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Abstract

Awareness of the health benefits associated with reducing the consumption of animal
products has led to an increase in the development of meat alternatives. Many of these
alternatives rely on soybean because of its adaptability in producing a palatable meat
alternative, such as Tempeh and Tofu. However, many are falling out of favour of soy as
its consumption is linked to deforestation and loss of biodiversity. Furthermore, most of
soy is imported into the UK therefore carbon footprint has to be taken into consideration.
Lupin bean is deemed a possible alternative for soy as they can be cultivated in the UK
and have many environmental benefits including nitrogen fixing, but its nutritional
composition in comparison to soy is unknown particularly following processing by
fermentation to produce tempeh and the coagulating to produce tofu. Thus the aim of this
project was to compare the nutritional profile, focussing on protein and amino acid content,
of soy and lupin beans. We observed that boiling the raw soy and lupin beans significantly
increased the water content but decreased in nutritional content (energy, fats and
protein). However while fermentation (process for the production of tempeh) increased
the protein content in both beans the amino acid content was different. Fermentation
increased the levels of branch chain amino acids (BCAA) in lupin while decreasing them in
soy, although further frying of the soy increased it to greater levels of that of lupin where
no further increase was observed. It was found that a processing method can influence
the nutritional content of these products, however it was found that the Soy tempeh BCAA

actually adapted best to the frying.
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STF - Soy tempeh fried

1. Protein and the environment

The ever increasing in population coinciding with protein consumption, has resulted in the
resources such as land and water becoming scarcer (Rulli et al., 2013, Godfray et al.,
2010, Yu et al., 2013). Protein can come from two sources, animal, and plant, however

there are environmental risks associated with both.

With the increased demand of global protein, especially that of high-quality animal protein,
comes sustainability and environmental issues. For example rearing livestock produces
large amounts of methane and other greenhouse gases, there is also sustainability issues
due to the fact that large amounts of water and land will need to be used in order to rear
these animals. For example, it is found that 6kg of plant protein is used to rear 1kg of

high-quality animal protein (Henchion et al., 2017, Pimentel and Pimentel, 2003).

One of the plant sources commonly used is used to feed livestock soybean (Boerema et
al., 2016). Which from 1970 has seen its consumption to increase around 200 million tons
(Garrett et al., 2013). Besides livestock feed, one of the main reasons for soy staggering
popularity increase, is because of the versatility. For example it can converted into a
vegetable oil, used as biofuel, used as a precursor for many soy-based products e.qg.

(tempeh and tofu). The resulted “soybean boom” has been mainly associated with South
American countries with suitable climates. However recently it has been noted that the
increase in soybean production has led to many environmental impacts, such as loss of
ecosystem and deforestation (Garrett et al., 2013, Nepstad et al., 2006, Hecht, 2005,
Steward, 2007). The deforestation comes has come in recent years as a result of soybean

production occurring on uncultivated ecosystems.



Therefore with soybean and meat demand every increasing it is found that more
economically developed countries (MEDCs) have been using the land of less economically
developed countries (LEDC) in order to expand their resources. This phenomenon is
referred to as “displaced land used” and has many consequences. For example, the
associated land and water of the LEDC will be harvested, as well as leaving behind the
MEDCs carbon footprint and other environmental impacts (D’Odorico et al., 2013). These
environmental impacts include, soil and land degradation, reduction in plant and animal
diversity, deforestation, leaching and pollution into open water sources, and loss of own
natural resources (Fearnside, 1999). It has been consistently shown that there is a lack of
environmental understanding associated with “displaced land used”. Therefore there is a
need for an increased awareness and decision making in order to produce a more
sustainable outcome when these practices go ahead in the future (Grote et al., 2005). On
top of these there needs to be a complete re-evaluation of the current policies that are
put in place as well as stricter fines imposed of the countries that fail to meet the
requirements, for example monetising the impact of deforestation (Schmitz et al., 2012).
So whether its sustainability issues, environmental impacts, or land displacement, they all

have been linked to the growing importance and demand of protein. So what is protein?

1.1 Protein

Proteins are made of long chains of amino acids, called polymers, which are connected by
a-peptide bonds. While they can be characterised by their structures (primary, secondary,
tertiary and quaternary). For the purpose of nutrition, we will be focusing on the primary

conformation considering this relates to the amino acids (Watford and Wu, 2018).

Protein consumption can come from a range of plant and animal sources such as fish,
eggs, legumes, milk, nuts, and poultry (Delimaris, 2013). The Recommended Daily

Allowance



(RDA) of protein is said to be 0.8g per kilo gram of body weight per day (Trumbo et al.,
2002). However for people competing in recreational to intense physical activity it is found
that the RDA should increase to 1.1-1.6g/kg, in order to meet the adaptions of the body
(Carbone and Pasiakos, 2019). For example it is found that eating slightly above the RDA
protein content for elderly people can lead to increases in lean body mass, increased bone
density, as well as improved muscular strength and durability (Houston et al., 2008,

Mitchell et al., 2017, Kerstetter et al., 2000, Park et al., 2018). It is important to keep
within these ranges as malnutrition can lead to some devastating effects. For example,
undernutrition can lead to weakened immunity, growth stunting, muscular fatigue, and
anaemia. Whereas long-lasting overconsumption (>2g/kg) of protein can lead to vascular,

renal and digestive problems (Wu, 2016). But how is protein digested in the body?

Digestion occurs in the stomach, these acidic conditions (pH 1-2) activate the zymogen
form pepsinogen to the active pepsin. Pepsin is stomach enzyme that digests proteins by
cleaving the peptide alpha bond of the aromatic amino acids (AAA). This results in
combination of intermediates which are transported to the duodenum, where pancreatic
proenzymes (trypsin, chymotrypsin, carboxypeptidase) act upon them and produce
tripeptides, dipeptides, and amino acids (Kiela and Ghishan, 2016). These peptides and
amino acids are transferred to the intestinal cells apical end where they are further broken
down via Dipeptidase and amino peptidase. These tripeptides and dipeptides are then
absorbed into the intestinal cells via a hydrogen co-transporter channel, and then is broken
down by peptidase to form amino acids. As for amino acids, they are absorbed into the
intestinal cells via a sodium co-transporter channel. Following this, the amino acids is able
to diffuse across the into the blood stream where it is taken up by the liver to synthesise

new proteins or for storage.
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Figure 1- How proteins are absorbed in the digestive system. Protein enters the
stomach, where it is broken down into small polypeptides by pepsin and acid. After that
the polypeptides travel to the small intestine to be broken down by peptidases, which are
released by the pancreas, once in the intestine the peptides will be broken down into amino

acids which can be absorbed into the blood stream using co-transporters (2020)

1.1.1 What are amino acids
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Amino acids are an organic compound that consist of an amino (-NH2) and carboxylic acid
(-COOH). An amino acids R-group or side change property can determine the unique
properties of said amino acid. Thus, depending on which amino acid is coded, the order of
these amino acids and other mitigating factors results in the protein synthesised (Watford
and Wu, 2018). It is found muscle protein consists of 20 amino acids, nine are considered
essential amino acids (EAA) (histidine, isoleucine, leucine, Ilysine, methionine,
phenylalanine, threonine, tryptophan, and valine) and 11 which are non-essential amino
acids (NEAA) (alanine, arginine, asparagine, aspartate, cysteine, glutamate, glutamine,
glycine, proline, serine, taurine, and tyrosine) for humans and most of other animals (Hou
et al., 2015). The essential amino acids are exogenous, meaning that they must be
supplied by the diet in sufficient amounts as they cannot be synthesised naturally within
the body (Blomstrand et al., 2006). Whereas non-essential can be synthesised via
transamination (Hou, 2018, Wu, 2013). Transamination is when the amino group of amino
acid is cleaved and moved onto the acceptor keto-acid via transaminase, in order to

produce a new amino acid and new keto-acid (Litwack, 2018).

] @ ) s O C . O
\"‘Q‘«.c o '-"'»‘:_‘-‘c -~ = c -~ = c -~
[ | Transaminase | |
B —p = 7 c=—0 % HC —— NHa'*
HT N T_ " (pyridoxal phosphate) | ) | i
4 Mo R H_
Amino acid Keto acid Keto acid Amino acid

Figure 1.2 The transamination reaction. The amino group of the amino acid goes onto
the keto-acid via transaminase (pyridoxal phosphate), producing a new amino acid and a

new keto-acid (Litwack, 2018).

The regulator for transamination is protein turnover, therefore all 20 amino acids must be
supplied for sufficient protein synthesis to take place. Of these 20 amino acids, there are
a group called branched chain amino acids (BCAAs), comprised of Leucine, Isoleucine and
Valine are essential for protein synthesis (Wolfe, 2017). Of these, leucine is seen as the

most influential of the BCAAs as not only is it a precursor for muscle protein synthesis but
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also a regulator of a number of intracellular signals including mammalian target of
rapamycin complex 1 (mTORC1). mTORCI1 is directly involved in muscle protein synthesis
and the regulation of glucose (Thomas et al., 2016, Jager et al., 2017, Phillips, 2016, Lane
et al.,, 2017). Whereas isoleucine causes muscular hypertrophy by increasing
intramyocellular fat deposition as well as myogenesis, and valine enables tissue repair and
correct nitrogen balance in body (Liu et al., 2021). The BCAAs most be consumed from
the diet because they are essential, they can be sourced from a range of products and
recently have been refined to be incorporated into nutritional supplements because of their
anabolic affects (Wolfe, 2017). Therefore insufficient consumption of these can cause lack
of protein synthesis, where as a lack in non-essential is easily compensated by having an

increased de-novo production (Volpi et al., 2003).

1.2 Animal protein

It is found that animal proteins such as “whey” are digested quicker than that of plant
proteins e.g. soy (Bos et al., 2003, Tang et al., 2009). This is because animal proteins are
highly soluble in acidic conditions, therefore are able to pass from the stomach to the
duodenum are a quicker rate (Boirie et al., 1997). It has also been found that the
postprandial muscle protein synthesis rate is greater in animal protein than it is plant
protein (Yang et al., 2012). One of the main reasons for this is because, animal protein
contains a large proportion of leucine, which acts to inhibit protein breakdown as well as
activates protein synthesis (Anthony et al., 2001, Suryawan et al., 2011). Due to the fact
animal protein usually contains all of the essential amino acids, there is very little limiting

amino acids, meaning that deamination and oxidation rates are lower (ProQuest, 2007).

Therefore there will be greater protein utilisation as the amino acids will not be eliminated
(Tujioka et al., 2011). Also it is found that in most animal sources such as casein, milk
beef, eggs, chicken, that the Protein Digestibility Corrected Amino Acid Score (PDCAAS) is

1.00 or close to this score (FAO, 1991, Hoffman and Falvo, 2004). The (PDCAAS) was
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introduced in 1989 as a way of working out the digestibility of a protein source (FAO,
1991). The calculation for PDCAAS is:
mg limiting amino acid in 1g test protein

PDCAAS = x Faecal True Digestibility
mg of same amino acid in 1g reference protein

Figure 1.3 The PDCAAS equation. PDCAAS = (mg limiting amino acid in 1g test protein

/ mg of same amino acid in 1g reference protein) x faecal true digestibility.

The results are either expressed as a score out of 100, or as a decimal, for the purpose of
this paper we will be using decimals. Therefore a closer score to 1.00 means the greater

protein quality.

1.3 Plant proteins

Plant proteins have demonstrated positive affects to the cardiovascular over that of animal
protein consumption. For example a meat analysis study conducted by (Li et al., 2017)
found that when participants consumed plant protein sources compared to animal protein
their blood lipid content reduced, as well apolipoprotein B, non-high-density lipoprotein
(nHDL) cholesterol, and low density lipoprotein (LDL) cholesterol. Thus improving cardiac
health and lower potential cardiovascular disease risk. On top of this study, another study
found adolescents consuming a higher proportion of animal protein compared to plant
protein displayed a greater BMI and body fat percentage. Therefore suggesting that the
replacement of animal protein to plant protein could be an aiding factor in reducing
adolescent obesity (Lin et al., 2015). Overall it is found that plant based products are less
digestible compared to that of animal base (Leser, 2013). The structural conformation of
plants has huge impacts on absorption, for example plants contain a low a-helix compared

to animal, as well as a high B-sheet content (Carbonaro et al., 2012). This high B-sheet
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actually reduces protein digestibility, as it inhibits proteolysis in the gastrointestinal tract
(Carbonaro et al., 2012, Nguyen et al., 2015). On top of this, plants contain non-starch
polysaccharides (NSP), which can bind to the binding sites of protein-cleaving enzymes,
thus also reducing digestibility (Duodu et al., 2003). Plants are known for containing large
amounts of antinutritional factors that reduce protein uptake, for example, tannins,
hemagglutinins, gossypol, glucosinolates, protease inhibitors and phytic acid all have an
affect (Sarwar Gilani et al., 2012). Phytic is acid is found to chelate minerals as well as
interacting with proteins, thus reducing their bioavailability (Multari et al., 2015). It has
been found that processes such as soaking, can activate phytase which causes the
breakdown of phytic acid (Chouchene et al., 2018, Wang and Guo, 2021). Other
preparation methods such as heat treatment will improve the bioavailability of food
products by disrupting activity of protease inhibitors such as trypsin and chymotrypsin
(Sarwar Gilani et al., 2012, Sarwar, 1997). It has been found that treated plant protein
sources have about 18% greater bioavailability compared to its untreated counterpart
(Sarwar, 1997, Rutherfurd et al., 2015). Overall it is found the PDCAAS in plants is found
to be more variable with plants such as quinoa, pea, potato and canola having around
0.75, whereas Soy is found to be closer to 1.00. The variability and generally lowering
scoring plant protein comes from insufficient indispensable amino acid content. For
example it is found that in grains, lysine is generally a limiting amino acid, and in
lowsulphur containing plants proteins such as Legumes there is a reduced methionine and
cysteine content (Young VR, 1994).

