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    Abstract— Nowadays conventional animal feeds ingredients becoming scarce and very expensive.  This has 

encouraged the search for possibly cheaper alternative nutrient sources with no reduction in nutrition value.  Usually 

plants are investigated as new sources for non-dairy milk products, but we have used conceptually new approach. The 

study describes the preliminary results of milk substitute development based on hydrolysis of house fly larvae (Musca 

domestica L).   The short life cycle of the larval stage of flies, production the large biomass from waste material and high 

content of protein make them a viable option to explore.  A simple procedure was developed to get product with 

organoleptic characteristics similar to milk.  Different factors affecting milk substitute formation were studied, and 

experiments were designed to determine optimal preparation conditions. Under optimal conditions, the end product was 

snow-white in color, had good viscosity and heat stability and high shelf-life.  The product demonstrated good 

nutritional profile with high level of water-soluble protein and essential amino acids. It was concluded that the nutritive 

values inherent in this insect-based product compares favorably with other established sources, so it can be a useful 

substitute for them in diet formulations.  

I. INTRODUCTION 

Milk is a highly nutritious food, and until recently the only type of available was dairy milk, which came from an 

animal, most often cows, goats and sheep.  The most popular cow`s milk provides a wide range of essential 

nutrients to the diet and are an important source of   calcium, good quality protein, B2 (riboflavin) and B12 

vitamins, and the minerals iodine, potassium and phosphorus [1].  

 

In spite of naturally nutrient richness, there are many reasons for alternatives for dairy, and the most common 

being allergies, lactose intolerance and following a vegan diet. Today there are many non-dairy milk alternatives 

with different nutritional profile, flavor, color and texture. Milk alternatives are not actually "milk" and usually 

are an extract from a different plant sources, including cereals and nuts [2]. Soy, rice, almond, and coconut milk 

are the most common substitutes. Soy milk delivers the same amount of protein as milk and is also offers the most 

potassium [3].  Rice milk is the most allergy-friendly of the non-dairy milks and is high in carbohydrate and low 

in protein compared to dairy milk [4].  Almond milk has much less protein than dairy milk and soy milk, but has 

a pleasant flavor and creamy texture similar to dairy milk. [5] Coconut milk may be the closest milk alternative 

with the texture of that of whole milk.  It is high in lauric acid, a heart-healthy saturated fat that improves HDL 

(good) cholesterol [6]. Hemp milk is another good alternative and is made from hulled hemp seeds, water and 

sweeteners. It contains a good amount of protein and fatty acids but falls in calcium [2]. Other milk alternatives 

new to the market include peanut milk [7], linseed milk with testy nutty flavor and about 1.2% of protein [8], 

cedar nuts milk with high content of pectin and flavonoids [9], pigweed (amaranth) [10] and lupine [11] milks.  

 

Vegetable based milk sources are able to replace a substantial part of dairy milk, however have their limitations 

due to unbalanced amino acid profiles, high fiber content, anti-nutritional factors and competition with use for 

human consumption.  Currently there is an urgent need to increase supply of protein from sustainable sources and 

insects, especially flies, have the potential to help meet this demand. The alternative sources, like insect meal, 

may be the promising target in order to create flexibility in diet formulations, sustain a healthy industry and allow 

for future growth [12].  Since about 2004, the UN Food and Agricultural Organization (FAO) has been interested 

in the use of insects as alternative food sources. Insect biomass may hold potential for high-value products such as 

food additives, nutritional supplements, antimicrobials, biomaterials, and more [13]. Insects are important 

sources of numerous necessary nutrients, such as the eight essential amino acids, vitamin B12, riboflavin, the 

biologically active form of vitamin A, and several minerals.  Insects are extremely high in protein, with levels 

comparable to beef and milk. House flies, for example, contain approximately 50 grams of protein per 100 grams 

of insect, while ground beef and powdered whole milk contain about 26 grams of protein per 100 grams of 
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meat/|milk.  Insects are also particularly rich in fat, and can thus supply a high caloric contribution to the human 

diet. The  important  issue of  insects meals  is  to  feed animals  in alternative  to soybean or fishmeal which poses  

severe environmental  issues as protein demand  is  increasing at  the world  scale  [14].  In order to develop new 

environmentally sustainable feeds, FAO indicates insects as innovative protein source to be employed in feed 

[15].  

 

Eating insects is also good for the environment. Insects can be produced more sustainably and are very efficient at 

transforming a wide variety of organic matter into edible body mass. For example, cows consume 8 g of feed to 

gain 1 g in weight, whereas insects can require less than 2 g of feed for the same weight gain [16]. Additionally, 

many insects can consume agricultural waste or plants that are not consumable by humans and livestock. Insects 

are also easy to farm in large quantities using very little space. Insects have substantially higher fecundity and 

shorter life spans, so they can be grown rapidly. Finally, insects give off lower levels of greenhouse gases than 

cows. 

