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Non-traditional sources of protein in animal

nutrition

ABSTRACT

Currently, animal husbandry is one of the fastest growing agricultural subsectors worldwide.
This requires an increase in feed production, which in turn will require an increase in the base of
feed ingredients, mainly protein. One of the current global problems in animal husbandry is the
shortage of feed protein. Therefore, the feed industry should be aware of the trends, problems
and opportunities existing in the field of protein feed production.

The aim of the study is to consider alternative protein sources that can partially or completely
replace the usual protein in animal feed.The search and analysis of literature was carried out
using the following Internet resources RSCI, PubMed, Web of Science, Science Direct, Scopus,
e Library, Google Scholar (Google Academy) for the period 2020-2024.

Results. Alternative protein sources not only fill the gap in protein requirements, but also pave
the way for sustainable animal husbandry. Non-traditional protein products used in animal feed
are expanding rapidly, and the emerging market for alternative protein is attracting investment.
Alternative protein sources are essential to meet the growing demand for protein-rich feed
ingredients, so the feed production sector needs to find alternative sources based on research
results.
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HeTpaguumnoHHbie UICTOYHUKM Oenka
B KOPMJIEHMUU XXUBOTHbIX

PE3IOME

B HacTosiLee Bpemsi XMBOTHOBOACTBO SIBNISIETCS OAHUM M3 Hambonee ObICTPOPACTYLUMX
CEeNbCKOXO3ANCTBEHHBIX NMOACEKTOPOB BO BCEM MMPEe — 3TO TPEOYET yBENMYEHNS NPOU3BOS-
CTBa KOPMOB, YTO B CBOIO o4epenb noTpebyeT yBennyeHns 6a3bl KOPMOBLIX MHIPEANEHTOB,
B OCHOBHOM 6enkoBbIx. OfHa 13 COBPEMEHHLIX r106abHbIX NPo6IEM B XMBOTHOBOLACTBE —
HexBaTka kopmoBoro 6enka. CnefoBatenbHO, KOPMOMPOM3BOACTBO JOMKHO ObiTh B Kypce
TeHAeHUMIA, NpobnemM 1 BO3MOXHOCTEN, CyLecTByOWMX B chepe NponsBoacTea 6eNkoBbiX
KOPMOB.

Lenb nccnenoBaHns — pacCMOTPEHWE aNbTEPHATUBHBIX UCTOYHUKOB BENKOB, KOTOPbIE MOTYT
4aCTUYHO MNIN NOSTHOCTLIO 3aMEHNTL OObIYHLIV GEN0K B KOPMAX As XUBOTHBbIX.

Mowvck 1 aHann3 nuTepaTtypbl NPOBOAMINCH C UCMOJb30BaHNEM UHTEPHET-pecypcos PUHLL,
PubMed, Web of Science, Science Direct, Scopus, eLibrary, Google Scholar (Google Academy)
for the period 2020-2024.

BbiBoAbI. ANbTEPHATUBHBIE NCTOYHUKM BENKA HE TONBKO BOCTIONHSIOT MPO6en B NoTpebHOCTM
B 0Genke, HO U MPOKNAAbIBAIOT MyTb K YCTOMYMBOMY XMBOTHOBOACTBY. HeTpaguuMOHHbIE
6enkoBble NPOAYKTbI, UCMONb3yEMblE B KOPMax AJiIf XMBOTHbIX, OLICTPO pacLuMpsioTes, a
pa3BMBAIOLLMIACS PLIHOK anbTEPHATMBHOIO Henka NpPMBIEKAET MHBECTULMN. ANbTEPHATUBHbLIE
UCTOYHUKM Genka nmMeloT 6onbLIoe 3HaYeHue AN yOO0BNETBOPEHNUS pacTylero cnpoca Ha
6oraTble 6e5KOM KOPMOBbIE MHIPEAMEHTbI, MO3TOMY CEKTOP NMPOU3BOACTBA KOPMOB AOSIXEH
HaWiTV anbTePHATUBHbBIE MCTOYHMKM, OCHOBBIBASICh HA Pe3dynbTaTax MCCNEA0BaHUN.
KnroyeBbie c/oBa: anbTepHaTUBHLIN 6ENOK, KOPMa, BOAOPOCAU, IMCTOBON GENoK, 0TXOAbI
MULLEBOI NPOMBILLNIEHHOCTY, NOBOYHBLIE NPOAYKTLI, MUKPOBMOnoruieckme 6enku

