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Introduction
In the last few decades, the European Union (EU) has started to be 

more aware about greenhouse gas emissions and several EU countries 
are collectively trying to find solutions to solve this persisting issue. 
In the emerging topic of food - energy - climate change nexus, it is 
known that the main source of these greenhouse gas emissions comes 
from meat production and various (intensive) agricultural activities. 
Currently, nearly a 40% of the proteins consumed by humans comes 
from animals, which not only requires a large water footprint, but it also 
causes «protein gap»: an insufficient future protein supply as they are 
usually considered as indispensable macronutrients, that also includes 
the essential amino acids [1-3]. Therefore, the EU is determined to find 
alternative sources for proteins, and such new sources so far include 
(amongst others), algae, microorganisms and insects. An additional 
application of these novel protein sources can also be found in animal 
feeding and food for humans [2]. However, according to Almeida et al. 
[1], the major challenge is the consumption of proteins by humans, at a 
low-cost and easily availability, and also meeting the socio-economics 
of a countries population. 

Algae 
Historically, in the eastern world, algae have been traditionally 

consumed as a vegetable (in soups), while in the western world, they 
have been widely used for industrial applications. However, in the last 
few years, the global demand for microalgae and microalgal food is 
growing and showing a great potential regarding their applications in 
the food industry [4]. Especially attractive is the content of proteins 
and micronutrients such as vitamins, calcium, iodine, polyphenols 
and carotenoids present in microalgae. For instance, some phyllum 
of algae like red seaweeds contain sufficient levels of proteins that are 
comparable to those found in high-protein containing vegetables, e.g. 
soy beans [5]. Nearly 30% of the current worldwide algal production is 

sold for animal feeding purposes. Certain types of algae are approved in 
several countries as for chicken feed and they usually do not require new 
testing or approval for feed use [3]. Specifically for food applications, 
Garcia, et al. [6] proposed a simple (only one bead milling step), 
scalable to the pilot- and industrial scale, mild extraction procedure of 
functional proteins from green alga Tetraselmis suecica. According to 
that study, the resulting protein extract contained approximately 50% 
(dry weight) of proteins and 26% carbohydrates, and it also displayed 
superior surface activity and gelation behavior.

From a biological view point, algae can be divided in microalgae and 
seaweed; microalgae are single‐celled organisms that can grow over a 
wide range of environmental conditions such as pH, alkalinity, sunlight, 
the presence of fertilizers and competing ions, whereas seaweeds are 
complex multicellular organisms growing in salt water or marine 
environments [3]. Many algal species of seaweeds are harvested from 
the sea and imported mainly from two countries: Japan and France, 
although their cultivation is also increasing in other coastal countries. 
Many of them are used for direct consumption or food supplements, 
and some others have also been evaluated as feed additives in meal, 
especially to fish diets. 

Microalgae and microorganisms 
In a recent review by Dehghani, et al. (2019) [7], it was mentioned 

that the protein biosynthesis machinery of some microalgae resembles 
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those of the human and animal cells and the microalgae can assemble 
fully functional complex proteins that can be safely used in humans. 
In another report, it was also showed that microalgae can be used 
as sustainable protein sources for the production of peptide based 
functional foods for preventing certain types of cardiovascular 
disease (CVD) [8]. The investigations conducted so far confirm that 
algal biomass shows promising qualities as a novel source of protein 
wherein the average quality of most of the algae examined is equal and 
sometimes even superior in comparison to other conventional plant 
proteins [2]. Many uses have been made of algal single cell proteins 
(SCP), including that of human food and animal feed [9].

Algal SCP has mainly been used as dietary supplements, sold as 
tablets, capsules, powders, and other products available in health/
nutrition/diet themed food stores or nutrition centers and they are 
often promoted as protein and vitamin supplements or to help people to 
lose weight [9]. The use of microalgae as animal feed is more recent. A 
large number of studies have demonstrated the suitability of microalgal 
biomass as a valuable feed supplement or substitute for conventional 
protein sources (e.g. soybean meal, fish meal). The target domestic 
animal is poultry, mainly because the incorporation of algae into 
poultry rations offers the most promising prospect for their commercial 
use in animal feeding. Another growing market is the utilization of 
microalgae in aquaculture. Interestingly, some algal species rich in 
carotenoids have been used to feed salmon and trout to enhance the 
color of their flesh [3,9].

