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live TM larvae stimulated quails’ 

TM supplementation on quail’s gut health. The digestibility trial with the sole live TM larvae allowed to 





La presente tesi di dottorato ha indagato diversi aspetti dell’allevamento di 

l’obiettivo di migliorare l’efficienza di allevamento, accrescerne il valore nutrizionale, ottimizzarne la qualità 

tecnologica e valutare il potenziale di questa specie come ingrediente innovativo per l’alimentazione 

animale. L’impiego degli insetti, e in particolare del TM, come alternativa sostenibile e valida alle fonti 

urgenti sfide legate alla sicurezza alimentare, alla crescita della popolazione e all’impatto ambientale. 

Tuttavia, diversi fattori limitano ancora l’impiego su larga scala degli insetti, tra cui l’ottimizzazione delle 

l’accettazione da parte dei consumatori. Per rispondere a tali problematiche, la ricerca è stata sviluppata 

Il presente studio ha avuto come obiettivo l’individuazione della densità di allevamento 

valutandone l’impatto sulla mortalità e sulle performance riproduttive

L’allevamento

quinta settimana, mentre la composizione chimica è stata analizzata alla quinta e all’ottava. Peso corporeo e 

consumo alimentare delle larve sono stati monitorati durante l’intero periodo di crescita. I risultati hanno 

evidenziato che l’aumento della densità ha determinato un incremento sia del consumo alimentare 

corporeo finale (individuale e totale) superiore rispetto a D1 (P<0,001). Tuttavia, l’indice di conversione 

alimentare (FCR) è peggiorato con l’aumentare della densità (P<0,001). Le larve D4 hanno inoltre presentato 



più vantaggiosa in un’ottica di produzione industriale.

del TM. L’Esperimento 1 (suddiviso nelle prove 1a e 1b) aveva 

l’obiettivo di valutare le preferenze di accoppiamento in base alla taglia di adulti di 14 giorni

gruppi con 76 repliche ciascuno. Nell’Esperimento 2, la resa riproduttiva degli adulti è stata confrontata tra 

L’Esperimento 3 mirava invece a verificare l’effetto del 

peso dei genitori sul numero e sul peso della prole e a stimarne l’ereditabilità. I risultati hanno mostrato che 

vantaggio mantenuto fino a 8 settimane (137 mg vs 130 mg e 121 mg), con potenziali benefici sull’efficienza 

L’ereditabilità del peso larvale è stata stimata al 12,8% per la componente materna e al 13,2% per quella 

riproduttiva verso femmine di taglia grande e ha dimostrato che adulti più pesanti incrementano l’efficienza 

Nel presente studio è stato valutato l’effetto della supplementazione della dieta di larve di 

: l’inclusione dei panelli ha aumentato la quota di

l’inclusione di lino al 10% ha compromesso la crescita e aumentato la suscettibilità all’ossidazione, 

nonostante l’alto contenuto di antiossidanti.



per aspetto, odore e accettabilità complessiva, suggerendo che l’arricchimento nutrizionale possa anche 

industriali, dall’altro migliorare le caratteristiche 

Nel presente studio è stato valutato l’effetto di due metodi di abbattimento e tre processi 

un’attività dell’acqua inferiore e un pH più elevato rispetto a CA (P<0,0001). Tali gruppi hanno evidenziato 

L’impiego di larve vive di TM come arricchimento nutrizionale nella dieta di quaglie 

10, alimentato con la stessa dieta supplementata con larve vive pari al 10% dell’ingestione giornaliera 

quaglie alimentate con larve di TM hanno mostrato un’elevata capacità di digerire la chitina (P<0,0001). Nel 

100, la digeribilità della sostanza secca, delle proteine e dell’energia è risultata inferiore, mentre 

quella dell’estratto etereo è stata la più elevata (P<0,001). La supplementazione con larve vive ha stimolato 

l’ingestione (P<0,0001), senza tuttavia influenzare le performance produttive.



la supplementazione con larve vive di TM al 10% dell’ingestione giornaliera stimola l’appetito delle quaglie 

Nel complesso, i risultati di questa tesi forniscono una visione integrata dell’allevamento del TM, che spazia 

dall’ottimizzazione gestionale alle strategie nutrizionali e tecnologiche, fino alle applicazioni pratiche in 

l’integrazione degli insetti nei sistemi alimentari e mangimistici sostenibili, mettendo in luce al contempo le 



the “Green Deal” is necessary. This approach emphasi



waste into valuable products rather than its disposal (Fowley and Nansen, 2020). Depending on the insect’s 



igh levels of linoleic and α
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appropriate balance between manual labour, automation, and mechanisation, would enhance the sector’s 



insects’

insects’

insect’s





products (e.g. frass), they belong to the “category 2” materials, according to Regulation (EC) No 

Among insect’s species, 

elongated cylindrical shape, six legs behind the head and two short appendages at the abdomen’s tips (Ghaly 







increased weight gain and survival rates. However, this also affected the larvae’s FA profile, resulting in a 



, despite the substrate’s high protein content. This 

Melis et al. (2019) found that rearing mealworms on brewer’s spent grain, which is rich in PUFA, increased 





meal in broiler chickens’ diets and found no 



rabbits’ BW and muscle fat content, supporting the potential for partial replacement of soybean meal in 

