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Simple Summary 

The black soldier fly (Hermetia illucens) has emerged as a powerful tool for recycling organic waste 

into valuable resources. However, food waste often contains varying amounts of salt (sodium 

chloride) from cooking and processing. While salt is harmless to humans in moderate amounts, its 

effect on insects that live and feed in this waste is not fully understood. In this study, we investigated 

how different levels of salt in artificial food waste—ranging from 1% to 5%—affect the development, 

reproduction, and nutritional quality of H. illucens with the method of detailed life table. In addition, 

the protein, fat, ash, fa�y acid, amino acid, and mineral content of the prepupae were also measured. 

Our results showed that H. illucens raised on low-salt food lived longer, produced more eggs, and 

had faster development. Their prepupae contained significantly more crude protein and healthy fats, 

including beneficial fa�y acids. In contrast, higher salt concentrations (3% and above) reduced egg 

production, slowed growth, and lowered nutritional value. Importantly, the types of fa�y acids and 

essential amino acids—critical for animal health—were also negatively affected by high salt. These 

findings provide practical guidance for businesses that rear H. illucens commercially. To maximize 

both the quantity of insects produced and the nutritional quality of the final product, the salt content 

in food waste should be kept low—ideally below 2%. Our study supports the efficient and sustainable 

use of black soldier flies in circular agriculture, turning waste into wealth while maintaining high 

standards for animal nutrition. 

Abstract 

Among the various insects used in animal foodstuff, Hermetia illucens is regarded as an effective 

converter of organic wastes including food waste, crop straw, vinasse, rice and wheat bran, human 

and animal feces. Based on the tremendous potential of converting organic waste into renewable 

resources, such as food and feed ingredients, extensive research on H. illucens has recently been 

conducted. The salinity of the foodstuff is a crucial factor to consider for the larval growth and 

nutrient accumulation of H. illucens, as they live and feed in it. To realize the efficient reuse of food 

wastes, the effects of salinity (1%, 2%, 3%, 4%, and 5%) in food wastes on the fecundity of H. illucens 

were researched by way of TWO-SEX life table computer software in laboratory, and the prepupa 

nutrients (ash, protein, fat, and mineral composition) was also determined with the method of Soxhlet 

extractor, muffle furnace, and Gas chromatography mass spectrometry (GC-MS). The results showed 

that the intrinsic rate of increase (r) of H. illucens in control (0.1199 d-1) was greatest and significantly 
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more than those of 3% (0.1110 d-1), 4% (0.1076 d-1) and 5% (0.0989 d-1) treatments by way of affecting 

the nutritional intake of H. illucens larva. The ash proportion of H. illucens prepupa in the control 

group was least and significantly less than those in 3%, 4%, and 5% treatments. In addition, the 

content of crude fat in control was greatest and significantly greater than those in 2%, 3%, 4%, and 

5% treatments. The content of crude protein in control was also significantly more than those in all 

other treatments. Furthermore, the content of some fat acids and amino acids was also significantly 

affected by the foodstuff salinity. Because of the be�er reproductive performance and more nutrient 

component, the feedstuff with lower salinity was more suitable to feed H. illucens larvae, which result 

was conducive to producing H. illucens prepupa used as animal feeds and biodiesel material in large-

scale use. 

Keywords: black soldier fly; life table; food waste; salinity; fa�y acid 

 

1. Introduction 

With the rapid increase in the world’s population and the changes in the global environment, 

the existing food production system is no longer able to meet the current needs [1]. To meet human 

demand for proteins, more efficient production methods are needed to expand the sources of proteins 

[2]. Insects have become a sustainable source of protein due to their fast growth rate, low cost, and 

high protein content [3–5]. Some insects can grow and develop in organic waste, and some insects 

can convert agricultural organic waste into high-quality protein, which can be used to establish a 

green ecological cycle of agriculture [6,7]. Due to the higher content of crude protein in larva and 

pupa, black soldier fly (Hermetia illucens), houseflies (Musca domestica), yellow mealworm (Tenebrio 

molitor), and periplaneta americana (Periplaneta americana) have been used in the circular economy 

[3,8,9]. 

The black soldier fly, H. illucens, originated in the Americas and is now widely distributed in 

various regions of the world, including Asia, Europe, Africa, and Oceania [10]. The growth speed of 

H. illucens larvae feeding on organic waste is the fastest at 27 °C i.e., around 20 days. After H. illucens 

larvae mature, they migrate out from organic waste and seek dry and dark places to pupate [11]. The 

feeding characteristics of H. illucens larvae transforming various organic waste, including food waste, 

vinasse, crop straw, rice and wheat bran, edible mushroom sticks, human feces, livestock and poultry 

manure, into fat and protein quickly make them particularly suitable for the transformation and 

treatment of agricultural organic waste and environmental protection [12,13]. Additionally, with the 

crude protein content is nearly 50% dry weight, H. illucens larvae are more suitable for producing 

formulating animal feeds used to rear chickens, pigs, fish, and shrimp [14,15]. 

Due to that the H. illucens larvae live and feed on organic waste, the development rate and 

physiology may be influenced by ambient factors such as temperature, water content, and salt content 

level [6]. Previous studies mainly focused on measuring the conversion efficiency of H. illucens on 

agricultural organic wastes, while the reproductive potential of H. illucens was also measured when 

they ate different feeds in some recent studies [16,17]. According to the report of Wang et al., when 

reared on food waste, the fecundity and prepupa nutrient of H. illucens were significantly higher than 

those fed on pig, chicken, and cow dung, which indicated that food types is an important factor for 

H. illucens [8]. Cho et al. reported that larval growth of H. illucens was inhibited not by plastics but by 

substrate salinity, and the mean weight of H. illucens larvae in 3% salinity treatment was significantly 

less than that in no salt treatments [18]. The result of Kwon and Kim showed that the moisture content 

does not affect food waste conversion efficiency by the black soldier fly and the decomposition 

efficiency of food waste remains effective even at salt contents as high as 3% [19]. In the research of 

Kim et al., the survival rate, larval length and mean weight of H. illucens feeding on food waste 

(salinity 0.9%) was significantly shorter and less than that feeding on food waste (salinity 0.8%)+bean 

sprout and food waste+wheat bran (salinity 0.65%) [20]. The survival rate of H. illucens larval in food 

waste treatment (salinity 0.9%)was less than those in food waste+bean sprouts and food waste+wheat 
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bran treatments [20]. Recent studies showed that the yield and nutrient content of H. illucens larvae 

are also influenced by microconstituents insecticides in the foodstuff. The extremely low 

concentrations of cypermethrin (0.4 mg·kg-1) and pirimiphos-methyl (4.8 mg·kg-1) in corn and rice 

stalks led to negative effect on the conversion rates and yield of H. illucens larvae [21]. Therefore, the 

growth and development of H. illucens larva was affected by foodstuff salinity. 

