 e S e
(Bumroongsook & Nahuanong, Joils |y s, 2l f”\'g o O gl ST VJS oS sls olad oyl sy
355 05 el B S St S iy A edalie rassy cnl s edel ey il 3 b ol L 2018)
Mt o a5 e ol Slalllae A3l o oz S 0S5 p S LI 5 S sl & by e )
OLST mases by (55l 0 0 Bl oS 25 53 48 oS 315 0L 30 Bls p S s sl S5 555
ole (slae hd 3> (S hdoss3 5 o 0593 (p S sl Cel Of 5 Sl ol @S o ¢ Je (S22
GBS 03 (B i s eale o e Slil w055 cp i ceale Glse i O35 (p R e e 2
b 50Y o33 dpb Lae o o b amlie 53 Js 05 o b @l Sl VU s sk 5 255 S5

(Bumroongsook & Js S slging oo o e Olse 4 olde o, ol Slo g ol a5 L ossls YL
Nahuanong, 2018)

C,.:A.x}-.l&) L;b CJJJJOMJJ).’).&;}QL}\).&A &‘Mﬂj})%&ﬁ@\ﬁ\ oMJQL&; g)’:'aﬁﬁ Lﬁ-\@b

r.,\,fﬁr.).\f u‘il‘)& vﬁj) Ll S (\"\/'i\\//\‘\)JM&QLﬁ) (&N V) JG.&)L‘AWJAJT})) rjs ('/'i"/"\)
(‘\Y’/'i'//\\)&u&QLA)CJJ.ALFW}JJYJ))r;('/'-\i"/"v)&;»?wMJ&\JCJJ‘;'AMJ?
Aty (13 L kS g gME w5 b amlie 3 350505 S e Gl Shs 2 Sute S sl sl

L@éfﬁw.aﬁ OAN£V/0V) Jd S Ol ke .]GM}QAW}))T 355 rJS (CVZE-1X FERE S RCNVEES

v



350355 0,8 (S5 dsdr glamelil r olie o 610,80 5 b

Sy sl sy oS @15 o3 e 03 Ly RIB dald 4 Cod s 5 S S oS e ) sle 5o
Al ol alS el 5T it 0B 5 i ol 5y bl il o3 lap g dals 4 ol (5 i Slesi
B R e P I R ctv\_'f Lile calis glde glala e Sl Ll ol dald 4 S
Sy 2555 5 Ay gl 1y sl i o Sl 5o 18 amea sls OLLS aS° A3 oA Alphitobius diaperinus
S e slacsls il ladams o 3, Spo )Y 048 3855 L b3l ul 55 A8 o eal s
Cwks Tribolium confusum 5N 3| 5,50 g A 2 slaulia CT'L“ s (Hosen er al., 2004) LS odalie
i AlS Slols 1S Slag,¥ oS das e 0L 0 Kes 5 J sls ) o (Haque et al., 1978) ol osl
5 3 (Lieral, 2012) s 6,508 o Shls 48 oo 4did S s 5165 0T b avglin s S e
= Sl (oS 5 Wl e oglize adlaie 53 3 351 5,5 Sg GlasY iy 45 el e3ls LS O, Ses
i S gl 55 68 Wles S S 53 OLSea 5 )T (Y00 e al., 2013) das o5 | T s 3 g e
(Alves et al., 2016) > 15 Las,Y 55 59 00 = sladeul Aoy
O e 25l 53 CkS (I3 0 e il gm0l B by 53 55505 08 5 )Y 035 Sl
o L3l 55 0,8 GlassY 3 s Ly 5o sl e slagsls i slasdlae s 358 5ab Al a5
5 4 B 0L (53,50hs 551 355 5 slagsY o Lisls DLE ul 5o 5 8 aglie 23S slaem
s sdalie cpizman i3S Lse 53y 0 3le e85k 15 e 5 andls ez gz 2358 455 53 Lsw 3y
03,5 sl 3 S Lo 53 15 s Aoty (s e Ol & il 5555 08 glas,Y oS o
53 ALS lanss gl mlie 5Kl il e Lag,Y ) oS Wisls slgni WaOl(Bovera ef al., 2016) Wl
g o 5 Ol AL iy slag,Y O35 4 (Ramos-Elorduy, 2002) Ll baas o ool 10 L;uﬁ;)
S o Sl s Gl S b gl esle Oslis & WOl bl 53 Sy ool & s g dalgs iy 55 ol
oS 0T Jb il sl Sy n e % slendi Ll e 9)Y 055 Sl o it o 5 5 oS 5 oS e

A edalio Mubdj\bw C)}w

References

Alves, A. V., Sanjinez-Argandoia, E. J., Linzmeier, A. M., Cardoso, C. A. L. and Macedo,
ML.L.R., 2016. Food value of mealworm grown on Acrocomia aculeate pulp flour. PLoS ONE
11(3): e0151275. DOI: 10.1371/journal.pone. 0151275.

Aerts A, Francois I, Cammue B, Thevissen K. 2008. The mode of antifungal action of plant,
insect and human defensins. Cellular and Molecular Life Sciences, 65: 2069-2079.

Awoniyi T, Adetuyi F, Akinyosoye F. 2004. Microbiological investigation of maggot meal,
stored for use as livestock feed component. Journal of food, agriculture and environment
(JFAE), 38: 45-49.

Bovera F, Loponte R, Marono S, Piccolo G, Parisi G, Iaconisi V, Gasco L, Nizza A. 2016.
Use of Tenebrio molitor larvae meal as protein source in broiler diet: effect on growth
performance, nutrient digestibility, and carcass and meat traits. Journal of animal science, 94:
639-647.

