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Abstract

Background:

Individuals and athletes alike require a higher habitual protein intake to support muscular
adaptations in response to resistance training (RT). Many non-animal protein alternatives
are typically associated with reduced anabolic potential, compared to animal derived
protein sources. With the rising popularity of animal-free diets, researchers are faced with
the challenge of investigating novel protein alternatives that are more sustainable.
Microflora derived whey protein has a similar composition to traditional dairy, promising a
lower carbon footprint and more efficient production process, relative to traditional dairy
derived whey. Research to date has not yet revealed whether a novel microflora derived

whey protein alternative can comparatively support muscular adaptations to RT.

Aims:
This study aimed to compare muscular adaptations following the ingestion of microflora

derived non animal whey protein, against an animal derived whey protein.

Methods:

In a randomised double blinded control trial, 23 healthy young adults (23 + 5 yr), were
allocated to receive either microflora derived whey or a dairy whey supplement.
Participants completed a high load (>60% 1RM) lower body focussed resistance training
program, three times a week, for 8 weeks. Ultrasonography to evaluate muscle
architecture, and muscle strength (isokinetic knee extension and 1RM strength for each
exercise) were recorded at baseline, week 5, and week 8 post intervention. Measures of 1-
RM and ultrasound were analysed using 2 way repeated measures ANOVA in SPSS

(version 29, IBM SPSS, Armonk, NY USA). Mean peak torque of MVC measures across
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both visits were analysed using a paired sample T test to evaluate statistically significant

differences between test and retest values.

Results:

The results show that 1RM and MVC increased after the 8-week lower body focussed
resistance training intervention. There was a statistically significant increase in MVC from
baseline (389 + 132 Nm) in group A, and (464 = 147 Nm) in group B compared to week 8
(397 £ 101 Nm) and (484 + 165 Nm; P<0.01) in group A and B respectively. Overall,
measures of MVC demonstrated a greater increase in group B than group A. There was
no significant difference in measures of muscle architecture from baseline to week 8.
Measures of pennation angle showed no significant difference in group A (17 = 3°) and
group B (18 £ 3°) at week 8. Fascicle length decreased in both group A (91 + 18mm), and
group B (86 £ 7mm). Muscle thickness remained constant from baseline to week 8 in

group A (27 £ 4mm), and group B (28 £ 5mm).

Conclusions:

Amongst a healthy young adult population, ingestion of microflora derived, and standard
animal-based whey protein comparatively support increases in muscular strength,
facilitating muscular adaptation in response to lower body focussed RT. Overall, there is
evidence of a significant time effect on strength in both groups, shown by increases in
MVC and 1-RM output following the training protocol for 8 weeks compared to baseline.
However, no significant difference in measures of muscle architecture, as a marker of
muscle hypertrophy suggests that the extent of muscular hypertrophy achieved during the

study remains to be determined.
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Abbreviations:

0 — pennation angle

4E-BP1 — 4E binding protein

1RM — 1 repetition maximum

AA — amino acid

ACSM — American College of Sports Medicine
BCAA — branched chain amino acid

EAA — essential amino acid

elF — eukaryotic initiation factor

FAO/WHO - Food and Agricultural Organisation of the United Nations / World Health
Organisation

FDA — Food and Drug Administration
ICC — intraclass correlation coefficient

Lt — Fascicle length

MPB — muscle protein breakdown

MPS — muscle protein synthesis

MRI- magnetic resonance imaging
MTORCL1 — mechanistic target of rapamycin
MVC — maximum voluntary contraction
MT — muscle thickness

MyoPS — myofibrillar protein synthesis
NAFLD — non alcoholic fatty liver disease
NPB — net protein balance

RDA — recommended daily allowance

RPE - rate of perceived exertion



RT — resistance training
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1. Introduction:

1.1 Overview of skeletal muscle

Skeletal muscle accounts for 40% of human body mass (1). As a major organ for
locomotion, structural support, balance, and protecting vital organs in the body, the
importance of skeletal muscle is evident for daily life and general health (1). The metabolic
capacity of skeletal muscle is also vital as a key regulator of basal metabolic rate in
humans. Following diet induced thermogenesis, skeletal muscle can mediate a
postprandial increase in metabolic rate (2). As a highly metabolic tissue, skeletal muscle is
the largest site for postprandial glucose deposits, where oxidation occurs, and stored as
muscle glycogen (2). As an amino acid reservoir, skeletal muscle enables organ-specific
protein synthesis to occur throughout the body (3). The amount of dietary protein that can
be digested and absorbed by the human body is beyond the threshold that skeletal muscle
can utilise towards muscle anabolism (3). Only ~10% of ingested amino acids in circulating
plasma contribute towards de novo protein synthesis in skeletal muscle (3). Approximately
50% of ingested amino acids undergo extraction by highly metabolic splanchnic tissues,
such as the gut and liver. Another ~40% released into circulating plasma, serves as
metabolic substrates for energy production and ureagenesis (3). In the fasted state,
circulating amino acids function as precursors for protein synthesis to maintain muscle
mass and plasma glucose concentration (4). Therefore, sufficient muscle mass is essential
to supply the amino acids for this process. Deficiency in skeletal muscle mass predisposes
metabolic diseases including cardiovascular disease, and type |l diabetes, and non-

alcoholic fatty liver disease (NAFLD) with age (5)(6).
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1.2 Protein balance in skeletal muscle tissue

Skeletal muscle is renowned for demonstrating high levels of plasticity (7). Skeletal muscle
homeostasis is regulated by the balance between muscle protein synthesis (MPS) and
muscle protein breakdown (MPB), known as net muscle protein balance (NPB) (8,9). In
the absence of a stimulus, either upregulating MPS such as physical activity or
downregulation in the context of disease, inadequate protein intake, or ageing, skeletal
muscle mass mostly remains constant. The process of protein turnover allows for renewal
of old, damaged muscle fibres, to maintain muscle mass and function. These processes
governing NPB are highly responsive to resistance training and nutritional intake (23).
Following ingestion, proteins are digested into their constituent amino acids. In the fed
state, a post prandial increase in amino acids function as precursors to activate adaptive
remodelling within skeletal muscle. Subsequently, MPS becomes greater than MPB,
shifting NPB to a positive protein balance (8,9). Conversely, when MPB is greater than
MPS in the fasted state, a net loss of muscle mass occurs as protein balance remains
negative (3). Thus, a catabolic state persists amongst skeletal muscle tissue. Previous
research has identified the crucial role of MPB in maintaining plasma amino acid
concentrations, in the presence of sufficient levels of muscle mass as a preventative
measure towards pathological and chronic disease (4). Heart failure and cancer are linked
with cachexia, which is defined as a rapid and immense loss of muscle mass, strength and

overall metabolic function is an important factor mediating survival (4).

1.3 Role of the mTOR pathway for muscle protein synthesis
RT stimulates MPS by activating mTORCL1, as muscle fibres detect mechanical tension
through receptors in their cell membranes (35). The Akt/mTOR pathway is a master

regulator of skeletal muscle growth utilising mechano-transduction to trigger a signalling
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cascade to activate downstream targets, as a crucial driver of muscle protein synthesis.
Akt is an effector of anabolic signalling, and an inhibitor to catabolic signals. Furthermore,
MTOR is crucial towards mediating exercise and nutrient induced effects on MPS,
demonstrating upregulation in hypertrophic models both in vivo and in vitro (34). Stimuli
such as EAAs function as substrates and activate the mechanistic target of rapamycin
complex 1 (mTORC1) signalling pathway (34). The targets of this pathway regulate protein
synthesis through translation, initiation, and elongation of various proteins (35).
Downstream, mTORCL1 phosphorylates two well-known proteins S6 kinase 1 (S6K1), and
eukaryaotic initiation factor 4E binding protein 1(4E-BP1). In line with an increase in MPS,
the role of RT as a potent stimulator of MPS is evident through the phosphorylation of
S6K1 in the first 1-6 hours following a bout of RT (35). 4E-BP1 is involved in initiating
translation by preventing the binding of 4E, which is a eukaryotic initiation factor (elF) to
4E-BP1, instead enhancing the formation of a translation initiation complex (34).