Therefore, to evaluate the influence of salt (NaCl) in artificial food waste (containing the same 

weight of cabbage, celery, cucumber, gourd, loofah, winter melon, balsam pear, pumpkin, okra, 

chicken, pork, beef, and rice) on the population parameters (intrinsic rate of increase, finite rate of 

increase, net reproductive rate, mean generation time) of H. illucens, the two-sex life table method 

was used in five foodstuffs salinity treatments (1%, 2%, 3%, 4%, and 5%). In addition, the effect of 

foodstuffs salinity on the contents of rude fat and protein and other nutritional composition was also 

investigated. The results of the current study could be beneficial for efficiently degrading agricultural 

organic waste using H. illucens larvae, as well as for the large-scale production of insect protein and 

fat. 

2. Method and Materials 

2.1. Insect Rearing 

The initial population of H. illucens was collected from a village, Pingshan (E119°43′9.408″, 

N30°15′44.446″) in 2017 and then were reared with food wastes (waste was mixed into the water till 

70% moisture) in the greenhouse (L:D=14:10, 28 °C and 70±5% RH) at College of Advanced 

Agricultural Science, Zhejiang A&F University (Hangzhou, Zhejiang, China). The food waste was 

supplied by student restaurants daily, which usually included fish, pork, beef, rice, wheat, various 

vegetables, and so on. After homogenizing with mixer, the food waste was used as foodstuff to rear 

H. illucens larvae. 

With the methods of Wang et al., H. illucens larvae were fed in plastic boxes with a 30o tilt angle 

(100 × 80×10 cm3) until pupation [8]. According to the living habits of H. illucens, the prepupa were 

collected and put into a box filled with sawdust when crawling out along the walls of the tilted plastic 

box. Furthermore, the box and H. illucens pupa were put into a nylon net cage (20 mesh, 2 × 2 ×2 m2). 

The lab photoperiod is 14(L):10(D) h and the halogen lamp (1000 w, Philips, Jiangsu, China) was used 

for supplementary light. The corrugated paper was put into the nylon net cage to collect H. illucens 

eggs daily. In addition, H. illucens eggs were put in the multi-purpose biochemical incubator to keep 

the constant humidity (70±5%) and enhance the hatching rate. 

2.2. Life Table and Consumption Rate Analysis 

According to the methods of Wang et al., 100 H. illucens adults (50 females and 50 males, 1:1 ratio) 

were reared in nylon mesh cage cages (20 mesh, 2 × 2 ×2 m3) for randomized selection of fifty 24 h-

old H. illucens eggs [8]. Then, these selected eggs were fla�ed on the nylon net (20 mesh, 5 × 5 cm2), 

which was covered with the wet filter paper (6 × 6 cm2) to maintain the humidity. When the tested 

eggs were hatched, each larva was reared in the plastic Petri dish and supplied 10 g of foodstuff. Each 

survival larva was removed into a new Petri dish with the same weight of foodstuff daily. The 

artificial feed materials were milled and dried at 50 °C for 24 h, and then added water to achieve 70% 

(weight/weight) moisture content. Based on our investigation of salt content in 15 food waste samples 

from Zhejiang and other researches of Cho et al. [18] and Kim et al. [20], the salt (NaCl) was also 

added to foodstuff at gradient concentrations of was 1%, 2%, 3%, 4%, and 5% corresponding to 

distinct experimental treatment levels. The residual foodstuff in each plastic Petri dish was dried at 

50 °C for 24 hours, and the reducing dry weight daily was defined as age-stage specific consumption 

rate (cxj). Hermetia illucens pupae were put in the sawdust until emergence. Based on our pre-

experiment and the demand of the mating behavior [8], each H. illucens female adult was paired with 

two males to enhance the percent of mating rate, then three adults were closed in a nylon net cage (1 

m × 1 m × 2 m). If male adults in each experiment were not enough, extra males from the non-
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experimental population were used. A Canna indica (L.) plant (1.5 meter high) was cultivated in the 

cage, and the humidifiers are used to create water mist to maintain constant humidity (70±5%) (Midea 

KB20, Midea Co., Ltd., Jiangsu, China) [8]. Until both female and male adults were dead, the survival 

rates of H. illucens were recorded daily. Due to that female adult would mate twice, a new male was 

released into the cage once the old male died. According to the report of Wang et al. [8], the chicken 

dung was put into a 200 ml plastic cup to a�ract H. illucens female adults to laid eggs on the folded 

corrugated paper, and the number of eggs each day was recorded. All experiments were conducted 

under laboratory conditions with 28±0.5 °C, 70±5% RH, and 14:10 (L:D) h. 

The fundamental data of H. illucens individuals, including development duration, emergence 

rate, female and male longevity, and fecundity, was analyzed with TWOSEX-MSChart [23], based on 

the biology theory of age-stage, two-sex life table [24,25]. The reduced dry weight of foodstuff fed on 

by H. illucens larvae, also defined as the consumption rate, was obtained by H. illucens larvae to gain 

nutrition, and the basic data of daily consumption rate was analyzed by CONSUME-MSChart [26]. 

The parameter definitions in the biology theory of the two-sex life table and formulas used in the 

computer program are presented in Table 1. 

Table 1. Definition and formulas used to calculate the effect of salinity on the population parameters and 

consumption rate of Hermetia illucens. 

Parameter Definition Formula References 

sxj 
Age-stage-specific 

survival rate 
��� =

���

���

 Chi and Liu 1985, Chang et al. 2015 

lx 
Age-specific 

survival rate 
�� = � ���

�

���

 Chi and Liu 1985, Chi 1988 

fxj 
Age-stage-specific 

fecundity 
��� =

∑ ��

���

 Chi and Liu 1985 

mx 
Age-specific 

fecundity 
�� =

∑ ������
�
���

∑ ���
�
���

 Chi and Liu 1985 

lxmx 
Age-specific net 

fecundity 
���� = ��

∑ ������
�
���

∑ ���
�
���

 Chi and Liu 1985 

r 
Intrinsic rate of 

increase 
� ���(���)

�

���

���� = 1 
Lotka 1913, Goodman 1982, Amir-

Maafi and Chi (2006) 

λ 
Finite rate of 

increase 
� = �� Leslie 1945, Goodman 1982 

R0 
Net reproductive 

rate 
�� = � � ������

�

���

�

���

= � ����

�

���

 Chi and Liu 1985, Chi 1988 

Rx 
Cumulative 

reproductive rate 
�� = � ����

�

�

 Chi and Liu 1985 

T 
Mean generation 

time 
� =

ln (��)

�
 Dublin and Lotka 1925 

exj 
Age-stage life 

expectancy 
��� = � � ���

�

�

���

�

���

 Chi and Su 2006 

vxj 

Age-stage 

reproductive 

value 

���

=
���(���)

���

� ���(���)

�

���

� ���
�

�

���

��� 
Huang and Chi 2011, Tuan et al. 