YA



(Ya=£4) Y44 Jlo ) oylad Y s (elide i Slidos awads aalibas

Bukkens SG, Paoletti M. 2005. Insects in the human diet: nutritional aspects. Ecological
implications of minilivestock, 545-577.

Bumroongsook, S., and Nahuanong, P. 2018. Effect of protein content in feed formulas on
growth and nutritional values of mealworms. International Journal of Agricultural Technology,
14(5): 621-630.

Drew D, Pieterse E. 2015. Markets, money and maggots. Journal of Insects as Food and Feed, 1:
227-231.

Ganz T. 2003. Defensins: antimicrobial peptides of innate immunity. Nature reviews
immunology, 3: 710.

Hosen, M., Khan, A.R. and Hossain, M., 2004. Growth and development of the lesser
mealworm, Alphitobius diaperinus (Panzer) (Coleoptera: Tenebrionidae) on cereal
floursPakistan Journal of Biological Sciences, 7(9) :1505-1508.

Haque, A., Chassoux, D., Ogilvie, B.M. and Capron, A., 1978. Dipetalonema viteae infection
in hamsters: enhancement and suppression of microfilaraemia. Parasitology, 76(1) :77-84.

Jozefiak D. 2015. Engberg RM Insects as poultry feed. In: 20th European symposium on Poultry
Nutrition, 24-27.

Jozefiak D, Jozefiak A, Kieronczyk B, Rawski M, Swiqtkiewicz S, Dlugosz J, Engberg RM.
2016. Insects—A Natural Nutrient Source for Poultry—A Review. Annals of Animal Science,
16: 297-313.

Li, L.Y., Zhao, Z. and Liu, H., 2012. Feasibility of feeding yellow mealworm (Tenebrio molitor
L.) in bio regenerative life support systems as a source of animal protein for humans. Acta
Astronautica, 92(1) :103-109. http://dx.doi.org/10.1016/j.actaastro.2012.03.012.

Makkar HP, 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.

Ramos-Elorduy J, Gonzalez EA, Hernandez AR, Pino JM. 2002. Use of Tenebrio molitor
(Coleoptera: Tenebrionidae) to recycle organic wastes and as feed for broiler chickens. Journal
of Economic Entomology, 95: 214-220.

Ribeiro Ntgm. 2017. Tenebrio molitor for food or feed: rearing conditions and the effects of
pesticides on its performance. Ph.D. dissertation, Polytechnic Institute of Coimbra, Coimbra,
Portugal.

Seufi AM, Hafez EE, Galal FH. 2011. Identification, phylogenetic analysis and expression
profile of an anionic insect defensin gene, with antibacterial activity, from bacterial-challenged
cotton leafworm, Spodoptera littoralis. BMC molecular biology, 12: 47.

Ueda K, Imamura M, Saito A, Sato R. 2005. Purification and cDNA cloning of an insect
defensin from larvae of the longicorn beetle, Acalolepta luxuriosa. Applied entomology and
zoology, 40: 335-345.

Van Huis A. 2013. Potential of insects as food and feed in assuring food security. Annual Review
of Entomology, 58: 563-583.

Yi H-Y, Chowdhury M, Huang Y-D, Yu X-Q. 2014. Insect antimicrobial peptides and their
applications. Applied microbiology and biotechnology, 98: 5807-5822.

Yoo, J.M., Hwang, J.S., Goo, T.W. and Yun, E.Y., 2013. Comparative analysis of nutritional
and harmful components in Korean and Chinese mealworms (7Tenebrio molitor). Journal of
Korean Society Food Science Nutrition, 42(2): 249-254.

Y4



Journal of Entomological Research Islamic Azad University, Arak Branch
ISSN 2008-4668

Volume 12, Issue 1, pages:29-40 htip:/jjer.iau-arakac.ir

The effect of diet on the life table parameters of the Mealworm, Tenebrio
molitor

F. Zamani ', A. Jalalizand %', E. Soleyman Nejadianz

1- M.Sc. Student, Department of Plant protection, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran.
2- Associate Professor, Department of Plant protection, Isfahan (Khorasgan) Branch, Islamic Azad University, Isfahan, Iran

Abstract

Increasing the volume of the world's major challenges facing resource constraints and rising
food and protein prices. Using insects as food and feed for humans, livestock and poultry can be a
good solution to this global crisis. Yellow flour cream is one of the most common sources of
high-quality protein, used to feed small animals, birds, and fish. In this study, five different in
vitro diets (25 1 1 °© C and 60 5 5 relative humidity, 16: 8 h light period (brightness: dark)) were
used to grow yellow worm. In this study, wheat bran was considered as control. The results
showed that the intrinsic growth rate, as well as the finite rate, increased significantly in the
treatment of wheat and chopped wheat compared to the control, and the wheat and chopped wheat
diet significantly increased the net and gross population growth rate, respectively, But the diet of
cardboard and powdered bread reduced these two parameters significantly compared to the
control. Therefore, the diet of cardboard and powdered bread had negative effects on the
biological characteristics of yellow worm and wheat and chopped wheat diet had positive effects
on the biological properties of a yellow worm. In general, the results of this study showed that the
cultivation of yellow worm on different diets has significant effects on the life cycle of yellow
flour, and wheat and shredded wheat can be a suitable diet in the future at a much lower cost and
with less effort to grow worms. Yellow flour to be used.
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