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Abstract 
 
Fish meal and fish oil have been the mostly used ingredients (protein and lipid 
respectively) in aquaculture feeds due to their excellent source of well-balanced amino 
acid profile and n-3 long chain polyunsaturated fatty acids (LC-PUFA) respectively. 
However, due to escalating prices and fluctuation in production, there are calls for 
alternative protein and lipid sources to be used. Plant based ingredients have been 
recognized as alternatives that could enhance growth performance as well as 
reduction in cost of production. The regulation of muscle growth by plant based lipids 
and protein is not fully elucidated. Growth performance and muscle growth of fish is 
affected by diets. Acceleration of growth through alteration of genes by diets can be 
useful as it can reduce cost and decrease time of production. The objective of this 
review is to discuss the genes that affect muscle growth of fish and how plant based 
ingredients affect these genes.  

 

Introduction 
 

Due to the desirable nutritional characteristics of 
fish oil and fish meal, they have been the main sources 
of lipids and protein respectively in aqua feeds. Fish 
meal and fish oil are derivatives of marine pelagic fishes 
(Perez-Velazquez et al., 2019). Fish meal has been 
recognized as the major protein source due to its 
abundance of essential nutrients, growth factors and 
well-balanced amino acid profile (Benjakul et al., 2014, 
Egerton, 2020). Similarly, fish oil has been a major lipid 
source due to its abundant essential polyunsaturated 
fatty acid (PUFA), especially high unsaturated fatty acid 
(HUFA) (Sargent et al., 2002).  

Despite the above-mentioned attributes of fish 
meal and fish oil, there are calls for these essential 
nutrients to be replaced due to their higher prices and 
fluctuation or decline in production.  Several researchers 
(Takakuwa et al., 2006; Zhang et al., 2020; Xu et al., 
2020; Arriaga-Hernández et al., 2021) have reported 
that plant based protein are suitable to replace fish meal 
whilst other researchers (Izquierdo et al., 2005; 
Montero et al., 2005) have confirmed that plant based 
oils are suitable replacements for fish oil. These studies 
have predominantly assessed how the alternative 
nutrients affect growth and nutrient utilization with an 
emerging interest on how they affect lipid deposition in 
the liver and other tissues. In addition, some studies 
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have analyzed how plant ingredients affect growth 
related genes.  

The extent of protein deposition which is directly 
dependent upon the balance between synthesis of 
protein and its degradation affects growth of fish (Tu et 
al., 2015). Satellite cells and myoblasts (myogenic 
precursor cells) are important in proliferation and 
differentiation processes that affect growth of muscle in 
fish (Rowlerson & Veggetti, 2001). Whereas primary 
myogenic regulatory transcription factors (myod and 
myf5) directly work on myogenic progenitor 
proliferation towards a myogenic lineage, secondary 
myogenic regulatory transcription factors (myf5 and 
myogenin) act on myoblast differentiation and fusion to 
form muscle fibers (Megeney & Rudnicki, 1995). The aim 
of these molecular pathways is to strike a balance 
between positive and negative muscular signals in a 
dynamic way (Johnston, 2006). 

In this review, the effects of plant based 
ingredients on genetic make-up of different fish species 
with special focus on muscle growth related genes. 

 

Stages of Muscle Growth in Fish 
 

Most fishes continue to grow throughout their 
lives. Growth in fish has been studied intensively 
because it is a good indicator of health. Rapid growth 
indicates abundance of food and other favorable 
conditions, whereas slow growth is likely to indicate just 
the opposite. Growth is commonly measured as changes 
in body weight, length or condition factor (i.e. weight/ 
length relationship) over time. Post-embryonic growth 
of the muscle tissue involves an increase in the number 
and diameter of the fibres and a contemporary 
remodeling of the associated connective tissue, nerve 
and blood supply.   

Growth is usually positive, in that the fish increase 
in size over time. The principal factors controlling the 
growth processes are growth hormones secreted by the 
pituitary and steroid hormones from the gonads. 
However, the rate of growth of fish is highly variable 
because is it greatly dependent on a variety of 
interacting environmental factors such as water 
temperature, levels of dissolved oxygen and ammonia, 
salinity and the photoperiod (Moyle & Cech, 1982). Such 
factors interact with each other to influence growth 
rates. Others include the degree of competition, the 
amount and quality of food ingested, and the age and 
state of the maturity of the fish. In this section, the two 
main types of muscle growth in fish namely hypertrophy 
and hyperplasia are discussed. 