2014a, 2014b 

kx 
Age-specific 

consumption rate 
�� =

∑ ������
�
���

∑ ���
�
���

 Chi and Yang 2003, Yu et al. 2005 
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qx 
Age-specific net 

consumption rate 
�� = ���� Chi and Yang 2003, Yu et al. 2005 

C0 
Net consumption 

rate 
�� = � ����

�

���

= � � ������

�

���

�

���

 Chi and Yang 2003 

Cx 
Cumulative 

consumption rate 
�� = � � ������

�

���

�

�

 Chi and Yang 2003 

Qp 
Transformation 

rate 
�� =

��

��

 Chi and Yang 2003 

ψ 
Stable 

consumption rate 
� = � � ���

�

���

���

�

���

 Chi et al. 2011, Yu et al. 2013 

ω 
Finite 

consumption rate 
ω = �� Chi et al. 2011, Yu et al. 2013 

Note: axj is the proportion of individuals belonging to age x and stage j in a stable age-stage distribution. 

2.3. Nutrition Composition of H. illucens Prepupa 

The salinity of foodstuff was 1%, 2%, 3%, 4%, and 5%, respectively, and there was no salt in the 

control group. About five hundred first instar H. illucens larvae were put into plastic boxes (10×10×8 

cm3) and reared with 10 kg foodstuffs (70% moisture) until the prepupa stage. The content of ash, 

crude fat, and crude protein was determined by lyophilized prepupa ma�er (LPM). Each treatment 

was done in five replicates, and each replicates contained ten prepupae. 

2.4. Statistical Analysis 

The mean and standard errors (SE) of population parameters, including egg, larva, prepupa, 

pupa duration, adult longevity, and fecundity were estimated with the method of paired bootstrap 

(100 000) (P<0.05) [27]. All raw data was based on five independent biological replicates, and the 

mean ± SE of ash, crude fat, crude protein, fa�y acids, amino acids, and mineral components in pupa 

was calculated by SPSS22.0 (SPSS Inc., Chicago, IL, USA). The significant difference among several 

treatments was estimated by way of one-way ANOVA (LSD, P<0.05). 

3. Results 

3.1. Age-Stage, Two-Sex Life Table 

Due to that some individuals in the tested insect population were in the next stage, while those 

with slower growth and development were still in the original stage at the same time, there was some 

overlap among the life stages of H. illucens. The figure also showed the survival rate of the treated 

population at age x and stage j (Figure 1). 
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Figure 1. The age-stage-specific survival rates (sxj) of Hermetia illucens in control (A), 1% (B), 2% (C), 3% (D), 4% 

(E), and 5% (F). 

The mean developmental duration, adult longevity, reproduction period, and the mean number 

of progeny per H. illucens female are shown in Table 2. The development duration of H. illucens male 

larvae in 4%, and 5% salinity treatments were significantly shorter than that in 1% salinity treatments 

(paired bootstrap, P<0.05), and the development rate of female larvae in 2% salinity treatment was 

significantly faster than those in other treatments (paired bootstrap, P<0.05). In addition, the prepupa 

and pupa duration of female and male were significantly affected by food salinity (paired bootstrap, 

P<0.05). 

 

Table 2. Effect of foodstuff salinity on the development and fecundity of Hermetia illucens. 

Stage 

CK 1% 2% 3% 4% 5% 

n 
Mean ± 

SE 
n 

Mean ± 

SE 
n 

Mean ± 

SE 
n 

Mean ± 

SE 
n 

Mean ± 

SE 
n 

Mean ± 

SE 

Male 

Egg (d) 21 4.2 ± 0.2 a 19 4.3 ± 0.3 a 22 4.2 ± 0.2 a 17 4.4 ± 0.3 a 18 5.2 ± 0.3 b 17 5.5 ± 0.2 b 

Larva 

(d) 
21 

25.0 ± 0.3 

ab 
19 

24.6 ± 0.4 

a 
22 

25.0 ± 0.4 

ab 
17 

24.8 ± 0.4 

ab 
18 

25.8 ± 0.5 

bc 
17 

26.6 ± 0.6 

c 

Prepupa 

(d) 
21 

8.9 ± 0.3 

ab 
19 8.5 ± 0.3 a 22 9.0 ± 0.2 b 17 

8.9 ± 0.3 

ab 
18 9.3 ± 0.3 b 17 9.4 ± 0.4 b 

Pupa (d) 21 8.1 ± 0.3 a 19 
9.0 ± 0.3 

bc 
22 

9.1 ± 0.3 

bc 
17 

8.4 ± 0.4 

ab 
18 9.3 ± 0.3 c 17 

9.0 ± 0.3 

bc 

Adult 

(d) 
21 8.2 ± 0.4 a 19 8.8 ± 0.4 a 22 8.2 ± 0.3 a 17 8.8 ± 0.3 a 18 8.7 ± 0.3 a 17 8.7 ± 0.3 a 

longevit

y (d) 
21 

54.4 ± 0.7 

a 
19 

55.2 ± 0.7 

a 
22 

55.1 ± 0.6 

a 
17 

57.5 ± 0.9 

b 
18 

58.3 ± 0.7 

b 
17 

59.1 ± 1.0 

b 

Fema

le 

Egg (d) 20 4.4 ± 0.3 a 21 4.5 ± 0.3 a 17 4.0 ± 0.2 a 17 4.4 ± 0.2 a 17 4.8 ± 0.2 a 17 5.6 ± 0.3 b 

Larva 

(d) 
20 

24.8 ± 0.5 

b 
21 

24.5 ± 0.4 

b 
17 

23.7 ± 0.3 

a 
17 25.8 ± 0.4c 17 

26.3 ± 0.3 

c 
17 

25.9 ± 0.7 

c 
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Prepupa 

(d) 
20 

8.9 ± 0.3 

ab 
21 8.4 ± 0.3 a 17 

9.1 ± 0.4 

ab 
17 

8.9 ± 0.3 

ab 
17 

8.9 ± 0.4 

ab 
17 9.2 ± 0.3 b 

Pupa (d) 20 
8.9 ± 0.3 

ab 
21 

8.8 ± 0.3 

ab 
17 

9.4 ± 0.3 

bc 
17 8.4 ± 0.4 a 17 

9.4 ± 0.3 

bc 
17 9.5 ± 0.4 c 

Adult 

(d) 
20 9.3 ± 0.4 a 21 9.1 ± 0.3 a 17 9.2 ± 0.3 a 17 8.8 ± 0.3 a 17 9.3 ± 0.3 a 17 9.1 ± 0.4 a 

longevit

y (d) 
20 

56.1 ± 0.5 

b 
21 

55.3 ± 0.7 

a 
17 

55.4 ± 0.8 

ab 
17 

57.5 ± 0.9 

bc 
17 

58.4 ± 0.7 

c 
17 

59.2 ± 0.9 

c 

Reprodu

ction 

period 

(d) 