Signalling mTOR positively influences transcription and translation within muscle tissue.
The resulting shift in NPB promotes MPS whilst dampening degradation. Therefore, a
subsequent increase in muscle fibre size is mediated and hypertrophy is supported within
skeletal muscle tissue (10). Although mechanical tension mediated by external mechanical
load during RT remains a more prominent MPS stimulus, the importance of AAs provided
by dietary protein intake as substrates cannot be ignored. The absence of sufficient dietary

protein would lead to negative NPB, as MPB would become greater than MPS (17,36).
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1.4 RT and muscle protein turnover

Exercise stimuli, in aerobic and resistive formats are linked to elevated rates of MPS,
mediated by changes in muscle cell signalling (10). Of these two variables, the effect of RT
dominates, as a potent stimulator of MPS, via activation of mMTORCL1 (11). Following RT,
MPS demonstrates a temporary increase, as skeletal muscle becomes sensitised to a rise
in nutrient availability (12). With sufficient exogenous nutrient availability, MPB tends to
also increase or remain the same. In instances of increased muscle damage, MPB activity
becomes upregulated for removal of damaged proteins, whilst MPS supports regeneration
of skeletal muscle (16). In the early stages of RT, MyoPS is largely focussed on
attenuating initial muscle damage, rather than solely mediating muscle hypertrophy (16).
The number of contractile proteins only gradually increases at around 3 weeks of RT
towards mediating MPS (16). Regulation of skeletal muscle mass is highly governed by a
combination of mechanical loading and protein intake. An increase in AAs post-exercise
drives MPS beyond levels observed with either RT or protein intake alone (13). The latter,
stimulates a rise in circulating amino acids, necessary to induce a positive shift in NPB and
promote MPS (2)(3). A single bout of RT has the capacity to independently stimulate MPS.
However, repeated bouts of RT cause increased MPS following each session, mediating
adaptation to strength training (14). The impact of RT towards promoting MPS emerges as
quickly as one hour after RT (10). Coupled with adequate protein ingestion, RT can
facilitate sensitisation of skeletal muscle to amino acid availability immediately post
exercise. This effect of increased MPS remains for up to 24 hours in trained populations
but remains for 48 hours amongst untrained individuals (10) (23). The prolonged effect of
MPS in untrained groups is likely related to requirements for repair and remodelling of
skeletal muscle from damage induced swelling in the early phases of RT, in response to a

novel stimulus (16).
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1.5 Resistance training and hypertrophy

RT is established as a fundamental anabolic stimulus allowing for increases in skeletal
muscle mass. As a key driver of MPS, RT induces mechanical tension, stimulating muscle
growth and alterations in muscle architecture that arise from metabolic stress, and muscle
damage (17). Hypertrophy is defined as a physiological increase in muscle size that stems
from higher muscle fibre volume, linked to greater diameter and length. Heavy mechanical
stimulus through RT causes disruption to myofibers and the underpinning extracellular
matrix. Thus, synthesising a greater number of myofibrillar contractile proteins (actin and
myosin). In line with this, observations of a higher number of total sarcomeres in parallel
and series are seen as increases in diameter and length within a muscle fibre respectively
(18) (19) (20). In response to mechanical loading, disruption to the extracellular matrix
manifests as myogenic activity, causing an increase in size and quantity of contractile
proteins actin and myosin, and sarcomeres in parallel. In turn, this also promotes greater
actin and myosin cross bridge formation, allowing for matched force production generated
with fewer motor units. Subsequently, the changes induced in individual fibres mediate an

increase in skeletal muscle cross sectional area (21).

The remodelling response of skeletal muscle to training stimuli (RT) can be determined by
measuring muscle architecture using B-mode ultrasound, which is a well-known medical
imaging technique. Muscle architecture is comprised of muscle thickness (MT), pennation
angle (8), and fascicle length (Lf). 8 angle and L are considered as useful markers of force
output from muscle contractions, whilst MT is an indirect assessment of muscle cross-
sectional area (29). The linear relationship established between 8, and strength suggests
that a greater 0 is linked with a larger muscle cross sectional area, and subsequently

enhanced force production. More importantly, RT induced muscle hypertrophy may be
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linked with an increase in muscle fibre 6, as Kawakami et al demonstrated that a greater
cross-sectional area and 8 was evident amongst bodybuilders, in comparison with age
matched sedentary subjects (70). However, it is unclear whether RT is linked with greater
0 in all muscle groups, or whether this effect is muscle group dependent, 8 increases
appear to be site specific. For instance, there was an increase in triceps 6 after 16 weeks
of RT, but no significant difference was seen in VL of the quadriceps after 12 weeks of RT

(70).

RT variables including, but not limited to, volume, exercise order, tempo, and rest periods
between sets can affect the acute stimulation of MPS. Stimulation of MPS can be achieved
with loads at lower and higher intensities, with failure especially important at lower
intensities (7, 20, 23). To allow sustained increases in muscle hypertrophy, and elevated
MPS, the loading stimulus must continue to remain challenging throughout training, termed
progressive overload (24). The principle underpinning progressive overload is the
presence of an adequate stimulus, such as a greater number of repetitions or heavier
loads to induce greater neuromuscular demand (24). This provides greater tension and
increased stress on the body during RT, promoting muscular adaptation (24,25,26). The
result of progressive overload during RT is a greater number of Type Il fibres,
approximately 50% more than that of Type | fibres (27). The importance of volume as a
hypertrophic variable is evident from greater muscle hypertrophy achieved with higher
volume (28-30 sets), than lower volume, (6-10 sets) per week for a given muscle group
with RT (28). In agreement, combining high volume with increased load when performing a
given exercise can potentiate a prolonged myofibrillar protein synthetic rate, towards
mediating a hypertrophic response within a young male population (20). However, much

variability remains surrounding optimal loading ranges towards muscle hypertrophy, as a
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wide range of repetition ranges between five to thirty at performed at high effort have

elicited comparable hypertrophic outcomes (29).

1.5.1 Physiological factors affecting muscle hypertrophy

The extent of muscle hypertrophy in response to a training protocol are dependent on
factors such as an individual’s training status, genetics, age, and sex (4). Sex has an
impact on strength gains and hypertrophy from a morphological and functional
perspective, due to naturally larger muscle size and androgens in men, relative to women
(30). In previous training studies, the variable levels of muscle hypertrophy achieved
between participants is evident, despite following identical training protocols (31).
However, in response to RT protocols the proportion of high responders with changes in
overall strength and muscle size largely outweighs low responders (30). Although Hubal et
al demonstrated that a normal distribution accounts for the muscle hypertrophic response
amongst a large sample of participants, this fails to account for genetic predisposition, that
can affect interindividual gains in muscle mass (30). Other participant variables during
training sessions such as maximal effort, which is a voluntary attribute, differences in
endurance to fatigue which can influence the number of repetitions completed with a given
mechanical load, and utilisation of a full range of motion can also modulate hypertrophic
outcomes (26). Meanwhile, untrained participants show a more sensitive response to RT,
manifesting as early strength gains arising due to neural adaptations (32). These neural
adaptations are greatest during the first two months of RT in untrained individuals (32,33).
In contrast, a trained population exhibits a dampened response to RT, and experienced
lifters face challenges, as advances in lean muscle mass become harder to attain. Hence,
designing a progressive training plan, utilising appropriate programming of volume (sets

and repetitions) and weight is essential.
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1.6 Amino acids and activation of mTOR

Following ingestion, AAs are rapidly incorporated into new skeletal muscle proteins,
replenishing the protein supply utilised during the fasted state (4). After a bout of RT,
ingestion of AAs promotes an enhanced MPS response through independent activation of
MTORCY1, stimulating protein translation, cell growth, and reducing catabolic factors
(37,38,39). Functioning as both a signal and substrate, leucine is an example of crucial
EAA considered to have the most potent effect on MPS with the capacity to activate the
MTOR pathway independently (40). Previous work has demonstrated that the MPS
response following leucine ingestion is dose-dependent, known as the ‘leucine threshold’,

indicating a plateau in MPS at around 2.5¢g leucine ingestion (3).

