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Abstract

The global demand for protein is rising very quickly due to dietary
changes, population increase, and sustainability concerns. Because of its
benefits for the environment, nutrition, and ethics, plant-based proteins
have become a viable substitute for traditional animal-derived proteins.
Among these, the Brassicaceae family's underappreciated oilseed crop
Camelina sativa has drawn notice for its high protein content,
advantageous amino acid profile, and useful qualities. Essential amino
acids like lysine and methionine are found in camelina protein, along with
bioactive substances that may have anti-inflammatory and anti-diabetic
properties. Because camelina uses less land and produces fewer
greenhouse gas emissions than animal protein production, it is both
economically and environmentally viable for large-scale production. To
improve protein yield and functioning, several extraction strategies have
been investigated, such as alkaline, salt, and ultrasonic-assisted
procedures. According to studies, camelina protein has promising
emulsifying, foaming, and water-holding properties that make it
appropriate for a variety of food applications, including protein
supplements, baked goods, and meat substitutes. Camelina protein is a
viable and sustainable substitute protein source with enormous potential
in the developing global food sector. There are still issues, nevertheless,
such as the existence of anti-nutritional substances like phytic acid and
glucosinolates, a lack of human consumption studies, and low consumer
acceptance.

Keywords camelina protein, food security, nutrition, plant protein,
protein extraction

Introduction

The market for proteins is expected to expand at a yearly growth rate at
15.8% [1], with the leading sector alternative dairy and meat reaching
1200 billion USD worldwide by 2030. Other protein classes exhibit
growth rates ranging from 6.1% to 20% each year, depending on their
function and class [1-2]. At a compound annual growth rate of 9.1%, the
global demand for protein components is likely to reach $75 billion by
2027 [3].

New plant-based protein additions, which are gaining popularity,
may eventually partially replace traditional dairy and soy protein sources.
This interest is being driven by a number of factors, such as the high cost
of conventional protein sources, the potential for plant proteins to gain
market share, the growing incidence of allergies, and functional
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limitations. The growing number of vegan and health-conscious consumers is another factor
contributing to the growing appeal of plant proteins [4].

Camelina sativa is an affiliate of the Brassicaceae family and is sometimes referred to as "false
flex". Its grains contain 20-30% of plant proteins, making them an excellent source. Camelina protein
could be a useful substitute for people who are allergic to or sensitive to soy. Interest in camelina
protein as a substitute for conventional protein sources like pea and soy has increased due to the
growing need for plant-based proteins [4].

Carbon footprints of plant-based and animal-based proteins

Interest in plant-based proteins has increased as more people adopt plant-based diets because of
their possible health advantages, environmental sustainability, and ethical reasons. Even though
plant-based protein offers several advantages, animal-based protein is still the main source of protein
in many diets [4]. However, animal husbandry uses a lot of room to grow food and graze animals,
which harms habitat and adds to deforestation. Compared to animal protein, the production of plant-
based protein requires less land [5]. Animals rearing primarily contributes significantly to global
greenhouse gas emissions through nitrous oxide from manure management and methane from
enteric fermentation [6]. An estimated 14.5% of global greenhouse gas emissions induced by human
activity are attributed to livestock production [7]. Compared to plant-based protein, the synthesis of
animal protein often results in higher greenhouse gas emissions [8]. Changing to a plant-based diet
might greatly lower greenhouse gas emissions and slow down climate change [9].

Less land use and water contamination

Concentrated animal feeding operations (CAFOs) produce waste that contaminates land and water
sources, putting human health and the environment at risk. According to Eshel et al, [8], the
production of plant-based proteins may aid in lowering the pollution brought on by the disposal of
animal waste and concentrated animal feeding operations (CAFOs). Giving up animal agriculture can
reduce water contamination and the hazards it poses to the environment and human health [7].

Less solid fat and cholesterol

One of the main advantages of plant protein is lower levels of solid fat and cholesterol than other
meat-based protein sources. This is significant since a diet high in cholesterol and saturated fat is
linked with a high risk of heart disease and other chronic illnesses [10]. Plant-based protein sources
like legumes, nuts, and seeds are also high in fiber, which can lower cholesterol and improve heart
health [11]. Kumar et al.,, [12] evaluated the growing importance of plant proteins in numerous
applications. These proteins serve as a substitute for meat of animal derived proteins in light of the
expanding global population. The food and processing sectors are very interested in knowing the
physicochemical characteristics, structural features, amino acid composition, and functional aspects
of plant proteins [12].

