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ABSTRACT

In integrated pest management (IPM), the mass rearing of insects is crucial for applications in agriculture and stored-product
protection. The use of artificial diets for insect rearing enables control over insect quality, ensures a continuous insect supply,
and provides logistical advantages. However, optimized diets are still lacking for the hosts of parasitoids used in the biological
control of stored product pests, such as Piophila casei Linnaeus (Diptera: Piophilidae). In previous research, fly development was
obtained using a whole powder milk-based artificial diet. However, a comprehensive evaluation of this diet's efficacy in sustain-
ing feeding, development, growth, and reproduction across continuous generations had not yet been conducted. To fill this gap,
this study aimed to investigate the effect of a diet based on infant formula on the development time, longevity, fecundity, and
population growth parameters of P. casei, compared to the whole powder milk diet and to dry-cured ham. The results indicate
that dry-cured ham (which is protein-rich) accelerated development, while the infant formula-based diet (which is carbohydrate-
rich) enhanced longevity and improved population growth parameters. Among the artificial diets, the infant formula-based diet
was the most effective in maximizing the number of individuals, making it suitable to produce P. casei as a host for parasitoid
rearing, whereas the whole powder milk diet showed the poorest performance.

1 | Introduction for longer periods, including under refrigerated or frozen con-

ditions (Cohen 2020). Efficient diets can allow for year-round

The mass production of insects serves multiple purposes,
including biological control with entomophages (Leppla
et al. 2022), sterile insect technologies (Sassu et al. 2019), feed
and food production (Rumpold and Schliiter 2013; Liland
et al. 2017; de Oliveira et al. 2025), infection models for drug
efficacy studies (Serrano et al. 2023; Gallorini et al. 2024),
and the provision of model organisms for biological research
(Roberts 2006; Pasquali et al. 2025).

About biological control, the use of artificial diets for host/
prey rearing can standardize their quality with benefits on en-
tomophagous insect production (Nguyen et al. 2015). Artificial
diets may offer a convenient cost/benefit ratio, as well as easy
transport and reduced storage space. They can also be preserved

rearing of insects and are designed to meet their nutritional re-
quirements (Hervet et al. 2016), ensuring vigorous feeding and
effective growth (Block et al. 2001; Ngomane et al. 2022). In this
context, optimizing insect diets to match their precise nutri-
tional needs is essential for successful rearing.

Despite the potential shown by insect diets, certain limita-
tions persist, most notably the absence of an optimal feed-
ing substrate for most hosts of natural enemies intended for
large-scale production for the biological control of insect pests
in stored products. These limitations apply to Piophila casei
Linnaeus (Diptera: Piophilidae), a species of major medical,
veterinary, and forensic relevance due to its ability to cause
myiasis and help estimate postmortem intervals (Saleh and
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El Sibae 1993; Russo et al. 2006; Aballay et al. 2017). It also
causes damage to protein-rich stored products such as cheese,
ham, meat, and cured fish, making losses economically sig-
nificant (Simmons 1927; Zhao et al. 2016; Missere et al. 2023).
As interest in developing biological control programs against
P. casei is increasing, there is a growing need to rear large
numbers of this harmful insect to provide hosts for biocon-
trol agents, such as the parasitoids Pachycrepoideus vindemiae
Rondani and Muscidifurax raptor Girault & Sanders (Missere
et al. 2023).

P. casei is commonly cultured in commercially available meat or
cheese (Jones et al. 1971; Barros-Cordeiro et al. 2018; Grisendi
et al. 2025). However, the use of these products as diets for P.
casei raises concerns about the preservation of their nutritional
value and safety during extended storage (Ho et al. 2024). In ad-
dition, these natural products do not provide standardized con-
ditions, as their properties can vary significantly (Cohen 2001).
Another concern is that P. casei must be reared at relatively high
temperatures (e.g., 25°C-26°C) (Russo et al. 2006), which accel-
erates the degradation of the organic substrate used for larval
development (Piras et al. 2016). This rapid deterioration poses
practical challenges during mass-rearing. An artificial diet can
help overcome these drawbacks.

