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Role of Proteins in Clinical Nutrition
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ABSTRACT

Clinical nutrition is a valuable tool for improving the nutritional status of patients with or at risk of malnutrition. Proteins are not stored in the human
body, therefore, optimal quality and quantity of proteins in clinical nutritional products are of key importance for a successful clinical nutritional therapy.
According to the recent trend in food industry and customer behaviour, plant-originated and even insect-derived proteins are seen as alternative protein
sources to the traditionally used dairy proteins. However, amino acid profiles and thus, biological values of these protein sources are different from the
widely used milk-derived proteins and may have a negative influence on the success of the clinical nutritional therapy. Moreover, production and safety
regulations are not yet completely developed for the use of alternative protein sources.
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Introduction

Disease-related malnutrition is a common problem especially
in the community where most malnutrition exists. The adverse
effects of disease-related malnutrition on clinical outcomes and
health care use are well documented and of particular importance
in people suffering from chronic conditions such as cancer, chronic
obstructive pulmonary disease, inflammatory bowel disease,
conditions associated with old age, or in people undergoing surgery
[1]. Disease-related malnutrition leads to decreased therapeutic
efficacy, more frequent and/or more serious complications, more
frequent and/or more serious infections, longer hospital stay
and rehabilitation period, increased general practitioner visits,
increased therapy-related costs, and ultimately to increased
mortality [2-13].

Sarcopenia, the muscle loss due to increasing age or chronic
diseases, is a risk factor for falls, fractures, disability, dependency,
poor quality of life, increased use of hospital services,
institutionalization, toxicity to many chemotherapy drugs,
worsening functional decline, and mortality [14-16]. Since
muscles are built of proteins, sufficient protein intake is needed
to diminish the rate of, or even counter sarcopenia in patients with
chronic conditions. Increased protein intake leads to increased
muscle mass, stabilised or increased albumin-level, decreased
rate of complications, enhanced wound healing after surgery or
irradiation, and decreased rate of hospital readmissions [17-20].

The use of clinical nutrition, including oral nutritional supplements
(ONS), have shown beneficial effects in patients suffering from
disease-related malnutrition who are not able to satisfy their daily

nutritional needs by oral food intake. ONS decrease weight loss
or even induce weight gain, improve nutritional status measured
by anthropometric parameters, improve patients’ quality of
life, decrease the rate of complications and length and rate of
hospital stays, decrease the rate of hospital readmissions, and
decrease therapy- and hospital-related costs [8,13,21,22]. It has
been reported that high-protein ONS formulations were able to
improve handgrip strength, decrease the rate of complications, and
the rate of hospital readmissions across different clinical settings
and patient groups [20,22].

With the escalating global demand and concerns over traditional
protein sources’ sustainability and ethics, the existing protein
intolerances (e.g. milk protein, egg protein, soy protein
intolerance), and the changing lifestyles (e.g. vegetarian, vegan,
paleo) there is a constant quest for new protein sources (e.g. new
or complemented dairy proteins, and plant proteins, or algae,
fungal, and bacterial proteins) that offer a high protein content
with potentially decreased environmental impacts [23]. Sooner
or later, this search for alternate protein sources will also reach
the field of clinical nutrition. Therefore, with the emerging new
protein sources, it may be time to review the available data and the
potential role of alternative protein sources in clinical nutritional
supplements.