20 
7.4 ± 0.2 

ab 
21 7.1 ± 0.2 a 17 

7.7 ± 0.3 

bc 
17 8.0 ± 0.3 c 17 

7.7 ± 0.3 

bc 
17 

7.4 ± 0.4 

ab 

Progeny 

(egg/fem

ale) 

20 
1056.9 ± 

24.5 a 
21 

935.2 ± 

33.3 bc 
17 

977.2 ± 

26.1 ab 
17 

993.6 ± 

46.1 ab 
17 

905.2 ± 

33.3 cd 
17 

858.9 ± 

26.0 d 

Different le�ers in the same row mean significant difference (paired bootstrap test, P<0.05). 

3.2. Fecundity 

The reproduction period of H. illucens female adults in 1% salinity treatment (7.1 d) was 

significantly shorter than those in 2%, 3%, and 4% treatments (paired bootstrap, P<0.05) (Table 2). H. 

illucens females in control produced significantly more eggs than that in 1%, 4%, and 5% salinity 

treatments (paired bootstrap, P<0.05). 

The curve of age-specific survival rate (lx) indicated that H. illucens survival in five salinity 

treatments and control were decreased as age increased (Figure 2). In the control group, 1%, 2%, 3%, 

4%, and 5% salinity treatments, the age- stage specific fecundity (fx5) were 184.4, 141.6, 142.2, 138.2, 

126.0, and 188.7 eggs, respectively, and the age-specific fecundity (mx) peaks were 75.3, 70.2, 53.6, 66.5, 

53.5, and 61.7 eggs, respectively. Further, the age-specific net fecundity (lxmx) curve peaks reached 

59.8, 53.3, 39.6, 38.7, 32.9, and 30.8 eggs, respectively. 

 

Figure 2. Age-specific survival rates (lx), age-stage-specific fecundities (fx5), age-specific fecundities (mx), age-

specific net fecundities (lxmx) and cumulative reproductive rate (Rx) of Hermetia illucens in control (A), 1% (B), 2% 

(C), 3% (D), 4% (E), and 5% (F). 

The intrinsic rate of increase (rm) of H. illucens in control was significantly greater than that in 

3%, 4%, and 5% salinity treatments (paired bootstrap, P<0.05). The net reproduction rate (R0) of H. 
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illucens in the control group was significantly higher than that in 2%, 3%, 4%, and 5% salinity 

treatments (paired bootstrap, P<0.05). Both finite rate of increase (λ) and mean generation time (T) 

were significantly affected by food salinity (paired bootstrap, P<0.05) (Table 3). 

Table 3. Effect of foodstuff salinity on the population parameters of Hermetia illucens. 

Parameters CK 1% 2% 3% 4% 5% 

Intrinsic rate of 

increase, rm (d-1) 

0.1199 ± 

0.0040 a 

0.1190 ± 

0.0038 ab 

0.1152 ± 

0.0043 abc 

0.1110 ± 

0.0043 bc 

0.1076 ± 

0.0043 bcd 

0.0989 ± 

0.0050 d 

Finite rate of 

increase, λ (d-1) 

1.1274 ± 

0.0045 a 

1.1264 ± 

0.0043 ab 

1.1221 ± 

0.0040 abc 

1.1174± 

0.0047 bc 

1.1136 ± 

0.0048 cd 

1.1040± 

0.0056 d 

Net reproductive 

rate, R0 (egg) 
422.8 ± 43.9 a 

392.8 ± 36.8 

ab 

332.2 ± 36.1 

bc 

337.6 ± 28.3 

bc 

307.8 ± 21.6 

cd 
223.3 ± 20.1 d 

Mean generation 

time, T (d) 
50.4 ± 0.6 c 50.2 ± 0.6 c 50.4 ± 0.7 c 52.4 ± 0.7 b 53.2 ± 0.7 ab 54.7 ± 1.0 a 

Different le�ers in the same row mean significant difference (paired bootstrap test, P<0.05). 

3.3. Life Expectancy (exj) and Reproductive Values (vxj) 

The age-stage exj of a newborn egg in 1%, 2%, 3%, 4%, and 5% treatments and control was 51.4, 

51.4, 46.7, 49.3, 46.7, and 51.3 d, respectively (Figure 3). The max reproductive value (vxj) of H. illucens 

in control (954.9 eggs) was more than those in 1% (727.7 eggs), 2% (728.8 eggs), 3% (731.6 eggs), 4% 

(719.9 eggs), and 5% (781.0 eggs) treatments (Figure 4). 

 

Figure 3. Age-stage life expectancies (exj) of Hermetia illucens in control (A), 1% (B), 2% (C), 3% (D), 4% (E), and 

5% (F). 
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Figure 4. Age-stage reproductive values (vxj) of Hermetia illucens in control (A), 1% (B), 2% (C), 3% (D), 4% (E), 

and 5% (F). 

3.4. Consumption Rate 

H. illucens at egg, prepupal, pupal, and adult stages could not feed on food waste (Figure 5). The 

peak age-specific consumption rate (kx) of H. illucens were 2.2, 2.0, 1.9, 1.8, 2.1, and 2.0 mg in 1%, 2%, 

3%, 4%, 5% treatments and control, respectively. The maximum age-specific net consumption rate 

(qx) of H. illucens were 2.2, 2.0, 1.6, 1.6, 1.7, and 1.9 mg in 1%, 2%, 3%, 4%, 5% treatments and control, 

respectively. The net consumption rates (C0) of H. illucens in control were less than that in 1% 

treatment and significantly more than those in 2%, 3%, 4%, and 5% treatments (Figure 5 and Table 4). 

 

Figure 5. Age-specific consumption rates (kx), age-specific net consumption rates (qx) and cumulative 

consumption rates (Cx) of Hermetia illucens in control (A), 1% (B), 2% (C), 3% (D), 4% (E), and 5% (F). 

Table 4. Effect of foodstuff salinity on the net consumption rate, transformation rate, stable consumption rate, 

and finite consumption rate of Hermetia illucens. 

