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The aims of this study were to determine the preference of adults H. illucens to different sugar types, followed by examining which color background 
encourages feeding.  

 Three separate experiments were conducted; first, the feeding preference of H. illucens adults to three different sugar types were 
examined. Second, whether six different colors influenced feeding preference. Thirdly, oviposition frequency/clutch weight among two different colors 
and three bait types.

 Honey was more preferred as compared to white sugar, brown sugar or water.  A white background was preferred when feeding, while blue 
color was completely avoided.  In contrast, blue was preferred over white for oviposition, based on significantly more clutches and weights.  Moreover, 
baiting H. illucens adults with spent coffee grounds led to significantly more clutches and weights compared to sweet potato or spoiled fish feeds.  Thus, 
using white backgrounds with honey can encourage feeding while a blue background can encourage oviposition.

 Feeding and oviposition activities can be easily separated in a simple and cost-effective way for commercial production. 
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Introduction

There is an increasing focus on sustainable farm 
practices and the black soldier fly, Hermetia illucens, has many 
beneficial characteristics conducive to this goal (Romano, 2018). 
In terms of production, H. illucens adults can easily reproduce 
under captive conditions using simple and inexpensive 
equipment (Tomberlin and van Huis, 2020). Moreover, their larval 
stages can thrive on various organic materials, either suitable or 
unsuitable for human consumption, such as livestock manure, 
organic leachates, fruits and vegetables, abattoir waste, grains 
and general kitchen/grocery waste (Sheppard et al., 1994; 
Sheppard et al., 2002; Popa and Green, 2012; Nguyen et al., 
2015). The type of feed influences the nutritional content of 
larvae, but they are generally rich in proteins and lipids (Lalander 
et al., 2019). Thus, there is great potential to improve sustainable 
farming by transforming unwanted agricultural and food waste 
into a high quality feedstuff for various farmed animals (Smetana 
et al., 2019). In particular, the supplemental inclusion of H. 
illucens larvae to poultry diets improve chicken egg productivity 
and weights (Park et al., 2017) as well as broiler growth 
(Hwangbo et al., 2009). Moreover, there has been remarkable 
progress on improving the feasibility of replacing unsustainable 
marine-based products with H. illucens larvae in the diets of some 
farmed fish species (Belghit et al., 2019, Wang et al., 2019; 
Fawole et al., 2020). Further, to the biodiesel industry due to high 
fat content (Wong et al., 2019). 

The remarkable potential of using H. illucens larvae in 
different industries has yielded research into evaluating different 
culture systems (Sheppard et al., 2002; Nakamura et al., 2015; 
Ewusie et al., 2019; Hoc et al., 2019), as well as determining 
optimal humidity conditions, lighting, temperatures and nutrition 
to improve adult H. illucens mating and oviposition (Tomberlin and 
Sheppard, 2002, Zhang et al., 2010, Holmes et al., 2012). In the 
case of the latter, it is sometimes anecdotally reported that H. 
illucens adults cannot feed. This is despite the provision of water 
and/or sugar being encouraged decades ago (Furman et al. 
1959), as well as their mouthparts being described (Rozkošny, 
1982). Subsequently, Tomberlin et al. (2002) found that allowing 
H. illucens adults some access to water can substantially extend 
their lifespan. More recently, Bruno et al. (2019) provided a 
detailed histological and ultrastructural description of mouthparts 
and digestive system of H. illucens adults as well as 
demonstrated that providing a sugar solution more than doubled 
their lifespan. Sugar solutions were also shown to increase egg 
production in adult H. illucens females compared to water or meat 
broth (Lupi et al., 2019). These findings are certainly consistent 
with adult H. illucens often being observed to feed on honeydew 
and pollen in nature (Oldroyd, 1973, Beuk, 1990). Better results 
were observed with a peptone solution, over sugar or milk powder 
solutions, on the survival rates and egg production in adult H. 
illucens (Bertinetti et al., 2019). Whether providing water, sugar or 

a protein rich solution, there are clear longevity and reproductive 
benefits of allowing adults access to water or nutrient sources 
compared to nothing.

There are still some knowledge gaps regarding feeding 
and oviposition preferences, and research in these areas could 
potentially be helpful towards optimizing larval production and 
thus sustainable farming practices. The aim of this study was to 
determine the preference of adults H. illucens to different sugar 
types, followed by examining which color background 
encourages the feeding. The most and least preferred colors for 
feeding, in combination with three different bait types, were used 
to examine these factors on the oviposition of H. illucens adults.