1.3.1 Soy

Soy is a high protein bean, native to South East Asia (Synder HE, 1987). Soybean
cultivation within Asian populations has been around for hundreds of years, whereas within
western population is has been quite a new phenomenon. This was in the form of tofu, as
a new health-conscious generation arose from the 1970s, enabling people to look for high
protein, low fat alternatives. Ever since then, there has been a rapid increase in soy

consumption and research, with many scientists finding independent nutritional benefits
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(Messina, 2010). Soybean is one of the main plant protein sources used globally, it has
been heavily researched and is found to have a much greater nutritional composition
compared to that of other plant proteins (Ju, 1985). Soybean is converted into two
commercially available products, tofu and tempeh. Tofu is made from curdling soymilk
with coagulants until a solid block is formed (Eze et al., 2018). It's a valuable plant source
containing minerals such as phosphorus, zinc, selenium and magnesium, as well as an

excellent protein source as it contains all nine essential amino acids (Lewin, 2017).

It is found that tofu can contribute a significant amount of protein, with around 6g per
serving (Adams, 2017b). Along with these nutritional benefits, it is considered extremely
palatable and relatively cheap. Thus, tofu consumption is spreading to western populations
and is becoming more popular in the United States and UK (H.L, 1984, DEY, 2017). It is
commonly known as one of the highest yielding plant proteins, as well as having similar

PDCAAS compared to that of animal products, with around 0.9 to 1.0 (Hughes et al., 2011,
Rutherfurd et al., 2015). Due to the high PDCAAS score, the FAO has made claims for soy
to be considered as a high-protein source (FAO, 2013). With regards to fat content, it is
found that soy-based products are some of the only foods to contain both essential fatty
acids. As the polyunsaturated fats (PUFA) is comprised of omega-6 and omega-3 essential

fatty acids (Messina, 2016).

1.3.2 Lupin

Lupin is a high protein legume, that has been cultivated for more than 6000 years
(Schindler et al., 2011). It is primarily grown in Western Australia (80%), with only 4% of
all Lupin grown globally used for human consumption (Belski et al., 2011). Lupin seed’s
protein content is found to be around 32.2-42.0 g/ 100 g-1 (dry basis), depending on the
species of Lupin used (Roy et al., 2010). The overall amino acid profile is of Lupin is not
complete with their being a shortage of sulphur containing amino acids such as cysteine
and methionine (da Silva et al., 2011). Depending on the species, the Lipid content is said

to be around 5.5-13.0 g/ 100-1 (Fleetwood, 1982). Due to recent publications finding that
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it has anti-hypersensitive anti-dyslipidaemic, anti-diabetic and cardiovascular bené€fits, it
is now considered as a functional food source (Sirtori et al., 2004, Sirtori et al., 2005,
Marchesi et al., 2008). It is found that the low cost of Lupin compared to the Soy, as well
as the comparable protein contents between the two, have allowed for increase interest

within Lupin (Johnson, 2017)

1.4 Manipulation of plant based proteins into meat alternatives

1.4.1 Tempeh

Tempeh is a fermented soybean originating from Indonesia, it is commonly fermented
using the bacteria Rhizopus Spp (Nakajima et al., 2005). Despite being a high protein
yielding food, tempeh consumption is often associated with the lower class in Indonesia.
The common misconception may be as a result of the price. Tempeh is a considerably
versatile food stuff, as it can be eaten as a snack or a complementary protein source to a
meal, a sauce, or be used tempeh barbeque (sate tempeh). It is found that frying Is the
general cooking method of Tempeh (Karyadi and Lukito, 1996). Tempeh is a traditional
product originated from Indonesia, tempeh is produced from a fermentation process in
which the soybean is inoculated in Rhizopus Oligoporous bacteria in order to form a
cakelike product (Handoyo and Morita, 2006). This fermentation process increases the

bioavailability of a number of nutrients when compared to the unfermented soybean

(Jauhari et al., 2013) including conversion of glycosides to aglycones (Kuligowski et al.,
2017), lipids into fatty acids (Ruiz-Teran and David Owens, 1996) and oxidation occurring
between iron (II) to iron (III) (Tawali and Schwedt, 1998). Previously it was stated that
there were three main steps in tempeh, which were soaking, boiling and fermenting (M.,
1992). However it was lately corrected that there are actually nine steps (soaking,
dehulling, washing, boiling, draining, cooling, inoculating (with Rhizopus spp), packaging,

and then incubating). First of all the dehydrated soybeans are left to soak in clear water
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for around 24 hours. After that are they are dehulled, this can be done manually or with
the aid of machinery. The dehulled beans are then boiled for around 30 minutes and then
left to dry, in which they are left to subside to around 25 degrees. Once cooled to a suitable
temperature. the bacterium, Rhizopus Spp is added to the soybean, mixed, and then
transferred over to perforated bag for fermentation allowing to take place. The
fermentation phase allows conformational changes within the soybean that will improve
taste, nutritional bioavailability, and texture. Enzymes within the bacteria Rhizopus Spp
will digest the macro nutrients to more digestible products. For example soy contains
stachyose and raffinose, these complex sugars that cause flatulence will be broken down
into more bioavailable products. Also in the fermentation phase, the phytates that are
usually associated with inhibiting mineral absorption are destroyed, thus improving
bioavailability. There is an improved vitamin B content, post fermentation which improves
chemical and functional properties of the product (Furlan Bavia et al., 2012). It is also
found that there is an increased aglycones content, due to the fact in fermentation there
is the presence of PBglycosidase which breakdown B-glycosides to the active form
(aglycones). After the fermentation phase, the bag is then left at around 27-30 degrees,
with 75-75% relative humidity for around two days of incubation. Once incubated, the
tempeh should have a white cake-like mould to it (Ahnan-Winarno et al., 2021). Tempeh’s
popularity is ever increasing, due to the fact that it is simple to produce, inexpensive, and
has a range of beneficial nutritional properties (Jauhari et al., 2013). For example, it is
found that the bioavailability in the amino acid content of tempeh is said to be around 310
times greater than that of its precursor, soybean (Hwa L. Wang, 1968). On top of this it
has a high proportion of BCAA (isoleucine, leucine and valine), which are commonly used
to aid protein synthesis in respiring muscles (HERMANA, 2001). Due to the high amino
acid and protein profile of tempeh, it has been found to have cholesterol-lowering
properties, and therefore reduce the risk of a myocardial infarction (Kao and Chen, 2006,

Cederroth and Nef, 2009, Wang et al., 2013). Besides the amino acid content, tempeh is
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primarily known for having a large isoflavone capacity, therefore can be associated as
having anti-cancer and antioxidant properties which are beneficial to human health

(Veldman et al., 2001, Kao et al., 2007, Messina, 2010).
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Figure 1.4 The variation in tempeh processing methods (Ahnan-Winarno et al.,

2021).

1.4.2 Tofu

Tofu is a food stuff that comes from soy. It is produced by using the condensed version of
Soymilk to create compact blocks. Tofu like tempeh, can be used in a range of recipes,

the preparation cooking method of Tofu is often frying, boiling or steaming (Eze et al.,
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2018). Prior to soaking Soybean hulls are removed, removing the hulls actually decreases
the beany flavour as well as improving colour (Kang, 2014). Once the beans have been
soaked for around 10 hours at 22 degrees, they are then ground into a slurry and cooked
for 5 minutes at 100 degrees (T McHugh, 2016). The soy milk is then filtered from the
solid soy product through centrifugation and left to coagulate. Finally the tofu is pressed
and pasteurised in order to extend shelf life. Tofu is found to have all the nine essential
amino acids as well as an abundance of micronutrients including iron, copper, zinc,
magnesium, vitamin Bs and phosphorus (Petre, 2017, J., 2017). Tofu contains vast
amounts of isoflavones which can be useful when protected against inflamed blood vessels
(Beavers et al., 2010). In terms of other non-nutritional aspects, Tofu contains a lot of
antioxidant properties which will to defend against the risk of heart disease and some

cancers (J., 2017).

1.5 Sustainable diet

A sustainable diet is defined as “a diet comprised of foods brought to the market with
production processes that have little environmental impact, is protective and respectful of
biodiversity and of ecosystems, and is nutritionally adequate, safe, healthy, culturally
acceptable, and economically affordable” (Pimentel and Pimentel, 2003, Aleksandrowicz
etal., 2016, Chai et al., 2019). This would usually be heavily related to a vegetarian/vegan
diet. However it is found that only about 22% of the world are vegetarian. It is found that
conversion to a vegetarian diet maybe associated with many cultural, social, and
psychological issues (Schmidt and Mouritsen, 2020). On top of this human evolution has
been conditioned to an Unami flavour which is generally related to animal-meat products
(Wrangham, 2010). In order to slowly reduce animal-meat consumption, initiatives such
as meat-free Mondays, and Veganuary have been proposed. These initiatives will hopefully

cause people to consume a sustainable diet, in an accordance with the estimations and
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research from EAT-Lancet report. The report states a sustainable diet will include ones
high in fruit, legumes, whole grains, unsaturated fats, and most importantly vegetables,
coinciding with diets low in artificial sugars, starchy vegetables, red meat, and processed
products (Willett et al., 2019). With these recommendations, there is a possibility that the
United Nations Sustainable Development goals will be met by 2050, as long as drastic
changes are made ((UN), 2019). A possible solution to meet the development goals and
combat the exponential growth in the production of animal protein (H. Steinfeld, 2006), is
to use alternative protein sources. The hope is these alternative plant protein sources
could replace animal-based proteins, in a way that is environmentally friendly, mitigate

global warming and treat malnutrition (F. Wild, 2014).

1.6 Aims and objectives

Soybean is one of the main plant protein sources used globally, it has been heavily
researched and is found to have a much greater nutritional composition compared to that
of other plant proteins (Ju, 1985). Soy’s adaptability to act as the precursor to tofu and
tempeh have made it a popular product in western populations and is becoming more
popular in the United States (H.L, 1984, DEY, 2017). However the demand on importing
soybean has lead to huge environmental costs, thus there has been an increase in trying
to find alternative legumes which are more cost effective, but still able to create
commercially favourable products similar to Tofu and soy Tempeh. One of the plant protein

sources with the most potential is that of Lupin.

Lupin is a native European legume and has been used in food and livestock for more than
3000 years (Wasche et al., 2001). Lupin has recently been noted as a functional food due
to its high protein content and amino acid capacity (Wickramasinghe, 2017, Abeshu,
2017). The protein content and functional nutritional properties of Lupin are similar to that
of

Soybean (Johnson et al., 2007) (JAYASENA, 2004) but has a lower fat content (KYLE,
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1994). Furthermore is half the price of Soy (Jayasena et al., 2010)(Jayasena et al.,
2010)and can be manipulated to produce tofu and tempeh (Wickramasinghe, 2017) .

Therefore has the potential to be a more environmental and economical alternative to soy.

Here we evaluated whether Lupin could be a potential alternative plant based protein to
Soy by assessing the nutritional composition (energy, fat, protein) and branch chain amino
acid (isoleucine, leucine and valine) content. We are focusing on the BCAA content because
of the impact these amino acids have on stimulating anabolism in the muscles (Kobayashi
et al., 2006). Furthermore, as Tempeh and Tofu are generally consumed following cooking,

we assessed whether steaming and frying can influence the composition.

1.6.1 Objectives

1. Perform a proximal analysis on lupin and soy in different preparation methods.

2. Proximal analysis including fat content, energy content, protein content and BCAA
content.

3. Describe the differences how and why different preparation methods influence the
nutritional profile of the product.

4. Determine whether lupin is a suitable replacement for soy in terms of different
processing methods.

Determine whether the BCAA content of both the products is suitable for a
recreational athlete.
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2. Methods

2.1 Materials

Raw soybean, Lupin and tempeh were gifted from BetterNatureUK. Tofu was sourced from
The Tofoo Co Naked Tofu. All chemicals were petroleum ether (Fisher, UK), Benzoic acid
(Parr USA), Aspartic acid (Fisher, UK). Deionised water (prepared in-house), Hydrogen
peroxide, 30 % w/v, AR, (Fisher, UK) Formic acid, 98-100%, AR (Fisher, UK) Phenol, SLR
(Fisher, UK) Sodium metabisulphite, AR, (Fisher, UK), Hydrochloric acid, S.G.1.18, AR,
(Fisher, UK), Ammonium Formate (Fisher, UK), Cell Free Amino Acid Mixture - 13C,15N

(Sigma-Aldrich, USA).

2.2 Preparation of material

2.2.1 Soaking

Raw soy and raw lupin (100g) was placed into a container and then filled with 300ml of
clean, cold water and left to soak for 24 hours. Soaked beans were drained using a sieve

to remove the hulls and weighed in order to calculate water uptake.