Proteins in Clinical Nutritional Products

Since the aim of clinical nutrition and of the use of clinical
nutritional products is to improve patients’ nutritional status, and
especially muscle mass, these products are supposed to contain
proteins of the best available composition and in a sufficient
amount to induce muscle mass synthesis in patients. For an optimal
muscle build the essential amino acid content and the so-called
biological value of the protein are of key importance.
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Dietary protein intake stimulates muscle protein synthesis,
but the magnitude of response to the dietary protein intake
may significantly vary depending on the protein source. The
increase in protein synthesis mostly depends on the postprandial
availability of essential amino acids, particularly that of leucine.
Postprandial availability of essential amino acids is regulated
by several physiological processes, such as protein digestion,
amino acid absorption, splanchnic amino acids retention, and
skeletal muscle perfusion. Dietary factors, including amino acid
composition, essential amino acid content, postprandial insulin
release, skeletal muscle tissue perfusion, amino acid uptake by
muscle, intramyocellular signaling, and anti-nutritional factors also
largely affect the postprandial availability of amino acids [24,25].
All amino acids are necessary for protein synthesis, and lack of
one or more amino acids may compromise the postprandial muscle
protein synthetic response [25]. Branched-chain amino acids
(BCAA) leucine, isoleucine, and valine, gained a special interest
regarding muscle synthesis, since it has been shown that BCAA
can activate molecular pathways that regulate translation initiation,
reduce indices of whole-body and muscle protein breakdown, and
transiently stimulate muscle protein synthesis rates. However, the
stimulatory effect of BCAA on muscle protein synthesis rates is
less than the response observed following ingestion of a complete
protein source providing the full complement of indispensable
amino acids [26].

To complicate the picture, proteins are usually consumed as part
of a meal or a product, thus being co-digested with carbohydrates
and fats that may modulate protein digestion, absorption, and,
ultimately, postprandial amino acid availability [24]. Amino acid
uptake has been shown higher in the presence of fat, thus, co-
ingestion of proteins and fats should provide a beneficial effect
for protein utilization [27].

Since 2011, there has been considerable global research effort to
improve the understanding of the quality of different proteins [28].
According to the recommendations of the Food and Agriculture
Organization of the United Nations (FAO) published in 2013, a new
protein quality measure named Digestible Indispensable Amino
Acid Score (DIAAS) has been created to replace the previously used
Protein Digestibility Corrected Amino Acid Score (PDCAAS) [29].
Due to the variables used (e.g. type of digestibility measure, amino
acid digestibility vs crude protein digestibility, lysine availability,
non-truncation of score), DIAAS should accurately predict the
amount of absorbed first-limiting amino acid supplied in relation
to the requirement for that amino acid, and the amount of utilizable
amino acids, provided that the protein requirement is met by dietary
intake [28]. A protein source reaching a DIAAS of 100 or above
indicates that none of its amino acids is limiting and this sole protein
source should be able to provide a quantity of amino acids that meet
physiological requirements [30].

Animal-Derived Proteins
Dairy and Meat Proteins
Currently, the most widely used proteins in clinical nutritional
products are dairy proteins (milk protein, casein, and whey
protein), though due to the changing lifestyles and certain protein
intolerances, some products already contain plant proteins only.

According to the results of numerous studies on the postprandial
muscle protein synthesis response to dairy and meat proteins,
there is a robust increase in muscle protein synthesis after the
intake and digestion of animal-derived proteins. This increase is
mainly attributed to the rapid rise in the plasma essential amino

acids levels, particularly in the level of leucine [25].

The percentage essential amino acid content of animal-based
proteins is generally high and similar to that of the human
muscle [25]. According to a comparison study, of the animal-
based proteins, whey protein has the highest essential amino acid
content of 43%, while milk protein (39%) and calcium caseinate
(38%) provide an intermediate and casein (34%) and egg (32%)
a lower essential amino acid content, but all these proteins have
an essential amino acid content well above the World Health
Organization (WHO)/FAO/United Nations University (UNU)-
recommended amino acid requirements for adults (based on a
0.66 g/body weight kg/day protein intake) [25]. When BCAA
contents were investigated, animal-derived proteins including
whey protein, milk protein, casein, caseinate, and egg, were similar
to that of the human muscle, and they all reached the WHO/
FAO/UNU requirements [25]. Amino acid profiles of animal-
derived proteins were also similar to the human muscle amino
acid profiles and the % of total protein values met the WHO/FAO/
UNU requirements [25].