Population parameter CK 1% 2% 3% 4% 5% 

Net consumption rate 

(C0) (mg) 
29.4 ± 1.1 a 30.49 ± 1.0 a 22.73 ± 1.3 c 26.2 ± 1.6 b 25.0 ± 1.4 b 24.6 ± 1.7 b 
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Transformation rate 

(Qp) (mg per egg) 

0.0803 ± 

0.0147 ab 

0.0754 ± 

0.0145 ab 

0.0611 ± 

0.0125 a 

0.0775 ± 

0.0173 ab 

0.0812 ± 

0.0176 ab 

0.1186 ± 

0.0348 b 

Stable consumption 

rate (ψ) (mg) 

0.3765 ± 

0.0188 bc 

0.4176 ± 

0.0188 a 

0.2965 ± 

0.0153 e 

0.3979 ± 

0.0167 ab 

0.3451 ± 

0.0178 cd 

0.3102 ± 

0.0168 de 

Finite consumption 

rate (ω) (mg/d) 

0.4245 ± 

0.0216 bc 

0.4704 ± 

0.0209 a 

0.3327 ± 

0.0172 d 

0.4446 ± 

0.0192 ab 

0.3843 ± 

0.0205 c 

0.3425 ± 

0.0187 d 

Different le�ers in the same row mean significant difference (paired bootstrap test, P<0.05). 

3.5. Amino Acid, Fa�y Acid, and Mineral Compositions 

The content of ash, crude fat, and protein are shown in Table 5. Ash contents of H. illucens 

lyophilized prepupa ma�er (LPM) in control was significantly less than those in 3%, 4%, and 5% 

treatments (F5, 24=21.459, P<0.05). There was no significant difference between the control, 1% and 2% 

treatments (Table 5). Crude fat in control and five treatments decreased significantly with order of 

control, 1%, 2%, 3%, 4%, and 5% treatments (F5, 24=26.755, P<0.05). The crude proteins in control was 

significantly more than those in 1%, 2%, 3%, 4%, and 5% treatments (F5, 24=21.009, P<0.05). 

Table 5. Effect of foodstuff salinity on the nutrients of dried Hermetia illucens prepupa (g·kg-1 LPM). 

Nutritional 

components 
CK 1% 2% 3% 4% 5% 

Ash content 32.0 ± 0.9 a 32.5 ± 0.7 a 36.6 ± 0.8 ab 41.0 ± 1.4 bc 42.6 ± 1.4 c 43.0 ± 1.1 c 

Crude fat 387.5 ± 3.08 a 377.3 ± 4.7 ab 364.6 ± 2.6 bc 352.5 ± 3.7 cd 346.6 ± 3.7 d 336.3 ± 4.3 d 

Crude protein 446.3 ± 3.3 a 430.6 ± 2.6 b 423.3 ± 3.2 bc 415.4 ± 2.6 cd 410.8 ± 2.8 cd 409.8 ± 3.6 d 

Mean ± SE was calculated from five biological replicates. Different lowercase le�ers in same row showed the 

significant difference (LSD, P<0.05). LPM: lyophilized prepupa ma�er. 

There was no significant difference in the content of decanoic acid (C10:0), stearic acid (C18:0), 

and linoleic acid (C18:2n6c) among the control and five treatments (Table 6). The content of lauric 

acid (C12:0) and palmitoleic acid (C16:1) in control were significantly more than those in 3%, 4%, and 

5% treatments (F5, 24=2.596, P<0.05; F5, 24=5.018, P<0.05). The myristic acid (C14:0) content in control 

was significantly more than those in 2%, 3%, 4%, and 5% treatments (F5, 24=14.362, P<0.05). Both of 

palmitic acid (C16:0) and oleic acid (C18:1n9c) in control were significantly more than those in 1%, 

2%, 3%, 4%, and 5% treatments (F5, 24=25.195, P<0.05; F5, 24=16.145, P<0.05). 

No significant difference existed in the contents of non-essential amino acids glutamic acid, 

glycine, arginine, and cystine and essential amino acid valine, phenylalanine, methionine, and 

tryptophan among all treatments (Table 7). For non-essential amino acids, the content of aspartate, 

proline, alanine, histidine, and serine were affected by food salinity (F5, 24=5.278, P<0.05; F5, 24=2.470, 

P<0.05; F5, 24=5.532, P<0.05; F5, 24=4.698, P<0.05; F5, 24=2.978, P<0.05). In addition, the essential amino 

acids leucine, isoleucine, lysine and threonine contents were also significantly influenced by food 

salinity (F5, 24=3.581, P<0.05; F5, 24=5.683, P<0.05; F5, 24=5.532, P<0.05; F5, 24=4.766, P<0.05). 

The mineral composition of H. illucens LPM is shown in Table 8. There was no significant 

difference in mineral Mg, Na, and Cu compositions of H. illucens prepupae among the control and 

five treatments. The contents of Ca, S, K, Mn and P were significantly affected by food salinity (F5, 

24=6.019, P<0.05; F5, 24=7.687, P<0.05; F5, 24=6.257, P<0.05; F5, 24=3.451, P<0.05; F5, 24=2.828, P<0.05). 
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Table 6. Effect of foodstuff salinity on the fa�y acids composition of dried Hermetia illucens prepupa (g·kg-1 

LPM). 

Type of fatty acid CK 1% 2% 3% 4% 5% 

Decanoic acid 

(C10:0) 
23.7 ± 0.9 a 23.0 ± 0.9 a 22.5 ± 0.8 a 22.4 ± 1.4 a 21.1 ± 0.8 a 20.8 ± 1.1 a 

Lauric acid (C12:0) 552.8 ± 6.2 a 544.8 ± 8.6 ab 538.2 ± 4.1 ab 533.8 ± 8.2 b 532.0 ± 3.5 b 525.9 ± 2.2 b 

Myristic acid 

(C14:0) 
93.8 ± 0.9 a 87.9 ± 1.8 ab 82.9 ±1.8 bc 81.0 ± 2.5 cd 78.1 ± 1.3 cd 76.0 ± 1.7 d 

Palmitic acid 

(C16:0) 
117.6 ± 4.0 a 105.2 ± 2.5 b 101.6 ± 1.7 b 94.1 ± 1.6 c 92.4 ± 2.1 c 83.7 ± 0.9 d 

Palmitoleic acid 

(C16:1) 
25.7 ± 0.9 a 25.0 ± 0.8 ab 22.7 ± 0.7 abc 21.6 ± 0.8 bc 21.2 ± 0.9 c 21.0 ± 1.2 c 

Stearic acid (C18:0) 17.7 ± 0.6 a 16.8 ± 0.5 a 17.7 ± 0.3 a 16.3 ± 0.2 a 16.1 ± 0.5 a 16.0 ± 0.6 a 

Oleic acid 

(C18:1n9c) 
73.9 ± 1.7 a 68.4 ± 1.2 b 65.2 ± 0.9 bc 64.5 ± 1.0 bc 62.5 ± 0.6 c 62.1 ± 0.9 c 

Linoleic acid 

(C18:2n6c) 
108.9 ± 1.0 a 103.4 ± 2.3 a 106.7 ± 2.6 a 99.8 ± 2.7 a 99.4 ± 3.5 a 97.7 ± 2.9 a 

Mean ± SE was calculated from five biological replicates. Different lowercase le�ers in same row showed the 

significant difference (LSD, P<0.05). FAME: fa�y acid methyl esters. 