1.7 The importance of protein

Adequate protein intake is crucial for maintaining general health, as well as supporting
growth and development throughout life (3). More importantly, higher habitual protein
intake is essential for supporting maintenance of muscle mass, remodelling in response to
exercise stimuli, and muscle protein accretion amongst RT trained individuals (17).
Proteins consist of 20 AAs, nine of which cannot be produced endogenously by the human
body. These exogenous EAAs amplify the anabolic effect of RT on skeletal muscle.
Dietary protein ingestion immediately after a bout of exercise and during periods of
prolonged recovery the day after exercise contributes towards enhanced MPS rates and
mediates further hypertrophy than the effect of feeding alone (41). In addition, increased
plasma availability of BCAAs (leucine, valine, and isoleucine) comprising approximately
33% of skeletal muscle, are a key nutritional stimulus governing postprandial MPS rates
(42). This is reiterated where, ingestion of 5.6g BCAAs in a young male population

immediately after RT successfully stimulates muscle myofibrillar protein synthesis (8, 9,
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43). Furthermore, BCAAs undergo metabolism in muscle tissue during exercise, allowing
them to function as an immediate energy reservoir (42). Leucine is recognised as the most
potent AA for post prandial MPS stimulation, as a key contributor to the muscle protein
remodelling response. Following protein ingestion, gradual increases in intracellular and
extracellular leucine concentration are responsible for mediating the MPS response. The
leucine content within a protein source is a useful tool to predict its ability to stimulate post
prandial MPS. Although leucine supplementation is a favourable strategy towards
increasing MPS rate, activating the mTOR signalling pathway, leucine may not be as
crucial as once thought. In a young population, supplementation with leucine alone did not
lead to any hypertrophic response amongst an RT cohort consuming a high protein diet. In
the presence of a high protein intake, leucine also had no impact on factors involved in
recovery following completion of a lower limb RT protocol, including muscle damage
induced from RT volume, which is a key determinant towards muscular adaptations to

training, and subsequently hypertrophy (43).

1.7.1 Protein RDA and source

The current RDA for adults is 0.8g protein. kg bmtdm - according to the minimum
amounts of each EAA to prevent deficiency and sufficiently meet metabolic demands (44).
However, the RDA fails to account for greater requirements to support muscular
adaptations to training, such as increases in muscle mass (23). The rationale for these
recommendations is supported by training induced gains seen following adherence to an
animal based high protein diet. From these studies, it can be inferred that protein intake of
1.6 g - kg™* - d"t optimally mediates muscular protein synthesis rates and remodelling (40).
Early studies by Friedman & Lemon suggested that the recommended intake for trained

groups is double that of untrained individuals (45). In support of this, the American College
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of Sports Medicine (ACSM) endorse a protein intake of 1.3-1.8 g - kg™ - d"*evenly
distributed across 3-4 isonitrogenous meals throughout the day towards maximally
stimulating MPS (3, 23). Nevertheless, the question remains around the validity of
guidelines upheld by animal-based data amongst individuals consuming a non-habitually
omnivorous diet. Currently, most studies assessing the protein synthetic response to
protein intake draw comparisons between protein isolates or blends. In contrast, daily
protein intake typically consists of whole food sources that happen to be plant or animal
based. Within the western diet, a single serving of meat typically functions as the key
protein source in a meal. In the context of a plant-based diet, legumes, nuts, and meat
alternatives are the primary protein source.

Following RT, stimulation of MPS appears to induce a graded response to small increases
in AA availability. Skeletal muscle demonstrates a refractory response to feeding, even
throughout extended periods with high concentrations of circulating amino acids. In young
adults, ingestion of 20-25g protein is considered an optimal stimulus towards inducing a
maximal post RT MPS response (35,47). Similarly, much of the current body of literature
shows that a protein intake above 20g induces a plateau in MPS response. In support of
this, data exists to suggest that intake of differing quantities of lean beef with a higher
overall protein content (30g v 90g) did not exude any additional benefit towards stimulating
MPS, suggesting that a significantly higher dietary protein intake may not always be
necessary towards achieving gains in muscle mass (23). Instead, downstream
phosphorylation of mMTORC1 signalling proteins remained unchanged at higher protein
intake (12). Chronically elevated protein consumption is also proposed to lead to
desensitisation of the muscle in instances of suboptimal AA intake below 20g (12).
Moreover, protein ingestion above this threshold leads to a significant rise in AA lost by

oxidation, due to oversaturation of skeletal muscle by AAs (23). This aligns with the
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‘muscle full’ effect, where MPS rises in response to increasing EAA supply, until a certain
point before decreasing back to basal levels, despite continued amino acid availability
(23). Meanwhile, in response to a higher protein intake, which was previously concluded to
be above 40g, oxidation of excess EAAs offered no additional benefit towards the muscle
synthetic response (13). On the other hand, Macnaughton et al observed the need for a
higher protein intake within a young population partaking in RT to initiate a plateau in the
dose response curve of MPS (48). As the demand for increased protein intake appears
correlated with an individual’s total muscle mass, it is feasible that a higher protein intake
would apply to those with greater muscle mass, relative to those with decreased muscle

mass to maximally stimulate MPS (47,48).

1.7.2 Protein quality and assessment

Protein quality is a measure of dietary EAA content, absorption kinetics, and digestibility.
These factors determine the post-prandial capacity of a given protein source and
subsequent delivery of AAs to tissues throughout the body for effective utilisation towards
skeletal muscle anabolism (3). Across sources, variations in protein quality are attributed
to differences in digestibility, EAA bioavailability and content, and amounts of non-
essential nitrogen (49). Furthermore, effects on appetite, satiety, and overall caloric
content are also highly variable between protein sources (3, 50,51).

Previously, protein quality was assessed using the protein digestibility-corrected amino
acid score (PDCAAS), introduced in 1991 by the FAO/WHO and FDA (3). The PDCAAS
rating of protein quality evaluated amino acid absorption, and in vivo protein synthesis. A
limitation of PDCAAS, was the inability to quantify differences between faecal and ileal
protein digestibility. In 2013, the digestible indispensable amino acid score (DIAAS) was

reinstated as an assessment of protein quality. The DIAAS accounts for ileal digestion,
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EAA digestion, and absorption. Hence, it is regarded a more accurate evaluation of protein
guality. The amount of digestible dietary indispensable amino acids found in a protein
source are compared against a reference protein. A score is generated according to the
minimum dietary requirements for each EAA (51). The main difference distinguishing these
two assessments of protein quality is sample origin. PDCAAS samples are obtained from
faeces which often includes microbiota metabolism, whereas DIAAS samples are from the
ileum. As ileal digestibility is derived from both colonic protein and nitrogen metabolism, it
is a more accurate measure of protein quality (51)(52). Although both the PDCAAS and
DIAAS can evaluate protein quality by considering nitrogen levels and EAA content to

avoid deficiency, they fail to assess the anabolic potential of a given protein source.

1.8 Animal vs Non-Animal Protein

The effect of a protein source on postprandial MPS stimulation can differ according to
variations in EAA profile and digestibility. Whilst both animal and plant protein sources
have successfully supported an increase in overall fat free mass, animal-based protein
sources appear to be the favoured source towards delivering this outcome (51, 53). These
findings are explained by a higher EAA concentration and improved digestibility in animal-
derived protein that can rapidly stimulate aminoacidemia postprandially to support
muscular adaptation to RT (54). The most studied animal protein sources including beef,
eggs, and whey all exhibit high absorbability of around 85-95%, and are all complete
sources of protein, with a full EAA profile that closely matches bodily requirements (52).

Therefore, they are considered potent stimulators of MPS.

Plant based proteins contributes to the majority of global protein intake (58%), compared

to animal-based protein (42%) intake. In western societies, plant-based diets are
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increasing in popularity. More recently, trends indicate that non-animal protein sources
have been chosen more often over animal-based sources (52). Plant-derived proteins tend
to exhibit lesser anabolic potential, with inferior quality to animal-based sources attributed
to reduced EAA profile (due to deficiencies commonly seen in lysine, methionine and
leucine), digestion, and absorption kinetics (3). A consequence of decreased absorption
kinetics is slower initial post-prandial AA absorption (52). This is evident in plant-based
legumes such as chickpeas and yellow peas with lower absorbability (50-70%) (52).
Accompanying this, reduced digestibility in plant-based sources originates from their
distinct protein structure (31). Several variables including anti-nutritional factors, insoluble
fibre, and polyphenolic tannins that are typically either endogenous or develop during
processing can impact the absorbability of plant-based sources, leading to less efficient
EAA uptake in muscle tissue below the levels seen in a dose matched animal protein
source (49). Through purification and extraction of nutritional factors, comparable
absorbability to levels observed in animal-based sources have been achieved (52).
Cooking plant-based foods is a purification technique that can increase protein digestibility
and post prandial plasma availability to a similar extent seen in animal-based protein
sources (>90%). Another technique to enhance protein quality involves combining two
protein blends, both of which contain the appropriate EAA to replenish deficiencies,
resulting in an optimum blend with an improved EAA composition. Lastly, consuming more

of a plant-based protein source is a helpful method to increase protein intake (3).

