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Abstract

In this study, nutritional profiles and growth performances of yellow mealworm, Tenebriomolitor larvae (TML) were assessed cultivated using
common food wastes i.e. watermelon rinds, broilers’ eggshells and banana peels. Nutritional profiles and growth performance of TML were evaluated
after 28-day feeding trial. Post-feeding proximate analysis showed significant increment of nutritional contents compared to the control groups;
whereby TML demonstrated highest level of crude protein (43.38%+2.71), moisture (9.74%30.23) and ash (4.40%=0.22) in the group treated with
watermelon wastes. On the other hand, TML showed highest level of crude fibre (8.73%20.05) when treated with broilers’ eggshells; and higher level
of crude fat (40.13%=+4.66) with banana wastes. Nitrogen-free extract (NFE) contents were also noticed higher in the group treated with banana
wastes (4.46%5.30). In terms of growth performance, TML administrated with watermelon wastes demonstrated superior in specific growth rate
(2.50%=0.43) and feed conversion efficiency (0.10%0.01). Interestingly, TML grown with banana wastes showed highest survival rate (97.5%) among
all. In short, TML cultivation using watermelon and banana wastes showed a promising result on nutritional fortification and growth enhancement.
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Introduction

Aquaculture is the fastest growing food-producing sector [1,2].
According to FAO [3] global total fisheries production reached to
167.2 million tonnes in 2014, with 93.4 million tonnes from capture,
and 73.8 million tonnes production from aquaculture. Fish pellet
is common used to fulfil diet/nutritional requirement of cultured
species in semi intensive and intensive farming practices. However,
fishmeal as a major ingredient in fish pellet, facing a great pressure
due to inconsistency of by-catch supply. Yet, market price of raw
fishmeal is fluctuating seasonally depends on geographical location,
fishing technology and availability of fish stock [4-6]. Fishmeal
is processed from by-catch or trash fish. Trash fish production in
Asian continents encompasses 13-90% of total fishery landings
[6,7] the major utilization of these by-catches are primary for
animal feeding. Extracting wild stock for feeding farmed fish is no
longer a sustainable practice for aquaculture due to depletion of
fishery resources, and the availability of trash fish as a direct feed
ingredient is likely to restrict the further expansion of aquaculture
industry [5]. Furthermore, trash fish serves an excellent medium
for bacterial or viral disease transmission. Diseases such as viral
nervous necrosis (VNN) infection and Vibrio harvevi [8] are high
infectious to countless of fish farms.

Trash fish is also the main problem of parasitic infestation
which contributes to significant economic losses in mariculture
[5,7,9-11]. Hence, alternative protein resource such as insect-based
ingredient is highly sought after for substitution of fishmeal in
feed formulation. The use of insect-based diet in animal farming
is able to help in mitigating environmental impact especially
the sustainability of fishery wild stock as compared to fishmeal
production [7]. EU Commission Regulation 2017 /893 is permitting
the use of insect-based protein for sustainable aquaculture
commencing from 2017 [11]. Insects such as black soldier fly
larvae, maggot, mealworm, house cricket and grasshopper offer
a valuable and more sustainable alternative to fishmeal as key
ingredients in animal feeds. These insects are not only rich in
protein but also abundant in various nutritional contents such as
fats and macronutrients.

For instance, mealworms tenebriomolitorare often produced
commercially as feed items or supplementation for ornamental
fish, birds, reptiles and small mammals. In terms of cultivation,
mealworms production required little management and less
laborious skills. Furthermore, they are highly efficient in converting
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food wastes and agricultural by-products into quality biomass. The
biomass could be a potential feedstuff to replace fishmeal in diet
formulation. Insect-based protein offers a promising alternative
to fishmeal as ingredients in fish feed for aquaculture [12-14].
The scale-up, automation and energy optimization in mealworm
production industry, however, is required to reduce production
costs and to make insect meals more feasible from an economic
point of view. Therefore, the present study was aimed to investigate
the effects of several food wastes on nutritional fortification and
growth performance of T. Molitor larvae (TML). Common kitchen
food wastes such as by-products of banana (peels), watermelon
(rinds) and broiler’s eggshells were selected in the study because
of their local availability (non-seasonal), abundance and nutritional
contents. Nutritional composition and growth performances of TML
were determined to elucidate the effects of different food wastes on
the mealworm cultivation [15].

