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Table 1. Developmental time (mean + SE) of immature stages of yellow flour beetle, Tenebrio molitor
reared on different diets (A-J). Non-similar letters in each column indicate a significant difference in

mean (p < 0.05)

Developmental

Treatments time (day)
Egg Larva Pupa
(A) Wheat bran (85%) + baker's yeast (5%) + carrots (10%) 9.79 +0.20 2 63.19 + 189 ¢ 1179 +0.79 2
(B) Biscuit factory waste (90%) + carrots (10%) 10,04 +0.21 2 ) )
E:gr)rxvtsh(ef(t)ol;or)a " (80%)  baler's yeast (5%6) » fish meal (%0 * 1019+022°  6184+444¢  1164+081°
(D) Pasta waste (90%) + carrots (10%) 9.89 + 0.23 2 183.16 + 4.40 2 )
3(,25? ?'1%52? . iﬁ;";o"t‘;v(”fg;fff’%’ +wheatbran (45%) +baker's 9440000 187.784550°  1120+159°
(F) Industrial bread factory waste (90%) + carrots (10%). 9.84 +0.21 2 7004 +772¢ 2794014
E%O/Fo;s:‘ (\;\;e;igeisp(olv(\)lg/:)r (35%) + wheat bran (45%) + baker's yeast 1, 19, 1032 84.07 +6.11" 489 + 0,65 ¢
S;'ﬂ.fr':@giftflgﬁ’/gdfiﬁgﬁ) (1&2')‘:"6” waste powder (40%) + g 944 0,202 8525+341b  249+0.49°
Ell)o%lcken waste powder (80%), baker's yeast (10%) + carrots 1019 +0.16 2 8344 +2.444 1 8194057 b
(J) Fish waste powder (40%), baker's yeast (10%) + carrots (10%) 14334421 i )

.c:eLw:,MTenebriomolitor4;,T>,5&y8puqksmd>|f(u:iujTéuasiﬁp)ﬁjeffA.p,;-\' J gl
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Table 2. Mortality percentage (mean + SE) of immature stages of yellow flour beetle, Tenebrio
molitor reared on different diets (A-J). Non-similar letters in each column indicate a significant

difference in mean (p

< 0.05).

% Mortality

Treatments

Egg Larva Pupa

(A) Wheat bran (85%) + baker's yeast (5%) + carrots (10%)
0.00 0.00°¢ 0.002
i i 0, 0,
(B) Biscuit factory waste (90%) + carrots (10%) 0.00 100.002 i
0, ! 0, 1 0,
E%;{I)\)/heat bran (80%) + baker's yeast (5%) + fish meal (5%) + carrots 000 2.00+000°¢ 0.002
0, 0,
(D) Pasta waste (90%) + carrots (10%) 000 3550+505° 10.84 +2.09%
(E) Chicken waste powder (35%) + wheat bran (45%) + baker's yeast b
(10%) + carrots (10%) 0.00 31.80%6.50 0.002
i 0, 0,
(F) Industrial bread factory waste (90%) + carrots (10%). 000 43.90+752b 0.002
(G) Fish waste powder (35%) + wheat bran (45%) + baker's yeast b
(10%) + carrots (10%) 0.00 45.65%6.70 0.002
(H) Fish waste powder (40%) + chicken waste powder (40%) + b
baker's yeast (10%) + carrots (10%) 0.00 48.85+4.85 10.06 +2.59°
i 0, d 0, 0,
(1) Chicken waste powder (80%), baker's yeast (10%) + carrots (10%) 0.00 48.05+5.51b 0.002
i 0, ! 0, 0,

(J) Fish waste powder (40%), baker's yeast (10%) + carrots (10%) 0.00 100.002 )
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Table 3. Weight of last instar larva and pupa (mean + SE) of yellow flour beetle, Tenebrio molitor
reared on different diets (A-J). Non-similar letters in each column indicate a significant difference in
mean (p < 0.05).

Weight (g)
Treatments Last instar Pupa
larva
(A) Wheat bran (85%) + baker's yeast (5%) + carrots (10%)
0.121+0.011 % 0.120+0.023 @
(B) Biscuit factory waste (90%) + carrots (10%) ) )
(C) Wheat bran (80%) + baker's yeast (5%) + fish meal (5%) + carrots (10%) 0.132 +0.011 2 0.123+ 0.041 2
(E) Chicken waste powder (35%) + wheat bran (45%) + baker's yeast (10%) + b 0.114+0.011%
0.118 +0.013
carrots (10%)

(F) Industrial bread factory waste (90%) + carrots (10%). 0.134 + 0.005 @ 0.132+0.024 @
(G) Fish waste powder (35%) + wheat bran (45%) + baker's yeast (10%) + carrots b 0.110+0.0112
(10%) 0.113 +0.008
(H) Fish waste powder (40%) + chicken waste powder (40%) + baker's yeast (10%) 0.112 + 0.015 b 0.101+ 0.012 2

+ carrots (10%)

(1) Chicken waste powder (80%), baker's yeast (10%) + carrots (10%)

0.142 +0.024 2 0.121+0.022 2

(J) Fish waste powder (40%), baker's yeast (10%) + carrots (10%)
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Figure 1. The comparison of total eggs of yellow flour beetle, Tenebrio molitor reared on diet A
(mixture of 85% wheat bran, 5% yeast and 10% carrot) vs. diet C (mixture of 80% wheat bran, 5%
fish waste powder, 5% yeast and 10% carrot). Non-similar letters indicate a significant difference in
mean (p < 0.05).
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Figure 2. Oviposition trend of yellow flour beetle, Tenebrio molitor reared on diet A (control)

(mixture of 85% wheat bran, 5% yeast and 10% carrot) vs. diet C (mixture of 80% wheat bran, 5%
fish powder waste, 5% yeast and 10% carrot).
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Abstract

The mealworm, Tenebrio molitor L. is a rich source of protein for livestock, poultry, and aquatic
animals. In this study, the effect of 10 diets (including food industry waste: industrial bread, pasta, and
biscuit waste and waste from industrial poultry and fish slaughterhouses) on the biological
characteristics of the mealworm was investigated under laboratory conditions (25 + 2 °C, relative
humidity 65 + 5%, and 24 hours of darkness). A mixture of 85% wheat bran, 5% baker's yeast, and 10%
carrots was used as the control diet. The results indicated that the utilization of food industry and
slaughterhouse waste significantly affected the biological parameters of the yellow mealworm. Diets
with high levels of biscuit waste and fish waste powder cause 100 % larval mortality. However,
substituting fish waste with lower concentration (5%) notably enhanced certain parameters such as the
weight of last larval instar (0.132+0.011 g) and larval development time (61.84+4.44 days) compared to
other treatments. Conversely, this substitution led to a significant decrease in the total egg laying rate of
adult insects (57.8+15.43 eggs) compared to the standard diet (94.20+£14.70 eggs). While, a limited
inclusion of animal protein-derived sources in the diet of yellow flour beetles may improve some of the
growth characteristics of this insect, excessive addition of some of the waste slaughterhouse and food
industry wastes can have a negative impact on its survival and reproductive performance.
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