However, emerging evidence is indicating that the gap between animal based, and plant-
based protein sources towards supporting muscle anabolism may not be as significant as
previously thought. In a group of young males, there was no significant difference in

anabolic response following ingestion of plant-based protein isolates and blends, in
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comparison to milk protein (52). It is also evident that RT individuals following a high
protein vegan diet (1.8 g-kg bm—-1-d-1) can still achieve an adequate protein intake to
sufficiently supports RT induced skeletal muscle remodelling in a young population,
showing similar rates of MyoPS to those consuming an omnivorous diet (63). In response
to high volume RT, no significant difference in strength outcomes were observed between
vegan and omnivorous groups, reinforcing that vegan and omnivorous diets can both

exhibit benefits towards achieving gains in muscle mass (52).

To date, soy protein is the most widely studied plant-based protein where the MPS
response has been investigated. The findings indicate that soy remains less effective
compared to isonitrogenous quantities of whey, milk or beef in response to exercise
(31,52). These differences may be explained by greater splanchnic extraction of EAA
following intake of soy protein, causing a shift in EAA supply towards urea synthesis,
rather than muscle building (31). Previously, Tang et al demonstrated that ingestion of
whey and soy protein offered a faster onset of circulating leucine comparison to ingestion
of casein protein. Furthermore, soy protein resulted in greater MPS than animal derived
casein protein, due to the slower digestibility of casein protein. In turn, this caused a lower
rate of plasma aminoacidemia and thus lowering the rate of MPS in comparison to intake
of soy protein. These findings indicate that leucine concentration of a given protein source
is the primary factor towards mediating post prandial increases in MPS, rather than the

origin of ingested protein.

1.8.1 Environmental concerns and novel protein sources:
With the world population forecasted to reach 9.6 billion by 2050, the need to maintain

food security to meet increased caloric demand, and adequate nutrition is continuously
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heightened (52). The rising cost of protein, coupled with limited resources has created

barriers towards accessing protein-rich food sources in some parts of the world (52).

Whilst most data regarding dietary protein intake and resulting muscle protein turnover has
been concluded from studies examining animal-derived protein sources, the ethical and
environmental concerns surrounding the production of animal production means there is a
renewed focus towards the use of alternative protein sources, such as insects, algae, and
mycoprotein (56, 57,58). These alternatives have been recognised for their high protein
quality, and promising EAA and BCAA profile. Furthermore, comparable anabolic potential
has been seen to classical animal-based proteins such as eggs, milk, and meat (3). More
recently, mycoprotein is a novel fungal derived protein, shown to provide a more sensitive
muscle synthetic response compared to ingestion of leucine-matched milk protein in a
young population under resting and RT conditions (59). This development is a shift from
much of the current body of evidence suggesting that animal protein remains a superior
protein source towards stimulating MPS compared with non-animal-based sources (59).
The hypertrophic response to mycoprotein ingestion is in line with its high protein quality,
mediating elevated postprandial AA and leucine concentrations to a similar level seen in
milk protein, subsequently driving a higher rate of MPS (59). However, amongst two
leucine matched beverages, a higher systemic AA content from ingestion of milk protein
than mycoprotein continues to highlight the superior protein quality in animal-based

sources, accompanied by rapid digestibility and absorbability (59).

1.8.2 Introduction to Microflora derived protein, a novel non animal protein source
Microflora derived protein is produced by precision fermentation, following a four-step

production process (60). Microflorae are the tiny microorganisms containing the exact DNA
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sequence required to produce a dairy identical whey protein to that obtained from cows.
Prior to fermentation, these microorganisms are fed simple plant sugars, before creating a
final product that contains a dairy identical non animal whey protein. Traditional agricultural
processes underpinning animal and plant protein sources depend on large amounts of
land and potable water from surface and groundwater resources, such as freshwater,
lakes, rivers and aquifers (60). In turn, this causes reduced biodiversity, driving a net loss
of habitat and species. By implementing a sustainable production process, microflora
derived protein uses 99% less water, 97% reduction in greenhouse gases, and up to 60%
less non-renewable energy, resulting in a lower carbon footprint (60). Aside from being
time efficient, with bacteria and yeasts only requiring a few months to generate a protein
source, the resulting protein contains a high protein to dry mass ratio at around 50-80%,
maintaining high nutritional value and yield (60). Hence, making the most of protein
alternatives could also lower the costs associated with food production, as demand

increases in response to population growth.

Microflora derived whey protein is a high-quality alternative protein source, containing all
nine EAAs, with the same taste and texture found in traditional dairy based products.
Furthermore, the resulting supplement is hormone, lactose, and antibiotic free. The dietary
profile of each 28.2g serving of Future Whey provides 10g (35% of total amino acids)
EAAs, 2.15g leucine, closely matching 3g present in traditional whey protein, and 19%
other EAAS, detailed in Table 2. The high leucine content indicates the feasibility of
microflora derived protein as a viable protein source towards stimulating muscle protein

synthesis.
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Currently, no existing study has investigated the anabolic properties of a novel microflora
derived whey protein, towards influencing muscular adaptations and stimulating in
response to RT in vivo. Most of the literature has only focussed on drawing comparisons
between popular non-animal alternatives such as soy, pea, and rice protein against animal

derived whey protein.

1.9 Aims and hypothesis:

The primary aim of this study is to compare the effects of a microflora derived whey protein
against an animal-based whey protein on muscular adaptations in response to RT in
young adults. Based on the dairy identical milk protein in both supplements, -
Lactoglobulin, we hypothesised that ingesting microflora derived whey protein would elicit
comparable increases in muscle strength and architecture, compared with animal derived
whey protein, during a progressive 8-week lower body focussed resistance. No significant
difference in 1RM and MVC strength measures, or observations of muscle architecture

were expected amongst groups.
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2. Methods:

2.1 Participants

Twenty-three recreationally active participants aged 18-40 years, BMI (18.5-29.9 kg-m?)
volunteered to participate in this double blind randomised controlled trial. Participant
characteristics are displayed in Table 1. To qualify for inclusion in the trial, participants had
to fulfil the following inclusion criteria: (1) be aged between 18-40 with a BMI between
18.5-29.9 kg/m? , (2) at least four months resistance training experience, performing 2-3
exercise sessions per week, prior to beginning the study, (3) not pregnant or
breastfeeding, (4) in the absence of adverse health conditions, (5) free from injury,
neuromuscular problems or arthritic conditions, (6) not habitual smokers, elite athletes or
sports people competing nationally and internationally. Participants were excluded if they
indicated any allergies to milk, intolerances to study materials, taking medication which
may interfere with muscle anabolism (e.g beta blockers, androgenic anabolic steroids,
corticosteroids, non-steroidal anti-inflammatory drugs, or prescription strength acne
medication), and creatine supplementation. Participants completed a general health
guestionnaire to ensure the absence of any health issues listed in the exclusion criteria.
All participants were informed about the purpose, potential benefits and risks associated
with the study, before providing written informed consent. Participants were recruited
between December 2023 and April 2024. This study was part of a research project funded
by ‘The Hut Group’. Ethical approval was obtained from NHS Health Research Authority
Research Ethics Committee (23/YH/0233). The procedures in the study were conducted in
accordance with the Declaration of Helsinki of 1975, revised in October 2013. Data
collection was carried out between January 2024 and June 2024 at the School of Sport

and Exercise Science, at University of Birmingham.
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Table 1. Baseline participants’ characteristics

GROUP A P GROUP B
(n=11) (n =12)
6f 7f
5m 5m
Age (y) 235 0.979 23+6
Body mass (kg) 7514 0.994 7516
Height (cm) 173+12 0.577 171+12
BMI kg/m2 25+3 0.559 26+3
Fat (% body mass) 304 0.911 304
Lean mass (kg) 49+13 0.979 49+11

Values represent mean + SD. No significant difference between groups (P >0.05). Participant characteristics
across groups were compared using independent sample t-tests. f,female; m, male

2.2 Pretesting:

Following screening and enrolment in the study, all participants underwent preliminary
testing one week prior to beginning RT sessions. Participants were asked to refrain from
vigorous physical activity prior to baseline testing. Baseline testing consisted of DXA scan,
ultrasound, and familiarisation with the exercise equipment involved in the training
sessions. Participants completed 1RM tests for leg press and reverse lunge. All
participants in both groups completed the leg press. Participants in group A completed the
1RM testing for reverse lunges, and all but one participant who was excluded due to injury
in group B completed 1RM testing. To prevent injury, participants completed as few

repetitions as possible, as a low intensity warm up prior to 1RM testing. Rest periods of 3
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minutes between each rep were implemented, and the weight on each exercise was
increased until the participant could no longer complete a controlled rep with full range of
motion at a given weight. This testing was repeated at week 5 and week 8 upon
completion of the intervention. Participants were provided with a supply of their allocated

protein supplement for the study.

