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Table 1. Feed conversion rate (FCR) (mean + SE) of Zophobas morio larvae fed with different levels
of wheat bran replacement with green almond hull powder

Feed conversion ratio (FCR)

Treatments Time Interval (day)

14" day 28" day 42" day
(A) Wheat bran (100%) 2.32+0.172 2.58+0.222 2.92+0.208
(B) Wheat bran (75%) + almond hull (25%) 2.45+0.11° 2.86+0.15 3.27+0.38
(C) Wheat bran (50%) + almond hull (50%) 3.84+0,25b 4.55+0,31° 4.9620.25¢
(D) Wheat bran (25%) + almond hull (75%) 4.21+0.23° 5.74+0.24 6.37+0.19¢
(E) Almond hull (100%) 4.6240.16¢ 6.1620.32° 0

*FCR for treatment E on day 42 could not be calculated due to loss of larval weight (negative growth). Different
letters in each column indicate significant differences based on Tukey's test (P<0.05).
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Table 2. Relative growth rate (RGR) (mean £ SE) of Zophobas morio larvae fed with different levels
of wheat bran replacement with green almond hull powder

Relative growth rate (RGR)

Treatments Time Interval (day)

14" day 28" day 42" day
(A) Wheat bran (100%) 0.0251+0.00172  0.0213+0.00142 0.0154+0.00472
(B) Wheat bran (75%) + almond hull (25%) 0.0231+0.00112  0.0189+0.0009? 0.013740.0035%
(C) Wheat bran (50%) + almond hull (50%) 0.0157+0.0025° 0.0150+0.0042° 0.0108+0.0087°
(D) Wheat bran (25%) + almond hull (75%) 0.0124+0.0020° 0.0108+0.0034°¢ 0.0038+0.0035°¢
(E) Almond hull (100%) 0.0110+0.0012¢ 0.0067+0.0029¢ -

*RGR for treatment (E) at day 42 was calculated to be zero or close to zero and negative due to growth arrest and
weight loss. Different letters in each column indicate significant differences based on Tukey's test (P<0.05).
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Table 3. Percentage weight gain (WG) (mean £ SE) of Zophobas morio larvae fed with different levels
of wheat bran replacement with green almond hull powder

Weight gain (WG)

Treatments Time Interval (day)

14" day 28" day 42" day
(A) Wheat bran (100%) 42.44+3.277 81.80+3.142 87.81+£3.47¢
(B) Wheat bran (75%) + almond hull (25%) 38.19+2.11° 69.86+2.22° 78.33+3.45°
(C) Wheat bran (50%) + almond hull (50%) 31.60+3.15° 39.09+3.42° 44.86+4.87°
(D) Wheat bran (25%) + almond hull (75%) 24.10£1.89° 33.39+4.04° 17.72+2 35°
(E) Almond hull (100%) 18.38+3.52¢ 20.95+2.09¢ -14.88+2.58¢

Different letters in each column indicate significant differences based on Tukey's test (p<0.05).
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Table 4. Survival percentage (SR) of Zophobas morio larvae fed with different levels of wheat bran
replacement with green almond hull powder

Survival ratio (SR)

Treatments Time Interval (day)

14" day 28" day 42" day
(A) Wheat bran (100%) 1002 1002 100°
(B) Wheat bran (75%) + almond hull (25%) 99.33%  9550° 93°
(C) Wheat bran (50%) + almond hull (50%) g3p gQb 80°¢
(D) Wheat bran (25%) + almond hull (75%) 83.66°  70.33®  59.44¢
(E) Almond hull (100%) 77859 52.66°  38°

Different letters in each column indicate significant differences based on Tukey's test (P<0.05).
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Table 5. Frass production (FP) rate (mean + SE) of Zophobas morio larvae at the end of the rearing
period (day 42) in response to different levels of wheat bran replacement with green almond hull

powder
Treatments EP
(A) Wheat bran (100%) 1.81+0.112
(B) Wheat bran (75%) + almond hull (25%) 2.07+0.892
(C) Wheat bran (50%) + almond hull (50%) 2 77+0.58b
(D) Wheat bran (25%) + almond hull (75%) 3.60+0.97¢
(E) Almond hull (100%) 4.9+0.60°

Different letters indicate significant differences based on Tukey's test (P<0.05).
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Abstract

Almond hull is a by-product of the almond processing industry, and its potential for insect nutrition
remains unknown. The superworm (Zophobas morio) is an edible insect species with high nutritional
value and the ability to bioconvert organic wastes. This study aimed to investigate the effect of replacing
wheat bran with green almond hull powder at levels of 0, 25, 50, 75, and 100% (w/w) on the growth
performance indices of sixth-instar superworm larvae under laboratory conditions for six weeks. The
results showed that replacing 25% of the diet with almond hull had no significant negative effect on key
growth indices, including relative growth rate (0.0137 vs. 0.0154 mg/mg/day in the control), weight gain
percentage (78.33% vs. 87.81%), feed conversion ratio (3.27 vs. 2.92), and survival rate (93% vs. 100%)
at the end of day 42 (p>0.05).Increasing the replacement level to 50% or more significantly reduced all
performance indices and increased frass production; in the 100% treatment, relative growth rate
approached zero, weight gain dropped to -14.88%, survival rate decreased to 38%, and frass production
increased from 1.81 in the control to 4.95. The findings of this study show that green almond skin is not
a suitable option for mass rearing of superworms due to its unbalanced chemical composition (low
protein and high fiber), and its use is justified only at low levels (up to 25%) and for the purpose of
agricultural waste management.
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