2.2.2 Boiling

It has been found among legumes that boiling can have significant effects on the nutritional
composition (Ertas and Bilgicli, 2012). The soaked beans were placed into a pan filled with
1500ml of water at 1500C for 30 minutes. Once boiled the beans were drained, cooled,

and weighed again.

2.2.3 Frying
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The tofu and tempeh were cut into 100g blocks before being fried in 10ml of preheated
sunflower oil for 5 minutes on heat level 7. The product was then transferred to a plate to

cool down prior to being weighed.

2.3 Nutritional composition

Proximate analysis was performed on the lupin and soy products, the samples comprised
of Raw lupin (RL), Raw Soy (RS), Raw Lupin Boiled (RLB), Raw Soy Boiled (RSB), Lupin
Tempeh (LT), Soy Tempeh (ST), Lupin Tempeh Fried (LTF), Soy Tempeh Fried (STF), RT

(Raw Tofu), Raw Tofu Fried (RTF).

2.3.1 Water content

Cooled samples were weighed, transferred to an aluminium foil catering tray and fitted
with a lid. Samples were placed in -200C for 24 hours and then in -800C for 12 hours,
prior to being put in a freeze dryer (Christ gamma LSC1-16+ (Christ, Germany)) to remove
all moisture for 48-72 hours, until sample weight was stable. The samples were weighed,

labelled, and then milled for further analysis.

2.3.2 Energy content

The Parr™ Automatic isoperbol calorimeter (RS Components, UK) was used to determine
gross energy (MJ/Kg) for the samples. To do this 1-2g of sample was weighed in a crucible,
compressed and placed in the bomb head with the ignition wire attached, the oxygen and
nitrogen gas cylinders pressures set to approximately 450psi and 80psi respectively, and
run using the set programme. Benzoic acid tablets (26.454MJ/Kg) were used as quality
control.

2.3.3 Lipid content
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Lipid content was measured using soxhlet method using Gerhardt Soextherm (Gerhardt,
Germany). For this 1g of sample was enclosed in filter paper prior to being placed in a
cellulose thimble; cotton wool was placed on top to keep contents contained. The soxhlet
cellulose thimbles were placed into oven dried glass jars (type), with 3 boiling stones, and
weighed (Flaska). The solvent petroleum ether (140ml) was then poured into the jars and
boiled at 150°C for 30 minutes for 2-3 hours until that. solvent level is reduced below
thimble. The lipid content is extracted by the refluxing the solvent back into the beaker
and the thimbles are removed. The solvent is then condensed by placing the jars into the
oven at 103°C for 1 hour, cooled and weighed (Flasks). The lipid percentage was calculated

by using the equation: (weight of Flaska - weight of Flasks) / sample weight) * 100.

2.3.4 Total protein content

Protein content was collected using the Flash EA1112 (Thermo Scientific - USA). 50mg of
sample, standards (aspartic acid), QCs (quality control) (aspartic acid) and blanks (0mg)
were weighed into foil capsules before being placed in the auto sampler. The Eager
Xperience software was used to run the samples under the following conditions; furnace
temperatures were set to 900°C and 680°C, respectively, gas flows to 140ml/min (carrier
- helium) and 100mI/min (reference - oxygen). The filament on the thermal conductivity
detector was set at 1,000uV. Samples were loaded, including bypass, blanks, standards
and quality control. Protein concentration was calculated by multiplying the nitrogen
concentration by 6.25 (as the nitrogen content of protein is found to be 16%). The bypass
was used to determine the location of the nitrogen peak and the blanks and standards
were used to create a standard curve. QCs were compared to expected values of 10.52%
nitrogen.

2.3.5 Amino acid

The composition of amino acids in the samples was determined by Liquid chromatography
triple quad mass spectrometer (LCMSMS), (Thermo Fisher Vanquish and Altis — USA).
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50mg (£10%) of sample was weighed into a glass vial. Samples were then chilled at -20C
for 1 hour before adding 2.5ml of chilled oxidation solution and then returned to the fridge
for 16-18h. Post oxidation, each sample is removed from fridge and 0.42g of sodium
metabisulphite added (to decompose and additional oxidation reagent). 2.5ml 12M HCI
(hydrochloric acid) and 0.5 ml of hydrolysis reagent (6M HCl with 1% Phenol) was added
to each sample. Samples are crimped and put in the oven at 1100C for 24 hours. Post
hydrolysis, samples were cooled, transferred to 50ml tubes and rinsed with ammonium
formate buffer (pH2.8, 20mM). Samples were gently swirled and 4M ammonium formate
and formic acid was added to adjust to pH2.8. The tubes were topped up to 50ml with
ammonium formate buffer (pH2.8, 20mM). Samples were then centrifuged 3000 rpm for
10 minutes, and then the supernatant passed through a 0.22 um filter into a HPLC (high
performance liquid chromatography) vial. 200ul of internal standard, 150ul of buffer, 50ul

from sample vial. Go on auto sampler in LCMSMS.

3. Results

3.1 Do preparation and cooking effect the nutritional content of Lupin and Soy

3.1.1 Assessment of energy content

We observed that boiling raw lupin or soy resulted in a reduction in the amount of energy
by 71.06% and 60.34% respectively (Energy (kcal/100g): RL 456.0 £ 1.0 to RLB: 131 +
1.8; RS, 534.6 £ 1.2, RSB: 212.0 £ 1.3, P<0.0001 raw vs. boiled, Figure 3.1).
Interestingly fermentation of RLB led to a significant increase in energy content (165.7 +
3.6, P < 0.001 vs. raw boiled, Figure 3.1A), while fermentation of the RSB further reduced
the energy content (173.9 £ 1.6, P < 0.001 vs raw boiled, Figure 3.1B). While the
fermentation of the proteins significantly increased fat content in both protein sources (LTF:
268.48+0.97kcal/100g, STF: 324.44 = 2.80 kcal/100g (Figure 3.1B). However when
compared to the raw product both of them were significantly lower (p <0.0001; figure

3.1).
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Figure 3.1. Cooking and preparation effects Energy content of Lupin and Soy. The energy
(kcal/100g) of Lupin bean (A) and Soybean (B) under different preparation (boiling, fermentation
and frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a”
“b” “c” and “d” indicate significance.

3.1.2 Assessment of fat content

We observed that boiling RL or RS resulted in a reduction in the amount of fat by 65% and
54%% respectively, (fat (g/100g): RS: 15.8 £ 0.56, RSB: 7.3 £0.1, RL 10.2 £ 0.5, RLB 3.5
+ 0.1, p < 0.0001 raw vs. boiled; Figure 3.3). Fermentation did not further reduce fat
content in RLB (fermented fat (g/100g): 4.8 £ 0.4; p= ns. vs raw boiled, Figure 3.2A,
however fermentation of RSB further reduced the fat content (fermented fat (g/100: soy
5.70 £ 0.13, P < 0.0001 vs raw boiled, Figure 3.2B). Finally, we observed a significant
increase in the fat content following the frying of the LT, not only higher than the
fermented but also higher than the RL (11.68 + 0.95g/100g and respectively p < 0.0001
vs. fermented, p < 0.0001 raw boiled and p < 0.0001 vs. raw figure 3.2A). Whereas in
STF was significantly higher vs ST and vs RSB, however was significantly lower vs RS

(Figure 3.2B).
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Figure 3.2. Cooking and preparation effects Fat content of Lupin and Soy. The fat
(g/100g) of Lupin bean (A) and Soybean (B) under different preparation (boiling, fermentation
and frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a”

“b” “c” and “d” indicate significance.

3.1.3 Assessment of protein content

We observed that protein content was reduced following all types of processing (boiling
and fermenting) in both proteins when compared to the raw content (Protein content
(g/100g): RL: 37.3 £ 0.4, RLB 12.2 0.1, LT 16.3 £ 0.7, LTF 20.2 £+ 0.2; p < 0.001 vs.
raw; RS: 39.6 £ 0.8 RSB 16.2 £ 0.3, ST 18.3 £0.3, STF 26.1 £ 0.3, p < 0.001; Figure

3.3). Interestingly fermenting the RLB and RSB led to an increase in protein content by

34.15% and 12.74% (p < 0.001), which was further enhanced by 23.32% and 42.05%

frying in both LT and ST respectively (P < 0.001; Figure 3.3)
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Figure 3.3. Cooking and preparation effects Protein content of Lupin and Soy. The
protein (g/100g) of Lupin bean (A) and Soybean (B) under different preparation (boiling,

fermentation and frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001.
Data letter "a” “b” “c¢” and “d” indicate significance.

3.1.4 Assessment of BCAA
3.1.4.1 Isoleucine content

We found that isoleucine content of RL and RS was significantly decreased following boiling
(RL: 1.73+0.14g/100g to RLB: 0.47+0.06g/100g (Figure 3.4A) and RS: 1.80+0.20g/100g
to RSB: 0.85+.011g/100g, P <0.0001), but fermentation of RLB significantly increased
the levels of isoleucine while fermentation of RSB increased isoleucine levels (isoleucine
levels: LT 0.79+£0.01g/100g; P < 0.001 vs. RL; ST 0.77+£0.04g/100g, P < 0.001 vs. RL;
Figure 3.4 (P <0.0001) to Interestingly frying the fermented product had no effect on the
isoleucine content of LT but significantly increased the protein content in ST (LTF:

0.79£0.03g/100g, p = ns. vs. LT, STF 1.08+.0.10g/100g, p < 0.0001 vs ST; Figure 3.4)
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Figure 3.4. Cooking and preparation effects Isoleucine content of Lupin and Soy. The
isoleucine (g/100g) of Lupin bean (A) and Soybean (B) under different preparation (boiling,
fermentation and frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001.
Data letter "a” "b” and “c” indicate significance.

3.1.4.2 Leucine content

It was found when the protein source is from raw to boiled there is a decrease in leucine
content. In RL: 2.61 £ 0.35g/100g, RLB: 0.75 £ 0.08g/100g p < 0.0001 raw vs boiled. In
RS: 2.8 £ 0.26g/100g, RSB: 1.38 + 0.13g/100g. When the products were fermented it
was found that the p= ns. boiled product vs fermented, the Lupin value increased to 1.21
+ 0.02g/100g, whereas the soy value actually decreased to 1.13 £+ 0.09g/100g. There
were conflicting results when the fermented protein sources were fried as in LTF (1.19 +

0.09g/100g there was p= ns. Fermented vs fermented fried (figure 3.5A), but for Soy
(1.66 £ 0.16g/100g) it was p <0.0001 fermented vs fermented fried (figure 3.5B). It was

found that for both products that the raw was significantly higher than the fermented fried

(P<0.0001).
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Figure 3.5. Cooking and preparation effects Leucine content of Lupin and Soy. The
leucine (g/100g) of Lupin bean (A) and Soybean (B) under different preparation (boiling,
fermentation and frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001.

w

Data letter “a” “b” and “c” indicate significance.

3.1.4.3 Valine content

The highest valine came from the RL and RS with 1.65 + 0.36g/100g and 2 + 0.27,

respectively (Figure 3.6). The valine content dropped significantly in Lupin and Soy to 0.48
+ 0.06g/100g and 0.94 = 0.16g/100g, both p < 0.0001 raw vs boiled. It was also found
that there was p = ns. Raw boiled vs fermented vs fermented fried, for both protein
sources (Figure 3.6). Although there was p= ns found between the rest of the results it
was interesting to see the conflicting valine contents. LT valine content increased to 0.78
£+ 0.01 g/100g, whereas the soy decreased to 0.8 £ 0.04g/100g. As for frying the
fermented product, both valine contents increased, however there a much greater increase
found in STF 1.15 £ 0.1g/100g (Figure 3.7B), compared to LTF 0.8 £ 0.05g/100g (Figure

3.6A).
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Figure 3.6. Cooking and preparation effects Valine content of Lupin and Soy. The valine
(g/100g) of Lupin bean (A) and Soybean (B) under different preparation (boiling, fermentation
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and frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a
“b” indicate significance.

3.2 How does cooking effect the nutritional content of fermented soy and lupin when
compared to soy tofu.

3.2.1 Assessment of energy content

It was found that soy had the highest energy content to the other proteins sources when
fermented 173.86+1.55kcal/100g or fermented fried 324.44+2.8, these were found to be
significant to each other p <0.0001 fermented vs fermented fried. As well as being
significant to all of the other protein sources whether fermented or fried (Figure 3.7). The
tofu was found to have the lowest energy content compared to the other protein sources
when either fermented: 132.24 + 2.79kcal/100g or fermented fried: 227.44 £ 1.86. With
regards to tofu it was also found p <0.0001 fermented vs fermented fried, there was also
significant difference found with both protein sources (Figure 3.7). Meaning that lupin was
found to be significant to all other the protein sources P <0.0001, as well as being

significantly different when fried, P <0.0001 fermented vs fermented fried. LT fermented

33



energy content was close to that of ST with 165.68 + 3.56 kcal/100g, however post frying

it showed a greater difference with 268.48 £ 0.97 kcal/100g (Figure 3.7).
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Figure 3.7. Cooking and preparation effects Energy content of Lupin, Soy and Tofu. The
energy (kcal/100g) of Lupin bean, Soy and Tofu under different preparation ( fermentation and
frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a” “b”
“c” “d”“e” and “f” indicate significance.