2.2.1 Muscle function tests

Using isokinetic dynamometry (Biodex Medical Systems, Shirley, New York, USA),
participants attended the laboratory to perform a maximal isokinetic knee extension of their
dominant leg. Evaluation of unilateral peak isokinetic torque, as a measure of quadricep
strength was completed using the Biodex Medical System 3 (Biodex Medical Systems,
Shirley, NY, USA). Participants remained seated throughout the test, with their dominant
leg secured with a strap. The lateral epicondyle was referenced as an anatomical
landmark for the knee joint’s axis of rotation and aligned with the dynamometer axis. Prior
to conducting the 1RM test, participants performed a repetition at 50% of perceived 1RM
as warm up. To assess quadricep strength, three consecutive maximal isokinetic leg
extension contractions of the dominant leg were recorded, at 60° range of motion. Verbal
encouragement was given, allowing participants to push with maximal strength for
approximately 4 seconds. Participants had a 40 second break between each concentric
contraction. All participants in group A underwent MVC testing. In group B, 11 out of 12

participants completed MVC testing.

2.2.2 Muscle architecture
To quantify superficial muscle architecture, ultrasound images of the vastus lateralis (VL)
were recorded using a portable ultrasound machine (GE Logiq S8), using a 45mm,
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12.0MHz linear array probe and transmission gel. Whilst the participant remained supine,
measurements were carried out on the dominant leg, following a 10 min rest period. The
transducer was orientated perpendicular to the vastus lateralis (VL). The medial and lateral
borders of the muscle were identified, using the ultrasound probe to locate the mid sagittal
axis of the VL. Scans were obtained at 50% of the distance between the greater trochanter

and the midpoint of the patella. MT, Ls, and 6 were measured at baseline and at 8 weeks.

2.3 Study design

Following pretesting, participants were randomly assigned to two groups: group A (n=11)
or group B (n=12), differing according to the provided supplement, either microflora
derived whey or standard whey protein. Randomisation was carried out by the lead
investigator with a computerised randomiser. Participants completed a preliminary visit,
followed by three structured progressive lower body resistance training exercise sessions
three times a week for 8 weeks, detailed in figure 1. The preliminary visit one week prior to
the first resistance training session, consisted of eligibility screening, measurements of

height and body mass, and a general health questionnaire.
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Figure 1: Schematic of study protocol. 23 healthy adults completed lower body focussed RT sessions x3
a week for 8 weeks, alongside ingestion of either standard whey protein or microflora derived whey protein.
Participants underwent DXA, ultrasound scans to measure muscle architecture, and strength testing at
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regular intervals to determine muscular adaptations to resistance training. 'WKO', 'WK1’ refers to week O,
week 1, 1RM, 1 Repetition maximum; RE, resistance exercise.

2.4 Experimental procedures

Resistance training exercise program. The RT protocol was structured to utilise
progressive overload within five exercises: leg press, leg extension, leg curl, calf raises,
and reverse lunges to maximise muscle hypertrophy over the 8-week period. A lower body
focussed program was selected, as changes in muscle architecture were assessed using
ultrasound focussed on the vastus lateralis muscle. Participants were asked to refrain from
strenuous lower body exercise before training sessions and throughout the duration of the
study, to prevent interference with outcomes following our protocol. Participants completed
three training sessions a week, lasting approximately 45-60 minutes over an 8-week
period at the SportExR gym. Implementing high frequency training (3 or more sessions per
week) can be beneficial towards increasing training volume towards maximising overall
muscular strength and hypertrophy. Training sessions were scheduled on non-consecutive
days, allowing for rest and optimal recovery between bouts from RT induced mechanical
stress. Prior to each session, participants had the option to complete a warmup, which was
not mandatory as part of the study protocol. In accordance with the ACSM guidelines,
each exercise involved 3-4 sets of 8-12 repetitions, to enhance muscular strength and
hypertrophy (3). To regulate effort across sessions, participants received verbal
encouragement, ensuring each repetition was carried out in close proximity to complete
failure, followed by a 2-minute rest between sets. After completing a set of a given
exercise, participants were asked by the researcher to rate the overall effort required to
perform the set, using the Borg CR10 RPE scale. The effort ratings were considered,

allowing for appropriate adjustment of load to maintain the progressive nature of the
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training program. Each session was supervised by at least two members of the research
team, ensuring repetitions were performed in a controlled manner with proper technique
and a suitable load of 60-80% according to one repetition maximum was utilised for each
exercise. One of the researchers ensured that participant training data, including
repetitions, load, and RPE for each exercise were recorded on a confidential spreadsheet
and securely stored on the University cloud. All 1RM testing was repeated halfway at week
5, and week 8 after completion of the intervention. In instances where multiple participants
were training together, the order of exercises was determined by the availability of

equipment.

Dietary intervention. Throughout the duration of the study, there was no prescribed meal
plan designed for participants. To maintain minimal dietary influences on the results,
participants were instructed to continue their habitual diet, avoiding additional

supplementation that was not included in the study.

DXA. Whole-body dual energy X-ray absorptiometry (DXA) scan to assess body
composition (QDR Discovery W, Hologic, UK) was conducted prior to testing, at week 5
and week 8 after completion of training to understand changes in body composition. Body
composition measurements detailed fat free mass (FFM), and fat mass (FM). Participants
were scanned after an overnight fast (10-12h) with no fluid intake to minimise the impact of
altered fluid balance. The participants were scanned using standard mode in a supine
position with their feet approximately 10cm apart. Body position was recorded on the

scanner to ensure consistent positioning between scans.

2.5 Supplemental beverages:
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The nutritional composition of the microflora derived whey protein and the standard animal
whey protein were analysed via third party company Premier Analytical Services. The
macronutrient, micronutrient, and amino acid composition of the experimental beverages
are presented in table 2. The beverages had similar protein content, and participant
characteristics taken during preliminary testing were used to determine individual protein
requirements for each participant, according to body mass (kg). The dosage of each
beverage was also determined according to amount required to optimally stimulate MPS in
a RT population, according to existing literature to allow for maximal anabolic effect (35).
Both the microflora derived whey protein and animal whey protein were commercially
available supplements, obtained from MyProtein™ THG plc, Manchester, UK. Participants
ingested 0.3g-kg bm?-d* of either non animal whey protein or animal whey, depending on
whether they were assigned to group A or group B. Across both protein sources, the
participants consumed 31.4 + 6.1g (range 16.4-27.89g) per serving of their allocated protein
supplement. The supplement was provided in a dry powder format, and participants were
instructed to dissolve the supplement with 300ml cold water, prior to consumption. On
training days, one beverage was consumed one hour after the training session and one
beverage an hour before sleep, in line with previous literature, indicating that protein
consumption at these timings were effective at increasing muscle mass and strength.
Following exercise, protein intake between 45 minutes to 1 hour following a workout is
considered crucial to promote the muscle adaptive response and support muscular repair
and remodelling, therefore maximising MPS and enhancing hypertrophy related
adaptations (29). On non-training days, participants were instructed to consume one
beverage mid-morning and one beverage 1h before sleep. Double blinding of the given
protein supplements was conducted by an independent researcher and using the same

flavour across both supplements.
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Table 2: Nutritional composition of provided protein supplements

g/100 g Recombinan_t bovine 3- Dairy-derived whey protein
lactoglobulin (rBLG) (WHEY)

Energy (kcal) 360.00 367.00
Protein 71.00 74.00
Fat 3.10 3.20
Carbohydrate 7.70 8.00
Aspatrtic acid 7.72 8.67
Serine 2.77 4.13
Glutamic acid 13.4 13.00
Glycine 1.36 1.43
Histidine 0.91 1.17
Arginine 1.52 1.53
Threonine 3.23 5.00
Alanine 4,93 3.95
Proline 3.61 4.63
Cystine 1.88 1.69
Tyrosine 2.18 1.97
Valine 2.49 3.22
Methionine 2.03 1.57
Lysine 7.78 6.90
Isoleucine 2.72 3.39
Leucine 9.13 7.30
Phenylalanine 2.17 2.05
>TAA 69.83 71.60
EAA 30.46 30.60
>NEAA 39.37 41.00

>TAA = summed total of total amino acids; ZEAA = summed total of essential amino acids (His, Thr, Val, Met,
Lys, Iso, Leu, Phe); ZNEAA = summed total of non-essential amino acids.