Material and Methods

Diet preparation: Rinds of watermelon Citrulluslanatus (Diet
1), broilers’ eggshells (Diet 2), peels of banana Musa acuminate
(Diet 3), mixture of diets 1, 2 and 3 with ratio of 1:1:1 (Diet 4) were
ovendried at 70 °C for 24 hours. Commercial white bread (Gardenia
Bakeries (KL) Sdn. Bhd.) as a control diet was oven dried at 120 °C
for 15 minutes. All diets were ground into fine powder particles,
and kept at room temperature until use.

Feeding trial and experimental design: Approximately 6,750
yellow mealworms, Tenebriomolitor larvae (TML, at 1-2 month/s
old) were obtained from an aquarium (Ninety Nine Fish & Pets Sdn.
Bhd., Taman Taynton Cheras, Kuala Lumpur, Malaysia). The TML
were distributed in 15 plastic containers (30x15x5cm; WxLxH)
with 450 larvae in each. The mealworm cultivation setup was
located under a shaded corner (25 °C+£1) to avoid direct sunlight
(light: dark; 12h: 12h). Prior to the feeding, TML were starved for
24 hours to reduce gut contents. During the feeding trial, 20g of
respective Diet 1,2,3,4 and a control were administrated to five
different groups of TML; feeding was given once in a week. Moist
cotton pads were provided to maintain humidity in the containers,
and the pads were replaced daily for hygiene purpose [15]. After
28 day of feeding period, TML were collected from respective diet
groups and boiled (100 °C) for 3 minutes, and then oven dried at
60 °C for 24 hours [16]. After drying process, meal worm carcasses
were collected and ground into fine particles using an electric
blender at maximum speed (Sharp, Japan) prior to the nutritional
analysis. Three replicates were performed for each diet group in
the experiment.

Nutritional analysis of tenebriomolitor: Crude protein
content of TML sample was determined through digestion with
Kjeldahl’'s method [17]. Kjeldahl factor was set at 6.25 for each
sample [18]. The moisture content was analysed by oven drying
method at 105 °C for 3 hours; ash determination by incinerating
in a furnace at 550 °C for 16 hours [17]. Crude fat content of the
samples was determined by consecutive extraction using Soxhlet
method. While crude fibre was determined by subsequent hot

digestion of defatted samples using 0.128M sulphuric acid and
1.25% (w/v) sodium hydroxide [17]. Nitrogen-free extract (NFE)
of the samples was calculated by subtraction [17]. All analysis was
performed in triplication.

Evaluation of growth performance and survival of
tenebriomolitor: Feed conversion, growth performance and
survival of 20TML in each treatment group were determined after
feeding trial. Performance in growth and feed utilisation were
determined based on the criteria: length gain (LG), weight gain
(WG), specific growth rate (SGR), feed conversion ratio (FCR)
and feed conversion efficiency (FCE) [19,20]. Calculation of each
criterion was done based on the formulas below:

a. LG (%)=100[(Final length-Initial length)/Initial length].
b. WG (%)=100[(Final weight- Initial weigh) /Initial weight].

c.  SGR (%)=100[(In Final weight)-(In Initial weight) /total
feeding days].

d. FCR (kg/kg)=Weight of diet/Weight of mealworms gained.

e. FCE (%)=100(Weight of mealworms gained/Weight of
diet).

f. Survival rate (%)=100(Initial population-Number of
dead mealworms)/Initial population.