β
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composition of adults’ bodies, sampling was carried out at the beginning of the trial (100 g) before their 

insect’s

Larvae and adults’ samples were stored at 



α

–Aldrich Co. LLC., Saint Louis, USA) 250 column (30 m × 0.25 μm × 0.25 μm) and 

and detector temperatures were 260 ◦C. Peaks were identified based on commercially available FAME 

– –

≥ 0.90 were considered normally distributed. Data of TM adults (live weight and hatchability rate) were 



Results about adults’ mortality are reported in Table 1. The overall mortality rate showed no significant 









≤0.01). 
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on as an energy source to sustain vital functions (Mlček et al., 2019), 



The weight of adults’ ovary, along with its impact on adults’

adults’
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offspring production (Honěk, 1993; Pincheira



size, the effect of beetle size on the number and weight of produced larvae, and the heritability of beetle’s 

hecked daily. The temperature was maintained at 26 ± 1 °C and the 



Beetles of 14 days of age were visually selected, weighed to assess the average weight (128 mg for males 

and 124 mg for females) and categori

were divided into four treatment groups, each with 18 replicates. Each treatment consisted of a “primary 

chooser” (small or large) and two “choices” small and large beetle of the opposite sex, as detailed in Table 1. 

traces from previous beetles. The “choices” were placed first, followed by the “primary chooser” in the 

ged 14 days were visually selected and weighed; the average weights were 128 mg for males and 

124 mg for females. Subsequently, beetles were categori







χ

significantly from the expected distribution, treating the weight classes as fixed categories. The χ

–

beetles’ size on the preference (%) for large versus small beetles during 



mating, which averaged approximately 83.1 s  across all groups.

analysed by a χ



l. Data analysed by a χ
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access to the female for mating, regardless of whether it was large or small. In different insects’ species, such 



consequently having more opportunities to reproduce over time (Honěk, 1993; 







Honěk, A., 1993. Intraspecific variation in body size and fecundity in insects: a general relations
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and a higher content of PUFA, notably oleic, linoleic, and α

, such as linoleic and α

6 FA was reported in larvae fed brewer’s spent grain, a PUFA

3 ratio of the diet to values ≤ 5:1 has 







quantification of antioxidant compounds (β carotene, α tocopherol, δ tocopherol, and γ

–α



Aldrich Co. LLC., Saint Louis, USA) 250 column (30 m × 0.25 μm × 0.25 μm) and flame ioni

temperatures were 260 ◦C. Peaks were identified based on commercially available FAME mixtures (37
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carotene, α tocopherol, δ tocopherol, and γ

Content of α tocopherol, δ tocopherol, γ tocopherol and β

α

δ

γ

β





group showed the highest proportion of α



value compared with the other groups (11.3 vs. 2.93 meq O₂/kg fat, respectively; 

changes were detected in the other groups (11.3 vs. 2.83 meq O₂/kg fat; 

levels of larvae at T0, the α



Effect of camelina and linseed cake dietary inclusion on peroxide value (meq O₂/kg fat) of dried 

Effect of camelina and linseed cake dietary inclusion on α tocopherol, δ tocopherol, γ
β

α

δ

γ

β



For δ

γ

For β





, mainly derived from α

2011; Tangendjaja, 2015; Pojić et al. 2015). However, no effects of reduced 

(Tangendjaja, 2015; Teh and Bekhit, 2015). These factors, combined with the high content of α



e linoleic and α

α

however, EFSA’s scientific opinion on blanched and thermally dried TM larvae reports peroxide values in 

the range of 1.0 to 16.3 mEq O₂/kg. In the present study, the peroxide values of all 



concentrations of δ ) at both T0 and T3, the highest γ

) at T0, and the highest β

γ

n be explained by the FA profile of the larvae. Linseed cake contains high amounts of α

increased the α
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and cysteine, after reaction with 3,3’
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3.30, on average; P<0.0001). Accordingly, consumers who were new to insects’ consumption assigned the 

3.40; P<0.0001). Considering the consumer’s 

predisposition, or lack thereof, to accept insects and products containing insects in their own and animal’s 



, P < 0.05; 

and 3.64 vs. 3.07, P < 0.0001, respectively).In group FM, consumers who had previously consumed insects 





“not rancid” (<1.5 mg/MDA/kg), thereby not significantly affecting the sensory quality of the product 



results and according to other authors (Jajić et al., 2019), TM larvae la

such as temperature and duration of the process and the microorganisms’ characteristics. Nevertheless, in 



attributed to the activation of insects’ lipases which was previously observed in black soldier fly larvae 
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bioactivity of chitin, an indigestible polysaccharide constituting insects’ exoskeleton, which possesses 
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conducted according to the manufacturer’s instructions (AccQ
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The inclusion of live TM larvae into laying quails’ diet (

were supplemented to the laying quails’ diet (Table 9).
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The effect of the dietary inclusion of live TM larvae into laying quails’ diet on the FA profile (% of total 
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As a consequence of the limited effect of the dietary supplementation of live TM larvae on quails’ egg FA 
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