2.6 Statistical Analyses

An a priori power analysis was performed using G* power version 3.1 9.7 to estimate a
suitable sample size to draw comparisons between muscular adaptations following
ingestion of microflora and traditional whey protein. Based on effect sizes estimated from
previous literature of muscular adaptation in response to protein supplementation, a
sample size of 36 participants per group was calculated, using independent sample T test
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Ultrasound images were analysed using Image J Fiji, SMA script a semi-automated
software package (Simple Muscle Architecture Analysis, V1.7; Seynnes & Cronin, 2020),
to quantify MT, L¢ ,and 8 of the VL. Statistical analysis of 1-RM, ultrasound, and MVC
reliability were conducted using analysed using 2-way repeated measures ANOVA in
SPSS (Version 29, IBM SPSS, Armonk, NY, USA) software. Time, baseline (week 0), and
post intervention (week 8) and group A or B representing each supplement were used as
factors. The mean peak torque obtained from MVC measures across both visits was
calculated, across the three measures taken each session to characterise the sample. A
paired sample T test was used to evaluate statistically significant differences between test
and retest. Bland-Altman analysis was performed to identify the level of agreement
between test and retest values. For ultrasound muscle architecture, means were
calculated across the three scans for each parameter. Relative reliability was determined
using the intraclass correlation coefficient (ICC). ICC was calculated using a two-way
mixed model, and absolute agreement type. ICC value above 0.90 was excellent, good
(0.75-0.90), moderate (0.5-0.75), and poor (<0.5). The formula used to calculate standard
error of measurement was SEM = SD x v 1 - ICC. The SEM% was concluded from SEM%
= SD x \ 1 - ICC/Meantest1&test2 x 100. The o level of significance was set at P < 0.05.

All data was displayed as mean = SD, and 95% confidence intervals (ClI).

3. Results

3.1 Participant characteristics:

Participant characteristics for individuals partaking in the trial are detailed in table 2. In
total, 23 young adults, consisting of an even distribution of male and female participants,
and a mean age of 23 years completed the study (n=11, group A and n = 12 group B).
One participant in group B withdrew from the study, citing personal reasons. The groups
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were well balanced for male and female participants. Independent T tests revealed no
significant differences between groups concerning age, body mass, height, BMI, fat free
mass, and lean mass (P>0.05). There were no reports of adverse events throughout the

study.

3.2 1RM measures

Data from all participants in group A (n=11), and group B (n=10) were considered for final
analysis. Two participants in group B were excluded due to personal circumstances at
week 5, so no data was available to draw progressive strength comparisons, hence group
B reverse lunge and leg press data is presented for n=9. Over the 8-week training
intervention, RT led to increases in 1-RM on reverse lunge, leg press, and greater force
output on MVC measures, shown in figure 2. Leg press 1-RM increased from baseline in
group A by 40% (207 + 58kg vs 290 + 84kg) at week 8 (P<0.05) and 35% in group B (212

+ 57kg vs 287 + 69kg) at week 8 (P<0.05).
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Figure 2: Changes in 1RM in group A and group B from baseline, through to week 5 and week 8.
Measures were analysed using a two-way repeated measures ANOVA (time - % change), whilst MVC
measures were compared using a paired sample T test. Group A is represented in white and group B is
represented in grey, with reverse lunge and leg press measures taken at 3 different time points (Week 0,5,
and 8). MVC measures were only recorded at week 0 and week 8 of the intervention. *P<0.05, demonstrates
significant difference from baseline, and P < 0.05 indicates a significant difference between time points week
5 and week 8 of the intervention

Reverse lunge increased by 65% from baseline in group A (64 + 20kg vs 105 + 24 kg), and
58% in group B (56 + 20kg vs 89 * 26kg). Progressive changes in 1RM were reported in
both exercises at week 5. In group A, reverse lunge 1RM continued to increase from week
5 to week 8, at (40.5% + 12). Overall group B also showed an increase in strength from
week 5 to week 8 (82% * 61.97). Leg press 1RM increased from 26.7% + 16 in group A,
and 30.67% = 23 in group B from baseline to week 5. Further increases were evident from

week 5 to week 8 of (42.1% + 27) in group A and (39% = 22) and group B. From week 5 to
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week 8, leg press increased to 290 + 84 kg, and 287 + 69kg, in group A and B

respectively.

3.3 MVC measures

Two-way ANOVA analysis, comparing MVC revealed a significant time effect on strength
increases amongst both groups (p=0.047). MVC increased from baseline (389 = 132 Nm)
in group A, and (464 £ 147 Nm) in group B compared to week 8 (397 + 101 Nm) and (484
+ 165 Nm; P<0.01) in group A and B respectively. All participants in group A (n=12)
completed the MVC. One participant in group B (n=11) did not complete MVC testing. ICC
MVC was excellent for pre and post strength measures in both groups (ICC = 0.936, p <
0.001). Validity of isokinetic knee extension, as a strength measure was determined by
performing intraday test-retest reliability of the dominant leg. This was conducted in a
separate population of twelve healthy young adults, across two consecutive days. The test
and retest data obtained for is presented in table 3. There was no statistically significant
difference between the test and retest mean values for peak torque. The testing protocol

mirrored that of the study, detailed above.

Table 3: Summary of Peak Torque in isokinetic knee extension.

Peak Torque (N.m)

Test Re-Test
Subject Mean SD Mean SD
1 242.01 6.12 247.47 19.04
2 739.62 6.64 709.82 36.42
3 483.58 21.20 491.35 5.65
4 401.25 23.81 398.30 24.60
5 784.09 9.57 768.17 23.05
6 604.35 11.59 601.15 16.88
7 342.90 3.09 371.21 6.14
8 507.17 12.34 464.61 29.09
9 508.19 25.06 413.41 39.43
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10 334.14 8.83 372.14 8.44

11 594.07 24.53 490.00 13.81

12 407.13 8.84 393.30 15.20
P=0.16

N.m: Newton meter, SD: Standard Deviation.
Relative reliability (ICC) and standard error measurements of peak torque is presented in

table 4. The ICC of peak torque outcome was excellent, for isokinetic knee extension.

Table 4: Relative test-retest reliability and absolute reliability of Peak Torque

Measurement IcC SEM SEM
(95% CI) (N.m) (%)
Total (n=12) Peak Torque (N.m)
Isokinetic knee extension 0.98 (0.93-0.99) 18.83 16.44

N.m: Newton meter; ICC: Intraclass Correlation Coefficient; Cl: Confidence Interval; SEM: Standard Error
Measurement

Figure 3 shows the Bland-Altman peak torque analysis for the dominant leg in extension.
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Figure 3: Bland-Altman peak torque analysis for dominant leg at baseline and after 8 weeks of
training.
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3.3 Ultrasound assessment of muscle architecture:

We were unable to achieve satisfactory ultrasound images from four participants in group
B that were suitable for analysis using SMA. As a result, we had to exclude these
participants from overall analysis, and group B data denotes n=6. At baseline, the
coefficient of variation (CV) in group A was 14.81% for MT, 18.75% for L, and 12.5% for 6.
In group B, baseline CV was 14.04% for MT, 13.33% for L, and 15.79% for 8. Mixed
effects ANOVA model revealed no statistically significant difference between measures
from baseline to week 8 in both group A (p=0.57) and group B (p=0.34). In group A, MT
remained constant from baseline (2.7+ 0.4cm) to week 8. In group B, mean MT remained
the same from baseline (2.8 + 0.4 cm) to week 8 (2.8 + 0.5 cm). Overall, Lt decreased from
baseline (9.6 + 2.3cm) vs (9.1+ 1.8cm) at week 8 in group A. Similarly, decrease was
observed in group B (9.0 + 1.2cm) vs (8.6 £ 0.7cm) at week 8. Baseline 8 increased in

group A to week 8 (16 + 2°) vs (17 + 3°) but decreased in group B (19 + 3°) vs (18 + 3°)
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upon completion of the training regime
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Figure 4: Time course of VL MT (A), Lt(B), and 8 (C) in Group A and B, at baseline (week 0), and 8
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weeks. Group A (p=0.57), Group B (p=0.34).