4.5. Statistical analysis: Statistical analyses were conducted
using SPSS Statistical Package. Data were subjected to one-way
ANOVA analysis and Post hoc analysis using Tukey’s Multiple
Comparison Test (Tukey’s test) to evaluate differences between
groups with the acceptance at p<0.05.

Results
Nutritional profiles of tenebriomolitor

Mealworms T Molitor larvae (TML) fed on Diet 1 showed the
highest crude protein (43.38%=+2.71) while the lowest protein
level (38.53%+1.43) was found in TML fed on Diet 3 (Table 1).
Generally, the crude protein content of larvae fed on the five
diets did not significantly differ from each other (ANOVA; F=1.49,
p=0.26). In terms of moisture content, the highest moisture content
(9.74%=+0.23)was found in TML tissues administrated with Diet
1, and the lowest moisture content (8.06%+0.55)was recorded
when mealworm treated with control diet (commercial bread-
Gardenia®) (ANOVA; F=13.42, p=0.00). Among the treatments,
TML administrated with Diet 1 showed the highest ash content
(4.40%=+0.22) while TML grew on control diet displayed lowest
level of ash content (1.87%40.49) (Table 1). Values with different
letters in the same column are significantly different (p <0.05)
among the nutrients (n=3).

Highest crude fat content was found in the muscle of TML
in control group (40.13%*1.63) and those treated with Diet 3
(40.13%=*4.66). Analysis showed that TML administrated with
Diet 4 recorded at 33.92%=+2.05; Diet 2 at 33.57%*3.69 and
the least with Diet 1 at 32.84%=+4.14, respectively. However, no
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significant difference was noticed among the dietary treatment. In
overall, TML administrated with Diet 2 showed the highest crude
fibre content (8.73%=0.05), followed by Diet 4 (8.18%=+0.35),
control diet (6.75%%0.64), Diet 1 (6.48%+1.40) and the lowest
with Diet 3 (6.27%+0.09) (ANOVA; F=6.77, p=0.00) (Table 1). In
terms of NFE, TML administrated with Diet 3 showed the highest
value (4.46%+5.30) in contrast, control group marked the least
(1.69%=+4.79). Nevertheless, no significant difference was found
among these diet groups with regard on NFE (ANOVA; F=0.133,
p=0.98).

Growth performance of Tenebriomonitor

Both the growth performance and feed conversion of TML were
summarised in (Table 2). TML fed on Diet 1 showed longest body’s
length (LG) gain (22.17%=2.16), followed by Diet 3 (21.03%+1.95),
the control diet (18.30%%5.95), Diet 4 (14.25%+*1.18) and
2 (13.90%+2.91), despite no significant different among the
treatments (p>0.05) (Table 2). Likewise, similar trend was noticed
on the weight-gained (WG) and specific growth rate (SGR);
whereby Diet 1 showed the highest WG at 102.26%+23.27; SGR
at 2.50%=0.43 and the lowest found with Diet 2 at 64.76%+16.10
(WG) and 1.77%=%0.34 (SGR), respectively. In terms of biomass
conversion, TML fed on Diet 2 showed the highest feed conversion

ratio (FCR) (4.31£0.95) among all. On the other hand, TML treated
with Diet 1 showed the lowest FCR (2.66+0.23) (Table 2). However,
these results showed only TML fed on Diet 2 (4.31+0.95) showed
the significant difference compared to control (ANOVA; F=5.74,
p=0.01), not for those with Diet 1, 3 and 4 (Table 2). Values with
different letters in the same column were significantly different
(p <0.05); Parameters were determined based on the mealworms
T Molitor survivors per treatment (n=20/treatment). LG denotes
length gain; WG=weigh gain; SGR=specific growth rate; FCR=food
conversion ratio and FCE=food conversion efficiency. All data in
percentage (%) calculated based on initial measurement.