Sacchi et al. (1971) reported successful rearing of P. casei using
a whole powder milk-based artificial diet. Sacchi's diet has also
been used to rear this fly species in more recent studies (Russo
et al. 2006; Missere et al. 2023); however, it has not been sub-
jected to arigorous assessment of the nutritional needs of P. caseli,
nor of key parameters such as development rates, adult longev-
ity, and reproductive success. These parameters are crucial for
assessing the suitability of diet for insect rearing (Cohen 2020;
Dindo and Grenier 2022; Leppla 2023).

To improve the efficacy of the rearing procedure of P. casei, in
this study we evaluated the effectiveness of a diet based on infant
formula (Dutra et al. 2017), compared with a diet based on whole
powder milk (Sacchi's diet) and dry-cured ham. Immature stage
development and survival, adult longevity, fecundity, and popu-
lation growth parameters were assessed.

2 | Materials and Methods
2.1 | Piophila casei Standard Colonies

The colony of P. casei was established from wild specimens col-
lected in a cured meat factory located in Traversetolo (PR) (NE
Ttaly).

Adult flies of P. casei were kept in Plexiglas cages
(13x36x24cm), each containing approximately 100-150
individuals, with an opening covered with plastic mesh for
ventilation on every wall. The flies were separately fed on
three diets (one per cage) based on infant formula (F), whole
powder milk (P), dry-cured ham (H). The three colonies were
all supplied with cotton balls soaked in a sucrose and water
solution (20% sucrose) and maintained in a growth chamber
at 25°C+1°C, 50%-60% RH, photoperiod 16L:8D (Missere
et al. 2023).

2.2 | Diets

The artificial diets F and P were both prepared according to
the recipe outlined by Sacchi et al. (1971), using an infant for-
mula (Coop brand, for infants aged 6-12months; composition
in Table 1) (F) or whole powder milk (Coop brand; composition
in Table 2) (P).

Each diet was prepared by adding 1000 mL of distilled water
to a mixture containing 50 g L~ of brewer's yeast (Coop brand;
composition in Table 3), 20gL~! of agar, and 80gL! of either
infant formula (F) or whole powder milk (P). After boiling
the compound for 30 min, 0.1 g of nipagin dissolved in 1 mL of
ethanol was added. The mixture was blended for 1 min to en-
sure homogeneity. Each diet was then transferred into plastic
cylinders (6 cm high, 3cm in diameter; three per cage), which
served both as food and as an oviposition substrate. The third
diet (H) consisted of approximately 50 g of dry-cured ham (San
Paolo brand; composition in Table 4), seasoned for 18 months,
and was also placed in similar plastic cylinders. This sea-
soning period was selected to ensure adequate moisture con-
tent while representing the advanced curing stage typically
associated with P. casei infestations (Simmons 1927; Zhao
et al. 2016). Longer seasoning periods could have resulted
in excessive dehydration of the substrate, potentially limit-
ing larval activity and development (Murray 1968; Okpoko
et al. 2024).

2.3 | Immature Development, Larval Survival,
Adult Longevity, Fecundity, Age at First
Reproduction and Life Table Parameters

An experiment was conducted to assess the impact of the
three diets (F, P, and H) on P. casei developmental time, sur-
vival of immature stages, and adult longevity and fecundity.
The study was conducted at 25°C+1°C, 50%-60% RH, and
a photoperiod 16L:8D. Within 8h from oviposition, for each
feeding substrate 120 eggs were individually transferred with
a thin needle into 5-cm diameter plastic petri dishes (e.g., one
egg per petri dish), each containing 15g of the relevant food.
A total of 120 independent replicates were performed for each
diet. Wet cotton was placed in each petri dish to maintain a
moist environment.