Materials and Methods

Insect colony : Advanced H. illucens larvae purchased from a 
local supplier (Josh's Frogs, cultured indoor on 
a mixture of pizza dough, fruits and spent coffee grounds on a 
vertically stacked compost structure. The temperature and 
relative humidity in the room was maintained at 31°C and 45%, 
respectively, to provide favourable conditions for the larvae and 
adult flies (Holmes et al., 2012). Temperature was controlled 
using a warm air blower while humidity was increased with a 
humidifier as well as manually turning on a mister each day. The 
photoperiod was 24 hr of light from overhead fluorescent lights at 
342-586 lux. Adults hatched after four weeks of initially adding the 
larvae and within two days the first experiment was conducted on 
sugar, followed by the color preference studies. The adults were 
not enclosed and allowed to move freely the room. Thus, the sex 
ratio was not determined.

The adult H. illucens have tendency to get trapped in 
liquids and drown, particularly if the liquid is sticky. Therefore, in 
both the experiments, sugar was placed on one side of the petri 
dish and water was sprayed twice. In this way, there were dry 
areas for the adults to land/move safely.

Sugar preference for feeding: Water (control), white sugar, 
brown sugar and honey that were placed in a glass petri dish (100 
× 15 mm). For the white and brown sugar, two grams were added, 
while for honey, two drops were added, which was approximately 
one gram. After adding these sugar types, one spray from a water 
bottle was added to each petri dish. Each treatment was 
triplicated and the replicates were randomly arranged on a white 
poster board. Above the petri dishes was a game camera 

TM(Bushnell CORE  HD camera) that was programmed to take 
pictures at five min intervals over five days. The images were 
downloaded and the presence of flies was manually counted. 

Color preference for feeding: For colour preference 
experiment, yellow, pink, brown, green, white and blue poster 

2boards were cut into 11 × 11 cm  pieces. Each glass petri dish was 
placed on top of each square. Sugar with water, as described 

Owosso, MI) were 
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above, was added in equal amount to each petri plate. The 
experiment was carried out in triplicate and arranged randomly 
(Fig. 1). Pictures were taken at an interval of 5 min for four days 
and the presence of adult flies was counted manually.

Color and bait preference for oviposition : There were two 
main factors that included the bait type, which included spent 
coffee grounds, overripe sweet potatoes and spoiled fish feeds, 
with the other main effect being different colors that included white 
or dark blue corrugated plastic lids with numerous crevices. There 
was a total of 2.2 kg of each food type, which were divided among 
the three replicates and covered in mosquito netting. These bait 
types were chosen based on local availability at no cost and the 
products would have been thrown away otherwise. The sweet 
potatoes were cut into approximately one inch cubes. The fish 
feeds were designed for salmonids (crude protein 55% and crude 
lipid 8%) and were considered spoiled based on a slightly rancid 
smell and extensive fungal growth. The spent coffee was supplied 
from a local coffeehouse. After adding all the baits, equal amount 
of distill water was added to each container (height, width and 
diameter of 14.1, 11.9 and 11.9 inches, respectively).

Each platform was placed vertically inside the container 
to allow adults access each side. All containers were arranged 
randomly and there were a total of three replicates for each 
treatment. At five-day interval, for up to 15 days, the number of 
clutches was recorded, removed using a scalpel and weighed. 
Due the damage sustained by the removal of eggs, hatchability 
was not assessed.

Statistical analyses : For Experiments 1 and 2, the total number 
of observations on different sugar types or colors was averaged 

from each replicate. The data was subjected to normality and 
homogeneity of variance tests. One-way ANOVA was used to 
determine significant differences, and difference among 
treatments were identified by a Tukey's post-hoc test. For 
Experiment 3, the total amount of clutches, and total weights and 
average individual clutch weights over 15 days were combined 
and subjected to two-way ANOVA with the main effects being 
color and bait type. Tukey's post-hoc test was used to determine 
any difference among the bait types. In order to identify 
differences among all the color/bait type treatments. One-way 
ANOVA was used followed by Tukey's post hoc test.

Results and Discussion

Sugar preference for feeding : After 5 days, 341 adults of H. 
illucens were observed on the petri dishes. Out of these, the 
majority were present on honey treatment, which was 
significantly higher (p < 0.05) compared to water, white sugar or 
brown sugar treatments (Fig. 2).

Color preference for feeding : After 4 days, 503 adults of H. 
illucens were present on the petri dishes. Only one fly was 
observed on blue color feeding while the highest number of flies 
were observed on the white color (Fig. 3), and these treatments 
were significantly different from all others (p < 0.05). The second 
highest number of flies were observed on the green color, which 
was significantly different than the yellow, brown, pink and blue 
treatments. 