 
Hypertrophy 
 

In fish, the muscle grows by enlargement of 
existing fibres (hypertrophy) throughout post-
embryonic life until they reach a functional maximum 
diameter, which is in the range 100-300 μm for white 
fibres in most fish (Rowlerson & Vegetti, 2001). 

Hypertrophic growth persists long after hyperplastic 
growth has ceased (e.g. Stickland, 1983, Rowlerson & 
Vegetti, 2001). As the fibres increase in size they get 
packed with myofibrils. Fibres also acquire additional 
nuclei as they grow (Johnston, 1993). The new nuclei are 
supplied by a population of satellite cells (already 
present in the muscle), which fuse with existing muscle 
fibres to provide the additional nuclei (Johnston, 2001). 
To supply the number of nuclei required during growth, 
this population must be capable of proliferation. In fish, 
a major uncertainty is whether there are separate 
muscle stem cell populations for fibre recruitment and 
fibre hypertrophy. 

 
Hyperplasia 
 

Hyperplastic growth of muscle refers to the 
increase in muscle fibre number due to the formation of 
new fibres. After the initial two muscle layers have been 
formed during embryonic life, hyperplastic growth 
continuous in two successive and distinct phases. The 
first phase is a continuation of embryonic myogenesis 
which completes the formation of the definitive muscle 
layers (slow red, pink and fast white), followed by a 
second and quite different hyperplastic process 
resulting in a large increase in the total number of fibres 
in all muscle layers, especially in the white muscle layer 
(Rowlerson & Vegetti, 2001). New presumptive fast 
white fibres during embryonic and into larval life, appear 
in a germinal layer or proliferation zone located just 
under the superficial mono layer and extends dorsally 
from the horizontal septum into the apex of the 
myotome. In many fish species which remain small, this 
second hyperplastic growth phase is lacking, whereas 
fast-growing fish generally show greater hyperplasia 
than slow-growing fish of the same age (Weatherley et 
al., 1979; Weatherley & Gill, 1984; Higgins & Thorpe, 
1990). In most fishes which grow to a large final size, the 
majority of muscle fibres are formed in a long-lasting 
hyperplastic growth process disseminated throughout 
the entire myotome. This process gives rise to the typical 
mosaic appearance of muscle cut in transverse section, 
with fibres of different ages (and therefore diameter) 
intermingled. Mosaic hyperplastic muscle growth, which 
occurs principally during juvenile life, is of great interest 
in commercial aquaculture because it contributes to the 
market size of the fish. The intensity of mosaic 
hyperplastic growth is most pronounced in early 
juvenile life: later it decreases gradually until the fish 
reaches a characteristic fraction of body size after which 
further growth occurs by hypertrophy only (Weatherley 
et al., 1988; Stickland, 1983). There is indirect evidence 
for the existence of a distinct population of myogenic 
cells supporting mosaic hyperplastic growth (Rowlerson 
& Vegetti, 2001). 

In conclusion; muscle fibre growth in fish consists 
of two distinct phases. The first during early larvae age, 
comparable to that seen in higher vertebrates during 
the embryonic stage, and a second during adult life 
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signified by a combined hyperplasia and hypertrophy. 
Growths during both these stages are under a combined 
genetic and environmental control. The relationship 
between final muscle fibre composition and size has 
long been debated but only recently the target for 
systematic research. An undeniable relationship exist, 
however, the predictive power is weak using the fibre 
component alone. Based on available data the degree of 
explanation varies from 0 - 25 % depending on species, 
life stage and variable studied. The majority of variation 
measured in quality of the fish fillet is probably an effect 
of the connective tissue, the lipid component and 
naturally also to handling of the flesh post mortem. 

 

Growth Related Genes 
 

Muscle growth mechanisms are controlled by 
different cellular and molecular pathways, and dietary 
lipids may play an important role to influence such 
pathways in fish. Growth of fish is mostly dependent 
upon the growth of muscles. Basically, growth of muscle 
occurs as a result of hyperplasia and hypertrophy. 
Hyperplasia is the recruitment of new muscle fibres 
whiles hypertrophy is the expansion of existing muscles.  