Despite being good essential and other amino acid sources, not
all animal-based proteins are used in the production of ONS.
Though beef protein ingestion resulted in higher postprandial
serum phenylalanine levels and in similar myofibrillar protein
synthesis rates compared to casein, milk proteins are mainly used
in ONS since besides being good essential amino acid source they
act as proteins that are suitable for the new required technological
processes [31,32]. Among different animal- and plant-protein
sources, casein and pork have the highest DIAAS value, thus have
the greatest ability to supply suitable amino acid quantities [30].

Collagen

Collagen is one of the structural proteins in the human body, mainly
found in skin, nails, hair, cartilage, tendons, and bones. It also plays
a crucial role in tissue repair / wound healing. Collagens from
different sources (bovine, fish) are available for the food industry,
but their role in clinical nutrition is still under establishment.
Collagens are composed of 19 different amino acids [33]. They
are further characterized by their atypical amino acid composition:
by a high proline and glycine content, and the absence of cysteine
[33]. Since they completely lack one of the EAAs, tryptophane,
their assigned DIAAS value is 0 and therefore, they are regarded
as low-quality proteins [34,35]. However, due to their containing
a unique amino acid, hydroxyproline, that is one of the building
blocks of collagens in animals, their role in different clinical
conditions is being widely investigated. According to clinical
data, supplementation with collagen improves wound healing,
skin aging, bone mineral density and osteoarthritis and may merit
further investigation in the therapy of different skin conditions [36-
39]. According to nutritional studies, supplementation of food with
collagen results in no significant decrease of palatability [40,41].

Collagen blended with other proteins may be used in ONS,
especially when wound healing or other conditions also need
nutritional support. When using fish-derived collagen, its capacity
to induce allergic reaction in fish-allergic patients must be taken
into consideration [31,42].

Egg White Protein

Egg white (mainly composed of albumin) contains all the essential
amino acids and has a DIAAS value of 1.01 thus being able
to provide all the necessary amino acids required by the body
[30,43,44].
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Egg protein has a lower essential amino acid content among animal-
derived proteins but has an amino acid profile similar to that of the
human muscle, and provide amino acids, essential amino acids,
and BCAA contents meeting WHO/FAO/UNU requirements [25].
In clinical studies, egg albumin-based supplement significantly
improved serum albumin and was associated with a trend to
increased anthropometric parameters and improved Subjective
Global Assessment evaluation in dialyzed patients, and improved
albumin level in bed-ridden elderly patients [43,44].

Despite its favourable physiological effects, flavouring egg white
to meet taste requirements as a food has been a difficult challenge,
therefore, egg white is not yet widely used as a protein source
in ONS [45].

Plant Proteins

An awareness of health, sustainability, and moral concerns, leads
consumers to change their lifestyles, thus, switch from animal-
derived food to the plant-based food that also translates into
the ONS industry [46]. Moreover, allergies to milk proteins and
egg white also raise the need to have ONS products with other
protein sources. Plant proteins are already being investigated
and used in different foods and products including ONS. Of the
investigated plant-based proteins, soy (27%), brown rice (28%),
pea (30%), corn (32%), and potato (37%) meet the WHO/FAO/
UNU requirements for essential amino acids, but these values are
lower than those seen in animal-derived proteins. The essential
amino acid contents of oat (21%), lupin (21%), wheat (22%), hemp
(23%), are below the WHO/FAO/UNU amino acid requirements,
meaning, that the essential amino acid requirement would not be
met when one of these proteins would be the only protein source
consumed. Except for potato protein, the BCAA contents were
lower in plant-based when compared to animal-based proteins and
did not reach the WHO/FAO/UNU requirements. Of other essential
amino acids, lysine and methionine contents are particularly low
in plant-based proteins compared to animal-based and human
skeletal muscle proteins [25].