P. casei individuals were observed daily until death to check
the duration of each immature stage, survival, and adult lon-
gevity and the age at first reproduction. The instar of each
larva was assessed based on the varying levels of sclerotiza-
tion of the cephalopharyngeal apparatus, which is not pig-
mented in the first instar (L1). Second instars (L2) have a thin
black cephalopharyngeal framework and thin mouth hooks,
whereas third instars (L3) can be distinguished by their in-
creased size and willingness to leave their food source in
search of a suitable location for pupation. Moreover, L3 has
a sturdy cephalopharyngeal framework and powerful mouth
hooks and appears whiter and opaquer than the previous in-
star (Barros-Cordeiro et al. 2018).

To evaluate fecundity and age at first reproduction for each feed-
ing substrate, 25 couples of flies were daily monitored to assess
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TABLE 1 | Ingredients and nutrients per 100g of infant formula

TABLE 2 | Ingredients and nutrients per 100g of whole powder milk

Coop brand. Coop brand.
Amount Unit Amount Unit
Nutrients Nutrients
Calories 2140 kj Calories 2067 kj
Protein 10.6 g Protein 26 g
Fat 1.2 g Fat 26.4 g
Carbohydrate 57.8 g Carbohydrate 39 g
Linoleic Acid 5.4 g Vitamins
Vitamins A 295 ug
A 459 ug Thiamin (B1) 600 ug
D 13 ug Riboflavin (B2) 1200 ug
E 13 mg Niacin (B3) 0.70 mg
K 61 ug Ascorbic Acid (C) 4 mg
Thiamin (B1) 600 ug Minerals
Riboflavin (B2) 1200 ug Calcium 1100 mg
Pyridoxine (B6) 400 ug Phosphorus 800 mg
Cobalamin (B12) 1.5 ug Magnesium 110 mg
Niacin 4.6 mg Sodium 100 mg
Folic Acid (Folacin) 102 ug Potassium 2200 mg
Pantothenic Acid 35 mg
Biotin 20 ug TABLE 3 | Ingredients and nutrients per 100g of dry brewer's yeast
C (Ascorbic Acid) 102 mg Coop brand.
Choline 153 mg Nutrients Amount Unit
Inositol 114 mg Calories 1489 kJ
Minerals Protein 44 g
Calcium 459 mg Fat 5.7 g
Phosphorus 255 mg Carbohydrate 19 g
Magnesium 40 mg Fibre 27 g
Iron 6.7 mg Salt 0.3 g
Zinc 3.6 mg
Manganese 47 ke the quantity of eggs laid during the female life. Newly emerged
Copper 357 ug adult pairs were individually transferred to transparent plastic
oS hmm in s 2t i beih e comaiing
Selenium 26 ug iment were replaced with males maintained on the same food.
Sodium 153 mg The containers were kept in a growth chamber at 25°C£1°C,
50%-60% RH, and a photoperiod of 16L:8D.
Potassium 510 mg
Chloride 357 mg Data on immature developmental time and survival along with
daily schedules of adult mortality and fecundity, were used to
Taurine 41 mg calculate age-specific survival rate (I,) and age-specific fecun-
Carnitine 10 mg dity rate (m,). From previous laboratory results, we assumed a

sex ratio of 1:1 in all offspring (Russo et al. 2006).
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TABLE 4
Paolo brand.

Ingredients and nutrients per 100 g of dry-cured ham San

Amount Unit
Nutrients
Calories 936 KJ
Protein 26.90 g
Fat 13 g
Carbohydrate 0 g
Vitamins
Thiamin (B1) 60 ug
Riboflavin (B2) 20 ug
Niacin (B3) 5 mg
Minerals
Calcium 15 mg
Phosphorus 177 mg
Magnesium 26 mg
Iron 1.20 mg
Zinc 2.50 mg
Copper 0.16 ug
Selenium 5.60 ug
Sodium 2238 mg
Potassium 454 mg

The life table parameters were calculated as follows (Carey 1993):