Sustainable ruminant production

Many researchers found that more plant-based components are being used in the global beef
industry. Oat protein is used to increase the supply of beef, product yield, and fat retention. However,
nothing is known about the addition of oat protein to ground beef compositions. The study, which
separated coarse ground beef into four groups, found that higher oat protein inclusion rates
increased cook yields but decreased instrumental color values. More precise measurements of Allo-
Kramer shear force were associated with higher levels of oat protein. Although adding oat protein to
ground beef patties may increase cookout, the product's color and tenderness may suffer as a result
[12-13]. Camelina Sativa protein is very helpful for beef cattle nutrition as it has similar digestibility
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compared to traditional protein sources. Feeding camelina meal to beef also improves the
fatty acid profile of beef meat because it increases circulating polyunsaturated fatty acids without
negatively impacting ruminal degradability.

Health benefits of Camelina sativa

There are a number of benefits when comparing Camelina sativa protein to other plant-based protein
alternatives. It offers higher concentrations of lysine and methionine, two necessary amino acids that
are often deficient [14]. Additionally, the bioactive substances in Camelina sativa protein may have
anti-diabetic, anti-hypertensive, and anti-inflammatory properties [15]. This protein can be utilised in
plant-based meat alternatives, protein bars, and baked goods in the food sector. It can replace casein
and egg whites, two common food additives, because of its capacity to emulsify and foam [16].

Growth potential under stressed conditions

Because of its strength and adaptability, this kind of oilseed crop can grow in a wide range of
situations. Despite other ecological problems, it can tolerate salinity, cold, and salt [17-18]. Camelina
sativa is an excellent cover crop for weeds, insects, and pests because of its allelopathic action and
resistance to microbiological diseases [19-21]. Their adaptability is demonstrated by their ability to
flourish in a range of conditions, including semi-arid ones, with minimal help. Camelina sativa can
tolerate a wide variety of environmental impacts; its stress resistance values vary between 0.49 and
1.10, while its environmental adaptation values range from 1.15 to 1.17 [22].

Nutritional profile

In North America, Camelina sativa contributes a novel part of the oilseed source, particularly for use
in aquaculture feed. A byproduct of the oil removal procedure, camelina seeds are camelina meal
[16]. Defatted camelina meals contain approximately 45% protein, 4.9% crude fat, up to 15%
insoluble fiber, up to 10% carbs, 3% minerals, and 4% phytochemicals, the majority of which are
phenolics and other components like vitamins [23]. Camelina sativa protein has a great amino acid
composition, with amounts of arginine, cysteine, glycine, lysine, methionine, and threonine
comparable to those in soybeans. Camelina sativa is a viable source of protein for use as a plant-based
protein in a variety of food items due to its amino acid makeup.

The exceptional nutritional profile of camelina is one of its distinctive qualities. Significant
amounts of protein (27-32%) and oil (38-43%) are present in the grain [23]. According to a different
study, camelina cake has a higher protein level than camelina seed, which has a protein value of
24.78%. The protein part of camelina cake is lower than that of soybean meal (43.0-56.3%) and
rapeseed food (29.69-39.89%) It is well recognized that the essential amino acid makeup of a protein
determines its biological importance. Camelina cake contains between 15.09 and 18.39% necessary
amino acids [24]. Camelina cake contains at least seventeen amino acids, with histidine, methionine,
isoleucine, leucine, lysine, phenylalanine, and valine being the primary amino acid constituents.
Camelina seeds are rich in non-essential amino acids linked with histidine, methionine, arginine,
glutamic acid, and aspartate in addition to essential amino acids [25].

Extraction techniques

The two primary techniques for extracting camelina oil are solvent extraction and mechanical
expulsion. Because of their high crude protein content, the meals that are left over after the oil
removal have potential as animal feed. The meal produced by solvent extraction had a higher content
of crude protein and less fat than the expelled meal (3.52 vs. 13.69% and 41.04 vs. 34.65%,
respectively). The chemical makeup of solvent-removal camelina meal is comparable to that of canola
meal, although it contains more fiber and less crude protein than soybean meal. The protein content
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of Camelina sativa has been assessed using a variety of protein extraction techniques,
including alkaline and salt extraction techniques [21]. Compared to alkaline extraction, salt extraction
results in a less denatured and more functional camelina protein concentrate (CPC), which is mostly
composed of cruciferin and napin proteins. The soy protein isolate (SPI) and the salt-extracted
camelina protein concentrate performed similarly, if not better. The CPC extracted by the salt
extraction method was much more soluble at pH 3.4 (about 70%) than SPI (about 50%) less soluble
atpH 7 [4].

Additionally, salt-extracted CPC showed a far higher capacity for emulsification and foaming
than SPI. But compared to CPC, SPI offers superior gelation qualities. After thermic treatment,
Aspergillus oryzae protease broke down CPC, increasing its solubility to pH 7 [4].

