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Table 1. Chemical Analysis of the Tested treatments

Sample Dry Matter (%) Crud Fat (%) Crude Protein (%) Ash (%) Total Carbohydrates
AS 93.53 5.25 11.89 6.72 76.14
LS 92.92 3.81 10.46 7.45 78.28
PS 93.52 5.50 11.57 6.25 76.68
GS 93.19 7.12 15.15 5.06 72.67
TS 93.41 4.71 9.18 3.80 82.31

L 94.17 4.62 6.90 7.64 80.84
P 94.27 6.05 10.08 9.60 74.27
T 92.83 3.06 6.70 6.67 83.57
G 93.77 11.33 15.32 5.03 68.32
S 92.54 4.04 14.39 7.53 74.04
A 93.92 3.58 10.79 4.09 81.54
ALTPGS 93.84 5.09 10.43 5.49 78.97

= (P) ity Comgy = (G) (pgmdils lyginsy slie Sluls = (A) o) i = (L) (5590 Ali5 ~(S)anls jlass lgis o pAS poga 1ol Lalows
Ohgiey (A8 5 pAST (g blste = (AS) 058 Al 5 pAS pogew bolee = (LS) (b yged A5 g puiS (oguw bglie = (T) 090 sladllis
0395 Al (b Fgedd Al puiS ugew bglie — (TS) ogpe dllis g puiS ogew bglsee = (PS) iy Cungy 9 piS (gauw bglie = (GS) (2goeiil>

(ALTPGS) g0 allif cdtiuay Cawy ¢ ()l yoiamy (glde 05lo Bl

The treatments including: wheat bran as the control treatment (S), lemon peel residue (L), sour grape residue (A), student restaurant food waste (G),
pistachio hull (P), fruit residues (T), a mixture of wheat bran and lemon peel residue (LS), a mixture of wheat bran and sour grape residue (AS), a mixture
of wheat bran and student restaurant food waste (GS), a mixture of wheat bran and pistachio hull (PS), a mixture of wheat bran and fruit residues (TS),
and a mixture of wheat bran, lemon peel residue, sour grape residue, student restaurant food waste, pistachio hull, and fruit residues (ALTPGS).
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Fig. 1. Comparison of survival rate (SR) of yellow mealworm larvae after six weeks of feeding with different dietary treatments including:
wheat bran as the control treatment (S), lemon peel residue (L), sour grape residue (A), student restaurant food waste (G), pistachio hull
(P), fruit residues (T), a mixture of wheat bran and lemon peel residue (LS), a mixture of wheat bran and sour grape residue (AS), a mixture

of wheat bran and student restaurant food waste (GS), a mixture of wheat bran and pistachio hull (PS), a mixture of wheat bran and fruit
residues (TS), and a mixture of wheat bran, lemon peel residue, sour grape residue, student restaurant food waste, pistachio hull, and fruit

residues (ALTPGS).
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Fig. 2. Comparison of weight gain (WG) of yellow mealworm larvae after six weeks of feeding with different dietary treatments including:
wheat bran as the control treatment (S), lemon peel residue (L), sour grape residue (A), student restaurant food waste (G), pistachio hull
(P), fruit residues (T), a mixture of wheat bran and lemon peel residue (LS), a mixture of wheat bran and sour grape residue (AS), a mixture
of wheat bran and student restaurant food waste (GS), a mixture of wheat bran and pistachio hull (PS), a mixture of wheat bran and fruit

residues (TS), and a mixture of wheat bran, lemon peel residue, sour grape residue, student restaurant food waste, pistachio hull, and fruit

residues (ALTPGS).
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Fig. 3. Comparison of specific growth rate (SGR) of yellow flour beetle larvae after six weeks of feeding with different dietary treatments
including : wheat bran as the control treatment (S), lemon peel residue (L), sour grape residue (A), student restaurant food waste (G), fruit
residues (T), a mixture of wheat bran and lemon peel residue (LS), a mixture of wheat bran and sour grape residue (AS), a mixture of wheat
bran and student restaurant food waste (GS), a mixture of wheat bran and pistachio hull (PS), a mixture of wheat bran and fruit residues

(TS), and a mixture of wheat bran, lemon peel residue, sour grape residue, student restaurant food waste, pistachio hull, and fruit residues

(ALTPGS).

Journal of Entomological Society of Iran 2025 ¢+ 45 (2)