@
Gross reproductive rate, GRR = 2 mx (1)
x=0
[~3
Net reproductive rate, R_ Z L.m, @)
x=0
[0)
Z xlX mx
Mean generation time, T = szo ©)
Z lxmx
x=0
Doubling time, DT = In2 )
rm
Finite rate of increase, A = e'» ©)

The precise value of intrinsic rate of increase (r,,)) was estimated
iteratively solving the Euler equation:

Y eihom, =1 ©
x=0

The gross reproductive rate (GRR) is the total lifetime reproduc-
tion in the absence of mortality; the net reproductive rate (R)

is the number of female offspring produced per female during
her lifetime taking normal mortality into account; the intrinsic
rate of increase (r,)) is the capacity of population increase per
unit of time; the mean generation time (T) is the mean time span
between the birth of individuals of a generation and that of the
next generation. It also represents the time required for a popu-
lation to increase by a factor of R; the finite rate of increase (1)
is the number of times the population will multiply itself per unit
of time; the doubling time (DT) is the number of days required
for the population to double its initial number.

Jackknife re-sampling technique was used to calculate the
mean and standard error associated with population parameters
(Maia et al. 2000).

3 | Statistical Analysis

Data about developmental time, longevity, and fecundity of
adults of P. casei on the three diets were analyzed by Kruskal-
Wallis test, followed by Dunn's post hoc test (p<0.05). A
non-parametric approach was chosen because ANOVA as-
sumptions were not met, as confirmed by the Shapiro-Wilk
test for normality and Levene's test for homogeneity of vari-
ances. Kaplan-Meier method was used to estimate survival
in function of time and treatments. The log-linear rank test
followed by the Holm-Sidak pairwise multiple comparison
procedures was performed to detect significant differences
(p<0.05) among survival curves. Individuals who were alive
at the end of the observation intervals were accounted as
censored.

Statistical analyses were performed using STATISTICA soft-
ware version 10 (StatSoft Inc.) and SigmaStat 3.0 (Systat
Software Inc.). Permutation tests were used to find out sig-
nificant differences (2 <0.05) in the demographic parameters
(Manly 1991). These analyses were carried out with PopTools
(ver. 2.7.5) (Hood 2006).

4 | Results

4.1 | Immature Development, Larval Survival,
Adult Longevity, Fecundity, Age at First
Reproduction and Life Table Parameters

Mean (£SE) hatching times (from egg laying to L1) are re-
ported in Table 5 and did not differ significantly among diets
(x*(2)=2.63, p=0.269).

Developmental time from egg to L2 differed significantly among
diets (x*(2)=40.26, p<0.001). Larvae fed on H developed sig-
nificantly faster than those on F and P, and F was intermedi-
ate, with all pairwise comparisons being significant (p <0.05;
Table 5).

Developmental time from egg to L3 differed significantly among
diets (¥?(2)=34.46, p<0.001). Pairwise comparisons showed
that larvae fed on H developed significantly faster than those on
F and P, whereas no significant difference was found between F
and P (Table 5).

1036

Entomologia Experimentalis et Applicata, 2026

85U801 7 SUOWILLOD 8AIIS.1D) 3[dedtdde aup Aq peusenob afe 9 O '8sn JO S3|n 10y Akeld18UIIUQ AB]1M UO (SUONPUOD-PUE-SLUIBIWI0D A8 | ARIq 1 UI|UO//SANY) SUORIPUOD pue swie | 8y} 88s *[9202/80/2T] Uo AriqiTauliuo A|im ‘204 7 vediq WIS ealy - 0puid esin elR N A 0yT0. B88/TTTT OT/I0P/L0d A8 | im Ake.q 1 pul|uo//Scny wouy pepeojumod ‘6 ‘9202 ‘85v202ST



TABLE5 | Mean developmental time (+SE) of P. casei from egg to L1, L2, L3, pupa and adult stages, and adult longevity, fecundity, and age at first
reproduction under the three experimental diets: Infant formula (F), whole powder milk (P), dry-cured ham (H).