Table 7. Effect of foodstuff salinity on the amino acid composition of dried Hermetia illucens prepupa (g·kg-1 

LPM). 

Amino acid CK 1% 2% 3% 4% 5% 

Non-essential 

amino acid 

Glutamic 

acid 
41.5 ± 0.5 a 41.1 ± 0.3 a 41.1 ± 0.4 a 41.0 ± 0.2 a 

40.6 ± 0.22 

a 

40.44 ± 0.40 

a 

Aspartate 38.6 ± 0.4 a 
38.4 ± 0.3 

ab 

38.0 ± 0.1 

abc 

37.3 ± 0.2 

bc 
37.4 ± 0.3 c 37.2 ± 0.3 c 

Alanine 25.4 ± 0.4 a 
24.3 ± 0.6 

ab 
23.9 ± 0.3 b 23.8 ± 0.3 b 23.8 ± 0.4 b 23.5 ± 0.2 b 

Glycine 22.6 ± 0.3 a 22.6 ± 0.4 a 22.4 ± 0.5 a 22.0 ± 0.4 a 21.3 ± 0.4 a 20.9 ± 0.5 a 

Proline 21.5 ± 0.3 a 
20.8 ± 0.3 

ab 
20.7 ± 0.5 ab 19.9 ± 0.2 b 20.1 ± 0.4 b 19.8 ± 0.3 b 

Arginine 21.8 ± 0.5 a 21.2 ± 0.4 a 20.8 ± 0.5 a 20.2 ± 0.5 a 20.1 ± 0.2 a 20.2 ± 0.3 a 

Serine 20.0 ± 0.2 a 
19.2 ± 0.4 

ab 
18.9 ± 0.3 ab 

18.7 ± 0.3 

ab 

18.5 ± 0.5 

ab 
18.3 ± 0.4 b 

Histidine 15.4 ± 0.5 a 
14.4 ± 0.3 

ab 
14.3 ± 0.2 b 14.1 ± 0.2 b 14.1 ± 0.3 b 13.5 ± 0.2 b 

Cystine 2.5 ± 0.1 a 2.2 ± 0.1 a 2.2 ± 0.2 a 1.9 ± 0.1 a 2.1 ± 0.2 a 2.1 ± 0.2 a 

Essential amino 

acid 

Leucine 28.2 ± 0.4 a 
27.4 ± 0.2 

ab 
26.8 ± 0.9 ab 

26.8 ± 0.5 

ab 

25.9 ± 0.4 

ab 
25.3 ± 0.4 b 

Lysine 25.2 ± 0.3 a 
24.3 ± 0.3 

ab 

23.7 ± 0.8 

abc 

23.0 ± 0.5 

bc 

22.6 ± 0.6 

bc 
21.7 ± 0.5 c 

Valine 18.6 ± 0.4 a 18.2 ± 0.4 a 17.9 ± 0.2 a 17.9 ± 0.2 a 17.4 ± 0.3 a 17.4 ± 0.3 a 

Threonine 18.2 ± 0.4 a 
17.9 ± 0.2 

ab 

17.7 ± 0.3 

abc 

17.2 ± 0.2 

abc 

16.8 ± 0.2 

bc 
16.6 ± 0.4 c 
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Isoleucine 18.5 ± 0.3 a 
17.7 ± 0.2 

ab 
17.4 ± 0.2 ab 

17.4 ± 0.3 

ab 

16.9 ± 0.3 

ab 
16.6 ± 0.3 b 

Phenylalan

ine 
18.2 ± 0.5 a 18.2 ± 0.3 a 17.1 ± 0.5 a 18.2 ± 0.3 a 17.5 ± 0.4 a 17.6 ± 0.3 a 

Methionin

e 
8.3 ± 0.2 a 7.9 ± 0.3 a 8.0 ± 0.3 a 7.7 ± 0.3 a 7.7 ± 0.2 a 7.9 ± 0.2 a 

Tryptopha

n 
7.6 ± 0.2 a 7.4 ± 0.2 a 7.4 ± 0.2 a 7.6 ± 0.2 a 7.4 ± 0.2 a 7.4 ± 0.2 a 

Mean ± SE was calculated from five biological replicates. Different lowercase le�ers in same row showed the 

significant difference (LSD, P<0.05). LPM: lyophilized prepupa ma�er. 

Table 8. Effect of foodstuff salinity on the mineral composition of dried Hermetia illucens prepupa (g·kg-1 LPM). 

Element CK 1% 2% 3% 4% 5% 

Ca 20.52 ± 0.99 a 23.12 ± 0.63 ab 24.55 ± 1.75 b 25.94 ± 0.48 b 26.26 ± 0.70 b 27.10 ± 0.88 b 

K 6.86 ± 0.16 a 7.02 ± 0.18 ab 7.20 ± 0.25 ab 7.70 ± 0.20 bc 7.82 ± 0.20 bc 8.26 ± 0.19 c 

P 3.36 ± 0.11 a 3.76 ± 0.16 ab 3.82 ± 0.18 ab 3.88 ± 0.12 ab 4.04 ± 0.20 b 4.12 ± 0.07 b 

Mg 2.52 ± 0.11 a 2.56 ± 0.11 a 2.72 ± 0.10 a 2.76 ± 0.13 a 2.92 ± 0.14 a 3.04 ± 0.19 a 

Fe 0.58 ± 0.04 a 0.69 ± 0.06 ab 0.69 ± 0.04 ab 0.78 ± 0.04 ab 0.74 ± 0.05 b 0.77 ± 0.02 b 

Na 0.55 ± 0.02 a 0.59 ± 0.04 a 0.60 ± 0.03 a 0.55 ± 0.03 a 0.59 ± 0.02 a 0.63 ± 0.3 a 

S 0.20 ± 0.01 a 0.22 ± 0.01 ab 0.28 ± 0.02 b 0.29 ± 0.02 b 0.28 ± 0.01 b 0.28 ± 0.02 b 

Mn 0.14 ± 0.01 a 0.18 ± 0.01 abc 0.18 ± 0.01 ab 0.22 ± 0.01 bc 0.25 ± 0.03 c 0.24 ± 0.01 bc 

Zn 0.12 ± 0.01 a 0.14 ± 0.01 ab 0.14 ± 0.01 ab 0.15 ± 0.01 ab 0.17 ± 0.01 b 0.17 ± 0.01 b 

Cu 0.01 ± 0.01 a 0.01 ± 0.01 a 0.01 ± 0.01 a 0.01 ± 0.01 a 0.01 ± 0.01 a 0.01 ± 0.01 a 

Mean ± SE was calculated from five biological replicates. Different lowercase le�ers in same row showed the 

significant difference (LSD, P<0.05). LPM: lyophilized prepupa ma�er. 