DIAAS values of plant-based proteins are also lower that of the
animal-derived proteins, thus, a higher quantity of these proteins
should be consumed to meet the essential amino acids requirements
established by the WHO/FAO/UNU [30]. To translate the higher
quantities into numbers, it has been calculated that 25 g whey
protein, 28 g milk protein or caseinate, or 32 g casein should be
consumed to provide the same amounts of essential amino acids.
The required amounts of various plant-based proteins for the same
essential amino acids quantity ranges from 30 g (potato) to 50 g
(lupin), while the required amount for total egg consumption is
34 g [25]. In case of ONS, the amount to be consumed is critical,
since the lower the daily volume to be consumed, the higher
the adherence of patients that directly affect the success of the
nutritional therapy [47]. Therefore, the consumption of higher
amounts of proteins would create obstacles for patients’ adherence
and thus, for therapeutic success.

To overcome the required higher consumption, the use of multiple
protein sources would be beneficial, since they would provide
a more balance amino acid profile. Another solution is the
fortification of plant-based proteins with methionine, lysine, and/or
leucine [48]. Taste is a crucial character for patients requiring ONS
— patients show preference for milk-protein-based products since
they have less acidity and less aftertaste [49]. Plant-based proteins
are often reported to have negative astringency, dry perception in
texture, bitter off-tastes, and grassy, green, and beany off-aromas
while leucine has a somewhat unpleasant taste, lysine tastes salty

with some bitter components, and methionine is a very repulsive,
metallic, minerally substance judged to be bitter by some subjects
[50,51]. Therefore, the use of plant-based proteins in ONS and
their fortification with leucine, lysine, and methionine provide
additional challenges that must be overcome.

Selective breeding of plants to improve amino acid profiles may
also be an option but it takes time to produce such plants, thus,
they currently provide no alternative for proteins to be used in
ONS [438].

Beside macro- and micronutrients, plant-based foods and proteins
also can contain significant amounts of bioactive compounds,
some of which are thought to restrict the bioavailability of key
nutrients. These compounds, that may be heat-resistant or heat-
sensitive, are called antinutrients [52]. The heat-stable antinutrients
that may have significance in ONS, are phytic acid, tannins,
alkaloids and saponins [53]. Phytic acid can form insoluble
complexes with copper, zinc, iron, calcium, and manganese,
thus decreasing the absorption of these minerals. Phytic acid
also chelate proteins reducing their bioavailability. Saponins
decrease protein, mineral, and vitamin absorption, may cause
hypoglycaemia, and severe diarrhoea — the latter further decreasing
the efficacy of macronutrients provided in ONS. Tannins inhibit
hydrolytic enzymes including enzymes participating in digestion.
This inhibition leads to the decrease of protein digestibility and
amino acid absorption, resulting in diminished utilization of
proteins [54].

Some safety concerns are also raised in the scientific literature
regarding the bioactive compounds of plants and plant-based
food, especially soy. For example, for human studies investigating
the effects of foods containing goitrogen on thyroid health some
conflicting results are still available. Evidence suggests that
suboptimal iodine status may potentiate the negative impacts
of dietary goitrogens on thyroid health. For those with thyroid
disease, or at higher risk of thyroid disease, long-term daily
intake of progoitrin-rich items may decrease iodine uptake [52].
Phytoestrogens have structural similarities to 17-B-oestradiol, the
primary sex hormone in females, thus can bind to oestrogen receptors
and modulate estrogenic activity [54]. In healthy preschool children
(3-6 years old), soy intake negatively correlated to oestradiol and
estrone levels in boys, and positively correlated to testosterone and
5-androstene-13,17a-diol in girls meaning, that soy intake may
have an effect on sex steroids metabolism in young children [55].
Sex hormone alterations have been found also in the late stages of
childhood, and goitrogenic effects in children with hypothyroidism
due to dietary phytoestrogens [56]. In ovariectomised atherosclerotic
monkeys, dietary soy intake together with hormone therapy had
negative main effects on blood flow, coronary output, and stroke
volume during myocardial ischemia / reperfusion injury [57].
Current scientific data are still unable to predict the final effect
of phytoestrogens in the breast, and the efficacy of anti-oestrogen
adjuvant therapy after breast cancer suggests the possibility that
the use of a weak oestrogen could be harmful in patients after
a hormone-dependent cancer at the stage of micrometastases
[54]. In premenopausal and postmenopausal women, the reported
impacts of dietary phytoestrogens on hormones are still inconsistent
[56]. Soy protein and isoflavones have not been shown to lessen
vasomotor symptoms of menopause, and results are mixed regarding
soy’s ability to slow postmenopausal bone loss [58]. Due to the
controversies around the role of soy oestrogens, soy foods and
soy extracts are not recommended for the nonhormone treatment
of vasomotor symptoms in menopause by the North American
Menopause Society [59].
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The evidence regarding phytoestrogens is still controversial, with
a large amount of heterogeneity between studies. The advantages
/ adverse effects and the safety of plant-based proteins containing
bioactive compounds still need to be unambiguously established
for their use in ONS.