Diet L1 L2 L3 Pupae Adult Longevity Fecundity Age at first reproduction
H 1.1+£0.00  49402% 7.6+0.2° 109+0.22 16.6+0.2% 6.3+0.2%  284.9+18.92 18.5+0.12
F 1.2£0.08 54+0.1%> 8.6+0.1° 13.3+02" 19.2+0.3> 9.9+0.3° 198.8+13.1° 21.4%0.3°
P 1.2+0.4*  6+02° 92+0.2° 142+03Y 21.3+0.4° 8.8+0.3> 160.8+16.9° 22.6+0.1°

Note: L1, L2, and L3 indicate the first, second and third larval instars, respectively. Differences among diets were analyzed using the Kruskal-Wallis test followed by
Dunn's post hoc multiple comparisons. Different letters within rows indicate significant differences among diets.

Pupal developmental time reflected the trend observed during
the larval stages and differed significantly among diets
(¥*(2)=69.73, p<0.001). Pairwise comparisons showed that
pupae from larvae fed on H developed significantly faster than
those on F and P, whereas no significant difference was found
between F and P (Table 5).

Total developmental time from egg to adult differed significantly
among diets (y*(2) =88.28, p<0.001), with individuals fed on H
developing fastest, followed by those on F, and the slowest de-
velopment observed on P; all pairwise comparisons were signif-
icant (p <0.05; Table 5).

Adult longevity differed significantly among diets (y*(2)=84.71,
p<0.001). Pairwise comparisons showed significant differences
among all diets, with individuals fed on F living longer than those
on P and H, and those on P living longer than those on H (Table 5).

The survival analysis of P. casei larvae indicated significant dif-
ferences among treatments (Log-rank test, y*=6.511, d.f.=2,
p=0.039) (Figure 1). Larvae in treatment H survived signifi-
cantly shorter (13.558+0.257days, mean=+SE) compared to
those in treatment F (19.517 £0.428 days, mean+ SE) (Holm-
Sidak test, p=0.0103). In contrast, no significant differences
were found between H and P (21.440+0.537 days, mean + SE)
(Holm-Sidak test, p=0.169), nor between F and P (Holm-Sidak
test, p=0.173).

Mean (+SE) fecundity values of adult P. casei across the three
diets are reported in Table 5 and differed significantly among
diets (¥*(2)=19.97, p<0.001). Post hoc comparisons indicated that
each diet differed significantly from the others (p <0.01; Table 5).

Age at first reproduction of adult P. casei differed significantly
among diets ()*(2) = 54.34, p<0.001). Post hoc comparisons in-
dicated that individuals fed diet H differed significantly from
those fed diets F and P (p <0.001), whereas no significant differ-
ence was found between diets F and P (p =0.078; Table 5).

Remarkable differences in the population growth parameters of
P. casei reared on the three diets were recorded (Table 6). The
age-specific survival rate (I ) and age-specific fecundity (m,) asa
function of age (days) are illustrated in Figure 2A,B, respectively.

5 | Discussion

The results of this study demonstrated the significant influence
of the nutritional components of diets on P. casei development
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FIGURE 1 | Survival curves of P. casei larvae fed on three diets:
H=dry-cured ham; F =artificial diet with infant formula; P=artificial
diet with whole powder milk, over time (days). Different letters indi-
cate significant differences among diets according to the log-rank test
(p<0.05).

rates, longevity, and reproduction. Nutritional quality emerged
as a key factor shaping both immature development and adult
demographic parameters.

The faster development of all P. casei stages on the dry-cured
ham (H) in comparison with F and P, is likely attributable to its
high protein content (27 g per 100g) and the low-fat content (13 g
per 100g). Proteins are crucial for the growth and development
of immature insects by providing essential amino acids for the
synthesis of important enzymes involved in metabolic processes
(Kang et al. 2022; Ma et al. 2022). For future perspectives, the
effects of artificial addition of essential amino acids to the other
diets deserve to be studied.