Stratified hyperplasia and mosaic hyperplasia are 
the two distinct phases of hyperplasia observed in 
different aquaculture fish species. In stratified 
hyperplasia, new muscle fibres that are formed are 
restricted to the germinal zones only whiles in mosaic 
hyperplasia, the fibre muscles are formed throughout 
the myotome (Md.  Asaduzzaman et al., 2017). 

Several genetic factors control/ regulate muscle 
growth in fish being it growth via hypertrophy or 
hyperplasia. These include growth hormone (GH), 
insulin-like growth factors (IGFs), myogenic regulatory 
factors (MRFs), paired box proteins (Paxs) and myostatin 
(Johnston et al., 2009). Other genes such as 
transforming growth factor-β (TGF-β) and Myf5 are 
known to play essential roles in muscle growth. The 
functions of these genes are briefly discussed below. 

 
Insulin-like Growth Factors 
 

IGF-I and IGF-II, as well as their receptors and 
binding proteins are the major components of the IGF 
system. IGF-I and IGF-II are the mitogenic peptides, 
which are regulated by the nutritional status of fish. IGFs 
play important roles which includes somatic growth, 
development and functional maturation of the central 
nervous system (CNS), skeletal tissues, and reproductive 
organs (Duan et al., 2010). Myocyte hypertrophy during 
regeneration of muscles, proliferation and 
differentiation of muscle precursor cells (myoblast or 
satellite cells) as well as growth stimulation are 
controlled by Insulin-like growth factors (Florini et al., 
1996; Musaro et al., 1999; Terova et al., 2007). IGF-I, is 
basically produced or synthesized in the liver and serve 
as an anabolic agent for growth of tissues.  

Figure 1 shows how growth of fish muscle and 
atrophy is controlled by the IGF axis via the 
mTOR/Akt/P70S6K signaling as previously described by 
Johnston et al. (2008). 

Several intracellular kinases such as 
phosphatidylinositol-3-kinase (PI3K) are activated when 
a membrane receptor is bounded by IGF-I  

PI3K provides a binding site for lipid on membranes 
for serine/threonine kinase known as Akt as a result of 
the presence of PI3K phosphorylates the membrane 
phospholipids phoshatidylinositol-4,5-bis-phosphate to 
phoshatidylinositol-3, 4,5-trisphosphate. Akt is 
translocated to the membrane which facilitates its 
activation by PDK-I as well as its phosphorylation. One 
other function of the IGF-I/PI3K/Akt signaling pathway is 
to switch between the synthesis of protein and 
degradation by reducing catabolic pathways through 
the inhibition of the FoxO family of transcription factors 
which prevent induction of the muscle-specific ubiquitin 
ligases MAFbx and MuRF-I. 

 
Growth Hormone (GH) 
 

Several functions of fish are affected by growth 
hormones (GH). These include energy metabolism, 
feeding, reproduction, immune function as well as 
somatic growth (Chang and Wong, 2009). The GH is the 
main regulator that controls somatic growth in 
vertebrates (LeRoith et al., 2001; Björnsson et al., 2002). 
The GH affects muscle growth in fish through controlling 
muscle hypertrophy and hyperplasia (Fuentes et al., 
2013). GH is linked with somatic growth and is secreted 
by the pituitary glands (Reinecke et al. 2005). The 
endocrine system controls growth in fish and this occurs 
through the growth hormone-insulin-like growth factor 
axis (Picha et al., 2008). 

 
Paired Box Proteins-7 (Pax-7) 
 

The Paired box proteins-7 (Pax-7) is expressed in 
mono-nucleated proliferating myogenic cells. Its 
transcription factor is expressed in satellite cells in 
vertebrates of which fish is included. Its important role 
in the regulation of skeletal muscle growth as well as its 
regeneration (Chapalamadugu et al., 2015) are 
phenomenal. Pax-7 is important during development of 
the skeletal muscle (Ziman et al., 2001). Muscle 
progenitors and satellite cells which contribute to the 
proliferation of myogenic cells during secondary 
myogenesis are controlled by Pax-7. According to 
Kacperczyk et al., (2009), Pax-7 is a developmental gene 
that plays essential role during hypertrophic and 
hyperplastic muscle growth. Furthermore, Pax-7 
positive cells differentiate into myosatellite cells after 
the cells migrate into the myotomes (Kacperczyk et al., 
2009). 
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Calpain (Capn) 
 

