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Abstract: This study was conducted to determine the potential of varying levels of superworm frass as a
source of dietary protein in improving the growth performance of heritage chicks. Three dietary treatments were
evaluated in the feeding trial. Diet A (Commercial feed, basal diet) served as a negative control, while two (2) levels
of superworm frass (5% and 10% supplement) served as components of Diets B and C, respectively. Chemical
analysis revealed that superworm frass contained 78.34% DM, 5.03% CP, 0.18% EE, 34.96% NDF, 7.5% ash, and a
gross energy content of 2396 cal/g. In terms of voluntary feed intake (VFI), results revealed that Diet C showed a
negative linear effect at Day 56 and overall VFI. Moreover, cumulative weight gain (CWG) at Day 14 showed a
quadratic tendency and at Day 70 showed a linear tendency, which indicated that when the concentration of
superworm frass increased from 5% to 10%, the CWG likewise increased. Body weight (BW) of chicken showed a
quadratic tendency at Day 14. Furthermore, ADG of heritage chicken showed a quadratic tendency at Day 14 and
a linear tendency at Day 70, respectively. Meanwhile, FCR at Day 70 showed a linear tendency, which indicates that
when the concentration of superworm frass increased from 5 to 10%, the FCR of chicken also decreased, which
resulted to a better FCR value. Chickens supplemented with superworm frass showed a better FCR value compared
to chickens fed with Diet A (control). Superworm frass showed great potential as a dietary supplement for heritage
chickens by enhancing weight gain and feed efficiency. These findings suggest that superworm frass may serve as
a sustainable and alternative protein source in poultry nutrition, with practical implications for reducing feed costs
and promoting the utilization of organic waste materials in livestock production systems. This contributes to
improved production efficiency in animal science and supports environmentally sustainable agricultural practices.
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1. Introduction

Feed cost consists approximately 60-70% of the total production, and most of the ingredients in
feed milling industries in the country were imported (Department of Agriculture 2022). In fact, Miraflor
(2021) stated that the cost of animal feed ingredients such as corn and soybean had increased and will
continue to increase, not only affecting the Philippines but worldwide. Fish meals are also scarce and
expensive. The breach between the supply and demand of feed ingredients and protein is a challenge
faced by the animal industry. High poultry growth demands an increase in raw feed ingredients, and
inflation in feed ingredients will be unprofitable for the livestock and poultry farmers. This
phenomenon gives rise to a significant need for an alternative source of dietary protein for animals that
contain essential nutrients for maintenance and improvement in the production performance of chicks.
A sustainable protein source that can satisfy the growing demand of consumers for poultry products,
and at the same time can reduce the cost of production.

Heritage chicken breeds such as the Rhode Island Red have superior adaptation to tropical and
low-input systems, allowing them to perform well under hot and humid conditions typical of the
Philippines. These breeds also retain higher genetic diversity, which results in a balanced growth rate
and feed efficiency, stronger resistance to diseases, and an adaptive immune system (Yadav et al., 2023).
Unlike commercial broilers, which are bred for rapid growth but require highly optimized, expensive
commercial feeds and controlled environments, heritage chickens exhibit slower but more robust
growth trajectories. Furthermore, while native chickens are highly resilient, they often lack the
standardized production characteristics found in heritage breeds. Heritage chickens were selected for
this study because they represent a middle ground, offering better productivity than native birds while
maintaining the hardiness necessary for sustainable or organic production systems. Their inherent
resilience and ability to thrive on diverse dietary inputs make them the ideal subjects to evaluate the
viability of non-traditional, low-cost feed alternatives.

Insects are now gaining popularity in science and research. It has been identified as a great protein
source for animals and humans. Insects are efficient food converters; they consume various substrates,
such as organic waste, and convert them into high-protein sources. Insects are naturally part of the
poultry diet, especially scavenging birds. Because of their great nutritional content, insects are a viable
substitute for expensive protein sources like soybean and fishmeal. They are good sources of macro and
micronutrients; they contain a lot of vitamins such as niacin, vitamin B12, thiamine, and riboflavin.
Insects are also rich in minerals like calcium, iron, potassium, magnesium, phosphorus, and zinc (Chia
et al.,, 2019). Black soldier fly (BSF), Housefly (HF), and yellow mealworm are some of the examples of
insect larvae that have great potential as feed alternatives because of their high protein content (Cullere
et al., 2016). Another study highlighted that superworm is protein-rich and has low purine content
(Bednarova et al., 2014). Houben et al. (2021) indicated that mealworm frass (insect excreta) is a good
substitute for mineral NPK fertilizer for plants; however, there is no significant evidence that indicates
whether this mealworm frass can be used for animal consumption.