4. Discussion 

In this study, we found that several tested parameters were influenced by salt concentration 

levels, with negative effects on the developmental duration, reproductive potential, net consumption 

rate, crude fat and protein, fa�y acids, amino acids, and mineral composition of H. illucens, and 

positive effect on the ash content. 

According to previous reports, the developmental rate and duration of H. illucens were 

negatively affected by many factors, including food, suboptimal environmental temperatures, and 

geographical population [8,28]. In a recent study, sex-specific developmental responses to manure 

types were observed, with males delayed in cow dung and females accelerated in other substrates 

[8]. The development duration of H. illucens larva feeding on food waste (12 d) was longer those 

feeding on waste+bean sprouts (9 d) and food waste+wheat bran (7 d) treatments [20]. We also found 

that the larva development duration of H. illucens males and females was significantly affected by 

substrates salinity. In addition, when feeding on artificial diet (milk powder, yeast, and sugar), the 

development time was 23.03 d [29]. Furthermore, the developing rate of H. illucens was affected by 

temperature, the larval stage of H. illucens was 22.5-24.1 d at 27 °C [30]. In a previous study, the larval 

period varied from two weeks to four months in the adverse environment [31]. 

Similarly, the reproductive capacity of H. illucens was also influenced by foodstuff. In this study, 

the biological indicator intrinsic rate of increase (rm) in control was significantly more than those in 

3%, 4%, and 5% treatments, respectively. These results suggested that the population dynamics were 
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influenced by the foodstuff salinity. Recently, Wang et al. reported that the rm of H. illucens in food 

waste, chicken manure, pig manure, and cow dung treatments were 0.1249 d-1, 0.1167 d-1, 0.1154 d-1, 

and 0.1049 d-1, respectively [8]. Samayoa and Hwang showed that rm of H. illucens feeding on mixed 

organic waste including kitchen scraps, okara, and pineapple peel was 0.0498 d-1 [32]. Furthermore, 

Samayoa et al. reported that when feeding on an artificial blended diet based on milk powder, yeast, 

and sugar, the rm of H. illucens was 0.0756 d-1 [29]. These studies suggested that the fecundity of H. 

illucens was influenced by the intake nutrients. 

Additionally, we found that the net reproductive rate (R0) of H. illucens in control was 

significantly higher than those in 2%, 3%, 4%, and 5% salinity treatments, respectively. These findings 

suggested that salinity in foodstuffs affects the reproductive potential. Wang et al. showed that the 

R0 of H. illucens feeding on food waste and pig manure was significantly higher than that in cow dung 

treatment, and the value of R0 was 445.4, 399.3, and 320.6 eggs, respectively [8]. The R0 value in the 

current study is consistent with Wang et al. [8]. In addition, the R0 of H. illucens feeding on artificial 

mixed food including wheat bran and chicken feed was only 68.2 eggs [29], and when feeding on 

mixed organic waste including kitchen scraps, okara, and pineapple peel, the the R0 was 118.3 eggs 

[32]. The differences in the fecundity among these studies suggested that the intake of nutrient 

affected the reproductive potential of black soldier flies. 

According to Makkar et al., the essential components of insects include ash, crude protein, and 

fat, and the main nutritional substances are protein and fat [33]. In this study, we found that the ash 

content in 3%, 4% and 5% treatments was significantly less than that in control. Spranghers et al. 

indicated that the ash of H. illucens feeding on digestate, chicken feed, vegetable waste, and restaurant 

waste were 197, 100, 96, and 27 g·kg-1 LPM, respectively [34]. Wang et al. showed that the ash of dry 

H. illucens prepupae power in food waste, chicken manure, and cow dung were 30.8, 37.6, and 49.5 

g·kg-1 LPM, respectively [8]. These studies demonstrated that the ash content is influenced by the type 

of food consumed. 

In addition, we found that the content of crude fat in control were significantly more than those 

in 2%, 3%, 4%, and 5% treatments. Wang et al. found that the content of crude fat in H. illucens 

prepupae feeding on kitchen waste and poultry cultivation wastes was 35.7-37.2% and less than that 

in the current study [8]. In some previous reports, the percentage of fat were 35%, 15-25%, and 33.7% 

in ca�le manure [35], poultry manure [36], swine manure [37] treatments, respectively. Those studies 

indicated that the content of fat in H. illucens was affected by the ingested nutrients. The crude protein 

content of H. illucens prepupa in control (446.3 g·kg-1) was significantly more than those in 1% (430.6 

g·kg-1), 2% (423.3 g·kg-1), 3% (415.4 g·kg-1), 4% (410.8 g·kg-1) and 5% (409.8 g·kg-1) treatments, 

respectively. These results are consistent with Spranghers et al. [34] and Wang et al. [8], who reported 

the content of crude protein was 412.0-431.0 g·kg-1 LPM, and 412.5-436.9 g·kg-1 LPM. 

Furthermore, we also found that the types of fa�y acid in the current study were consistent with 

previous reports [8,34,38,39]. These studies suggested that the type of substrate negatively affected 

the fa�y acid content but did not alter the fa�y acid profile of the prepupae. Except for decanoic acid, 

stearic acid, and linoleic acid, the fa�y acids content of H. illucens prepupae in control were 

significantly more than those in 3%, 4%, and 5% treatments, respectively. Furthermore, except for 

lauric acid, when feeding on kitchen waste, the content of fa�y acid was significantly more than those 

in cow dung treatment [8]. Spranghers et al. and Wang et al. found that the percentage of lauric acid 

(C12:0) in prepupa was higher than other fa�y acids [8,34]. In addition, a large amount of branched-

chain fa�y acids (C16:1, C18:1n9c, and C18:2n6c) were found in the control and all of salinity 

treatments. Furthermore, the content of fa�y acids were consistent with previous studies of 

Spranghers et al. and Wang et al. [8,34]. 