3.2.2 Assessment of fat content

It was found that all of the fermented protein sources were significant to each other P<

0.0001, with RT having the highest fat content 7.24 + 0.28g/100g, followed by ST 5.70 %
0.13g/100g and then LT having the lowest content with 4.8 £ 0.4g/100g (Figure 3.8). All
of the fermented protein sources were P <0.0001 fermented vs fermented fried, to their
counterpart. In the fermented fried results, although STF had the highest fat content with
16.98 £ 0.7g/100g, it was p = ns. STF vs RTF, with tofu fat content being slightly less
with 13.69 + 0.05g/100g. As for the LTF, this was significant to both STF and RTF, as well

as having the lowest fat content with 11.68 + 0.95g/100g (figure 3.8)
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Figure 3.8. Cooking and preparation effects Fat content of Lupin, Soy and Tofu. The fat
(g/100g) of Lupin bean, Soy and tofu under different preparation (fermentation and frying).
Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a” “b” “c¢” “d”
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and “e” indicate significance.

3.2.3 Assessment of protein content

The results observed in Figure 3.10 show that soy had the highest protein when fermented:
18.31 £ 0.26g/100g, as well as when fermented fried: 26.01 £ 0.32g/100g. These results
were also found to be significantly different from one another P <0.0001 fermented vs
fermented fried. Lupin followed this trend, as there was an increase from LT content: 16.34
+ 0.66g/100g to LTF: 20.16 £ 0.22g/100g, with P<0.0001 fermented vs fermented fried.
The LT value was seen to be similar to that of RTF: 15.59 + 0.19g/100g, however there
was no significance found, p = ns, RTF vs LT. Whereas the RTF was found to be significant

P<0.0001 vs RT protein content: 13.06g/100g = 0.17g/100g (Figure 9).
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Figure 3.9. Cooking and preparation effects Protein content of Lupin, Soy and Tofu. The
protein (g/100g) of Lupin bean, Soy and tofu under different preparation ( fermentation and
frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a” “b”
“c¢” “d” and “e” indicate significance.

3.2.4 Assessment of BCAA

3.2.4.1 Isoleucine content

When looking into the isoleucine content of LT, ST, RT, it was found that there was no
significance between them p =ns. Fermented lupin vs fermented soy vs tofu (Figure 3.10).
The RT had the highest isoleucine content 0.85 £ 0.07g/100g, followed by LT 0.79 +
0.01g/100g and then ST with 0.77 £ 0.04g/100g. Although ST had the lowest isoleucine
content, when fried it increased significantly to 1.08 £ 0.10g/100g. This was not only
P<0.0001 vs ST, but also significant compared to the other protein sources. As for LT
and RT, there were marginal differences when fried, showing LTF with 0.79 +
0.03g/100g and RTF with 0.79 + 0.01g/100g, respectively, due to the low changes it

was found there was p =ns. Between its own counterpart (Figure 3.10).
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Figure 3.10. Cooking and preparation effects Isoleucine content of Lupin, Soy and Tofu.
The Isoleucine (g/100g) of Lupin bean, Soy and tofu under different preparation ( fermentation
and frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a”
and “b” indicate significance.

3.2.4.2 Assessment of leucine content

Similar to the isoleucine graph, it was found that the leucine values of the fermented
protein sources showed p =ns (Figure 3.11). As well as RT leucine value being the highest
for fermented 1.35 £ 0.06g/100g, and then losing leucine content after frying to 1.26 =
0.04g/100g, p =ns. RT vs RTF. The RTF along with the LTF (1.19 £ 0.09g/100g), was
found to be significantly different P <0.0001 vs the STF (1.66 £+ 0.16g/100g). Although
the STF value was the highest, it was observed that the ST had the lowest value out of all
the protein sources with 1.13 £ 0.09g/100g, this was also significant p<0.0001 STF vs
ST. Despite being the lowest it was not significant to the other values, including lupin with

1.21 + 0.02g/100g (Figure 3.12).
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Figure 3.11. Cooking and preparation effects Leucine content of Lupin, Soy and Tofu. The
Leucine (g/100g) of Lupin bean, Soy and tofu under different preparation ( fermentation and
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frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a” and
“b” indicate significance.

3.2.5 Valine content

Figure 3.12 shows that in the fermented results, the highest valine contents come from
the RT with 0.87 £ 0.02g/100g, followed by ST with 0.8 £ 0.04g/100g and then LT with
0.78 £ 0.01 g/100g. These results all showed p =ns. Post frying the greatest increase
came from the STF, as the valine value went to 1.15 + 0.1g/100g, this also showed
significance between p <0.0001 vs ST, as well as the other protein sources. Despite there
being p =ns. Between the counterparts of fermented vs fermented fried in lupin and tofu,
conflicting results were shown. As after frying, the valine content in lupin increased slightly
to 0.8 £ 0.05/100g, whereas in tofu there was a decrease to 0.83 £ 0.01 when fried

(Figure 3.12).
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Figure 3.12. Cooking and preparation effects Valine content of Lupin, Soy and Tofu. The
Valine (g/100g) of Lupin bean, Soy and tofu under different preparation (fermentation and
frying). Values are group mean +SEM, n = 3. Effect of treatment p<0.0001. Data letter “a” and
“b” indicate significance.

4. Discussion

In this study we observed how different preparation methods affect the nutritional quality
of the products tested, by observing a range of preparation techniques such as boiling,
fermentation and frying. It was found overall that the boiling method had a detrimental
effect on the nutritional profile, a potential reason for this could be the water content of
the product increasing thus decreasing the contents of other nutritional products. Whereas
the fermented had conflicting results on the lupin and soy. Besides the protein content,
the Soy actually decreased in every proximal analysis test, where as the Lupin actually
increased significantly in all besides leucine and valine. When frying, the ST, LT and RT all
significantly increase in the energy, fat and protein department, however it was found that
only the ST increased significantly when fried with regards to the BCAA content. Precooked
the tofu was found to have a lower energy and protein content to that of the tempeh,

whereas it had a significantly higher fat content. On top of this, it was found that the pre-
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cooked BCAA content was similar to that of the other two tempeh products, however when

fried it was significantly less than the STC.

Do preparation and cooking alter the nutrient content of soy or lupin?

4.1.1. Boiling

We found that raw soybean had a higher energy content, lower fat content and comparable
protein content when compared to raw lupin, but boiling lead to a reduction in these by
60-70%, with a greater reduction observed in lupin. Unfortunately boiling is necessary for
most legumes to improve the palatability as well as protein digestibility by the elimination
of many anti-nutritional factors that are heat-labile (Chau et al., 1997). There are a
number of reasons for the difference between the two proteins; it is well known that Lupin
contains a greater amount of carbohydrates(40.2/100g > 30.2/100g (Data, 2021)) which
is greatly affected in boiling as there is a rupturing of the carbohydrate molecule and then
amylolysis occurs (Jood et al., 1988) and this increase in water absorption by lupin
replaces the fat and protein content (Fabbri and Crosby, 2016). Interestingly while the
results we obtained were in line with others for soybean protein (Abeshu, 2017, Ertas and
Bilgicli, 2012) but differed for lupin, in which no significant differences were observed
(Niyibituronsa et al., 2019). Many results have shown that the boiling process can decrease
protein content, possibly due to the high temperatures leading to denaturation of the
protein structure and amino acid dissolving into the surrounding water, thus leading to
amino acid extraction within the protein source (Venugopal, 2006) (Ertas and Bilgicli, 2012)
(Barampama, 1995). Our results were no different, the BCAA levels were reduced in both
proteins however the reduction was greater in lupin than soy by almost 20%. A reason for
this could be that there was a greater amount of water absorbed in the lupin compared to

soy, therefore hydrolysis could have a occurred at a greater rate.
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4.1.2. Fermenting

The fermentation process showed conflicting results between the two protein sources. For
example it was found that the Energy and Fat content increase by around 25-29% in the
Lupin. A reason for the increased Energy and Fat content increasing in the Lupin could be
because the content of free sugars, polysaccharides and oligosaccharides all decreasing in
fermentation, thus fat content prevailing (N. Fudiyansyah, 1995). The fat content
increasing was found to not be consistent with results from (Wickramasinghe, 2017) as
they found fat content actually decreased. A reason for this could be that the fermentation

experiment was not actually carried out in this experiment.

However decreased by around 17-22% in the Soybean for Energy and Fat content. This
could be because the rhizoprous oligoporous uses, linoleic acid, palmitic acid, stearic acid
in fermentation as energy for the mould (Astuti et al., 2000). The results from this paper
are consistent with papers online as it found that post-fermentation in tempeh, that the

lipid content is to have been reduced by around 25% (Murata et al., 1967).

When fermented protein levels significantly increased in both protein sources, which is
consistent from (Wickramasinghe, 2017), which also stated that significant increases were
shown in their lupin tempeh. It is found that the proximate composition is unchanged in
fermentation however protein percentage increase occurs because of carbohydrate levels
reducing. This is as a result of the carbohydrate being broken down for energy in order for

the fermentation reaction to occur (Sarkar, 1993).

Despite both protein sources significantly increasing, when looking into the BCAA there
were again conflicting results. Overall it was found the Lupin performed better than the
Soy. For example the Branch chain amino acid content of the Lupin was found to increase
around 60-70%, which is similar to results found from (Handoyo and Morita, 2006).
Whereas for Soy it was found to actually decrease around 9-19%, with greatest decrease

found in leucine. The decrease in contents for Soy was of interest considering you would
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expect all the amino acids to increase post fermentation because Rhizoporous oligoporous
would hydrolyse the large polypeptides into small more bioavailable amino acids
(Sparringa and Owens, 1999). On top of this the fermentation process increases the
protein digestibility corrected amino acid score (PDCAAS), and protein efficiency ratio

(PER), and a number of amino acids, including Isoleucine, leucine and valine (ReyesMoreno

et al., 2004, Handoyo et al., 2006).

4.1.3. Frying

In order to increase palatability, as well as to kill off bacteria, frying is a common
preparation method used among tempeh and tofu. It was found that there were all
significant increases within the Energy, Fat and Protein content of the three protein
sources used. However it was seen that the Soy had the greatest increase of nutritional
content followed by Lupin and then Tofu. The fat content significantly increase within all
three protein sources was not surprising because foods of plant origin are more water
and less fat. Therefore the oil absorbed into intracellular space filled with air, due to
evaporated water, leading to a greater fat absorption (Fillion and Henry, 1998, Ghidurus
et al., 2010). A bi-product of increased fat absorption is increased energy content (Fillion
and Henry, 1998). Despite having the lowest percentage increase in fat absorption, it
was found that out of the protein sources, tofu had the highest lipid content pre-fried.
This was expected as it is found to have a high source of omega-3, omega-3 fatty acids
are beneficial to the diet as they provide energy as well as aiding recovery (Simopoulos,

2007) (Adams, 2017a).

Post-frying the protein content within the protein sources increased from around 1743%.
Which is conflicting with previous papers, as this high temperature cooking method is
expected to decrease the nutritional content and antioxidant capacity (Setiawan, 2016).

As high temperature frying will allow the oil in frying will occupy any free gaps left by
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the evaporating water (Damanik et al., 2018). These thermally conducted oil molecules,
will have staggering effects on the protein. Although protein breakdown usually
increases protein digestibility, as it is being broken down into amino acids which are
easier to assimilate into the body (Afifah et al., 2019), temperatures over 100 degrees
will cause the protein and amino acid to denature and no longer be a functional soluble
protein (Zakaria, 2015, Sbroggio et al., 2016). This is as a result of the frying method
causing a maillard reaction within the tempeh matrix, causing crosslinking within the
protein substrate binding site, resulting in conformation and therefore leading to

inhibition of complementary enzyme (S. Sulthoniyah, 2013).

Yet it was found in one paper that the Tofu protein content increased by 87.87% (Dina
and Ghadir, 2019). Reasons for this could be because of different frying methods,
different variations of tofu and ingredients used. On top of this you would expect the
protein percentage of tofu to increase because of the high water content within the tofu
decreasing therefore allowing the protein to prevail (Dina and Ghadir, 2019). This is
what could have been occurring in the paper.

It was found that the amino acids in Soy all significantly increased from around 41-47%.
This is conflicting with results from (Afifah, 2019), which found there to be decreases
around 69-71% in soy tempeh fried. As mentioned before, decreases are expected due
to the high temperature method causing irreversible denaturing of the amino acid
meaning it can no longer be considered as functional for absorption (Damanik et al.,
2018). On top of this, these results were completely conflicting with lupin tempeh and
tofu which found marginal changes within all three amino acids, which showed no

significance.

Decreases in Tofu’s isoleucine, leucine and valine in this paper were found to be
0.06g/100g, 0.09g/100g and 0.04/100g, respectively. When comparing results to that of
(Dina and Ghadir, 2019), it was found that the isoleucine was consistent with,
0.06g/100g, however leucine and valine showed a much greater decrease of 0.53g/100g

and 0.14g/100g.
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4.1 Limitations

The first limitation was that the lupin tofu was not performed as this would have allowed
for a greater comparison when comparing the full nutritional profile of all three products.
Another area was that the processing methods of the tofu and tempeh was not actually
performed in the laboratory. As previously mentioned in the methods, the end products
were sourced from Better Nature and Tofoo, which lacked basic sample information (of
the precursors) regarding batch numbers. Since it is not known whether the end
products were produced from the same batch of precursors, inherent variation between
batches could not be accounted for in these results which included tempeh and tofu
product. Meaning that it is difficult to draw conclusions when going through the proximal
analysis techniques. Another area of limitation could be that the anti-nutrition profile
was not tested, as previously mentioned there are anti-nutritional content found in
plants reduce the bioavailability of protein. Therefore the results in this paper provide a
hypothetical protein content and not an accurate representation of the official
bioavailability.