Differences between the two artificial diets further emphasize
the importance of nutrient balance. Compared to the diet based
on infant formula (F), the development period of P. casei larvae
was significantly longer when raised on the diet based on whole
powder milk (P). This delay in development time could be linked
to the lower digestibility and bioavailability of proteins in whole
powder milk, as well as the higher fat content (26.4g per 100g).
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TABLE 6 | Life-table parameters (mean =+ SE) of P. casei fed on three diets: H=dry-cured ham; F =artificial diet with infant formula; P=artificial

diet with whole powder milk.

Gross
reproductive Net reproductive Intrinsic rate of Generation Finite rate of Doubling
Diet rate (GRR) rate (R,) increase (r,,) time (T) increase (1) time (DT)
H 161.7+11.32 92.6+6.12 0.1996 +0.0? 22.9+0.22 1.2+0.02 3.5+0.12
F 122.4+16.92 81.2+5.42 0.2163+0.0° 20.8+0.3° 1.2£0.0° 3.2+0.1°
P 136.9+14.52 55.6+5.8P 0.1851+0.0¢ 22.0+0.2°¢ 1.2+0.0°¢ 3.7+0.1°¢

Note: Data followed by different letters in the same column are significantly different according to Permutation tests (& <0.05).
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FIGURE 2 | Age-specific survival rate (1) (A) and age-specific fecundity (m,) (B) of P. casei fed on three diets: H=dry-cured ham; F =artificial

diet with infant formula; P=artificial diet with whole powder milk.

Previous studies have shown that P. casei thrives in high-protein
rather than high-fat environments, and that changes in the
protein-to-fat ratio significantly affect its development (Hegazi
et al. 1978).

In addition to development time, larval survival was also in-
fluenced by diet. Survival was highest on diet F, while diet H

showed the lowest values; no significant differences were found
between diets H and P. The better performance of diet F sug-
gests that a more balanced nutritional composition improves
larval viability and reduces mortality during development. On
the other hand, the lower survival observed on diet H, despite
its faster development, may indicate a trade-off between rapid
growth and survival. A similar pattern was observed for diet P,
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where the combination of higher fat content and lower protein
availability may negatively affect larval performance. Protein-
rich diets might promote growth but may not consistently pro-
vide essential nutrients for long-term adult health and longevity
(Lushchak et al. 2012; Simpson et al. 2017; Liu et al. 2024). Flies
fed with F, a diet rich in carbohydrates, exhibited greater longev-
ity, possibly due to a balanced ratio of nutrients that enhanced
absorption and utilization by the flies. Diet F performed better
than the other diets, likely because it also provided essential mi-
cronutrients (Mg, Zn, Fe, and vitamins A, B1, B2, B3, B6, C, and
E) that are critical for insect growth and fertility. Additionally,
this diet provided vital vitamins and minerals necessary for
DNA and RNA synthesis, growth, and reproductive processes
in insects. The presence of certain essential minerals (K, Na,
Mg, and Cl) also played a vital role in enzymatic reactions, mus-
cle function, and maintaining cellular balance (Gilmour 1961;
Chapman 1998; Conway 2016). Taurine, which is present only
in infant formulas, plays a significant role in developmental
processes by regulating cellular functions, serving as an anti-
oxidant, and modulating calcium concentrations within cells
(Rojas and Morales-Ramos 2023). The higher caloric content of
the infant formula likely supports the energy required for meta-
morphosis (Merkey et al. 2011).