Ansa untuposanms: LLaabaH M., BenbiwkuHa M.E. HeTpaamumoHHble NCTOYHMKM Genka B
KOPMJEHUMN XUBOTHbIX. ArpapHasi Hayka. 2025; 392(03): 69-75 (in English).
https://doi.org/10.32634,/0869-8155-2025-392-03-69-75
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Introduction

Recent years have witnessed a growing interest in
non-traditional sources of protein, due to concerns
around the sustainability and environmental impact
of conventional protein sources, as well as the need
to meet the considerable and increasing demand for
protein raw materials for the feed industryina growing
global meat production which has increased fivefold
since the 1960s all over the world'. According to the
analytical company Feedlot, in January — August
2024, Russian agricultural organizations produced
6.5 million tons of meat in slaughter weight, which
is 4.1% higher than the same period in 2023.
Traditionally, poultry meat production occupies the
largest share in the total production of meat in the
country, it is about 49.7%, pork accounts for 43.6%,
beef — 6.6%, lamb and goat meat — 0.1% [1].
The growing meat production was accompanied by
an increase in demand for animal feed, especially
protein feed. According to the Feedlot company’s
statistics, the feed market in Russia grew by 11%
over the past three years, and in 2024 alone it grew
by 6%, as production of feed for farm animal for the
first seven months of 2024 amounted to 25.9 million
tons. The cost of the primary conventional protein
in animal feed like soybean meal and fish meal is
increasing continuously?.

The purpose of this study is to review alternative
sources of proteins with potential to partially or fully
substitute conventional protein (soybean meal and
fish meal) in animal feed.

Materials and methods

Methodology. Selection, search, relevance, analysis.

The process of selecting literature had to meet the
following criteria:

1) Key words. The works cited in the study were
selected using key words that would give the clearest
possible idea of the subject of the author’s study
such as: alternative protein, algae,
leaf protein, food industry waste, by-
products, microbiological proteins.

2) Characteristics that were used
in the literature search process:

+ publications had to be published
in the last five years;

- the language of publication is
English and Russian;

+ access to the full text of the
publication.

The search and analysis of lite-
rature was carried out using the
following Internet resources: RSCI,
PubMed, Web of Science, Science
Direct, Scopus, e Library, Google
Scholar (Google Academy) for the
period 2020-2024. As a result of the

research, 50 scientific papers were selected. After
determining the relevance to the research topic,
duplicate articles, university theses and university
books were deleted, so the list of references became
35 references.

Results and discussion

There are various non-traditional protein sources
that have great potential for use in preparing animal
feed. The most important of these sources are as
follows:

1. Algae proteins. Algae can be classified
into two main groups; first one is the microalgae or
microphytes, which are microscopic algae invisible
to the naked eye, can be found all over the world
in practically all kinds of aquatic environments,
they include blue green algae (cyanobacteria),
eukaryotic algae (dinoflagellates), unicellular algae
(Bacillariophyta or diatoms). Microalgae are good
pollution bioindicators, due to their large distribution,
and differenttolerance ranges [2]. Microalgae, capable
of performing photosynthesis, are important for life on
earth, that roughly half of the oxygen production on
earth comes from microscopic marine algae.

Also, due to their very high protein content, and their
richness in nutrients and minerals, they have been
utilized in many industries like pharmaceuticals, food
and feed, cosmetics, antimicrobials etc. [3] (Fig. 1).