Data taken during intra-week reliability of ultrasound measurements of MT, L, and O are
displayed in table 5. ICC calculated to assess intra-day reliability showed good reliability

for 8, moderate reliability for MT, and poor reliability for L, denoted in table 6. Paired T
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tests demonstrated no significant difference between 6 and L, measurements during visit 1

and visit 2 (P>0.05), but measures of MT demonstrated a statistically significant difference

between visits (P > 0.05), shown in table 6.

Table 5: Intra-day reliability of ultrasound measurements

Parameter

Day 1

Day 2
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0° Mean SD Mean SD
13.66 0.29 12.20 0.13
13.02 0.10 14.68 0.13
12.81 0.66 14.54 0.11
14.11 1.55 14.68 1.36
21.38 1.91 22.53 1.21
13.83 1.49 13.69 1.15
21.68 2.38 13.84 1.94
13.85 0.49 13.34 0.65
14.92 3.43 13.17 0.27
11.39 0.97 9.71 0.71
17.14 1.79 18.77 1.52
20.58 0.84 15.06 2.46

MT, cm
2.19 0.25 1.93 0.05
1.11 0.06 2.59 0.18
1.98 0.41 2.05 0.15
1.68 0.10 2.46 0.48
1.90 0.08 3.23 0.09
1.82 0.02 2.07 0.23
2.43 2.48 2.37 0.12
1.46 1.46 2.49 0.18
2.01 1.89 2.16 0.37
2.30 2.29 2.79 0.71
3.07 2.96 2.85 0.13
2.43 2.30 2.24 0.06

Lf, cm 7.50 0.70 9.46 0.27
5.64 0.19 7.49 0.15
9.10 0.80 8.02 1.65
7.48 0.35 7.67 0.21
5.97 0.18 8.56 0.18
8.33 1.73 8.60 0.15
7.14 0.93 9.58 1.03
6.16 0.17 8.89 0.33
7.36 2.13 8.20 0.99
13.01 0.39 11.35 0.93
11.19 0.36 8.62 0.37
6.72 1.23 9.82 2.06

©°: pennation angle, MT: muscle thickness; Lf: fascicle length
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Table 6: Relative test-retest reliability of ultrasound parameters

Parameter ICC 95% ClI P-value
0° 0.759 0.214-0.929 0.26
MT, cm 0.547 -0.339-0.863 0.04
Lf, cm 0.101 -0.949-0.687 0.13

©°: pennation angle, MT: muscle thickness; Lf: fascicle length, 95% CI: 95% confidence interval

4. Discussion:

4.1 Summary of key findings

In the present study, we demonstrated that participants consuming either microflora
derived, or traditional whey protein supplements as part of a high protein diet displayed
comparable increases in 1RM (leg press and reverse lunge), and MVC over an 8-week RT
period. Our findings also suggested no significant difference in muscle architectural
parameters: MT, O, or Lsafter the 8-week training period. Here we have shown that animal-
based protein sources, such as whey protein are not necessarily superior towards inducing
a muscle synthetic response to RT amongst a young population following a high protein
diet. Thus, alongside a high protein intake, microflora derived whey protein can facilitate

comparable RT induced strength adaptations to traditional dairy whey protein.

Dietary protein intake and RT are potent stimulators of skeletal muscle hypertrophy.
Following RT, increased MPS is a useful towards mediating further gains in strength and
muscle mass (29). Amongst individuals partaking in RT, it remains crucial to mediate
positive NPB, with protein intake above the RDA proving optimal towards mediating
subsequent increases in muscle mass (3). Without sufficient protein intake, NPB becomes
negative, and a catabolic state persists amongst skeletal muscle tissue. Many studies
evaluating the postprandial MPS response are largely based on cohorts consuming high

guality animal-based sources including milk proteins, beef, and egg. Animal based protein
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sources contain all EAAs required to prevent deficiency, exhibit good digestibility, and
stimulate the mTORC1 pathway to mediate MPS. Previous evidence in a young cohort
favours the superior quality of animal-based protein towards stimulating post exercise
MPS and promoting an increased positive EAA balance from ingestion of milk protein
compared to soy protein following RT (61). Conversely, non-animal derived proteins
usually present deficiencies in certain EAAs, namely leucine, lysine, and methionine,
which hinders optimal myoPS following RT (3). This raises questions about their efficacy
as leucine is recognised as one of the most potent amino acids towards independently
stimulating the mTORC1 pathway that upregulates MPS, through promoting three times
more phosphorylation of downstream mTORC1 targets ribosomal s6 kinase, and
ribosomal s6 in comparison to other EAAs (35). Hence, leucine content of a protein source
is considered an important determinant towards their overall effect on MPS, and therefore
muscle hypertrophy (33). In addition, there are issues of reduced digestibility within non
animal protein sources that are associated with differences in overall protein structure (3).
In the present study, we tested a microflora derived protein blend, which is animal free and
has a highly similar amino acid composition to traditional whey protein. Moreover, the
microflora derived blend had a higher EAA content (leucine, lysine, methionine) than the
traditional whey protein supplement tested alongside, highlighting the benefits that the
microflora derived blend provides towards maximising the muscle protein synthetic

response to RT.

Population growth has increased global demand for protein. Heightened consumer
awareness towards sustainability issues involved in animal and plant derived protein
production, reinforces the need for protein alternatives. More recently, research is shifting

from classical focusses of optimal timing and dosage of protein intake towards the
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anabolic potential of novel protein sources. Currently, limited studies have concluded the
ability of novel protein sources, such as algae, mycoprotein, and insects to mediate
hypertrophy amongst RT individuals (62). Similar to our findings, recent data has
supported the anabolic capacity of microalgae-based protein alternatives Spirulina and
Chlorella, delivering comparable increases in MyoPS to levels seen with mycoprotein
ingestion, in response to RT and at rest. The promising absorption kinetics of Spirulina
were also clear when concentrations of plasma EAA following ingestion were deemed
comparable with levels seen with mycoprotein ingestion (63). The superior post prandial
aminoacidemia observed from dose matched whey protein, versus pea or cricket
supplements, indicates the reduced bioavailability of the latter two protein alternatives.
Despite this, all three protein sources equally stimulated activation of the mTOR1

signalling pathway following RT amongst a young male population (64, 65).

In concordance with Laang et al, we demonstrated that microflora derived protein
potentiates increases in strength in the same manner as traditional animal derived whey
protein (64). As microflora derived protein is engineered to contain the identical 3-
Lactoglobulin protein as traditional whey, we hypothesised that there would be no
significant difference in strength changes, measured by 1RM and MVC and muscle
architecture between 2 groups of healthy young adults. The nutritional content of the
microflora derived protein, detailed in table 2, indicates a 25% greater leucine content per
100g (9.13g versus 7.3g) than traditional whey protein. Indeed, the increased leucine
content in the microflora derived protein may have contributed towards activation of the
mTORC1 pathway, functioning as an optimal stimulus towards providing comparable rates

of MPS (68). In the presence of both optimal protein dosage and exercise protocol towards
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achieving muscular hypertrophy, this study is the first to demonstrate the feasibility of an

animal free microflora derived protein blend towards optimising MPS in response to RT.

The significant strength increases from our findings are likely associated with experimental
design. In line with our hypothesis, both supplements elicited a significant increase for both
leg press and reverse lunge 1RM measures from baseline to week 8. Leg press increased
by 40% in group A and 35% in group B. Reverse lunge increased by 65% in group A and
58% in group B. One participant in group B was unable to re-test their reverse lunge 1RM
at week 8 due to knee pain. Moreover, another participant in group B had a 45% decrease
in strength at week 8, which may represent an outlier. Within group A, a 100% increase in
strength recorded from week 5 to week 8 on both leg press and reverse lunge may provide
reasoning for a higher average increase within the group. Our training protocol included 3
weekly sessions performed on non-consecutive days for 8 weeks. Following the same
intervention duration, our observations are in line with strength increases shown by
Schoenfeld et al, amongst a RT population (33). Our study cohort also included female
participants, consolidating the relevance of previous findings that were mainly observed in
a trained male population partaking in RT. We implemented a high protein intake above
the RDA and progressive overload utilising high volume and intensity to ensure work was
maintained at around 60-80% 1RM to mediate optimal gains in muscle hypertrophy within
the study period (66). Progressive overload exhibits the greatest power towards increasing
the overall number of sarcomeres in parallel and series by continuously induces stress
across multiple muscle groups and mediating adaptations to greater amounts of force.
During the early stages (first two weeks) of an RT program, rapid increases to maximal
strength arise from neurological, functional, and morphological adaptations (67). This is

further evidenced by Brook et al. (2015) showing prominent hypertrophic remodelling
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during early stages of RT at 0-3 weeks (32). In support of our findings, a similar study also
recorded increases in strength after only 5 weeks of RT (19). Our measures at week 5
showed reverse lunge increased by 40.5% in group A and 48.4% in group B. Leg press

increased by 26.7% in group A, and 27.8% in group B.