Very few studies are available regarding the utilization of insect larvae excreta as feed ingredient
for poultry and livestock animals; most of the data focus only on the analysis of the frass. Hence, this
study was conducted to determine the chemical composition of the frass and assess the feeding potential
of superworm frass (Zophobas morio) and its effect on the growth performance of heritage chicken to
determine if this waste-to-feed approach can support the nutritional needs of resilient, sustainable
poultry breeds.

2. Materials and Methods
2.1 Rearing and Harvesting of Frass

Adult insects of superworm (SW) were reared in an insect research facility with provision of space
for laying and hatching of larvae. The larvae were given rice bran with fruit and vegetable peelings as
their substrate (1:1 ratio). Insect frass was collected from the larvae litter through sieving and was stored
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in a container. The frass was then dried and added to the concentrate feed based on the inclusion rate
for each treatment.

2.2 Experimental Design

A total of 85 heads of day-old heritage chicks were distributed randomly in three dietary
treatments laid out in a Randomized Complete Block Design (RCBD) with four batches of hatched
chicks. Diet A (Commercial feed, basal diet) served as the negative control, while two (2) levels of
superworm frass (5% and 10% supplement) served as components of Diets B and C. The batch and breed
(Rhode Island Red & Black Australorp breeds) served as blocking factors.

2.3 Data Analysis

The data were analyzed using Analysis of Variance (ANOVA) in Proc Mixed of Statistical Analysis
System (SAS 9.4 MBS). Significant differences were determined using Trend analysis and declared
significant at p<0.05 and trend at 0.05<p<0.10.

2.4 Proximate Analysis of Superworm Frass

The superworm frass was analyzed in three replicates using conventional methods for dry matter
(DM), crude protein (CP), ether extract (EE), and crude ash (Association of Official Analytical
Collaboration, 2006). On the other hand, neutral detergent fiber (NDF) was assayed using Van Soest's
(1991) method. Gross energy (GE) of the samples was determined using IKA C1 Bomb Calorimeter Parr
Instrument (1L, USA).

3. Results and Discussion
3.1 Chemical Composition of Superworm Frass

Table 1 illustrates the chemical composition of superworm frass. Based on the results, the frass
contained 78.34% DM, 5.03% CP, 0.18% EE, 34.96% NDF, 7.5 % crude ash, 92.5% OM, and 2,396 cal/g,
respectively. The chemical composition results showed lower protein content and crude fat, but it had
higher crude ash and crude fiber compared to the previous study of Ravzanaadii et al. (2012), with
18.51% CP, 1.3% EE, 7.29% Ash, and 13.66% Crude fiber, where the nutritional value of Tenebrio molitor
larvae was analyzed and its potential as a food source. Higher DM, OM, and NDF were obtained, which
may be due to the frass being a dry pellet when excreted by the superworm. Lastly, the frass had a high
protein content as a waste product, suggesting it could be used as an additional supplement in animal
feed.

Table 1. Nutrient composition of superworm frass

Component Composition

Dry matter (%) 78.34
Crude protein (%) 5.03
Ether extract (%) 0.18
Neutral detergent fiber (%) 34.96
Crude ash (%) 7.5

Organic matter (%) 925
Gross energy (cal/g) 2396
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3.2 Voluntary Feed Intake

Table 2 shows the VFI of chickens supplemented with superworm frass in their basal diet. Based
on the results, VFI on Day 14 (p>0.1203), Day 28 (p>0.1734), Day 42 (p>0.3892), and Day 70 (p>0.7380)
showed no significant differences across treatments. However, at Day 56, there was a negative linear
trend (p<0.0014) with the lowest VFI in birds supplemented with Diet C (602.45g), followed by Diet B
(684.97g), and Diet A (755.04g). This means that when the concentration of treatments increased from
5% to 10%, it resulted in a lower VFIin chickens. Also, the overall VFI showed a negative linear tendency
(p < 0.0760), which means that when the concentration of frass increased from 5 to 10%, it resulted in a
decreased VFI.

The low VFI of birds may be influenced by the high NDF value of the superworm frass (Table 1).
Hence, birds supplemented with frass were physically full and resulted in less amount of feed ingested.
Moreover, based on the observations during the experiment, birds had voluntarily consumed the frass.
In fact, they were not selective, and the birds uniformly picked up the feed in the feeding trough. This
was an indication that superworm frass was palatable. The results were in contrast with the study of Al-
Qazzaz et al. (2016), wherein the inclusion of insect meal on laying hens’ basal diet had no significant
effect on the feed intake of birds. However, Magsalay et al. (2024) revealed that replacing soybean meal
with superworm in the diet of grower native chickens resulted in higher feed intake, better growth rate,
and feed conversion ratio, and showed better meat quality. Concepcion et al. (2025) justified that
supplementing quails with varying levels of superworm meal (5%, 10%, and 15%) showed better feed
intake, weight gain, and feed conversion ratio; however, supplementation of superworm meal up to
20% showed a decline in the performance of quails.