Results also revealed TML treated on Diet 1 showed the
highest feed conversion efficiency (FCE) (0.10%+0.01) among
the five treatment groups (Table 2). Only TML fed on Diet 2 was
differed significantly than others (ANOVA; F=6.93, p=0.01) (Table
2). It is interesting to note that, Diet 3 showed the highest survival
rate (97.5%) followed by Diet 1 (95.0%), 4 (94.6%), control diet
(90.4%) and 2 (86.4%) (Figure 1). Overall, Diet 1 showed better
results in terms of nutrients e.g. crude protein, moisture, ash and
crude fat. The growth performance and FCE were highest using Diet
1 as well. When Diet 3 was used, it showed highest survival rate in
TML cultivation.
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Figure 1: The survival rate (%) of mealworms T.molitorfed on different diets (Control: bread - Gardenia®; Diet 1: watermelon
rinds; Diet 2: eggshells; Diet 3: banana peels; Diet 4: mixture of Diet 1 — 4). Mean values with same letters within dietary
treatments (n=3) are not significantly different (HSDO0.0S5). Vertical bars indicate standard deviation of means.

Discussion

Crude protein content of TML was slightly lower in present
study compared to commercial oat flakes (44.72%) and wheat bran
(46.44%) as reported by Ravzanaadii et al. [21] and Siemianowska
et al. [16]. Among all, Diet 1 (crude protein: 11.57%; crude fat:
11.74% and NFE: 21.28%) demonstrated greatest efficiency in
terms of growth performance of TML (Table 2). Morales Ramos et
al. [15] reported diet with high crude protein (155mg/g) and crude
fat (43mg/g) could produce longest TML at the 14th instar’s stage.
In terms of FCR, Diet 2 showed the lowest amount of crude protein

and relatively higher FCR when feeding was provided to TML,
Diet 3 showed slightly increase of FCR; while the lowest FCR was
observed using Diet 1 (Table 1 & 2). In fact, FCR always associated
to the protein content in diet. Higher protein content helps in
muscle development, and thus lowering FCR; and vice versa [22].

According to Huis [23], TML fed on plant-based waste materials
contained low fat contents. In contrast to the finding, our study
showed TML has higher fat contents when treated with fruit wastes
(40.13%using banana peels;32.84% using watermelon rinds)
(Table 1), which is also slightly higher than wheat bran (32.70%)
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reported previously [21]. Siemianowska et al. [16] showed that
worm-meal contained 50.05% unsaturated oleic acid (C18:1n9),
23% palmitoleic acid (C16:0) and 10.97% linoleic acid (C18:2n6),
of total lipid. High crude fat contents are of particular importance
to fish and shellfish cultivation as only sufficient amount of
unsaturated fatty acids (mono unsaturated and polyunsaturated)
present in feedstuff could allow proper digestion of saturated
fatty acids to meet the dietary requirements of cultured species
[24]. Bio converting agricultural wastes into usable biomass is
sustainable ways to produce food sources for domestic animal
consumption. Abel et al. [25] and Siyal et al. [26] claimed banana
peels could be recycled and reused for broiler chickens diet. Our
result showed that TML reached to 0.09% increment in terms
of FCR when banana peel was used as sole feeding material.

Mealworm is not only a potential insect-based diet to aquaculture
but also as the emerging protein source for many terrestrial farmed
animals e.g. chicken, poultry, swine and ruminants. As claimed by
many studies, our finding also suggested that TML a good source
of protein, this could in turn, benefiting the cultured species by
enhancing their growth and survivorship [22]. Similar to black
soldier fly (Hermetiaillucens), TML prefers plant-based diets [27].
It is capable to bio-convert waste materials to reusable energy with
higher efficiency. When TML cultivated with dietary fibre such as
roughages, it showed better growth performance compared to
wheat middling or Distillers Dried Grains with Soluble (DDGS). This
also clearly shown in our study in particularly the growth rate was
among the highest when TML treated with Diet 2 (high crude fibre)
(Table 1).