Calpains (Capn) are heterodimers with two sub-
units. The first unit is made up of a large 80 kDa catalytic 
subunit whiles the second is made up of a small 30kDa 
regulatory subunit (Preziosa et al., 2013). Generally, the 
functions of Capn include but not limited to regulation 
of cell motility (Glading et al., 2002), cell death apoptosis 
(Liu et al., 2004) along with muscle atrophy (Richard et 
al., 1995) and myoblast fusion (Honda et al., 2008). 
Calpain-3 also known as nCL-1 or p94 is a proteasome 
enzyme known to possess a very high autolytic activity 
(Ono et al., 2016). They are Ca2+dependent. 

 
Myogenin (MyoG) 
 

Myogenin (MyoG) is a basic helix-loop-helix 
transcription factors which is a member of muscle 
regulatory factor (MRF) gene family. According to Tan et 
al. (2002), MyoG is responsible for regulating 
development of skeletal muscle together with its 
growth. MyoG plays a crucial role in the differentiation 
of muscle precursor cells (Burgerhout et al., 2017). It 

also controls the proliferation and terminal 
differentiation of myoblasts (Buckingham & Rigby, 2014) 
as well as differentiation of myocytes (Bergstrom & 
Tapscott, 2001) 

 
Myoblast Determining Factor (MyoD) 
 

Myoblast determining factor (MyoD) is one of the 
helix-loop-helix proteins that controls the expression of 
genes in the muscle of fish including tilapia. The 
activation and proliferation of satellite cells are 
regulated by MyoD (Watabe, 2001). MyoD is known to 
function during the initial stages of myocytes by 
initiating myogenic determination (Arnold & Winter, 
1998). In many teleost species, MyoD expressions 
generally occur before segmentation in adaxial cells 
(Temple et al., 2001) 

 
Proteasomes 
 

The proteasomes are a barrel-shaped intracellular 
multicatalytic protease responsible for a highly 
controlled degradation of target proteins (Jung et al., 

 
Figure 1. A Schematic representation of the IGF axis regulating muscle growth and atrophy via the mTOR/Akt/P70S6K signaling 
cascade (Adopted from Johnston et al 2008). 
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2001). It regulates proteins through a mechanism of 
selective degradation (Pagano et al., 1995; Tokumoto et 
al., 1997). Mitotic and meiotic cells are regulated by 
proteasomes (Tokumoto, 1999). Changes in the 
localization of proteasomes influence cell cycles. 

 
Myostatin (MSTN) 
 

Myostatin (MSTN) is a member of the transforming 
growth factor family β (TGF- β). MSTN is also called 
growth differentiation factor (GDF-8). It plays essential 
roles such as growth and differentiation of muscle in 
fish. It performs this function by regulating negatively 
the cycle of cells in tissues (McPherron et al., 1997). 
MSTN consist of three exons with approximated size of 
300 - 400 nucleotides separated by two introns, with a 
highly conserved structure (Gabillard et al., 2013). 

 
Myocyte Enhancer Binding Factor (Mef) 
 

Myocyte enhancer (ME) transcription dynamics 
are members of the MADS (MCM1-agamous-deficiens-
serum response factor) family of transcription factors 
(Naya & Olson, 1999). They are important genes that 
regulate the development of phenotypes of different 
tissues in adult organisms. Such tissues include skeletal 
and cardiac muscles. Mefs such as Mef-2 plays key role 
in the development and adaptation in postnatal to a 
wide array of physiological and pathological signals. In 
addition, they play essential role in the neurons, 
lymphocytes and myocytes by controlling the 
expression of genes (Ma et al., 2005). 

 
Cathepsin 
 

Cathepsins belong to the cysteine and aspartic 
proteases family that are characterized by the specificity 
of their structure and substrate. They are found in 
lysosomes and perform at low pH. Cathepsins have been 
reported to perform an important function in cellular 
turnover and bone resorption (Yasuda et al., 2005).  

Cathepsins are acid proteases located in the 
lysosomes. They may be liberated into both the 
cytoplasm and the intracellular spaces as a consequence 
of lysosomal disruption occurring after cell death due to 
a pH fall (Duston, 1983). 