334 Effects of various diets on the Tenebrio molitor ...

93,13 0,L5l lng )Y My sy 4y 039 A5y & oadld |y 3l oyt cad i A LS 9GS walis jlas 5 (SGR) 3,1 55 Ssgus 9,Y 0329 Midy &5 oy
ol 3y (sl (38 wlio ) &555e Lag)Y 4 and g L5 aSLE cnl 29000 aslne Gloj ols )0 o iy BRI Aoy g Jgese sk &
5 oy Tan eral (2018) adllas ;3 02> 0 &l dawgs g Ad)y Doy 0 (sl w25y 2l 05by0 (gdute CleMbl (adls oyl wlpis > WS
Ay Slas (g Algin Cavgy 1) 45 48 oamliie 803 (VYY) &0 055 Cumgy g b0y (V/0+) Wlgdins Gy 0255 53 55 40 SGR podlie p yieS
Sl (ol 2 a8l Ladye Ay Cungy )3 39290 (i3 CluS 5 ) Wi e &5 13 S PS Jlow )3 SGR o a8 pialejl cul 3 s | (lavdss
(2023) Kroncke & Benning dslllas .(Arbab, 2018) dei g0 dily jd M) oo |y bl doyd Vo 51 i Bl 0l 035, )0 jud (e ¢ ale
2329550 )Y 15 9 45 dgut el w5 )0 s e GIBl g Cudld 1) 2] 35 Ssgus 53 0y £ iy Gl pAIS s ) 45 o> Lt
Age 9 b (pelig Gliwe Gl > 4 Sl o0 3,1 3)5 Sawges )Y (2138 @3y 13 AT ogees oy 4 103 (IS Slge Sl elisul &5 €S g o s
ol 45 2 (site b ol (S iy Canngy Jile Sl (32 )3 o o iS5 88 o )3 S S8 )Y Mg 505 29000 4 Sp9p0 (Gide
Joly S adgr (gl &S s o i FCR .l b jlog plo b (60b5 olas a5 uis ssalive (FCR) (plde Jas Copd oy PS jlas 50 . aisl adls
e 3250 &S B> o i Cpl 5 sl olie 015y s (2D (Lo 4 il yiaS FCR Hlade do yb .Cuwl 005 (B puno 132 e > «g)Y 0 3l 159
P dg pAS (g (Sol> & (olajled A ol (S) ol 5 GS (sbyjless )3 i 4 FCR o pteS.Cusl 03,8 SBpan (34 (19 W sl 58

o) (g s 3 Slas diu (gol> (glaylas o Lol faiiisly (65508 FCR ¢ ogmo g dimy Cuwgy bols

i v

s0 - (=]

50
o
=
o= 40
| ==
=
i
ar
=

30
S d
= |
ay
ar
L

20 -]

cd bcd
abc
10 -]
a abc - ab =
[ : | |
T s LS GS [ AS TS ALTPGS
Treatment

S oed A 5 45 s b (T) sgen 5o s (G) cayels gy i Sl = (A) o8 s — (L) s yed s —(5)s0L5 o
ooy bglse = (PS) diay gy g S ogaw blie = (GS) gty (SS9 oS oge biglse — (AS) 0,08 dllis g piS' (gaw bglee — (LS)
Fig. 4. Comparison of feed conversion ratio (FCR) in yellow flour beetle larvae after six weeks of feeding with different dietary treatments
including: wheat bran as the control treatment (S), lemon peel residue (L), sour grape residue (A), student restaurant food waste (G), fruit
residues (T), a mixture of wheat bran and lemon peel residue (LS), a mixture of wheat bran and sour grape residue (AS), a mixture of wheat

bran and student restaurant food waste (GS), a mixture of wheat bran and pistachio hull (PS), a mixture of wheat bran and fruit residues
(TS), and a mixture of wheat bran, lemon peel residue, sour grape residue, student restaurant food waste, pistachio hull, and fruit residues

(ALTPGS).
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Fig. 5. Comparison of protein efficiency ratio (PER) of yellow flour beetle larvae after six weeks of feeding with different dietary treatments
including: wheat bran as the control treatment (S), lemon peel residue (L), sour grape residue (A), student restaurant food waste (G), fruit
residues (T), a mixture of wheat bran and lemon peel residue (LS), a mixture of wheat bran and sour grape residue (AS), a mixture of wheat
bran and student restaurant food waste (GS), a mixture of wheat bran and pistachio hull (PS), a mixture of wheat bran and fruit residues

(TS), and a mixture of wheat bran, lemon peel residue, sour grape residue, student restaurant food waste, pistachio hull, and fruit residues

(ALTPGS).
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Effects of various low carbon footprint diets on the growth parameters of
yellow mealworm,Tenebrio molitor L. (Col.:Tenebrionidae) as a climate-
friendly protein source

Narges Chenarian Nakhaei ©, Kamal Ahmadi © & Mahdieh Asadi

Department of Plant Protection, Faculty of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract. Thisscudy investigated the use of food waste as a dietary source for the larvae
of the yellow mealworm beetle (7encbrio molitor L.). The main objective was to optimize
the use of food waste to reduce food waste and carbon footprint. The experimental results
showed that the larvae in the treatment of a mixture of lemon peel and wheat bran (LS) had
the highest survival rate (SR) with an average (93.33% + 1.49%). In contrast, the treatment
with pistachio hull (P) had the lowest survival rate, with an average (1.67% + 0.75%). In
terms of weight gain (WG), the highest value was recorded for the control treatment with
wheat bran (S), with an average (1.43 + 0.10) grams, followed by the treatment of a mixture
of student restaurant waste and wheat bran (GS), with an average (1.22 + 0.11) grams.
Additionally, the highest specific growth rate (SGR) was observed in the control treatment
(S), with an average (8.25% + 0.63%), followed by GS with an average (8.19% + 0.14%).
These two treatments did not show a significant difference from each other but showed

significant differences compared to other treatments, except for the LS treatment. The
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highest feed conversion ratio (FCR) was recorded for the pistachio hull and wheat bran
mixture (PS) with an average (50.58 + 7.81) grams, while the lowest value was found in the
GS treatment with an average (3.64 + 0.34) grams. Furthermore, the protein efficiency ratio
(PER) and lipid efficiency ratio (LER) were favorable in the control (S), LS, and GS
treatments. The results indicated that wheat bran, wheat bran mixed with lemon peel, and  §ubjecc Edicor: Abbas Arbab
wheat bran mixed with student restaurant waste are suitable options for yellow mealworm Corresponding author: Kamal Ahmadi

beetle farming due to their optimal performance across all indicators.r.
E-mail: kahmadi@uk.ac.ir
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