Surprisingly, our reports identifying no significant difference in muscle architecture after 8
weeks of training do not align with a hypothesised increase in response to RT, based on
existing studies within the literature, such as significant improvements in VL muscle
thickness following RT seen by Schoenfeld et al (33). Additionally, numerous studies have
backed the efficacy of ultrasound as a reliable imaging technique to determine changes in
guadriceps muscle size, in response to an RT intervention (33). The strength increases
evidenced by 1RM and MVC testing provide rationale for predicted increases in MT that
correlate with RT mediated hypertrophy. Quantification of MT is a useful indicator of
muscular adaptation that corresponds with RT induced changes in skeletal muscle cross
sectional area, to a similar extent seen using MRI, which is considered as a gold standard
method for muscle imaging. Indeed, VL hypertrophy also appears to favour multi-joint
exercises, leading to a greater increase in MT elicited by leg press compared to leg
extension, both exercises that were included in the prescribed exercise regime (69).
Although there are many benefits to ultrasound quantification of skeletal muscle including
convenience, portability, and cost effectiveness, this method presents obstacles amongst
certain populations. Firstly, ultrasound images captured can be affected by intermachine
and interoperator variability. For example, there are difficulties around recording accurate
images for assessment of muscle architecture in obese populations due to excess adipose
tissue. Currently, there are no ‘cut off’ threshold values for differing populations and

gender, which can offer reassurance in instances of participants that present with low
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muscle mass. Furthermore, threshold values can support the recognition of ultrasound an
even more reliable reference method for quantifying muscle architecture. Throughout the
study, all scans were performed by the same operator to reduce inter-operator variability

and minimise measurement errors that were operator dependent.

It is possible that 8 weeks of RT was an insufficient period to elicit significant changes in
muscle architecture detectable by ultrasound, even though it is a sufficient period to
achieve RT induced hypertrophy and increases in strength (33). There are limits to
ultrasound sensitivity, and there may have been a small change in muscle size that the
ultrasound was not sensitive enough to pick up, particularly during early stages of muscle
growth. During a longer 12-week RT study, Rutherford and Jones also demonstrated no
increase in pennation angle within the VL, in the presence of increased muscle CSA. In
agreement with our findings, Rutherford and Jones also reported an increase in maximal
isometric strength despite no significant changes in muscle architecture. Muscle
hypertrophy is believed to occur in a regional specific manner, with greater hypertrophy
emerging in proximal to distal aspects of the muscle (33, 70). Despite the shorter duration
of our study, previous data has indicated that 14 weeks of RT allowed for detectable
training induced alterations in muscle architecture with 14 weeks of heavy RT, evidenced
by elevated VL muscle fibre pennation angle, accompanied by enhanced force generating
capacity. It is well established that muscle hypertrophy exhibits a dose dependent
relationship, where higher training volumes correlate with greater gains in muscle mass.
Hence, it is possible that the higher training volume achieved over 14 weeks may have
been a key factor towards promoting more marked strength gains and muscular
hypertrophy, that would translate into detectable changes upon ultrasound. Thus, it can be

inferred that time is a particularly important variable to maximise muscular hypertrophy,
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allowing for an extended training period that would enhance the likelihood of ultrasound to
measure muscular changes following RT. Therefore, the true morphological effect of RT,

following intake of microflora or standard whey protein requires further investigation.

However, Seynnes and colleagues have proven that fascicle length in the VL increased
only 10 days into a 5-week training program, ahead of increased pennation angle, which
occurred after 5 weeks of training (19). Indeed, the presence of a greater number of
sarcomeres in series and parallel, measured by increases fascicle length following 8
weeks of RT in a young cohort illustrates muscle remodelling (19,71). Adding to the
unexpected nature of our findings, it has been proposed that pennation angle is a measure
likely linked with RT induced muscle hypertrophy, evidenced by greater muscle CSA and
muscle fibre pennation angles recorded in the triceps brachii of bodybuilders, relative to
untrained individuals (72). As muscle hypertrophy increases, muscle fibre pennation angle
is believed to also increase (71). Amongst existing studies using ultrasound to detect
changes in muscle mass, heterogeneity is present across methods described which in turn
can affect conclusions drawn from studies. As a result, variability in ultrasound
methodology reinforces the need to develop a universal approach to standardise

measurements obtained from ultrasound.

The present study has several limitations that should be acknowledged. The study had a
relatively small sample size and may have been underpowered with an increased risk of
type Il errors occurring, to detect a significant change related to muscle architecture.
Despite subjects being advised not to perform additional exercise throughout the
intervention, we do not have solid evidence to conclude that participants adhered to these

guidelines outside of the study. Our findings are specific to a young RT cohort. Hence,
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whether the same anabolic benefits of microflora derived whey can be postulated amongst
other populations including untrained individuals or older adults remains to be determined.
During the study, our participants followed a high dietary protein intake (1.69.kg bm.d?)
and it is unclear whether these findings would be applicable to those with a lower protein
intake, or simply adhering to the RDA (0.8g.kg bm1.d"1). With the significant contribution of
protein supplementation towards achieving a high protein diet, it is difficult to determine
whether an entirely plant-based diet with limited supplementation would still comparatively
support the high protein requirements towards achieving increased muscle mass and
strength gains. Nevertheless, there is a well-established dose response relationship
between dietary protein ingestion, and rises in MPS, showing no response to excess
available amino acids present once a given threshold is reached. Currently, the
established figure is ~20g intact protein. Studies conducted around whey protein intake
further consolidated that intake of 20g protein offered maximal MPS stimulation, relative to
10g and 40g whey protein respectively. In fact, evidence is indicating that excess protein
intake above 40g may not be optimal, as the excess amino acids are no longer
incorporated to MPS. Instead, they become re-directed towards whole body AA catabolism
through AA oxidation and ureagenesis. In daily life, the majority of protein intake arises
from whole food intake, rather than supplementation. The only instance where a higher
protein intake would be beneficial towards achieving similar levels of protein synthesis
observed in a younger population would be amongst older populations that are perhaps

affected by anabolic resistance.

Although maintaining a high protein intake may be challenging outside of study conditions,
our findings have proved that supplementation can be implemented as a useful tool

towards reaching these goals for individuals with differing dietary requirements. In the
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absence of habitual diet data detailing individual caloric and protein intake, it remains
speculative that sufficient protein intake amongst participants was maintained by protein

supplementation from the intervention, mediating the MPS response.

The present study is the first to evaluate the anabolic potential of a microflora derived
whey protein compared to a traditional dairy based whey protein, in response to RT. Our
data demonstrate that comparable increases in strength are possible when consuming a
novel non animal whey protein, provided that an adequately high protein intake is

maintained.

We have demonstrated the adaptability of our findings, as both protein supplements were
consumed alongside participant’s habitual diet, rather than a controlled diet for the 8-week
trial period. Our data also indicate that protein source may have less of an impact on MPS
rates when following a high protein diet. Further research should continue to establish
whether microflora derived protein alternatives still have the capacity promote strength
gains in response to RT, under circumstances where individuals are consuming a
suboptimal protein intake within their habitual diet. Meanwhile, the capacity of microflora
derived protein to support other athletic populations, such as endurance and hybrid

training to the same extent also remains to be determined.

5. Conclusion:

In summary, novel microflora derived protein, and standard whey protein delivered
comparable increases in 1RM and MVC measures following 8 weeks of lower limb
focussed RT. There was no significant difference in ultrasound measures of MT, L¢, and 6

with either supplement in response to the training protocol. These findings indicate that
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microflora derived protein can be incorporated into the diet of young RT trained individuals,
aiming to achieve muscle hypertrophy and optimise the skeletal muscle adaptive

response.
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