The second group of algae is macroalgae
(seaweeds) which includes green, brown and red
algae (Fig. 2).

Seaweeds or macroalgae are very rich in useful
metabolites (phlorotannins, carotenoids, pigments,
agar, polyunsaturated fatty acids, alginate, carra-
geenan and carbohydrates (polysaccharides)) and
minerals (sodium, zinc, iodine, calcium, manganese,
selenium, iron), being considered as a natural source
of additives that can substitute the antibiotic usage in
feed of various animals and they are a valuable protein

| Fig. 1. (A) Chlorella vulgaris (B), Chlorella pyrenoidosa (C), Spirulina platensis [4]

| Fig. 2. (A) Green algae (B), Brown algae (C), Red algae

"FAO. Statistical Yearbook. World Food and Agriculture. Rome. 2023. https://doi.org/10.4060/cc8166en

2 CaBkuHa J1. TeHAEHLMM KOPMOBOTO pbiHka B Poccumn n Mupe. iIMnopTosamelleHre B NpOu3BOACTBE aMUHOKUCIIOT U BUTAMUHOB. AMOMLMA 1
peanbHOCTb. PhIHKM KOPMOB M XMBOTHOBOACTA B POCCUMM 1 MUpE: MHBECTULMU 1 MHHOBALMK ANnst pa3BuTus 6usneca. Matepuansi Il Otpacneso-
ro 6usHec-bopyma, NOCBSLLEHHOr0 UHAYCTPUM KomBukopmoB. M.: KopmBeTpeitH Skcno. 2024.
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Table 1. Different species algae in diets of farm animals

ZO0TECHNICS

Species algae Algae groups Protein content,% Feeds Levels of the total diet,% References
Chlorella vulgaris Green micro algae 61.6 fish feed 2.5-10 [8, 9]
Ulva lactuca Green macro algae 15.13 poultry feed 15 [10]
Laminaria japonica Brown macro algae 13.24 swine feed 5) [11],[12]
Asparagopsis taxiformis Red macro algae 13.28 f 1and 2.5

Euglena gracilis Single-celled micro alga 26.1 AT (3R 10and 25 [13]
Asparagopsis taxiformis Red macro algae 13.28 beef cattle feed 0.05,0.10 and 0.20 [6]
Spirulina (cyanobacteria } - _ :

Arthrospira platensis) Blue-green micro algae 65-77 swine feed 9.5 [14]

source [5]. Brown algae are the poorest among algae
species in terms of protein content, which ranges
between 5 and 15% of the dry weight [6].

The seaweeds show great variation in the nutrient
contents, which are related to several environmental
factors. Thus, the protein, peptide, and amino acid
concentration, like other bioactive components of
algae, is affected by a variety of circumstances, such
as nutrient availability, light intensity, temperature,
pH, and rainfall [7]. Powdered algae extracts can be
included in the formulation of pellets or granules for
animal feed.

Below Table 1 indicates the use of some species of
algae in different animal feeds.

2. Insects and worms proteins. Fish meal is
considered a practicable solution for the utilization of
the discard from marine capture commercial fisheries.
However, the recent global decline in fish production
has causedadecreaseintheamountof raw material for
fishmeal production, which has promptedthe scientific
and industrial community to search for solutions to
this problem using insect proteins. The use of insects
as a non-traditional protein source for production-
animal feed is one such avenue gaining attention.
Insect meal has been produced from organic food
waste, which is an effective way to dispose of organic
waste in a safe way, in addition to obtaining product
contains a high percentage of protein (50-75%),
to be used in the feed production, as it has been
proven that insects are efficient in converting organic
waste into proteins and fats, which makes them an
interesting alternative source of feed [15]. The larvae
of flies of the order Diptera are a promising alternative
source of protein in animal nutrition, offering high
protein content and a low environmental impression
compared to traditional feed sources; they process
various wastes that cannot be directly used in animal
feed; also, they require less space for cultivation
and have a more efficient feed conversion [16].
As examples, black soldier fly (Hermetia illucens),