 

House fly larvas (maggots) are widely applied as natural component of protein and lipids in the diet of fish, 

chicken and pig. From 1000 kg of manure (30 % dry matter) about 70 kg larvae is produced and the crude protein 

content varies between 40 and 60 %, and lipid content ranged between 9 to 25% of dry matter.  Fly larvae have an 

amazing ability to convert fresh manure to compost in a very short time [17].   Plant and animal agricultural 

byproducts derived after extraction of a high value component can provide lower cost sources, which is 

particularly important for animal feed.  

 

Although in the recent years intensive efforts have been made to study intact edible insects, still very little 

information is available on characteristics and functionality of extracted insect proteins from a food science point 

of view. The aim of this study was to investigate if house fly larva could be used as a future source of non-dairy 

milk product.  To our knowledge,   no research initiatives are focused on this subject matter and no information 

has been published. The specific objectives of this study were to: (a) extract and characterize protein fractions; (b) 

study protein content and quality by analysis of amino acid composition. 

II. MATERIALS AND METHODS  

Live house fly Musca domestica  (Linnaeus, 1758) larvae (maggots) were kindly provided by  the  commercial 

supplier Fauna Centre,  Russia. Insects were sieved to get rid of feed and stored alive at 4 ºC for about one day 

before processing.   Fresh insects were frozen at -80oC and then freeze-dried to determine moisture and dry matter 

content by gravimetric and protein analysis. Crude  protein  content  was  obtained  by  the micro-Kjeldahl  

method, fat content  was  determined  after  hexane  extraction.  To prepare milk substitute (MS), the 25 g portion 

of fresh larva was rinsed and boiled in distilled water for 15 min and subsequently blending for one minute (Braun 

Multiquick 5, Germany).  Then the insect suspension was sieved through a stainless steel filter sieve with a pore 

size of 500 μm and the filtrates and residues were collected. After centrifugation at 15 000 g for 30 min at 4ºC, 

three fractions were obtained from the filtrate: the supernatant (protein product), the pellet (solid residues), and 

the fat fraction (lipids). Lipids were moved away followed by proteins solubilization in an alkaline defatting 

suspension under different concentration of alkali (0.1, 0.2 and 0.3 % w/w), temperature (50, 70, 80 and 90ºC), 

and time of extraction (10, 20 and 30 min).  The protein MS  (supernatants) were characterized in terms of color, 

taste, flavor and analyzed for  viscosity means of NDJ-1 rotation viscometer, protein, dry matter and amino acids 

content (Biotronic LC 6000 Amino Acid Analyzer, Germany).  

III. RESULTS AND DISCUSSION   

According the organoleptic characteristics testing protein product (MP) was looked like milk in color, sight, 

smell (odor) and texture (Table 1). It demonstrated snow-white or light-cream color, possessed milk-like viscosity 

and smell without any abnormal odors, as far as visible particles or clots. The MS possessed by sweetness, creamy 

and heavy mouse feel similar to whole milk. The crude protein content measured   from 19.3 % to 20.6 % 

respectively.  

One-factor experiment was carried out to evaluate the influence of temperature, alkalinity and time duration on 

organoleptic and chemical characteristics of MS. There was no significant difference among the varieties in their 
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sweetness while there was significant difference in their color, texture and stability. Organoleptic analysis 

revealed that 80 and 90oC were preferable, and at 60oC and 70oC the color was with light-blue tint (Table 1) and 

crude protein content was lower (data not presented). The 20 min was found to be the optimal extraction time and 

both decrease to 10 min or increase to 30 min intervals resulted in lower emulsion stability and shelf-life (Table 

1). It was very important to apply 0.2% of alkaline because the product extracted at  0.1% has insufficient 

characteristics of shelf-life, and increase to 0.3% resulted in darkest ( light brown) color among  all  insect  

supernatant  solutions (Table 1).  This visual observation indicated that chemical reactions took place during 

processing. Based on organoleptic properties we concluded that MS may be characterized as milk alternative 

product with good quality and the optimal conditions of the alkaline protein extraction were found to be 20 min 

in 0.2% alkaline solution at 90oC. It is recommended therefore that this sample which produced the most 

acceptable milk be used in further research. 
Table 1:  Comparative characteristics of non-dairy milk substitutes derived from house fly larvae 

Parameters of 

protein  

extraction 

  

 

Organoleptic characteristics 

Duration, min  Consistency, texture Color Smell and taste Emulsion stability, 

shelf-life 

 

10 

 

 

 

 

 

 

 

Homogenous,  

non-gummy,  

low-viscosity fluid  

without fat clots  

and protein floccules  

 

 