4.2 Conclusion

While the use and consumption of plant-based protein is increasing, it is was importance
to assess how new products nutritional quality is affected among a range of preparation
methods. Frying and boiling are able to increase the palatability and acceptability.
However the high temperature methods are found to have irreversible effects on the
quantity of key nutrients. It was found that preparation method was also key as it was
found when Soy was transformed into tempeh and not tofu, the maintenance of

nutritional quality was better held.

For boiling it was found to be more suited towards an athlete when boiled compared to
the lupin because of it having a higher nutritional content in all areas assessed. For
fermenting process it was found that the lupin performed much better than the soy as

many of the nutritional markers increased. However as lupin is not consumed raw, it is
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hard to conclude these results. It would however be of interest to find a way of cooking
the lupin in order to maintain its fermented nutritional advantage of soy as a higher
nutritional profile (particularly BCAA) means it could ask as a potential replacement to
soy. As for frying, the soy tempeh performed best as all of the nutritional contents
tested was found to significantly increase, whereas within the lupin tempeh and tofu the
amino acid section was found to show no improvements. Therefore due to the high BCAA
contents found post frying in the soy tempeh, it could be seen that this would be the

most appropriate for the recreational athlete.

4.1.1 Future research

In future research it would be of interest to see how these different products act upon
muscle cell lines and measure the differentiation or to look at muscular hypertrophy
through a controlled diet. As this paper primarily focused on the quantity of the
nutritional profile of the product, as there could be mitigating factors that may affect the
digestibility of the product and therefore it would be interesting to see the true

digestibility of these products.

45



References

2020. What is Protein Absorption, and How is it Beneficial? [Online]. Available:
https://bc30probiotic.com/idea-center/expert-insight/# ftn2 [Accessed].

(UN), U. N. 2019. Sustainable Development Goals [Online]. Available:
https://www.un.org/sustainabledevelopment/sustainable-consumption-production/
[Accessed].

ABESHU, Y. 2017. Effect of Some Traditional Processing Methods on Nutritional Composition and
Alkaloid Content of Lupin Bean. Journal of Natural Sciences Research.

ADAMS, C. 2017a. Indigenous veganism feminist natives do eat tofu. The Scavenger.

ADAMS, C. 2017b. Indigenous Veganism: Feminist Natives do eat tofu. The Scavenger.

AFIFAH, D. N. 2019. Nutrition Content, Protein Quality, and Antioxidant Activity of Various Tempeh
Gembus Preparations. Journal of Food and Nutrition Research.

AFIFAH, D. N., NUGRAHANI, G., HASTUTI, V. N. & ARIFAN, F. 2019. The Characteristics of Kerupuk
Gembus. IOP Conf. Ser.: Earth Environ. Sci. Bristol: Bristol: IOP Publishing.

AHNAN-WINARNO, A. D., CORDEIRO, L., WINARNO, F. G., GIBBONS, J. & XIAO, H. 2021. Tempeh: A
semicentennial review on its health benefits, fermentation, safety, processing,
sustainability, and affordability. Comprehensive reviews in food science and food safety, 20,
1717-1767.

ALEKSANDROWICZ, L., GREEN, R., JOY, E. J. M., SMITH, P. & HAINES, A. 2016. The impacts of dietary
change on greenhouse gas emissions, land use, water use, and health: A systematic review.
PloS one, 11, e0165797.

ANTHONY, J. C., ANTHONY, T. G., KIMBALL, S. R. & JEFFERSON, L. S. 2001. Signaling pathways
involved in translational control of protein synthesis in skeletal muscle by leucine. The
Journal of nutrition, 131, 8565-860S.

ASTUTI, M., MELIALA, A., DALAIS, F. S. & WAHLQVIST, M. L. 2000. Tempe, a nutritious and healthy
food from Indonesia. Asia Pacific journal of clinical nutrition, 9, 322-325.

BARAMPAMA, Z., & SIMARD, R. E. 1995. Effect of soaking, cooking and fermentation on
composition, in vitro starch digestibility and nutritive value of common bean. Plant Food for
Human Nutrition.

BEAVERS, D. P., BEAVERS, K. M., MILLER, M., STAMEY, J. & MESSINA, M. J. 2010. Exposure to
isoflavone-containing soy products and endothelial function: A Bayesian meta-analysis of
randomized controlled trials. Nutrition, metabolism, and cardiovascular diseases, 22,
182191.

BELSKI, R., MORI, T. A., PUDDEY, I. B., SIPSAS, S., WOODMAN, R. J., ACKLAND, T. R., BEILIN, L. J.,
DOVE, E. R., CARLYON, N. B., JAYASEENA, V. & HODGSON, J. M. 2011. Effects of
lupinenriched foods on body composition and cardiovascular disease risk factors: a 12-
month randomized controlled weight loss trial. International Journal of Obesity, 35, 810-819.

BLOMSTRAND, E., ELIASSON, J., KARLSSONR, H. K. R. & KOHNKE, R. 2006. Branched-chain amino
acids activate key enzymes in protein synthesis after physical exercise. The Journal of
nutrition, 136, 269S-273S.

BOEREMA, A., PEETERS, A., SWOLFS, S., VANDEVENNE, F., JACOBS, S., STAES, J. & MEIRE, P. 2016.
Soybean trade: Balancing environmental and socio-economic impacts of an intercontinental
market. PloS one, 11, e0155222-e0155222.

BOIRIE, Y., DANGIN, M., GACHON, P., VASSON, M. P., MAUBOIS, J. L. & BEAUFRERE, B. 1997. Slow
and fast dietary proteins differently modulate postprandial protein accretion. Proceedings of
the National Academy of Sciences - PNAS, 94, 14930-14935.

BOS, C., METGES, C. C., GAUDICHON, C., PETZKE, K. J., PUEYO, M. E., MORENS, C., EVERWAND, J.,
BENAMOUZIG, R. & TOME, D. 2003. Postprandial kinetics of dietary amino acids are the

46



main determinant of their metabolism after soy or milk protein ingestion in humans. The
Journal of nutrition, 133, 1308-1315.

CARBONARO, M., MASELLI, P. & NUCARA, A. 2012. Relationship between digestibility and secondary
structure of raw and thermally treated legume proteins: a Fourier transform infrared (FT-IR)
spectroscopic study. Amino acids, 43,911-921.

CARBONE, J. W. & PASIAKOS, S. M. 2019. Dietary protein and muscle mass: Translating science to
application and health benefit. Nutrients, 11, 1136.

CEDERROTH, C. R. & NEF, S. 2009. Soy, phytoestrogens and metabolism: A review. Molecular and
cellular endocrinology, 304, 30-42.

CHAI, B. C., VAN DER VOORT, J. R., GROFELNIK, K., ELIASDOTTIR, H. G., KLOSS, I. & PEREZ-CUETO, F. J.
A. 2019. Which diet has the least environmental impact on our planet? A systematic review
of vegan, vegetarian and omnivorous diets. Sustainability (Basel, Switzerland), 11, 4110.

CHAU, C.-F., CHEUNG, P. C. K. & WONG, Y.-S. 1997. Effects of cooking on content of amino acids and
antinutrients in three Chinese indigenous legume seeds. Journal of the science of food and
agriculture, 75, 447-452.

CHOUCHENE, A., MICARD, V. & LULLIEN-PELLERIN, V. 2018. Evidence of a Synergistic Effect between
Pea Seed and Wheat Grain Endogenous Phytase Activities. Journal of agricultural and food
chemistry, 66, 12034-12041.

D’ODORICO, P., BHATTACHAN, A., DAVIS, K. F., RAVI, S. & RUNYAN, C. W. 2013. Global
desertification: Drivers and feedbacks. Advances in water resources, 51, 326-344.

DA SILVA, L. H., CELEGHINI, R. M. S. & CHANG, Y. K. 2011. Effect of the fermentation of whole
soybean flour on the conversion of isoflavones from glycosides to aglycones. Food
chemistry, 128, 640-644.

DAMANIK, R. N. S., PRATIWI, D. Y. W., WIDYASTUTI, N., RUSTANTI, N., ANJANI, G. & AFIFAH, D. N.
2018. Nutritional Composition Changes During Tempeh Gembus Processing. IOP Conf. Ser.:
Earth Environ. Sci. Bristol: Bristol: IOP Publishing.

DATA, N. 2021. Available: https://nutritiondata.self.com/ [Accessed].

DELIMARIS, I. 2013. Adverse Effects Associated with Protein Intake above the Recommended Dietary
Allowance for Adults. ISRN nutrition, 2013, 126929-6.

DEY, A. 2017. Tofu: technological and nutritional potential. Indian Food Industry Magazine.

DINA, A. & GHADIR, E.-C. 2019. NUTRITIONAL QUALITY, AMINO ACID PROFILES, PROTEIN
DIGESTIBILITY CORRECTED AMINO ACID SCORES AND ANTIOXIDANT PROPERTIES OF FRIED
TOFU AND SEITAN. Food and Environment Safety, 18, 176-190.

DUODU, K. G., TAYLOR, J. R. N., BELTON, P. S. & HAMAKER, B. R. 2003. Factors affecting sorghum
protein digestibility. Journal of Cereal Science, 38, 117-131.

ERTAS, N. & BILGICLI, N. 2012. Effect of different debittering processes on mineral and phytic acid
content of lupin (Lupinus albus L.) seeds. Journal of food science and technology, 51,
33483354.

EZE, N. M., OKWUMIE, U. G., ESEADI, C., UDENTA, E. A., ONYEKE, N. G., UGWU, E. N., AKUBUE, B. N.,
NJOKU, H. A. & EZEANWU, A. B. 2018. Acceptability and consumption of tofu as a meat
alternative among secondary school boarders in Enugu State, Nigeria Implications for
nutritional counseling and education. Medicine (Baltimore), 97, e13155-e13155.

F. WILD, M. C. 2014. The evolution of a plant-based alternative to meat. From niche markets to
widely accepted meat alternatives. Agro Food Industry Hi-tech.

FABBRI, A. D. T. & CROSBY, G. A. 2016. A review of the impact of preparation and cooking on the
nutritional quality of vegetables and legumes. International journal of gastronomy and food
science, 3, 2-11.

FAO 1991. Food and Agricultural Organization of the United Nations. FAO Food and Nutrition Paper
51: Protein Quality Evaluation: Report of a Joint FAO/WHO Expert Consultation.

47



FAO 2013. Dietary Protein Quality Evaluation in Human Nutrition. World Health Organization.

FEARNSIDE, P. M. 1999. Biodiversity as an environmental service in Brazil's Amazonian forests: risks,
value and conservation. Environmental conservation, 26, 305-321.

FILLION, L. & HENRY, C. J. K. 1998. Nutrient losses and gains during frying: a review. International
journal of food sciences and nutrition, 49, 157-168.

FLEETWOOD, J. G., HUDSON 1982. Lupinseed a new source of edible oil. International Journal of
Food Science and Technology.

FURLAN BAVIA, A. C., DA SILVA, C. E., FERREIRA, M. P., LEITE, R. S., GONTIJO MANDARINO, J. M. &
CARRAO-PANIZZI, M. C. 2012. Chemical composition of tempeh from soybean cultivars
specially developed for human consumption. Ciéncia e tecnologia de alimentos, 32, 613-620.

GARRETT, R. D., LAMBIN, E. F. & NAYLOR, R. L. 2013. Land institutions and supply chain
configurations as determinants of soybean planted area and yields in Brazil. Land use policy,
31, 385-396.

GHIDURUS, M., TURTOI, M., BOSKOU, G., NICULITA, P. & STAN, V. 2010. Nutritional and health
aspects related to frying. Romanian Biotechnological Letters.

GODFRAY, H. C. J., BEDDINGTON, J. R., CRUTE, I. R., HADDAD, L., LAWRENCE, D., MUIR, J. F., PRETTY,
J., ROBINSON, S., THOMAS, S. M. & TOULMIN, C. 2010. Food Security: The Challenge of
Feeding 9 Billion People. Science (American Association for the Advancement of Science),
327, 812-818.

GROTE, U., CRASWELL, E. & VLEK, P. 2005. Nutrient flows in international trade: Ecology and policy
issues. Environmental science & policy, 8, 439-451.

H. STEINFELD, P. G., T. WASSENAAR, V. CASTEL, M. ROSALES, C. DE HAAN 2006. Livestock’s long
shadow. environmental issues and options. Food and Agriculture Organization of the United
Nations.

H.L, W. 1984. Tofu and tempeh as potential protein sources in the western diet. J. Am. Oil Chem Soc.

HANDOYO, T., MAEDA, T., URISU, A., ADACHI, T. & MORITA, N. 2006. Hypoallergenic buckwheat
flour preparation by Rhizopus oligosporus and its application to soba noodle. Food research
international, 39, 598-605.

HANDOYO, T. & MORITA, N. 2006. Structural and Functional Properties of Fermented Soybean
(Tempeh) by Using Rhizopus oligosporus. International journal of food properties, 9, 347355.