yellow mealworm (Tenebrio molitor), and common
housefly (Musca domestica) have been used as an
alternative protein source in feed for pigs. Because they
have well-balanced nutritional value as a protein source
for pigs [17]. Soybean meal has also been partially
replaced in fish and livestock feed by grasshopper
meal (Oxya hyla hyla) which contains about 64%
protein [18]. Additionally, Black soldier fly, mealworm,
housefly, cricket/Grasshopper/Locust (Orthoptera),
silkworm, and earthworm are the commonly used
insect meals in broiler and laying hen diets, due to its
high protein content and essential amino acid profile
compared to conventional feedstuffs [19].

The Russia market for insect-based animal feed is
rapidly growing. The insect-raising projects existing
in the country specialize in the processing of animal
waste by the insects [20], and producing the animal
feed based oninsect biomass for poultry, aquaculture,
and pet food Table 2.

3. Food industry wastes and by-products.
Globally, the food industry sectors are increasing very
rapidly, driven by demand growth, producing a lot of
waste, whether in the stage of preparing raw materials
or what is produced incidentally as secondary
materials (by-products) after the producing process.
The food industry waste can be used directly in the
preparation of feeds such as soybean meal and
wheat bran, also it can be converted using extrusion,
enzymatic and microbial fermentation processes or
using insects to obtain high protein products. These
wastes and by-products are important sources of
cheap protein and are divided into: Plant-Based
Sources and Animal-Based Sources.

3.1. Plant-Based Sources. They include waste
and by-product related to the primary and further
processing of plant-based raw material in various
food sectors. The most important food sectors are
summarized in: non-alcoholic and alcoholic industry,
oil industry, bakery and confectionery industry, grain
industry, fruit and vegetable industry.

I Table 2. Some species of insects and worms used in animal feed

Protein content,

Insects and worms Scientific name in % of dry mass Animal feed References
Flies Larvae of Lucilia spp. 62.80 broiler feed [21]
The greater wax moth The caterpillar of Galleria mellonella 43.68 fish feed [22]
Earthworms Family Lumbricidae 55-70 trout feed [23]
Black soldier fly Hermetia illucens 62.4 compound feed for young sturgeon fish [23]
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Soybean oil industry waste is the first choice
for animal feed production in Russia due to high
availability and low price. However, the presence of
anti-nutritional factors limits its use in the animal feed
industry such as aquaculture feed [24]. The con-
centrations of anti-nutritional factors in plant raw
materials can be reduced in the feedstuff by using
various techniques, such as extrusion [25], heat
treatment, soaking, adding chemical and organic
solvents, bacterial and enzymatic fermentation [24].

The brewing industry produces more than 100
billion liters a year worldwide and consequently
more than 20 million ton of solid waste. This waste is
mostly destined for animal feed, due to its amino acid
content, which is necessary for the proper growth and
development of animals [26]. According to Voloshin
and Glazkov, adding beer waste to compound feed for
fattening calves gives better results on meat quality
compared to other feed sources such as beet pulp,
wheat germ, and sprouted wheat [27].

3.2. Animal-Based Sources. The management of
meat production waste has been and continues to be
one of the most important issues related to pollution
management all over the world. Meat production waste
processing is a step towards sustainable animal by-
products management and circular bio-economy [28].

The meat industry wastes include those related
to animal slaughter, and producing meat products.
These wastes includes animal tissue, bones, blood,
skin, and by-products resulting from the production
of meat products, in addition to restaurant waste
and expired animal products. Meat waste can be
converted by microbial/enzymatic fermentation [24],
and by insects/worms to obtain high protein feed
additives to enrich the feed of farm animals, such as
protein hydrolysatesin the diet of monogastric animals
and pets such as cats and dogs. The advantages
of enterprises aimed at using insects as productive
insects for processing waste from meat production
factories and slaughterhouse include lower costs
for animal feed obtained, that the insects receive
maximum energy and nutrients even from low quality
raw material (meat industry and slaughterhouse
wastes). Inthisregard, itwas found that the Argentine
cockroach surpasses other productive insects in
many respects, which may make
it the most promising species
for the development of industrial
entomology [20].