Table 2. Voluntary Feed Intake (g) of heritage chicken supplemented with 0%, 5%, and 10% superworm

frass
Diet . P value
Day A B C SEM Diets Linear Quadratic
14 213.08 195.94 204.41 14.62 0.1203 0.2560 0.0762
28 427.63 405.37 399.08 25.96 0.1734 0.0832 0.5277
42 458.11 436.26 418.89 29.36 0.3892 0.1878 0.9253
56 755.04 684.97 602.45 34.94 0.0043 0.0014 0.8021
70 756.83 715.37 757.77 51.61 0.7380 0.9882 0.4545
Total 2610.69 2437.92 2382.59 68.57 0.0760 0.033 0.4466

3.3 Cumulative Weight Gain

Table 3 shows the bi-weekly CWG of heritage chicken supplemented with superworm frass in their
diet as a source of dietary protein. Based on the results, WG at Day 14 (p>0.0799) had a quadratic
tendency, which indicated that when the concentration of superworm frass increased from 0 to 5%, the
WG would decrease. However, if the concentration of superworm frass further increased from 5% to
10%, the WG likewise increased. For the WG at Day 28 (p>0.7664), Day 42 (p>0.6640), Day 56 (p>0.2367),
and the overall WG (p>0.7663), no significant differences were observed across treatments. However,
WG at Day 70 showed a positive linear tendency (p < 0.0531), which indicated that when concentrations
of superworm frass increased from 5 to 10%, the WG of chicken also increased.

Results were similar to the findings of Pretorius (2011), where broilers supplemented with 10%
housefly larvae (HFL) meal and 10% fishmeal showed no significant effect on their performance; a
higher inclusion level of HFL (25%) in the diet resulted in better growth performance of broilers than in
birds supplemented with 25% fishmeal. Findings of Mbhele et al. (2019) contradicted this and showed
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that there was’ a quadratic trend between the partial substitution of soybean products with 54g/kg BSFL
concentration on the overall feed intake and the overall BW of Jumbo quails.

Table 3. Cumulative Weight Gain (g) of heritage chicken supplemented with 0%, 5%, and 10%
superworm frass

Diet . P value
Day A B C SEM Diets Linear = Quadratic
14 119.71 109.66 114.99 9.98 0.0799 0.2341 0.0474
28 212.96 215.53 202.83 13.83 0.7664 0.5941 0.6415
42 248.70 226.95 230.50 17.61 0.6640 0.4926 0.5791
56 354.19 343.02 310.74 16.59 0.2367 0.1135 0.6221
70 322.38 330.28 388.47 27.68 0.0531 0.0277 0.2513
Total 1257.93 1225.43 1247.52 36.03 0.7663 0.8229 0.5052

3.4 Body Weight

Table 4 presents the bi-weekly BW of heritage chicken supplemented with superworm frass. Based
on the results, BW at Day 14 had a quadratic tendency (p>0.0544), which means that when the
concentration of superworm frass increased from 0 to 5%, the BW decreased; however, it increased when
frass was given at 10%. At Day 28 (p>0.7611), Day 42 (p>0.5920), Day 56 (p>0.2713), and Day 70
(p>0.7503), results were not significant.

Results indicated that better BW will be acquired with higher inclusion level of frass in the chicken
diet. Based on the study of Pretorius (2011), better live weight was obtained through supplementation
of 25% HFL meal compared to birds supplemented with 10% HFL meal and broilers supplemented with
25% ftishmeal.

Table 4. Body Weight (g) of heritage chicken supplemented with 0%, 5%, and 10% superworm frass

Diet P value
Day A B C SEM Diets Linear Quadratic
14 159.60 148.23 153.58 10.79 0.0544 0.1480 0.0375
28 372.58 363.78 356.40 16.47 0.7611 0.4788 0.9706
42 621.25 590.73 586.90 27.05 0.5920 0.3665 0.6766
56 975.45 933.75 897.63 35.94 0.3713 0.1767 0.9516
70 1297.82 1264.00 1286.10 36.09 0.7503 0.7998 0.4929

3.5 Average Daily Gain

Table 5 shows the average daily gain (ADG) of heritage chicken supplemented with varying levels
of superworm frass via feed. Based on the results, ADG at Day 14 showed a quadratic tendency
(p>0.0807). This indicates that when the concentration of superworm frass increased from 0 to 5%, the
ADG decreased. However, if the concentration of superworm frass increased to 10%, the ADG of
chicken likewise increased. Moreover, ADG at day 70 had a positive linear tendency (p>0.0531) between
concentration and ADG of chicken. This means that as the concentrations of superworm frass increased
from 5 to 10%, the ADG of chicken also increased. Lastly, the Day 28 (p>0.7672), Day 42 (p>0.6649), Day
56 (p>0.2358), and the overall ADG (p>0.6370) of heritage chicken were not significant across treatments.