 

White or  

light-cream  

 

 

 

 

 

 

 

Normal lactic 

flavor without 

 abnormal odor  

 

Weak, 24 h 

 

20 

 

 

 

High, 96 h 

30 Light-cream 

Temperature*,0С    

50 Light- 

blue 

Weak, 24 h  

70   

80  

White or  

light-cream  

 

High, 96 h  90 

Alkalinity**, %   

0.1 Cream Weak, 24 h  

0.2 White or  

light-cream  

High, 96 h  

0.3 Light-brown Medium, 72 h 

 

The measured protein content of the tested MS is   higher than in cow‟s milk and comparable with that in soy milk 

(Table 2).  Proteins are organic compounds, which are necessary to grow new tissues and to repair old tissues in 

an animal. Since most feedstuffs are low in proteins, protein supplements may be necessary. 

 
Table 2: Nutritional content of non-dairy milk substitute (MS) compared with whole cow’s and soya milk 

Product Content, %  

Crude protein 

(CP) 

The part of 

essential amino 

acids 

(EAA) 

Lipids Lactose Other components 

(e.g. carbohydrates, minerals, 

vitamins) 

Cow‟s milk 3.0-3.4 43 30 - 350 4.9 4.0 - 4.9 

Soy milk 2.8-4.0 41 16 – 22 0 2.0 – 2.5 

MS  4.0 – 10.0 52 30 - 38 0 0.5 – 1.0 

 

Very important characteristics of MS are the high content of essential amino acids (Table 3). Amino acids are the 

building blocks of proteins and are classified as either essential or nonessential. Most animals can synthesize the 

nonessential amino acids. However, the essential amino acids must be supplied in the diets of nonruminant 

animals. Monogastric animals are unable to synthesize amino acids and thus should have their diets 

supplemented with proteins containing the 10 essential amino acids. Ruminants are capable of synthesizing all 

amino acids by microbial action in the rumen. 
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Sum  of  the  total  essential  amino  acids  (EAA)  for  MS was comparable to that of soybean protein, and  slightly 

higher that  of  casein,  indicating that  the quality of the insect protein for these three insect species was 

comparable to conventional food protein sources. The most prevalence of EAA in milk substitute is for valine, 

methionine. tyrosine and phenylalanine (Table 3). It very important that    EAA  were  available  in  quantities  

that  are  necessary  for  FAO human  requirement  -  277 mg/g  crude  protein [18].  

 
Table 3. Essential amino acid (EAA) pattern of MS, casein, soybean protein and FAO recommendation 

 

Unit, 

mg/g crude protein 

Milk substitute 

(MS) 

Casein Soybean protein FAO 

 

Isoleucine 

 

43 

 

26 

 

37 

 

30 

Leucine 76 95 77 59 

Lysine 84 73 77 45 

Methionine 29 25 22 23 

Cysteine 8 8 2 3 

Phenylalanine  85 47 64 17 

Tyrosine 86 47 54 32 

Threonine 41 42 40 23 

Tryptophan 12 12 11 6 

Valine 52 61 34 39 

Sum of EAA   516 430 418 277 

IV. SUMMARY AND CONCLUSION 

 
                       Fig 1 Schematic production process of milk substitute derived from house fly larvae.                                             

Currently the growing world population places a demand on agricultural and food industries to increase the 

production of safe and nutritious foods for people and feed for livestock. Insects  are  now  seriously  considered  
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as  an  alternative  and  additional  source  of  protein  in view of an increasing world population and the 

environmental problems caused by conventional cattle  [19]. People in the western world usually have a strong 

bias against insects as food, which will hamper them to eat insects in a recognizable form (including egg, larvae, 

pupae or adult). However, it is also possible to extract proteins from insects for further use in food products. Very  

little  information  from  a  food  science  point  of  view  is  available  on  characteristics  and functionality of 

extracted insect proteins. At the same time, many insect species  have  potential  to  be used  in  foods  due  to high 

absolute  protein  levels and good  protein  quality. In the present study, we describe the novel biotechnological 

approach based on protein extraction from domestic fly larvae (maggots) resulting in milk substitute (MS) with 

good organolepric characteristics and well-balanced amount of protein and essential amino acids good nutritional 

profile with high level of protein and essential amino acids. The principal scheme of process in described on Fig. 

1, and using the soluble protein fractions obtained by a simple aqueous extraction procedure, is promising in 

terms of future food or feed applications. Our information about nutritional value, safety and quality of MS 

protein   is preliminary and not precise, however it is important, that MS is of animal origin and for this reason in 

an overall perspective we have great expectations to the nutritional value of the product.  More research is needed 

for developing further extraction and purification procedures, and for more detailed insight into functional 

protein properties, including anti-bacterial and antioxidant characteristics. 
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