4. Single cell proteins (SCP)
or microbial proteins. Single cell
protein (SCP) is a bulk of dried cells
which can also termed as microbial
protein, bio-protein or biomass, it
can be a good substitute for fish
meal or soybean meal in feed
[29]. Industrially, there are several
other ways of getting single cell
proteins, they can be produced
from yeast, algal biomass, and
fungi by growing them rapidly on

substrates with minimum dependence on soil, water
and climate conditions [30]. Microbial protein has a
number of advantages over animal and plant protein:
amino acid composition, low fat content, and the
possibility of cultivating producers on secondary
products of processing plant raw materials: sugar
cane, sugar beet, sorghum, rice, orange broth,
etc. [31]. Despite these numerous advantages, they
have disadvantages and toxic effects too, especially
related to mycotoxins and bacterial toxins.

Mycoprotein is a form of single-cell protein derived
from fungi. In feed for poultry and fish, mycoprotein
from Paecilomyces variotii can serve as an alternative
protein source, replacing fish meal or soy protein [32].

It was reported that isolated yeast strains
(Hanseniaspora uvarum, Hanseniaspora guillier-
mondii, Cyberlindnera fabianii, and Issatchenkia
orientalis) are promising single cell proteins producers
for possible use as animal feed [33].

5. Leaf protein concentrate. Traditionally, the
seeds are used as a protein source in animal feed,
but the leaves are also protein factories producing
good-quality protein commonly called green pro-
teins because of the association with chlorophyll,
about 80% of proteins plant leaves are located in the
chloroplasts [34]. Some forage crops, like alfalfa,
pea, aquatic plants, faba and soy bean produce
several times more of green protein per unit area
than grain crops, that in many cases are utilized
by grazing livestock. On the other hand, leaves
from various non-crop plants like Moringa leaves
were investigated as a potential source of proteins
for monogastric animal feeding purposes [35].
Because of the high content of fibers indigestible by
monogastric animals in the leaves, extraction of leaf
protein is an attractive solution to the demand for
protein feed for monogastric animal, which is done
according to Figure 3.

Typically, there are several sequential operation
steps needed to liberate proteins from the interior
of cells, including a first mechanical step: to break
cells open; second step: the protein is solubilized.
After solubilization, in the third step: the protein
is precipitated followed by suitable purification
steps.

| Fig. 3. Leaf protein extraction scheme [34]

Leaves ‘ Mechanical |- Pulping and
preSSing pressing

; + Heat coagulation, acidification
L Pr_o’Feln_ use of flocculants, fermentatior
precipitation or other methods.
L Protein + Separation
concentration | * Drving
L Leaf protein
concentrate
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Conclusion

Based on our review of the scientific literature, we
are able to draw following conclusions:

1) The alternative protein sources not only bridge
the gap of protein need but also pave the way for
sustainable animal production.

2) Non-traditional protein products used
in animal feed are rapidly expanding and the

Bce aBTOpbI HECYT OTBETCTBEHHOCTb 3a paboTy ¥ NPeACTaBneHHbIe
[laHHble. Bce aBTOpLI BHEC/M paBHbIi Bknag, B paboTy.

ABTOPbI B PaBHOW CTEMNEHW NPUHUMANW y4acTWe B HanMcaHum
PYKOMWCU U HECYT PaBHYIO OTBETCTBEHHOCTb 3a Niarmar.

ABTOpPbI 06BSBMNN 06 OTCYTCTBUM KOHGMANKTA MHTEPECOB.
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emerging alternative protein market is attracting
investments.

3) Alternative sources of protein are important
to meet the increasing demand of protein rich
feed ingredient, so feed production sector must
find an alternative options, based on researches
results.
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