 
Calpastatin 
 

Calpastatin (CAST) is a specific endogenous 
inhibitor of the calcium-dependent neutral proteases, 
calpains (Goll et al., 1992). The formation of muscle 
fibers, reorganization of the cytoskeleton and 
promotion of myoblast fusion are important roles 
performed by CAST (Cottin et al., 1994; Temm-Grove et 
al., 1999). Other important roles of CAST include growth 
of muscle and meat quality enhancement (Salem et al., 
2005). 

 

Effects of Plant Based Nutrients on Expression of 
Muscle Growth Related Genes 
 

Effects of Plant Based Proteins on Expression of 
Muscle Growth Related Genes 
 

There has been an increase in the market price of 
fish meal to almost 300% in the past ten years. This 
could be attributed to high demand for fish meal as a 
result of rapid development in aquaculture as well as 
fishing restrictions. This phenomenon has led to call for 
alternative protein sources that are sustainable to be 
used in aquaculture. In answering this call, several 
studies have been conducted in search of suitable 
alternatives. In this section, we critically review the 
effects of some plant based protein in fish focusing on 
expression of genes related to growth. 

Ulloa et al., (2013) studied the effects of a plant 
protein (PP) and fishmeal-based diets on growth 
response in a population of 24 families, as well as 
expression of growth-related genes in the muscle of 
adult zebrafish (Danio rerio). At 98dpf, growth-related 
genes (Igf1a, Igf2a, mTOR, Pld1a, Mrf4, Myod, 
Myogenin, and Myostatin1b) were evaluated. In males, 
Myogenin, Mrf4, and Igf2a showed changes attributable 
to the PP diet. In females, the effect of the PP diet did 
not restrain the expression in any of the eight genes 
considered. The effect of familiar variation on gene 
expression was observed among families. This study 
shows that plant protein diet and family variation have 
effects on gene expression in fish muscle. 

The effects of substituting fish meal with increasing 
levels of plant protein blends on expression levels in the 
Senegalese sole were studied by Valente et al., (2015). 
The fish were fed four diets with (54% protein and 9% 
lipid). Three diets (50% PP50, 75% PP75 and 100% 
PP100) were compared to a control fish meal-based diet 
(FM). The observed changes in muscle cellularity could 
not be associated with the relative expression levels of 
texture-related genes [capn2 (0.8 to 1.4), ctsb (0.93), 
ctsd (1.0 to 1.2)] in all diets, since no significant 
differences were observed among diets. The present 
results pointed towards a modulation of the expression 
of several muscle growth related genes by increasing 
levels of plant protein sources that alter muscle 
cellularity and textural properties of Senegalese sole 
when total fish meal is replaced with plant protein. 

It was established that using corn gluten meal as a 
substitute for fish meal does not significantly alter 
hepatic target of rapamycin (TOR), dorsal muscle IGF-I 
and TOR expression levels. This was after Luo et al. 
(2012) had fed cobia (Rachycentron canadum with initial 
weight 108.2 ± 3.0 g with five diets with similar protein 
and lipid contents (isonitrogenous (crude protein 45%) 
and isoenergetic (gross energy 20 kJ g−1 respectively). 
The control diet which had only fish meal was 
substituted with corn gluten meal at 17.5%, 35.0%, 
52.5%, and 70.0%. 



Genetics of Aquatic Organisms GA413 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Similarly, Men et al., (2014) substituted fish meal 
with corn gluten meal (CGM) to study its influence on 
expression levels of IGF-I in Japanese seabass (initial 
body weight 18.09 ± 0.10 g). Six isonitrogenous (crude 
protein 43%) and isoenergetic (18 kJ g−1) practical diets 
were formulated by replacing 0 (the control), 15, 30, 45, 
60 and 75% of fish meal protein with CGM protein. In 
the end, the authors reported a significant decrease in 
the expression levels of IGF-I when fish were fed diets 
with 60% protein from CGM compared to fish fed diets 
with 100% protein from fish meal (Control). Their study 
showed that there was no difference in the IGF-I 
expression in the muscle tissue. 

Table 1 shows the effects of plant based protein on 
the expression of muscle growth related genes. 