Table 1: Nutritional compositions of mealworms tenebriomolitor.

Mealworms T. Proximate Compositions (%)
molitor Fed on . . . Nitrogen-free
Different Diets Crude Protein Moisture Ash Crude Fat Crude Fibre Extract (NFE)
Control diet: Bread 41.51+4.55 8.06+0.55¢ 1.87+0.49° 40.13+1.63° 6.75+0.64b 1.69+4.79
(Gardenia®)
Diet1: ‘r"i/:;esrmel"“ 43.38+2.71 9.74+0.23° 4.40+0.22° 32.84+4.14° 6.48+1.40M 3.17+5.80°
Diet 2: Broiler’s b b
42.49+2.28¢ 9.55+0.35° 3.44+0.44° 33.57£3.69° 8.73+0.05° 2.23+6.02°
eggshells
Diet z;g&na“a 38.53+1.43° 8.13+0.12° 2.48+0.88" 40.13+4.66° 6.2740.09¢ 4.46£5.30°
Diet 4: Mixture of 42.78+1.89 8.48+0.38¢ 3.62+0.24 33.92+2.05° 8.18+0.35® 3.02+1.07°
Diets 1, 2 and 3
Table 2: The growth performance of meal worms tenebriomolitor throughout 28-day feeding trial.
Mealworms T. molitor
Fed on Different LG (%) WG (%) SGR (%) FCR (kg/kg) FCE (%)
Diets
Control diet: Bread 18.30+5.95¢ 90.67+3.73° 2.30+0.07° 2.91+0.28° 0.09+0.01%
(Gardenia®)
D‘e”::’:’j;irmelon 22.1742.16° 102.26+23.27¢ 2.50+0.43° 2.66+0.23° 0.100.01°
Diet 2: Broiler’s 13.90+2.91° 64.76+16.10° 1.77+0.34° 431095 0.07+0.01°
eggshells
Diet 3: Banana peels 21.03+1.95¢ 101.38+15.30° 2.49+0.27° 2.68+0.12° 0.09+0.00°
Diet 4:f4‘2";‘r‘1r§3f’mlets 14.25+1.18° 78.62+9.10° 2.07+0.18° 3.4240.32% 0.08+0.01%

The major problem facing by animal production industry is the
source of protein [28]. To overcome this issue, alternative source
of protein is therefore upmost important to reduce the reliant on
animal source of protein such as fishmeal. Insect-based diet provides
high content in various nutrients such as sulphur-containing-amino
acids and highly unsaturated fatty acids, which could be potentially
used as major feed ingredients [27]. According to Ng et al. [13],
African catfish, Clariasgariepinus displayed similar growth and feed
utilization efficiency as in fishmeal when their diet was replaced
by 80% worm meal. A recent study also demonstrated that partial
or complete replacement (up to 100%) of TML in pacific white

shrimp (Litopenaeusvannamei) diet, did not show any significant
differences in terms of weight gain, specific growth rate, feed intake
and feed conversion efficiency with fishmeal-treated group [14].
Inclusion of TML in the fish diet could also significantly improve
protein efficiency and specific growth rate during the growing phase
in rainbow trout (Oncorhynchusmykiss) farming. The inclusion of
worm meal in the trout diets significantly decreased the relative
fat quantity but £C18:1 and C18:2 n6 increased with increment of
the amount of worm meal in diet supplementation [13]. However,
further research on nutritional value of the lipid fraction of trout
fillets is needed in diet formulations.
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Conclusion

Our study concluded TML treated banana wastes showed

significant improvement in the survival rate of TML. In terms of
growth performance and nutritional improvement, watermelon
wastes serve as the better option. Our study suggested TML farming
could be scale-up and optimized using the agricultural wastes as
presented here. The dataset provides a guideline for mealworm
mass cultivation with more efficient and cost-saving manner.
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