Insect Proteins

Insects are regarded as traditional food in many parts of the world,
and farmed insects are increasingly used as a more sustainable
and circular alternative protein source for food [60,61].

Proteins represent the main component of the nutrient composition
of insects. In a study investigating the amino acid compositions
of different insect species proteins, all edible insects met the
amino acid requirements of adults for methionine and methionine
+ cysteine. The Hemiptera order was low in isoleucine, lysine,
phenylalanine + tyrosine, and valine and the order Diptera had
a low leucine and cysteine content [60]. In another study, insect
proteins were shown to be low in methionine and cysteine and
high in lysine and threonine [62]. Despite some conflicting data,
most edible insects were found to provide satisfactory amounts
of the required essential amino acids [60]. However, besides
the essential amino acid content, some other characteristics of
insect protein may significantly influence their quality and use
as protein source. For example, in weanling rats, proteins from
cricket meals were equal or superior to soy protein as an amino
acid source, while in rats spent silkworm pupae protein showed
a significant lower quality than casein despite a higher chemical
score regarding food intake, weight gain, protein digestibility,
protein efficiency ratio, and net protein utilization. The lower
quality was attributed to the bad odour of the silkworm pupae
meal and the growth depressing pupal hormone ecdysone [60].

Before insect-derived proteins can routinely be used in human food
products, some knowledge gaps regarding ecology, technology,
economy and health must still be covered [63]. Health concerns
are of top priority within these research areas. The most common
chemical hazards in insect-derived nutrients include the presence
of heavy metal (cadmium, arsenic, lead, mercury) and the residues
of veterinary drugs (antibiotics from substrates), toxins that
originate from natural production or accumulation, halogenated
organic compounds and agricultural waste products from plant
substrates (pesticides, dioxins). Regarding microbiological
hazards, zoonoses were seen as the major issue. However, a
greater risk is posed by the insects’ microflora that may result
from inappropriate breeding and the failure to comply with basic
sanitary recommendations concerning processing and transport.
In a study examining 38 samples subjected to various types
of thermal processing, Class I products failed to meet many
limits for bacterial count of hygienic criteria for edible insects
proposed by Belgium and the Netherlands, despite the absence
of classical food pathogens. Dried and powdered insects and
dust particles contained B. cereus, coliform bacteria, Serratia
liquefaciens, Listeria ivanovii, Aspergillus spp., Penicillium spp.
and Cryptococcus neoformans [63].

Undesirable allergic reactions to insect proteins also pose a safety
hazard for their use in human foods. Allergy to insect protein
may be a primary reaction (e.g. to chitin, troponin, arginine
kinase, paramyosin) or a cross-reaction with other allergens (e.g.
mealworm beetle protein and crustaceans and house dust mites,
or grasshopper, cockroach, common fruit fly and prawns) [63].

Similarly to plant proteins, the anti-nutrients phytates, tannins
and saponins are also present in insect products, resulting in the

diminished absorption and utilization of calcium, iron, magnesium,
zinc, and proteins provided [63].