Extraction difficulties

One of the possible obstacles to alkaline extraction is the existence of complex protein components
with a broad range of isoelectric points and molecular weight fluctuations. To solve these problems,
the researchers employed a novel method called ultrasonic-assisted extraction. This technique has
been shown to be superior to conventional alkaline extraction in several aspects, such as increased
solubility, reduced solvent consumption, increased extraction yield, and shorter extraction times [26-
27].

Proteins from camelina seed cakes were shown to be more successfully extracted when the
extraction process was aided by ultrasonication, which was performed at 40 kHz for 20 minutes. All
the extracted samples had protein subunit bands using ultrasonication. The camelina protein isolate
(CPI) exhibits a higher surface hydrophobicity (93,71 pg BPB) than the soy protein isolate (84,38 ug
BPB), according to Tontul et al., [28] method using bromophenol blue (BPB). The CPI's power to
absorb oil, hold onto water, forth, and emulsify has been improved because of ultrasonic-assisted
extraction (UAE). This implies that CPI could be utilized in place of soy protein in food compositions
[16].

A novel, environmentally friendly technique termed aqueous extraction was employed in
place of the conventional techniques previously employed. In order to extract camelina seed protein,
the seeds are ground in pH 8 water after the mucilage adhering to the seed surface is removed by
ultrasonication. The majority of these proteins were 11S globulins, cruciferous and 2S albumin
napins. The nine essential amino acids of nutritional importance are included in that process. The
decreased solubility of camelina seed proteins in the pH range of 5.5-2 was caused by cruciferins.
This novel approach focuses on the potential of camelina seed proteins, which were improved using
water extraction and were regarded as plant-based functional additions in the food sector [29].

Studies on Camelina sativa protein are quite rare, particularly when it comes to employing it
as a source of protein for human meals. Although camelina oil and animal feed uses have garnered a
lot of attention, research on the nutritional composition, digestibility, and bioavailability of camelina
protein for humans is insufficient [4, 30-31]. Phytic acid and glucosinolates, two anti-nutritional
elements included in camelina protein, can lower their bioavailability and affect whether or not they
are suitable for human ingestion [24, 32]. However, these compounds can be reduced by a number of
processing techniques, including fermentation, enzymatic extraction, variety breeding, and heat
treatment. Large-scale applications necessitate the optimization of these methods [23, 29, 33].

Industrial methods for refining camelina meals, a high-protein by-product, for use in human
foods are still being researched [4, 21]. Alkaline and salt extraction are examples of conventional
extraction methods that can denaturize proteins or produce insufficient protein yield. There,
sustainable and eco-friendly extraction methods that preserve protein function are needed, such as
membrane filtering, heat extraction, and enzymatic extraction [34, 35].
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Sensory properties

Camelina proteins have a favorable nutritional profile, but nothing is known about their sensory
qualities (taste and texture) [36]. Taste and texture changes may be required to meet consumer
preferences for plant-based proteins. Additionally, compared to other protein substitutes now
available on the market, including soy or pea protein, consumer acceptance of camelina protein is still
low [23, 36-37]. A better framework is needed to use camelina proteins to the lab grown meat and
chicken cuts [38].

Camelina oil affects lipid metabolism

In addition to being a strong source of omega fatty acids, camelina oil has gained a lot of interest
lately because of its biological activity and potential for use in the creation of functional foods.
Researchers used a rat model to study the lipid power impact of cold -pressed camelina oil. High-fat
meals with 20% fat and 1% cholesterol were given to Sprague-Dawley rats. Additionally, 1.1, 2.2, or
4.4 g of camelina oil per kg or 2.2 g of fish oil per kg (control diet) were added to high-fat diets. The
findings imply that, via controlling blood cholesterol metabolism and safeguarding liver function,
camelina oil has lipid-lowering properties [39].

Camelina as a feed for dairy cows

The nutrient content of camelina seed and its derivatives is like that of other feedstuffs given to dairy
cows. Its anti-nutritional characteristics, like those of other oil crops, have prompted authorities to
impose restrictions on the allowed amount of camelina seed and oil-extracted products in the animal
diet. A diet that includes camelina seed and its byproducts produces milk fat that is rich in health-
promoting saturated fat, which is why they include camelina seed. Additionally, processing can lessen
its anti-nutritional components, allowing defatted meals to be utilized in higher inclusion than
currently advised without compromising the animal's metabolism [40].

Suitable chicken feed

For meaty chicken, camelina seed byproducts, such as cake, are an inexpensive substitute for protein
feed sources. Camelina is an oilseed crop with 36.8% oil in the seeds and 6.4-22.7% oil in the cake.
The concentration of a-linolenic fatty acid (C18:3n-3; ALA) varies from 25.9 to 36.7% of total fatty
acids, which sets camelina apart from other plants in the Brassicaceae family. Camelina oil and cake
have total tocopherol contents of 751-900 and 687 mg/kg, respectively. The amount of
polyunsaturated fatty acids in chicken meat is increased when camelina is added to the diet [12].