In the literatures, special attention has been paid to Spirulina 
platensis, a multicellular microorganism classified as a green-blue 
microalga by botanists due to its chlorophyll content. On the other 
hand, it is also considered as a bacterium by bacteriologists, due to 
its prokaryotic structure. Spirulina is considered as an excellent food 
because it is non-toxic, and it offers numerous health benefits to cure 
anemia, malnutrition and tumor growth, among others. Its value for 
animal food supplement has also been demonstrated by causing an 
enhancement of growth acceleration, sexual maturation and increase 
of fertility in cattle [10]. Figure 1 shows the comparative profiles of 
amino acid production by different microalgae, together with other 
conventional protein sources, expressed in g per 100 g protein [2]. It 
is evident that the values of Spirulina are comparable and even higher 
than those of egg.

Insects 
With the increasing demand in alternative protein sources 

worldwide, insects, a traditional food in several places over the world, 
have drawn attention of the international community. It represents an 
innovative food and feed source that is rich in high quality protein, and 
it also offers other beneficial nutritional ingredients such as fat, minerals 
and vitamins, depending on the species. It is therefore considered as an 
outstanding alternative food and feed source and a potential substitute 
for animal feed [3,11]. Additionally, insect culturing contributes to the 
recycling of nutrients and it also benefits waste management by using 
waste material for the growth of insects (e.g. flies grown on or attracted 
to composting facilities) [12-14].

Some examples of potential insects for application in food in 
the EU are Gryllodus sigillatus and Acheta domesticus (crickets), 
Alphitobius diaperinus (lesser mealworm), and Tenebrio molitor (yellow 
mealworm). Additionally, potential insects for use in feed products 
in the EU are Hermetia illucens (black soldier fly), larvae of Musca 
domestica (common housefly), and T. molitor (yellow mealworm) [3].

However, despite the traditional knowledge about insects and their 
harvesting potential in the wild, the industrial production of safe insect 
products for human consumption and processing into food and feed 
should consider chemical and biological hazards related to feed and 
food production. Typical examples include the following: (i) the insects 
feed can be contaminated with many toxins when they are cultivated 
in solid wastes, and (ii) the presence of pathogens, heavy metals that 
would accumulate in the insect’s bodies. Insect safety hazards depend 
on the insect species and environment; therefore, more attention and 
research must be directed towards the rearing and harvest conditions 
of insects destined for food and feed production [3,11]. In order to be 
competitive with the existing (competitively priced) protein sources, 
insects production in a large scale needs to be increased further, both 
quantity and quality-wise and at the same time reducing the cost of 
insect rearing [14].

Protein efficiency ratio (PER)
In order to be able to summarize and compare the protein value 

of the reviewed protein sources with the traditional protein sources, 
some data was collected from the literature. An accurate method to 
evaluate the quality of proteins is the determination of the protein 

Figure 1. Comparative amino acids profile of different microalgae with conventional protein sources (Becker, 2007)
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efficiency ratio (PER), expressed in terms of weight gain per unit of 
protein consumed by the test animal in short-term feeding trials [2]. In 
this regard, Table 1 provides information about several products rich in 
proteins and their respective PER values. The PER value of pure casein 
protein was considered as the reference [15,16]. 

Conclusions
The high demand of proteins and the misuse, abuse and scarcity 

of traditional protein resources has led to an urgent need of finding 
novel protein sources. In this regard, researchers and food engineers 
have shifted their attention to algae, microorganisms and insects as an 
alternative protein source, as well as for food and feed applications. It has 
been demonstrated that many of these sources are richer in nutrients, 
micronutrients and protein content than the traditional sources, and 
at the same time, they can simultaneously perform environmental 
bioremediation. Nevertheless, for large scale production, lot of research 
must be done to overcome problems related to health, economy, 
technology and social acceptance.
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Product nature/origin Product PER Reference
Protein Casein 2.5 [15]
Insect Variegated Grasshopper (25%+) 2.37 [14]
Microorganism Spirulina sp. 2.1 [2]
Vegetable Raw quinoa 1.95-2.32 [16]
Vegetable Beans, pea flour and soy protein 1.2-2.4 [15]
Animal Animal proteins 3.1-3.7 [15]

Table 1. PER values of different protein sources

+The value of PER was calculated through a diet composed of grasshoppers 
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