The results of chickens supplemented with superworm frass showed that better ADG was possible
through supplementing chickens with higher than 10% concentration of superworm frass on their basal
diet. The study of Benzertiha et al. (2019) mentioned that lower percent inclusion of Z. morio meal at
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0.2% and 0.3% in broiler chicken basal diet already resulted in a visible improvement in the growth
performance of broilers. Kieroniczyk et al. (2018) also reported that replacing soybean oil with Z. morio
meal at a 5% level showed better performance than those chickens supplemented with only soybean oil.
In contrast, Pretorius (2011) reported that supplementing broilers with 25% HFL meal resulted in
broilers having excellent ADG compared with the birds supplemented with 25% fishmeal, which makes
it a good replacement for a commercial fishmeal protein source.

Table 5. Average Daily Gain (g) of heritage chicken supplemented with 0%, 5%, and 10% superworm

frass
Diet . P value
Day A B C SEM Diets Linear = Quadratic
14 8.54 7.83 8.21 0.71 0.807 0.2366 0.0477
28 7.60 7.69 7.24 0.49 0.7672 0.5955 0.6416
42 5.92 5.40 5.49 041 0.6649 0.4937 0.5792
56 6.32 6.12 5.54 0.29 0.2358 0.1130 0.6216
70 4.60 4.71 5.54 0.39 0.0531 0.0277 0.2511
Total 6.60 6.35 6.41 0.22 0.6370 0.4934 0.5310

3.6 Feed Conversion Ratio

Feed conversion ratio (FCR) is the rate that measures the efficiency of the animal to convert feed
into the desired output, and a lower FCR value is desirable. Table 6 presents the FCR of chickens
supplemented with varying levels of superworm frass in their diet as a source of dietary protein. Based
on the results, FCR at Day 14, 28, 42, 56, and the overall FCR had no significant difference in all
treatments. However, FCR at Day 70 had a linear tendency (p>0.0792), which indicated that when
concentrations of superworm frass increased from 5 to 10%, the FCR of chicken also decreased, which
resulted to a better FCR value. Despite no significant difference between treatments, FCR at Day 28
showed that Diet B had the lowest FCR (1.89) compared to that of Diet C (2.00) and Diet A (2.01).
However, from Day 42 to Day 70, Diet C showed the best FCR value among treatments.

The results showed better FCR across treatments at Day 14. According to Hollemans et al. (2018),
beneficial effects of nutrition on the growth performance of birds are only observed during the first two
weeks and will disintegrate later on as the chick matures. The results were similar to the study of
Asimaki et al. (2020), where fishmeal was replaced in the diet of sea bream fingerlings with 5% and 10%
Z. morio larvae meal. In their study, the growth rate, FCR, BW, and feed intake were not significantly
affected by the treatments. However, despite this, Diet C showed a better FCR compared to Diet A
throughout the experiment. Low feed intake and improved WG contributed to a better FCR value
compared with Diet A and Diet B.

Table 6. Feed Conversion Ratio of heritage chicken supplemented with 0%, 5%, and 10% superworm

frass
Diet . P value
Day A B C SEM Diets Linear = Quadratic
14 1.78 1.82 1.78 0.01 0.9212 0.9826 0.6979
28 2.01 1.89 2.00 0.14 0.7741 0.9458 0.4942
42 1.85 1.92 1.83 0.09 0.7731 0.8915 0.4991
56 2.13 1.99 1.95 0.09 0.4022 0.2114 0.6928
70 2.39 2.18 1.95 0.16 0.0792 0.0303 0.9359
Total 2.03 1.96 1.90 0.09 0.5920 0.3260 0.9637
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4. Conclusion

Superworm frass showed great potential as a feed ingredient due to its chemical composition.
Supplementing heritage chicken with superworm frass had a quadratic effect, with 10% frass
supplementation resulting in a better FCR fer-heritageehieken. These findings highlighted the potential
of superworm frass as a functional and sustainable ingredient in animal feed.

5. Recommendations

It is recommended that similar studies be conducted with a higher inclusion level of superworm
frass to maximize the results of this experiment. Further investigation should also be conducted to
understand the effect of chitin present in insect frass on the animal’s digestion and absorption, and
assess the physiological effects of superworm frass with particular attention to organ function and
metabolic health.
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