Season effects on camelina plants' growth

Varieties like midwinter, fall, seasonal, and spring, genotypes and environmental conditions
(temperature, humidity) all affect the nutritional conformation and yield of camelina seed and its
derivatives. Compared to spring camelina, winter camelina has a higher root-to-shoot ratio. This is
likely because roots have more time to establish themselves in the fall before overwintering and
starting to grow the following spring. The soil types, climate, and cultivars of camelina all affect the
seed yields [33, 40].

Spray drying vs. vacuum drying to extract Camelina protein

In many studies, the alkaline removal and isoelectric precipitation method was used to extract
camelina protein, which was then vacuum-dried, freeze-dried, and sprayed. Camelina protein
powders have protein levels ranging from 62.5 to 64.1 g/100 g (dry basis). For spray-dried and
vacuum-dried proteins, glutamic acid was the most prevalent amino acid; for freeze-dried camelina
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protein, it was proline. The maximal denaturation temperature of camelina proteins ranged
from 100.5 to 104.3 °C. Compared to other proteins (9.1-19.1 pg/mg), freeze-dried camelina protein
has a lower surface hydrophobicity (5.8 pg/mg). Among camelina proteins, spray-dried protein
exhibited the maximum water-holding capacity (2.9 g/g), emulsion activity (0.53 mL/mL), stability
(0.96 mL/mL), foaming capacity (0.48 mL/mL), and stability (0.92 mL/mL). Additionally, spray-dried
camelina protein produces gel at a lesser concentration (about 10%) [33].

Antinutritional components

The anti-nutritional components of camelina meal, particularly glucosinolates, are another limitation.
Although processing techniques may be able to reduce the overall glucosinolates, camelina meal
contains 23 to 44 millimole/kg of glucosinolates. The camelina meal can be heated to reduce
glucosinolates and eliminate any remaining solvent from the solvent-extracted meal. Glucosinolates,
which may also be utilized in camelina meals, have been reduced by the fungal fermentation of canola
meals. Another way to address the high glucosinolates in camelina meal is to selectively breed
camelina variants to reduce glucosinolates in the plant. The current feed laws in the United States and
Canada restrict the amount of camelina meal that can be included in the diets of cattle, laying hens,
and broiler chickens to 10% [41].

Consumers Preference

Plant-based meals are more environmentally friendly than animal-based meals. Consumers have
utilized their enormous purchasing energy to start the food business to rapidly develop new plant-
based foods. But as food formulators started using plant-based proteins in both new and old recipes,
they soon discovered that PBPs couldn't just be used in place of animal-based proteins. Since their
inception, these substances have been criticized for having astringent and bitter sensory qualities
that lessen the pleasant sensory experience [42]. So, more efforts are needed to enhance conumser
acceptance of PBPs diets.

Safety profile

Camelina sativa can be substituted for traditional protein sources in ruminant diets with no adverse
effect. The combination effect of mechanics and genetic engineering methods can improve the
nutritional profile of C. sativa by reducing anti-nutritional components and improving the fatty and
amino acid profile. When camelina seeds and byproducts are fed to dairy cows, ruminal cellulolytic
bacteria and biohydrogenation are reduced, which raises good fatty acids like omega three,
polyunsaturated and reduces saturated fatty acid in cow milk.

Camelina sativa and its derivatives can be safely added to dairy cow feed at the right inclusion
levels. Many new plant-based meals were created employing extremely complicated combinations of
food items and the addition of PBPs in a rush to introduce new goods and profit from emerging
trends. Nutritionists, minimalists, and the medical community swiftly condemned these items, saying
that many of them were less healthful than the products they were replacing. Successive peers of
plant-based food have utilized fewer ingredients, and novel crops brag about having safe labels, as
food formulators have gained more knowledge regarding PBPs [43-44].

Conclusion

The protein from Camelina sativa shows great promise as a practical and sustainable substitute for
traditional protein sources. It is an important component for the creation of future plant-based
products because of its balanced amino acid content, bioactive qualities, and adaptability in food
applications. Its minimal environmental impact in comparison to animal-based proteins also supports
international initiatives to lower greenhouse gas emissions and advance sustainable agriculture.
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Despite these benefits, a number of issues need to be resolved before widespread
implementation. More research is necessary due to the existence of anti-nutritional substances, the
paucity of information on human digestion and bioavailability, and difficulties with sensory
characteristics, including taste and texture. Furthermore, raising consumer awareness and refining
extraction methods are critical to boosting its commercial viability. Optimizing processing
techniques, lowering anti-nutritional elements, and assessing long-term health effects should be the
main goals of future study. With further development, camelina protein can contribute significantly to
the sustainable supply of protein needed worldwide.
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