Both bait type and color significantly influenced the clutch 
weight and number of clutches (p < 0.05) (Fig. 4a,b). Dark blue 

Fig. 1 : Experimental set-up showing most of the replicates in the color preference experiment.
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color led to significantly more clutches and clutch weights 
compared to white color. Among the different baits, the spent 
coffee grounds had significantly higher amount of clutches and 
clutch weights. There was a significant interaction between bait 
type and surface color on both clutch weight and number of 
clutches. 

The life span of adult H. illucens is relatively short, i.e., 4-
15 days if they are not provided with water or nutrition (Bertinetti et 
al., 2019). Sugar is known to extend the life span of H. illucens by 
another week and is an effective way to improve their larval 
production (Lupi et al., 2019). Sugars are natural nutritional 
source for adult H. illucens, but different type of sugars have not 
yet been investigated in terms of preference. In the first 
experiment, honey was overwhelmingly preferred compared to 
water, white sugar or brown sugar. In fact, there was no 
observable preference among the water, white sugar or brown 
sugar treatments. However, the implications of H. illucens adults 
feeding on honey to their life span and/or oviposition needs to be 
further investigated, particularly considering honey contains a 
more diverse mixture of disaccharides and minerals as well as 
more calories than sugar (Ball, 2007). Based on these findings, 
the use of honey may be especially advantageous when trying to 
attract and catch wild H. illucens adults to potentially increase 
genetic diversity over time as well as starting a new colony. 

In terms of feeding, there were significantly more adult H. 
illucens choosing a white coloration when sugar was provided. 
But perhaps more striking was that the adults appeared to 

completely avoid the blue color. It is important to note that the blue 
coloration was not dark enough to obscure the counting of the 
adults and potentially bias the data. There is limited information 
on color preference in flies. However, in a recent study, 
Drosophila spp. avoided blue lighting (Lazopulo et al., 2019). 
Undoubtablely, the mechanisms would be different than this 
study, which used different colored backgrounds that would 
unlikely influence the eye receptors of the adults as demonstrated 
by Lazopulo et al. (2019) when using different colored lighting. 

Interestingly, when taking the best and worst treatments 
for feeding, of white and blue, respectively, the results to 
oviposition were completely the opposite as the feeding 
preference experiment. Unexpectedly, the blue colored platforms 
led to significantly more egg clutches and weights compared to 
the white platforms. This behavioral difference among studies 
may indicate that H. illucens adults avoid eating and laying eggs 
in the same area, but this should receive additional investigations. 

Among the different baits, spent coffee led to significantly 
more egg clutches and weights compared to either the sweet 
potato or fish feeds. This was also unexpected considering H. 
illucens larvae have lower growth on spent coffee compared to 
other organic substrates (Lardé, 1990; Permana et al., 2018). 
Research should investigate the potential of fungal toxins (e.g. 
deoxynivalenol, zearalenone, and aflatoxins) and oxidized lipids 
to deter oviposition in H. illucens. However, it is important to note 
that the fish feeds along with sweet potato attracted other fly 
species, including Drosophila spp., and Musca domestica that 

Fig. 2 : Percentage preference of adult Hermetia illucens to different 
sugar types and water. 
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Fig. 3 : Percentage preference of adult Hermetia illucens to different 
colors. 
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were present in the room and laid eggs. The presence of adult and 
eggs of other fly species may have deterred the adult H. illucens 
from the extra competition. For example, Miranda et al. (2019) 
showed that when M. domestica already inhabited chicken 
manure, this deterred the oviposition of H. illucens adults. 
Subsequent to this study, it became standard practice in our lab to 
layer spent coffee grounds on top of different food types along 
with adding some H. illucens larvae to potentially deter other fly 
species, with the latter consistent with the findings of Furman et 
al. (1959).

The obtained results can provide some cost-effective and 
practical ways to improve H. illucens larval production. Taken 
together, it is suggested that providing honey on a white 
background would encourage the feeding of H. illucens adults 
while providing a dark blue substrate excluded feeding but 
encouraged oviposition compared to a white background. This 
type of compartmentalization could better facilitate the feeding 
and breeding/egg collections of H. illucens adults. The 
implications of these practices on the life span and fecundity of H. 
illucens adults should be further investigated as well as other 
ways to enhance feeding/oviposition, such as different olfactory 
stimulants. Such studies should help optimize their production 
and, in turn, sustainable farming practices.
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