HECHT, S. B. 2005. Soybeans, Development and Conservation on the Amazon Frontier. Development
and change, 36, 375-404.

HENCHION, M., HAYES, M., MULLEN, A. M., FENELON, M. & TIWARI, B. 2017. Future Protein Supply
and Demand: Strategies and Factors Influencing a Sustainable Equilibrium. Foods, 6, 1-21.

HERMANA, M. M., M.; KARYADI, D 2001. Composition and nutritional value of tempe: its role in the
improvement of the nutritional value of food. The complete handbook of tempeh.

HOFFMAN, J. R. & FALVO, M. J. 2004. Protein - Which is best? Journal of sports science & medicine,
3,118-130.

HOU, Y., YIN, Y. & WU, G. 2015. Dietary essentiality of “nutritionally non-essential amino acids” for
animals and humans. Experimental biology and medicine (Maywood, N.J.), 240, 997-1007.

HOU, Y. G. W. 2018. Nutritionally Essential Amino Acids. Advanced Nutrition.

HOUSTON, D. K., NICKLAS, B. J., DING, J., HARRIS, T. B., TYLAVSKY, F. A., NEWMAN, A. B., LEE, J. S,,
SAHYOUN, N. R., SELLMEYER, D. E., VISSER, M. & KRITCHEVSKY, S. B. 2008. Dietary protein
intake is associated with lean mass change in older community-dwelling adults: the Health,
Aging , and Body Composition (Health ABC) Study. The American journal of clinical nutrition,
87, 150-1565.

HUGHES, G. J., RYAN, D. J., MUKHERJEA, R. & SCHASTEEN, C. S. 2011. Protein Digestibility-Corrected
Amino Acid Scores (PDCAAS) for Soy Protein Isolates and Concentrate: Criteria for
Evaluation. Journal of agricultural and food chemistry, 59, 12707-12712.

48



HWA L. WANG, D. I. R., C. W. HESSELTINE 1968. Protein Quality of Wheat and Soybeans after

Rhizopus oligosporus Fermentation. The Journal of Nutrition. J., L. 2017. The Health Benefits

of Tofu. [Online]. [Accessed].

JAGER, R., KERKSICK, C. M., CAMPBELL, B. I., CRIBB, P. J., WELLS, S. D., SKWIAT, T. M., PURPURA, M.,
ZIEGENFUSS, T. N., FERRANDO, A. A., ARENT, S. M., SMITH-RYAN, A. E., STOUT, J. R.,
ARCIERO, P. J., ORMSBEE, M. J., TAYLOR, L. W., WILBORN, C. D., KALMAN, D. S., KREIDER, R.
B., WILLOUGHBY, D. S., HOFFMAN, J. R., KRZYKOWSKI, J. L. & ANTONIO, J. 2017.
International Society of Sports Nutrition Position Stand: protein and exercise. Journal of the
International Society of Sports Nutrition, 14, 20-20.

JAUHARI, M., SULAEMAN, A., RIYADI, H. & EKAYANT, I. 2013. Effect of Administering Tempeh Drink
on Muscle Damage Recoveries after Resistance Exercise in Student Athletes. Pakistan
Journal of Nutrition, 12, 924-928.

JAYASENA, V., KHU, W. S. & NASAR-ABBAS, S. M. 2010. THE DEVELOPMENT AND SENSORY
ACCEPTABILITY OF LUPIN-BASED TOFU. Journal of food quality, 33, 85-97.

JAYASENA, V., SARTIKA, D. AND DODS, K. 2004. A comparative assessment of the functional
characteristics of lupin and soy protein isolates. Department of Agriculture and Food
Government of Western Australia.

JOHNSON, S. K., CHUA, V., HALL, R. S. & BAXTER, A. L. 2007. Lupin kernel fibre foods improve bowel
function and beneficially modify some putative faecal risk factors for colon cancer in men.
British journal of nutrition, 95, 372-378.

JOHNSON, S. K., CLEMENTS, J., VILLARINO, C. B. J. & COOREY, R 2017. Lupins: Their unique
nutritional and health-promoting attributes. In J. Taylor & J. Awika (Eds.) (Ed.), The
Glutenfree Ancient Grains: Cereals, Pseudocereals and LegumesSustainable, Nutritious and
Healthpromoting Foods for the 21st Century (Vol. Vol. 9). Amsterdam: Elsevier.

JOOD, S., CHAUHAN, B. M. & KAPOOR, A. C. 1988. Contents and digestibility of carbohydrates of
chickpea and black gram as affected by domestic processing and cooking. Food chemistry,
30, 113-127.

JU, J. S. 1985. Nutrition of soybean. Korea Soybean Digest.

KANG, C. S. 2014. Tofu Manufacturing Process. U.S. Patent Application 20140302199 A1.

KAO, T.-H. & CHEN, B.-H. 2006. Functional Components in Soybean Cake and Their Effects on
Antioxidant Activity. Journal of agricultural and food chemistry, 54, 7544-7555.

KAO, T. H., WU, W. M., HUNG, C. F., WU, W. B. & CHEN, B. H. 2007. Anti-inflammatory Effects of
Isoflavone Powder Produced from Soybean Cake. Journal of agricultural and food chemistry,
55, 11068-11079.

KARYADI, D. & LUKITO, W. 1996. Beneficial effects of tempeh in disease prevention and treatment.
Nutrition reviews, 54, S94-S98.

KERSTETTER, J. E., LOOKER, A. C. & INSOGNA, K. L. 2000. Low Dietary Protein and Low Bone Density.
Calcified tissue international, 66, 313-313.

KIELA, P. R. D. V. M. P. & GHISHAN, F. K. M. D. 2016. Physiology of Intestinal Absorption and
Secretion. Bailliére's best practice & research. Clinical gastroenterology, 30, 145-159.

KOBAYASHI, H., KATO, H., HIRABAYASHI, Y., MURAKAMI, H. & SUZUKI, H. 2006. Modulations of
muscle protein metabolism by branched-chain amino acids in normal and muscle-atrophying
rats. The Journal of nutrition, 136, 234S-236S.

KULIGOWSKI, M., PAWLOWSKA, K., JASINSKA-KULIGOWSKA, I. & NOWAK, J. 2017. Isoflavone
composition, polyphenols content and antioxidative activity of soybean seeds during
tempeh fermentation. CYTA: journal of food, 15, 27-33.

KYLE, W. S. A. 1994. The current and potential uses of lupins for human food: In Proceedings of First
Australian Lupin Technical Symposium. Department of Agriculture,.

49



LANE, M. T., HERDA, T. J., FRY, A. C., COOPER, M. A., ANDRE, M. J. & GALLAGHER, P. M. 2017.
Endocrine responses and acute mTOR pathway phosphorylation to resistance exercise with
leucine and whey. Biology of sport, 34, 197-203.

LESER, S. 2013. The 2013 FAO report on dietary protein quality evaluation in human nutrition:
Recommendations and implications: FAO dietary protein report. Nutrition bulletin, 38,
421428.

LEWIN, J. 2017. The Health Benefits of Tofu [Online]. Available:
https://www.bbcgoodfood.com/howto/guide/ingredient-focus-tofu [Accessed].

LI, S. S., BLANCO MEJIA, S., LYTVYN, L., STEWART, S. E., VIGUILIOUK, E., HA, V., SOUZA, R. J., LEITER,
L. A, KENDALL, C. W. C., JENKINS, D. J. A. & SIEVENPIPER, J. L. 2017. Effect of Plant Protein
on Blood Lipids: A Systematic Review and Meta-Analysis of Randomized Controlled Trials.
Journal of the American Heart Association, 6, n/a.

LIN, Y., MOURATIDOU, T., KERSTING, M., BOLCA, S., CUENCA-GARCIA, M., MORENO, L. A.,
VALTUENA, J., LABAYEN, I., FERRARI, M., GOTTRAND, F., OTTEVAERE, C., KAFATOS, A.,
PRIETO, L. E. D., DE HENAUW, S., GILBERT, C., SANCHEZ, J., MAES, L., FLETA, J., CASAJUS, J.
A., RODRIGUEZ, G., MESANA, M. I., VILLARROYA, A., LACHEN, C., FERNANDEZ-ALVIRA, ).,
BUENO, G., LAZARO, A., LEON, J. F., GARAGORRI, J. M., BUENO, M., LOPEZ, J. P. R., BEL-
SERRAT, S., WARNBERG, J., NOVA, E., GOMEZ-MARTINEZ, S., DIAZ, E. L., VESES, A.,
PUERTOLLANO, M. A., ZAPATERA, B., VON BERLEPSCH, J., KOEPPEN, E., ERHARDT, E., TOROK,
K., ANGSTER, M., REPASI, J., CODRINGTON, C., TSIBINOS, G., PROTOYERAKI, E., STEHLE, P.,
SPINNEKER, A., AL-TAHAN, J., SEGOVIANO, M., BIERSCHBACH, C., BLATZHEIM, E., PICKERT,
P., CASTILLO, M. J., GUTIERREZ, A., RUIZ, J. R., ESPANA, V., ARCELLA, D., AZZINI, E.,
BUONOCORE, P., CATASTA, G., CENSI, L., MAIANI, G., MISTURA, L., POLITO, A., VITAGLIONE,
P., DE VRIENDT, T., DE MAEYER, M., PHILLIPP, K., BOULOUBASI, Z., MOSCHONIS, G.,
KATSAROLI, I., KEKE, D., KALLIANOTI, K., KONDAKI, K., TSIKRIKA, S., MEIRHAEGHE, A., KWAK,
L., RIZZO, N., PICO, E., MERINO, G., SANCHEZ, M. J., ASTROM, A., BROBERG, A., MASSON, A.,
LEHOUX, C., BRABANT, P., FONTAINE, L., GARCIA, E., HALLBERG, M. L., MESSERER, M.,
FREDRIKSSON, H., BORJESSON, I., FERNANDEZ, L., PEDRERO, R., BENITO, P. J., URZANQUI, A.,
LORENTE, J. J. G. & NAVARRO, P. 2015. Dietary animal and plant protein intakes and their
associations with obesity and cardio-metabolic indicators in European adolescents: The
HELENA cross-sectional study. Nutrition journal, 14, 10-10.

LITWACK, G. 2018. Chapter 13 - Metabolism of Amino Acids. Human Biochemistry.

LIU, S., SUN, Y., ZHAOQ, R., WANG, Y., ZHANG, W. & PANG, W. 2021. Isoleucine increases muscle mass
through promoting myogenesis and intramyocellular fat deposition. Food & function, 12,
144-153.

M., A. 1992. Iron bioavailability in traditional Indonesian soybean tempeh. Tokyo: Tokyo University of
Agriculture.

MARCHESI, M., PAROLINI, C., DIANI, E., RIGAMONTI, E., CORNELLI, L., ARNOLDI, A., SIRTORI, C.R. &
CHIESA, G. 2008. Hypolipidaemic and anti-atherosclerotic effects of lupin proteins in a rabbit
model. British journal of nutrition, 100, 707-710.

MESSINA, M. 2010. A brief historical overview of the past two decades of soy and isoflavone
research. The Journal of nutrition, 140, 1350-1354.

MESSINA, M. 2016. Soy and health update: Evaluation of the clinical and epidemiologic literature.
Nutrients, 8, 754.

MITCHELL, C. J., MILAN, A. M., MITCHELL, S. M., ZENG, N., RAMZAN, F., SHARMA, P., KNOWLES, S.
0., ROY, N. C., SJODIN, A., WAGNER, K.-H. & CAMERON-SMITH, D. 2017. The effects of
dietary protein intake on appendicular lean mass and muscle function in elderly men: A 10-
wk randomized controlled trial. The American journal of clinical nutrition, 106, 1375-1383.

50



MULTARI, S., STEWART, D. & RUSSELL, W. R. 2015. Potential of Fava Bean as Future Protein Supply
to Partially Replace Meat Intake in the Human Diet. Comprehensive reviews in food science
and food safety, 14,511-522.

MURATA, K., IKEHATA, H. & MIYAMOTO, T. 1967. Studies on the Nutritional Value of Tempeh.
Journal of food science, 32, 580-586.

N. FUDIYANSYAH, D. S. P, R. R. BELL, A. H. FAIRBROTHER 1995. A nutritional, chemical and sensory
evaluation of lupin (L. angustifolius) tempe. International Journal of Food Science &
Technology.

NAKAJIMA, N., NOZAKI, N., ISHIHARA, K., ISHIKAWA, A. & TSUJI, H. 2005. Analysis of isoflavone
content in tempeh, a fermented soybean, and preparation of a new isoflavone-enriched
tempeh. Journal of bioscience and bioengineering, 100, 685-687.

NEPSTAD, D. C., STICKLER, C. M. & ALMEIDA, O. T. 2006. Globalization of the Amazon Soy and Beef
Industries: Opportunities for Conservation. Conservation biology, 20, 1595-1603.

NGUYEN, T. T. P., BHANDARI, B., CICHERO, J. & PRAKASH, S. 2015. Gastrointestinal digestion of dairy
and soy proteins in infant formulas: An in vitro study. Food research international, 76,
348358.

NIYIBITURONSA, M., ONYANGO, A. N., GAIDASHOVA, S., IMATHIU, S., UWIZERWA, M., OCHIENG, E.
P., NG'ANG'A, F., BIRUNGI, J., GHIMIRE, S. & HARVEY, J. 2019. The effect of different
processing methods on nutrient and isoflavone content of soymilk obtained from six
varieties of soybean grown in Rwanda. Food science & nutrition, 7, 457-464.