To incorporate insect-derived proteins and insect-derived
food products in the European diet and dietary products, some
additional barrier should be overcome. Appearance and taste
are the main barriers against consuming insect-derived products
- insect foods simply do not adhere to the image of Western
consumers’ food, and due to the lack of experience with insects
as food, entomophagy is often associated with the prejudice of
uncleanliness and health risks. Neophobia may also play a role,
though with regards to insect consumption, it rather originates
from the nature of the food and not from the novelty itself.
Providing information about the nutritional value and especially
on the essential amino acids daily requirements would not result
in a significant increase of acceptance of insect food, while
information about the future challenge of food security seems
to play a significant role in increasing insect foods acceptance.
Peers’ recommendations together with familiarity with the food
item may also have a positive effect on insect foods consumption.
The negative prejudices may also partly originate from the lack of
cuisine-related aspects — insect foods should mimic those already
incorporated in Western diets. Processing insect-derived food
beyond recognition, using them as ingredients instead of as meals,
and their incorporation in savoury and salty foods instead of sweet-
tasing ones may also induce higher acceptance [64].

As a new type of livestock animal in the European Union (EU),
farmed insects are subject to general legislation applicable to all
food and feed production, as well as certain provisions that are
more specific [61]. The appropriate legislation framework for
insect-derived food products including the definition of insect-
specific limits for a variety of hazards, both for substrate and insect
biomass for food/feed, taking into account the scientific evidence
on unavoidable carry-over from substrates and the potential
adverse effects on insect welfare should be established [61].

Single-Cell Proteins-Microalgae

With the search for sustainable, scalable, and healthy protein
alternatives, focus has been placed on microalgae, unicellular
photosynthetic organisms offering high nutritional value,
environmental benefits, and diverse food system application
[65]. Microalgae have a high protein content, with many species
yielding between 40% and 70% protein by dry weight, similarly
to animal-derived sources [65]. Though numerous microalgae
species contain all the essential amino acids humans require, their
essential amino acids content (23%) is below the WHO/FAO/
UNU amino acid requirements, with a low leucine content of
5.1%, and with some species containing practically no methionine
[25,65,66]. For the same intake of essential amino acids, 48 g
microalgae protein should be consumed compared to the 28 g
consumption required for milk protein [25]. DIAAS values of
several microalgae species (Tetraselmis chui, Chlorella vulgaris
and Microchloropsis gaditana) are between 54 and 84 compared to
the higher DIAAS values of milk protein and egg protein (117 and
101, respectively [30]. Though microalgae protein offers a valuable
and ecologically efficient alternative for global nutritional and
sustainability demands, the remaining challenges of scalability,
sensory optimisation, and regulatory framework must still be
optimized [65,67].

Summary

ONS are used to ameliorate the nutritional status and improve the
muscle mass of patients suffering from age- or chronic disease-
related malnutrition and/or sarcopenia. High-protein ONS increase
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handgrip strength, decrease the rate of complications, and the
rate of hospital readmissions across different clinical settings
and patient groups, but the quality of protein in ONS is of key
importance to achieve these clinical benefits. Collagens may be
used in combination with other complete proteins when their
positive effects on wound healing, skin conditions, osteoarthritis,
and bone mineral density are called for. Plant-based proteins are
an emerging alternative to dairy proteins due to the customer
behavioural change and the allergies towards dairy proteins, but the
challenges posed by their lower essential amino acid content, less
favourable amino acid composition (lower DIASS), antinutrient
content must be overcome, and the questions regarding their safety
in certain patient populations must convincingly be clarified.
Insect proteins and microalgae protein are newly discovered and
considered options for sourcing proteins. For microalgae protein
use, beside the challenges of optimized essential amino acid
content and amino acid profile, a regulatory framework for their
application must also be developed. Insect proteins could also
provide an alternative once their safety, appropriate breeding and
processing regulations, cultural acceptance, and the regulatory
framework for their use in ONS are satisfactorily established.

Currently, dairy proteins provide the best protein sources in
ONS due to their high essential amino acids content, their amino
acid composition very similar to that of the human muscle, high
bioavailability (DIASS), and better suitability for the technological
processes.
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