Additionally, in the current study we found most of the nonessential and essential amino acids 

which are consistent with that reported by Newton et al. [35,40], St-Hilaire et al. [41], Sealey et al. [38], 

and Spranghers et al. [34]. Previous studies reported that five amino acids including threonine, lysine, 

valine, methionine, and isoleucine, were commonly used in the production of livestock and poultry 

feed [34,35,38,40,41]. The content of these five amino acids in H. illucens prepupae seems to be 
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sufficient for the needs of raising pigs and poultry [42,43]. Similar results are also found by 

Spranghers et al. and Wang et al. [8,34]. In contrast, Makkar et al. found that there is a lack of cysteine, 

methionine, and threonine in the pupa [33]. The differences in the types and contents of amino acids 

may be caused by food salinity, food types, or geographic populations. For tryptophan, limited 

information is available because of the complicated method of determination [44]. The content range 

of tryptophan was 2.0-5.9 g·kg-1 LPM when H. illucens prepupae fed with various foodstuffs [35,40]. 

In the recent two studies, the content of tryptophan was 5.4-6.7 g·kg-1 LPM [34] and 7.1-7.8 g·kg-1 LPM 

[8], which was similar to that in this study. The high differences in the content of tryptophan might 

be caused by various reasons such as experimental population, measurement techniques, or food 

intake. In the recent research of Wang et al. [8], only the content of serine was significantly affected 

by foodstuff. However, we found that non-essential amino acids such as aspartate, alanine, proline, 

perine, histidine, and essential amino acids including leucine, lysine, threonine, and isoleucine were 

significantly affected by foodstuff salinity. The content of amino acids was higher than those reported 

by Makkar et al. and Spranghers et al. [33,34]. In summary, the amino acid content in the prepupae 

of H. illucens may be influenced by various factors, such as feed type, salt content, nutrient intake, 

and geographic population. 

The content of mineral in H. illucens prepupae were influenced by various factors, especially by 

foodstuff. In this study, we found that the content of Ca changed with a smaller range of 20.52-27.10 

g·kg-1 LPM, which was less than that in the report of Makkar et al. [33]. The range of Ca content in H. 

illucens prepupae feeding food waste, pig manure, chicken manure, and cow dung was 19.48-34.71 

g·kg-1 LPM [8]. However, Spranghers et al. (2017) reported that there was a greater range of Ca among 

all treatments, and the range value was 1.23-66.2 g·kg-1 LPM [34]. For three principal metallic elements 

such as K, Mg, and P, that play an important role in animal feed, the weight proportion was 

significantly higher than that of other minerals. This may be the primary reason the ash content in 

the 3%, 4%, and 5% treatments was significantly greater than that in the control group. According to 

the feeding suggestions for livestock (pigs) and poultry (layer hens) [42,43], excessive ash content in 

feed formulations was detrimental to the growth of livestock and poultry, which suggested that the 

H. illucens prepupae produced from feed with higher salinity level may have certain drawbacks when 

used as animal feed. In industrial production, the crude fat should be separated before using H. illucen 

pupae to produce feed, which might further increase the proportion of minerals and ash. However, 

the excessive content of Ca in foodstuffs may increase the gastric juice pH value of livestock and 

poultry, further increasing the risk of bacterial infection [45]. Therefore, the H. illucen prepupae with 

low ash content produced from the feed with lower salinity may be the more suitable feed for 

processing. 

In particular, a decade of scientific research has already highlighted the huge potential of using 

insects to improve sustainability of poultry supply chain. So far, the industry can rely on two different 

ways: 1) larvae can be processed into meals and fats to be used as protein and energy sources, 

respectively, in poultry diets; or 2) larvae can be used as live by exploiting their potential as 

environmental enrichment [46]. Research has already been conducted on the use of H. illucen meal 

[47–50], H. illucen dried larvae and H. illucen fat with positive results in terms of animal health and 

performance, as well as eggs quality [51–53]. Live H. illucen larva supplementation on laying hens 

represents a valuable environmental enrichment [54–56]: birds are historically foragers of live insects, 

being part of their traditional diet and allowing them to express a natural behavior [57–59]. The 

animals performance in relations to live insect’s supplementation, as well as the economically 

feasibility of introducing live H. illucen larva into the entire production cycle of laying hens, should 

be evaluated in future. 

The composition of gut microbiota develops with host from birth and regulates its health, mainly 

influenced by dietary factors [60]. The composition of the gut microbiota in mice was significantly 

changed by high salt diet, especially the inhibition of lactic acid bacteria, and the similar inhibition 

from high salt diet was also found in human [61]. The immune system of Drosophila melanogaster 

larvae without symbiotic bacteria could be quickly activated by salt stress, and the pathogen infection 
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was effectively resisted by higher immune activity, which protected D. melanogaster larvae and 

extended their lifespan [62]. The number of gut microbial communities in D. melanogaster larvae was 

increased by high salt feed, and the salt stress response could be exacerbated by gut symbiotic 

bacteria, both of which would inhibit the innate immune system activity and increase the gut 

microbiota. The survival rate of D. melanogaster larvae was ultimately reduced by intestinal barrier 

dysfunction [63]. In this study, the innate immune activity of H. illucens larvae with gut microbiota 

might be inhibited by high salt feed, leading to the dysbiosis of the gut microbiota and the loss of 

intestinal barrier function, ultimately decreasing the survival rate of H. illucens larvae. In addition, 

the high-salt diet could damaged and aged the skeletal muscle cells in D. melanogaster larvae, and 

lead to certain negative effects on the larvae heart [64]. Furthermore, the levels of neurotransmi�er 

and its secretion or transport was significantly inhibited by higher salt diet [65]. Due to that both D. 

melanogaster and H. illucens belonged to the Diptera, the negative effects of high-salt feed on D. 

melanogaster larvae might occurred for H. illucens larvae, which might decrease the survival rate of H. 

illucens larvae when feeding on the high-salt feed. 

In conclusion, the reproductive potential of H. illucen was significantly affected by foodstuff 

salinity. There was no significant difference in fecundity among the control, 1%, and 2% treatments, 

which suggested that decreasing the salinity in the foodstuff might be implemented in industrial 

production. In addition, as the salinity increased, the ash content significantly enhanced while the 

crude protein decreased. At the same time, both amino acids and mineral contents suggested that dry 

H. illucens prepupae feeding on low-salinity foodstuffs might be more suitable for use as a feed 

additive. Therefore, the foodstuff salinity should be controlled in the breeding process of H. illucens 

prepupae used as livestock and poultry feed. In addition, H. illucens prepupae has great potential in 

the production of biodiesel due to the higher level of crude fat, and more research should be done in 

the future. 
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