 
Effects of Plant Based Lipids on Expression of Muscle 
Growth Related Genes 
 

Lipids play important physiological roles in 
providing energy, essential fatty acids and fat soluble 
nutrients for normal growth and development of fish. 
Deficiency of dietary lipid may increase the use of 
protein for energy and result in the increase of ammonia 
excretion and thus water pollution. Plant based lipids 
have a nutritional advantage over animal fats since they 
contain a higher portion of unsaturated fatty acids  

Plant based lipids have been used as substitute for 
fish oil due to their cheaper prices, sustainability and 
their ability to affect growth positively. Some studies 
have been conducted to evaluate the extent to which 
these plant based oil sources affect genes that regulate 
muscle growth.  

In 2017, Kutluyer and colleagues evaluated the 
effects of replacing fish oil with plant oils in diets of 
Oncorhynchus mykiss. The effects of the experimental 
diets on growth related genes in muscle were evaluated. 
In this study, O. mykiss were fed diets containing cod 
liver oil (CO), safflower seed oil (SSO), soybean oil (SBO) 
and linseed oil (LO) as single protein sources or in a 
combination of SBO+LO and SSO and LO. The results 
showed that fish fed LO and SBO+LO recorded the 
highest expression level of GH-I mRNA in the muscle. 
Compared to other treatments, O. mykiss fed SBO 
recorded the highest level of IGF-II mRNA expression in 
the muscle whilst IGF-I was however highly expressed in 
the muscle of fish fed SBO+LO. 

The effects of substituting fish oil with plants based 
oils on relative gene expression of key genes involved in 
myogenesis as well as muscle growth were assessed in 
Senegalese sole by Lopes et al. (2017). Rapeseed oil, 
soybean oil and linseed oil were used in place of fish oil 
and fed to Senegalese sole (initial weight 152 g ± 18) 
over 140 days period.  The results showed no significant 
difference in relative mRNA expression of myosin 
superfamily elements as well as myhc and mylc2. 
Similarly, the expression of mstn1 was non-significantly 
different irrespective of the diets.  

Bertuccia et al., (2018) studied the influence of 
substituting fish oil with sunflower oil in diets of pejerrey 
fry on expression of genes involved in somatic growth. 
Fish oil was substituted with sunflower at 0%, 50%, 80% 
and 100% and fed to pejerrey fry over 45 days. The 
results showed that mRNA expression levels of GH, ghr-
I and ghr-II were higher in head and trunk of fry fed diets 
with 100% sunflower. Compared to group fed diet with 

Table 1. Effects of plant based protein on modulation of muscle growth related genes and growth performance 

Plant-based 
protein 

Species Initial 
weight 

(g) 

Gene name(s) Modulation (up 
or down vs 

control) 

Observation on growth 
performance 

References 

Soybean meal, 
peas, corn 
gluten, and 
wheat 

Senegalese sole 106 mrf4, fgf6, 
myhc and 

mylc2 

Down regulation Increasing plant protein 
reduced growth 

performance. 

Valente et 
al., 2015 

Soy bean Danio rerio 0.214 Mylpfb 
hsp90aa1.1 

col2a1a 
odc1 

Up regulated Improved muscle 
development 

Dhanasiri et 
al., 2020 

Soybean meal Danio rerio NA Myogenin, 
Mrf4, and 

Igf2a 

Up regulated Increased fish muscle 
formation 

Ulloa et al., 
2013 

Soybean meal Dicentrarchus 
labrax 

NA CCT2 
EIF4G1 

KIAA2018 
MRPL22 

Up regulated Improved growth Geay et al., 
2011 

Corn gluten 
meal 

Rachycentron 
canadum 

108.2 IGF-I and TOR Unaffected Higher levels of corn 
gluten meal reduced 
growth performance 

Luo et al., 
2012 

Corn gluten 
meal 

Lateolabrax 
japonicus 

18.09 IGF-I Down regulation Growth performance 
decreased as corn 

gluten meal increased 

Men et al., 
2014 
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100% fish oil, there was significantly higher expression 
of IGF-II in trunk of fry fed with 100% sunflower oil. 

 

Conclusion 
 

In this review, it has been established that plant 
based protein and lipids have different effects on 
regulation of growth related genes via; insulin-like 
growth factors, growth hormone, paired box proteins, 
calpain, myogenin, myoblast determining factor, 
proteasomes, myostatin, myocyte enhaner binding 
factor, cathespsin and calpastatin among others. This 
review recommends that more studies should be done 
towards the effect of plant based lipids and protein on 
the expression of genes that modulate growth.  
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