PARK, Y., CHOI, J.-E. & HWANG, H.-S. 2018. Protein supplementation improves muscle mass and
physical performance in undernourished prefrail and frail elderly subjects: a randomized,
double-blind, placebo-controlled trial. The American journal of clinical nutrition, 108,
10261033.

PETRE, A. 2017. What is Tofu, and is it Good for You? [Online]. [Accessed].

PHILLIPS, S. M. 2016. The impact of protein quality on the promotion of resistance exercise-induced
changes in muscle mass. Nutrition & metabolism, 13, 64-64.

PIMENTEL, D. & PIMENTEL, M. 2003. Sustainability of meat-based and plant-based diets and the
environment. The American journal of clinical nutrition, 78, 660S-663S.

PROQUEST 2007. Protein and amino acid requirements in human nutrition [electronic resource] :
report of a joint WHO/FAO/UNU expert consultation, Geneva, Geneva : World Health
Organization.

REYES-MORENO, C., CUEVAS-RODRIGUEZ, E. O., MILAN-CARRILLO, J., CARDENAS-VALENZUELA, O. G.
& BARRON-HOYOS, J. 2004. Solid state fermentation process for producing chickpea (Cicer
arietinum L) tempeh flour. Physicochemical and nutritional characteristics of the product.
Journal of the science of food and agriculture, 84, 271-278.

ROY, F., BOYE, J. |. & SIMPSON, B. K. 2010. Bioactive proteins and peptides in pulse crops: Pea,
chickpea and lentil. Food research international, 43, 432-442.

RUIZ-TERAN, F. & DAVID OWENS, J. 1996. Chemical and Enzymic Changes During the Fermentation
of Bacteria-Free Soya Bean Tempe. Journal of the science of food and agriculture, 71,
523530.

RULLI, M. C., SAVIORI, A. & D'ODORICO, P. 2013. Global land and water grabbing. Proceedings of the
National Academy of Sciences - PNAS, 110, 892-897.

RUTHERFURD, S. M., FANNING, A. C., MILLER, B. J. & MOUGHAN, P. J. 2015. Protein
digestibilitycorrected amino acid scores and digestible indispensable amino acid scores
differentially describe protein quality in growing male rats. The Journal of nutrition, 145,
372-379.

S. SULTHONIYAH, T. S., AND E. SUPRAYITNO 2013. Pengaruh suhu pengukusan terhadap kandungan
gizi dan organoleptik abon ikan gabus (Ophiocephalus striatus). THPi Student J.

51



SARKAR, P. K., COOK, P. E. & OWENS, J. D 1993. Bacillus fermentation of soybeans. World Journal of
Microbiology & Biotechnology. World Journal of Microbiology & Biotechnology.

SARWAR, G. 1997. The protein digestibility-corrected amino acid score method overestimates
quality of proteins containing antinutritional factors and of poorly digestible proteins
supplemented with limiting amino acids in rats. The Journal of nutrition, 127, 758-764.

SARWAR GILANI, G., WU XIAO, C. & COCKELL, K. A. 2012. Impact of Antinutritional Factors in Food
Proteins on the Digestibility of Protein and the Bioavailability of Amino Acids and on Protein
Quality. British journal of nutrition, 108, S315-S332.

SBROGGIO, M. F., MONTILHA, M. S., FIGUEIREDO, V. R. G. D., GEORGETTI, S. R. & KUROZAWA, L. E.
2016. Influence of the degree of hydrolysis and type of enzyme on antioxidant activity of
okara protein hydrolysates. Ciéncia e tecnologia de alimentos, 36, 375-381.

SCHINDLER, S., WITTIG, M., ZELENA, K., KRINGS, U., BEZ, J., EISNER, P. & BERGER, R. G. 2011. Lactic
fermentation to improve the aroma of protein extracts of sweet lupin (Lupinus
angustifolius). Food chemistry, 128, 330-337.

SCHMIDT, C. V. & MOURITSEN, O. G. 2020. The Solution to Sustainable Eating Is Not a One-Way
Street. Frontiers in psychology, 11, 531-531.

SCHMITZ, C., BIEWALD, A., LOTZE-CAMPEN, H., POPP, A., DIETRICH, J. P., BODIRSKY, B., KRAUSE, M.
& WEINDL, I. 2012. Trading more food: Implications for land use, greenhouse gas emissions,
and the food system. Global environmental change, 22, 189-209.

SETIAWAN, B. 2016. The effect of fermented soybean (tempeh) supplementation among active
pulmonary tuberculosis patients with standard therapy in Indonesia. Faculty of Agricultural,
Nutritional Sciences and Environmental Management.

SIMOPOQULOS, A. P. 2007. Omega-3 fatty acids and athletics. Curr. Sports Med. Rep.

SIRTORI, C. R., ARNOLDI, A. & JOHNSON, S. K. 2005. Phytoestrogens: End of a tale? Annals of
medicine (Helsinki), 37, 423-438.

SIRTORI, C. R., LOVATI, M. R., MANZONI, C., CASTIGLIONI, S., DURANTI, M., MAGNI, C., MORANDI, S.,
D'AGOSTINA, A. & ARNOLDI, A. 2004. Proteins of White Lupin Seed, a Naturally
IsoflavonePoor Legume, Reduce Cholesterolemia in Rats and Increase LDL Receptor Activity
in HepG2 Cells. The Journal of nutrition, 134, 18-23.

SPARRINGA, R. A. & OWENS, J. D. 1999. Protein Utilization during Soybean Tempe Fermentation.
Journal of agricultural and food chemistry, 47, 4375-4378.

STEWARD, C. 2007. From colonization to “environmental soy”: A case study of environmental and
socio-economic valuation in the Amazon soy frontier. Agriculture and human values, 24,
107-122.

SURYAWAN, A., ORELLANA, R. A,, FIOROTTO, M. L. & DAVIS, T. A. 2011. TRIENNIAL GROWTH
SYMPOSIUM: Leucine acts as a nutrient signal to stimulate protein synthesis in neonatal
pigs. Journal of animal science, 89, 2004-2016.

SYNDER HE, T. K. 1987. Soybean Utilization. Van Nostrand Reinhold Co.

T MCHUGH 2016. How Tofu Is Processed. FOOD TECHNOLOGY MAGAZINE.

TANG, J. E., MOORE, D. R., KUJBIDA, G. W., TARNOPOLSKY, M. A. & PHILLIPS, S. M. 2009. Ingestion of
whey hydrolysate, casein, or soy protein isolate: effects on mixed muscle protein synthesis
at rest and following resistance exercise in young men. Journal of Applied Physiology, 107,
987-992.

TAWALI, A. B. & SCHWEDT, G. 1998. Change of iron-species during processing of soy beans to its
fermented product Tempeh. Die Nahrung, 42, 29-31.

THOMAS, D. T., ERDMAN, K. A. & BURKE, L. M. 2016. American College of Sports Medicine Joint
Position Statement. Nutrition and Athletic Performance. Medicine and science in sports and
exercise, 48, 543-568.

52



TRUMBO, P., SCHLICKER, S., YATES, A. A. & POOS, M. 2002. Dietary Reference Intakes for Energy,
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein and Amino Acids. Journal of the
American Dietetic Association, 102, 1621-1630.

TUJIOKA, K., OHSUMI, M., HAYASE, K. & YOKOGOSHI, H. 2011. Effect of the Quality of Dietary Amino
Acids Composition on the Urea Synthesis in Rats. Journal of nutritional science and
vitaminology, 57, 48-55.

VELDMAN, C. M., CANTORNA, M. T., DELUCA, H. F., DUFFY, R., CASEY, K. & WISEMAN, H. 2001.
Eating soya improves human memory. Psychopharmacology, 157, 430-436.

VENUGOPAL, V. 2006. Seafood Processing: Adding Value Through Quick Freezing, Retortable
Packaging and Cook - Chilling. Portland: Portland: Ringgold, Inc.

VOLPI, E., KOBAYASHI, H., SHEFFIELD-MOORE, M., MITTENDORFER, B. & WOLFE, R. R. 2003. Essential
amino acids are primarily responsible for the amino acid stimulation of muscle protein
anabolism in healthy elderly adults. The American journal of clinical nutrition, 78, 250-258.

WANG, Q., GE, X., TIAN, X., ZHANG, Y., ZHANG, J. I. E. & ZHANG, P. 2013. Soy isoflavone: The
multipurpose phytochemical (Review). Biomedical reports, 1, 697-701.

WANG, R. & GUQ, S. 2021. Phytic acid and its interactions: Contributions to protein functionality,
food processing, and safety. Comprehensive reviews in food science and food safety, 20,
2081-2105.

WASCHE, A., MULLER, K. & KNAUF, U. 2001. New processing of lupin protein isolates and functional
properties. Die Nahrung, 45, 393-395.

WATFORD, M. & WU, G. 2018. Protein. Advances in nutrition (Bethesda, Md.), 9, 651-653.

WICKRAMASINGHE, N. 2017. Nutritional Composition of (Australian Sweet Lupin) Natto and
Tempeh: Effect of Source and Fermentation Time. School Of Public Health.

WILLETT, W., ROCKSTROM, J., LOKEN, B., SPRINGMANN, M., LANG, T., VERMEULEN, S., GARNETT, T.,
TILMAN, D., DECLERCK, F., WOOD, A., JONELL, M., CLARK, M., GORDON, L. J., FANZO, J.,
HAWKES, C., ZURAYK, R., RIVERA, J. A., DE VRIES, W., MAJELE SIBANDA, L., AFSHIN, A.,
CHAUDHARY, A., HERRERO, M., AGUSTINA, R., BRANCA, F., LARTEY, A., FAN, S., CRONA, B.,
FOX, E., BIGNET, V., TROELL, M., LINDAHL, T., SINGH, S., CORNELL, S. E., SRINATH REDDY, K.,
NARAIN, S., NISHTAR, S. & MURRAY, C. J. L. 2019. Food in the Anthropocene: the EAT-
Lancet Commission on healthy diets from sustainable food systems. The Lancet (British
edition), 393, 447-492.

WOLFE, R. R. 2017. Branched-chain amino acids and muscle protein synthesis in humans: Myth or
reality? Journal of the International Society of Sports Nutrition, 14, 30-30.

WRANGHAM, R. 2010. Catching Fire: How Cooking Made Us Human, London, London: Profile Books.

WU, G. 2013. Amino acids: biochemistry and nutrition. Boca Raton, FL: CRC Press.

WU, G. 2016. Dietary protein intake and human health. Food & function, 7, 1251-1265.

YANG, Y., CHURCHWARD-VENNE, T. A., BURD, N. A,, BREEN, L., TARNOPOLSKY, M. A. & PHILLIPS, S.
M. 2012. Myofibrillar protein synthesis following ingestion of soy protein isolate at rest and
after resistance exercise in elderly men. Nutrition & metabolism, 9, 57-57.

YOUNG VR, P. P. 1994. Plant proteins in relation to human protein and amino acid nutrition. Am J
Clin Nutr.

YU, Y., FENG, K. & HUBACEK, K. 2013. Tele-connecting local consumption to global land use. Global
environmental change, 23, 1178-1186.

ZAKARIA, A. T., NURSALIM, AND IRMAYANTI 2015. Pengaruh perlakuan blanching terhadap kadar
BKaroten pada pembuatan tepung daun kelor (Moringa oleifera). Media Gizi Pangan.