Fecundity of P. casei was also influenced by diet. Individuals
reared on diet H showed higher reproductive output, whereas no
significant differences were found between diets F and P. This
suggests that diet H provides more suitable conditions for egg
production, likely due to its nutritional composition. In insects,
protein-rich diets are known to enhance fecundity by support-
ing oogenesis, although often at the expense of other traits such
as longevity (Littler et al. 2021; Liu et al. 2024). Moreover, indi-
viduals fed diet H exhibited an earlier age at first reproduction,
which may have further contributed to their reproductive out-
put. This finding underscores that diet can simultaneously affect
both the onset and the overall level of reproductive performance.

From a demographic perspective, diet H yielded the highest
overall performance, as indicated by increased intrinsic rate
of increase (r), finite rate of increase (1), and net reproductive
rate (R,), along with shortest generation time (T) and doubling
time (DT), indicating a faster population turnover. However,
differences in R, between diets H and F were not statistically
significant (p > 0.05), indicating that diet F achieved comparable
reproductive output. In contrast, significant differences were de-
tected when comparing diet P with both H and F (p <0.05), with
diet P consistently showing the lowest values across all parame-
ters. The absence of differences in gross reproductive rate (GRR)
among diets indicates that the observed variation in population
growth is primarily driven by differences in survival and age at
first reproduction rather than in fecundity.

Overall, these results reveal a clear nutritional gradient among
diets. Diet P represents the least suitable substrate, likely due to
its higher fat content and lower protein bioavailability, whereas
diet F provides a more favorable balance of nutrients that sup-
port both development and survival. Although diet H resulted
in the highest demographic performance overall, diet F emerged
as the most effective artificial diet. It provided lower mortality
and higher adult longevity compared to diet P, confirming its
suitability for supporting both survival and population growth.

Beyond biological performance, practical considerations are
critical when selecting a diet for rearing programs. Compared
to H, diet F also offers important practical advantages, in-
cluding longer storage without deterioration and greater
cost-effectiveness for large-scale rearing. During this study,
dry-cured ham showed several limitations, such as rapid de-
composition and mold formation, which can lead to increased
larval mortality and reduced adult longevity. In contrast, ar-
tificial diets can be precisely formulated to ensure consistent
nutritional content, allowing better control over rearing condi-
tions and reducing costs compared to the use of dry-cured ham.

A trade-off between development speed and overall rearing ef-
ficiency is evident. Diet H promoted the fastest immature de-
velopment and the highest intrinsic rate of increase, making it
particularly suitable in scenarios where rapid generation turn-
over is required. For example, in laboratory settings where P.
casei is used as a model organism or for experimental trials, a
faster life cycle allows researchers to obtain successive genera-
tions in a short time, thereby accelerating experimental work-
flows and data collection. However, its practical limitations,
including rapid deterioration and mold formation, may reduce
its reliability for large-scale and long-term rearing. Conversely,
diet F provided a more balanced outcome, supporting longer
adult longevity, higher larval survival, and demographic pa-
rameters comparable to those obtained with diet H. Although
development was slower than in diet H, the improved survival
and stability of this artificial diet make it a more efficient and
practical option for continuous mass rearing. This is particularly
relevant when P. casei is used as a host for parasitoids in biolog-
ical control programs, where stable and predictable production
of individuals is required, as well as for maintaining long-term
laboratory colonies where consistency and survival are more
critical than rapid development. Diet P, in contrast, showed con-
sistently poor performance across all parameters and should not
be recommended for rearing purposes.

Overall, rearing efficacy should be considered as a combination
of biological performance and practical feasibility. Under this
perspective, diet F emerges as the optimal compromise between
nutritional quality, population growth, and practical advan-
tages, whereas diet H may be preferred only in short-term or
experimental conditions where rapid development is prioritized
over sustainability.

For future perspectives, the effects of rearing insects on these
diets over multiple generations should be further investigated.
Moreover, future studies should explore the gut microbiome of
P. casei reared on different diets, as diet composition strongly
influences microbial community structure and host physiol-
ogy. Such interactions may partly explain the observed differ-
ences in development, survival, and reproductive performance
among diets through microbiome-mediated effects (Liberti and
Engel 2020).
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