Appendices

53



DRt :nl‘ll:l:.i:cr
Sample | rpinpre ] F2PE L e Flask + | eov gl |Far = et Fat Pcan =0
Flz wozight Fat [g] makker

T -D--.--\:r:xlll
FL1 o 1.056 142 142.1) o.121) 114752 [N 10.563 101671 0.4654
BL= | 1.055 145.7 1455 0114 10.7447 B.55 10,011
FEL: e 1.007 14251 142.4 0. 105 10.5135 == a.E01
EE1 E 1.003 145.25 145.4 0162 160557 2.74 15.554 15.515 0.564
RE2 o 1.04 144 .52 144.7T 0175 16,32 2.74 16 456
BEE3 = 1.03T 145,03 145.2 o154 15. 525 2.74 15.534
ELCA | 1.002 145,03 145.2 o0.142 14156 T5.47) 54735 S.515354 L3 b=
BLCZ k. 1055 142 51 1425 0145 15,6703 T5.47) 54025
ELCS = 1012 143.311 144 0.151) 14.3154 1547 S.E535
BRECq [u] 1.015 145,12 1455 0207 =0.4254 4. 02 r.E5451) T.30064) 00535
REC2 L 1055 14 2. 55 1425 0213 20135325 54.02) T.24355
BECS T 1.011 144.47 144.7 0205 205145 B4.02) T.3032
LT1 E 1.07T3 144 .75 144.3 014> 15.15435 EE. T3] 4 5566 4. 77322 [ ] -1-]
LTZ2 1 1063 14256 145 o164 15,5755 GE. T3 51153
LTS [N 1.l:l-1-1] 144 .63 1445 D51 14 4S05 GBE. TS 45177
ET1 F 1.045 14572 14.5.3 0135 15. 635 TO0.1T S.5TT6 S5 TOSSE 12T
T2 ] 1,055 144 67 14435 0205 13,1153 TO.1T S5.TO25
ETS b 10353 144 .65 14435 0205 13.54 35 TO1T =Ry =]
LTI=1 ] 10535 14256 1451 0265 24 TS5 5272 11. 713 115764 0,345
LTCZ ] 1.05 14245 1427 0255 22 6513 5272 10.71
LTC:S L' 1.075 14557 14570 0256 265512 5272 1E.ED1I
ETC H 1.047 14255 [N 0255 27.200T7 G325 16522 16. 3522 0.633
ETCE P 1.071 14427 144 .65 0.514 232526 Sa.265 1T.7TST
ETCS * 1.055 144 .56 14435 0237 2753035 3325 16.65T
BT1 ) 1.017 144 .45 144.5 0255 27.5135 T3 T.5114 T.24156 0.254
T2 E 1.035 145235 145.5 0273 2639171 T35 T.26T6
RT3 - 1.025 14512 14.5.4 02654 ES.TE-‘-I-'S-I T3 3457
BT =] 1.0354 14251 14352 0423 41.5131_' BE.35 1573 13.6303 0,054
FTC2 E 1.054 142,55 1455 0457 414657 G635 15. 713
BET3 F 1.025 142,93 14.5.4 0.4 25 412132 6635 135.5625

eskimak
ed
values

aT

1=

2.3

4.5

5.4

e

T

6.3

s

Appendices A: Full lipid content of all the products tested. The lipid content of
lupin and soy under different preparation techniques and quantified using the Soxhlet

method.
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Appendices B: Full energy content of all the products tested. The energy content
of lupin and soy under different preparation techniques and quantified using the Bomb
calorimeter method.
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Appendices C: Full protein content of all the products tested. The protein content of lupin and soy under different preparation
techniques and protein contents were collected using the EA1112 (Thermo Scientific - USA).
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Appendices D: Full protein content of all the products tested. The full amino acid content of lupin and soy under different
preparation techniques and amino acid content was determined by Liquid chromatography triple quad mass spectrometer (LCMSMS).
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Abstract

The demand for protein is projected to double by 2050. Most of the protein sources consumed
come from that of mainstream unsustainable sources. In order to combat this, globally there are
numerous lesser-known proteins which have the potential to act as alternatives to both animal
and traditional plant-based proteins, however the quality of these proteins is unknown. Here we
have scoped existing literature to identify what these lesser-known protein sources are, and to
identify the quality of protein by focussing on the levels of branched chain amino acid (BCAA)
(isoleucine, leucine, and valine) in comparison to traditional animal and plant sources. BCAA are
9 essential amino acids, which play an important role in the building and repairing of muscle.
Therefore a higher quantity of amino acid will generally mean a higher quality of protein. After

a process of iterative database searching, we identified 29 relevant articles. Studies were

categories into three themes (D) mainstream meat alternatives (MMA),
(2) neglected

underutilised crop species (NUCS) and (3) Insects. Alternative protein sources included Lupin,
Gram, Flower, Seeds, Bean, Yam, Cricket, Beetle, Fly and Moth. Further assessment identified
that very few of the alternative proteins had similar or higher BCAA levels when compared to

traditional animal meat sources. However when compared to animal product and vegan protein
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a number of sources have significantly higher levels of BCAA. In conclusion, this scoping review
identified that there are no alternative proteins to rival the quality of animal meat sources,
however there are at least four sources (Gram, Bean, Fly and Beetle) which could have the
potential to act as alternatives to the traditional animal product and plant-based proteins.
Particularly Bean which were comparable to animal products and the mainstream plant-based
proteins. However understanding the bioavailability of these proteins is unknown and should be
the focus of future work.

Introduction

Dietary protein plays a critical role in numerous physiological processes in the body (Williams,
2005, Cintineo et al., 2018). Recently, socioeconomic change such as increased incomes,
urbanisation and longer lifespan (where consumption of protein is linked to healthy aging), has

28 led to increased protein intake (Delgado, 2003, Popkin et al., 2012).

Due to current recommendations, the increase in dietary protein consumption has been
especially noted within the recreational athlete market (Cintineo et al., 2018). The international
31 society of Sport Nutrition has stated that exercising individuals should ingest between 1.432
2.0g/kg/day. Dietary protein is composed of 20 different amino acids, of which nine are essential,
meaning that the body cannot produce them (Williams, 2005, Cintineo et al., 2018), these

include and of these isoleucine, leucine and valine and often termed branched chained amino
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acids (BCAA). BCAAs have been shown to help prolong aerobic exercise by reducing ratings of 36

perceived exertion as well as increasing muscular hypertrophy (Brosnan and Brosnan, 2006).

To obtain the additional dietary protein, many often ingest protein powders as they are
convenient and can be cost-efficient depending on the product (animal vs. plant based) (Jager
et al., 2017). The global market for protein supplements was valued at $20.5 billion in 2021

with a projected annual growth rate of 8.5% from 2021 to 2030 (2022b). However, these

current sources of dietary protein have been met with sustainability and environmental issues
(Sanchez-Sabate and Sabaté, 2019). The increased reliance on animal proteins has led to an
increase in greenhouse gas emissions and the need for more land and water (Henchion et al.,
2017) and for this reason many have started to consume alternatives, predominantly such as
soy and pea (2020, Young and Pellett, 1994, Siegrist and Hartmann, 2019). However the
production of these proteins on a global scale has led to natural land being converted into
plantations causing wide-scale deforestation, loss of biodiversity, soil erosion and water 48
contamination, furthermore as vast amounts of soy is exported resulting in an increase in carbon

emission (Olsen and Bishop, 2009). Thus are there alternatives which could be more sustainable?
Neglected underutilised crops (NUCS) are protein sources that are cultivated throughout the

world but have been universally ignored (Dansi et al., 2012). These sources are able to grow in
environments that would be inhospitable for many mainstream alternatives, thus allowing people

in these conditions to have a sustainable supply of produce (Bhag, 2007, Ingweye et al., 2010a).
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Moreover some wild plants are a strong source of protein, therefore are able to reduce levels of

55 protein deficiency in deprived communities (Bvenura and Sivakumar, 2017).

Alongside NUCS more intriguing sources are also gaining interest these include insects of which
there are thousands fit for human consumption. Insects have a high quantity of digestible
protein, which is enhanced by removing the exoskeleton of insects (Ramos-Elorduy et al., 1997,
Huis, 2018). Consumption of insect protein reduces environmental damage and has an extremely
high protein uptake efficiency (van Huis, 2013, Oonincx et al., 2010, Mdller et al., 2017). Recent
studies have shown that consumption of insect protein leads to greater muscle protein synthesis

62 in young men who perform resistance exercise (Vangsoe et al., 2018).

The aim of this review was to scope the literature to identify alternate protein sources and
compare the protein and amino acid composition focusing on the levels of BCAAs to animal and

65 plant protein sources.
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Methods
The overall idea behind a scoping review is to categorise and record information on databases,

thus enabling gaps in research to be filled (Arksey and O'Malley, 2005, Munn et al., 2018, 69
Anderson et al., 2008). A scoping review can also provide a broader aspect compared to that of

a systematic review which has more precise and specific characteristics (Armstrong et al., 2011).
Thus while we specified our objectives and methods in advance, we adapted the search terms 72

and inclusion criteria during the process as the scope of the literature was identified.

Research Questions

This review seeks to answer the following questions:
1) What are the variety of alternative protein sources available?
2) Do alternative protein sources have similar BCAA content to animal proteins?

3) Do alternative protein sources have similar BCAA content to mainstream plant-based proteins?

Identifying relevant studies

An initial broad search of the literature was conducted to define key concepts. Initial search
terms included underutilised protein, neglect protein, pea protein, soy protein, lupin, insect
protein, vegan, sustainable, leucine, isoleucine, valine and United Kingdom, these were then
mapped together to give an indication to the depth of research from each area (Table S1).

Searches were performed by A.D. using three electronic databases (NUsearch, Scopus and Web
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of Science) using identical search terms. Following title and abstract screening, the reference 85

lists of relevant articles were searched to identify all studies.

Study selection

Preliminary literature searching revealed a wide range of studies investigating underutilised
crops. While some of these studies investigated nutritional assessment, some were related to
cultivation, biotechnology of genetically modified crops, genetic breeding, political and social
issues; sensory evaluations, investigating the microbiomes and nutritional information not
related to BCAA. This study focuses on identifying the levels of BCAA in these proteins. The
process is summarised in Figure 1.

Charting the data

The included articles were mined for the type of protein and amino acid content. The data was

transferred to Microsoft Excel where a methodical collection could be made. When transferring 96
the data to excel, each category (mainstream meat alternatives (MMA), NUCS, and Insect

97 protein) had two separate spreadsheets, one including the study characteristics and the other 98

including the full proximate analysis of amino acid content.

99

100

101

102

Collating, Summarising and Reporting the Results

Study characteristics (including author, protein analysed year, location and extraction method
of protein) were tabulated. In addition full proximate analysis of the essential and non-essential

amino acids were mined, with a standardised measurement value of g/100g. The data was
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organised to fit into the specific subcategories of the type of protein as this organisational method
104 allowed for themes to be drawn and concluded (Table S2). Statistical analysis (Graphpad
Prism

9.2.1) was conducted to assess the levels of BCAA (isoleucine, leucine and valine) in the
alternative protein sources against animal meat, animal product and vegan product protein. The
term ‘Animal meat’ included BCAA content from chicken meat, Herring, White fish and Palaemon
graver, the term ‘Animal product’ included BCAA content from whey protein, milk, protein and
egg and the term ‘Vegan product’ included BCAA content from soy and pea products. The results
are shown as a percentage comparison away from the threshold of the three comparative 111

subgroups.

Results



113  The outcomes of the literature searching, and article screening are summarised in Figure 1.

114 Using three databases (Scopus, NUSearch and WoS) we identified 1160 articles published 115
between 2010 and March 2021 (Table S1). Following the removal of duplicates, titles and

116  abstract were assessed against an post-hoc exclusion criteria to leave 111 articles to be assessed
117  for full amino acid analysis of the protein source. A total of 29 articles from 2013-2020 were
118 included in this review, of these 6 articles were related mainstream meat alternatives, 9 articles

119 were related to NUCS and 14 articles were related to insect protein source.

120 Study characteristics

121  The characteristics of the 29 studies are summarized in Table 1. The selected studies were

122 located across the world ranging from Europe (11) United States (4), Asia (6) Africa (4) not

123 specified (4). All 29 articles measured BCAA levels from the proteins investigated, however there

124 was a variety of methods used for extraction. Overall the most popular method was high

125 performance liquid chromatography (HPLC) and was used in six articles (Taufek et al., 2018,

126 Rodriguez-Miranda et al., 2019, Sayed et al., 2019, Stone et al., 2019, de Carvalho et al., 2020,
127 Parker et al., 2020) with varying machines (Shimadzu fluorescence detector (Parker et al.,
2020)

128 and pico tag amino acid analysis system (Stone et al., 2019) D spectrophotometry using the 129

standard procedures with slight modifications (Paul and Dey, 2014), and Kjeldahl Foss Automatic

130 16210 (A/S N. Foss Electric, Denmark) analyser (Jézefiak et al., 2019)). Other extraction
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methods included hydrolysing the protein in hydrochloric acid 6N for 24 hours followed by amino
132 acid separation by the Dionex BioLC Chromatographic System (Glew et al., 2010), use of
multi-

sample amino acid analyser (Ingweye et al., 2010b), detoxifying and defattening (Gulzar and
Minnaar, 2017), total protein extraction by the Basha method (Doss et al., 2019); AccQtag Ultra
chemistry (Shelat et al., 2019) and AOAC method using an amino acid analyzer (Adeyeye et al.,
2020) (Sykam-S7130) (Babarinde et al., 2020); fraunhofer process (van de Noort, 2016) and
diafiltration procedure (Thrane et al., 2017). There were 9 articles (Venkidasamy et al., 2019,
138 Coelho et al., 2020, Gulzar and Minnaar, 2017, Belluco et al., 2013, Stamer, 2015, Miiller et
al.,

2017, Jozefiak et al., 2019, Kewuyemi et al., 2020, Mastoraki et al., 2020) that failed to include
a methodology. When examining the amino acid content, only 8 of the articles (Glew et al., 2010,
Ingweye et al., 2010b, Senger et al., 2017, Doss et al., 2019, Adeyeye et al., 2020, Babarinde
et al., 2020, Thrane et al., 2017, Stone et al., 2019) provided full amino acid content for all its
protein sources.

What are the variety of alternative protein sources available?

We identified a number of proteins, from the 29 articles, which we grouped into mainstream
meat alternative (MMA; lupin (van de Noort, 2016), Gram (Venkidasamy et al., 2019), other
MMA termed (Lentils (Venkidasamy et al., 2019), peanuts (Venkidasamy et al., 2019),

mycoprotein (Coelho et al., 2020), rice and wheat (Lu et al., 2020)), NUCs (flower (Glew et al.,
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2010, Shelat et al., 2019), seeds (Ingweye et al., 2010b, Adeyeye et al., 2020), beans (Gulzar
and Minnaar, 2017), yam (Doss et al., 2019), other NUCS (fonio flour (Babarinde et al., 2020),
Solanum macrocarpon (Glew et al., 2010), Vigna unguiculatus (Glew et al., 2010), Chuata
(Senger et al., 2017) and Prosopis pods (Al-Harthi et al., 2019)), and insects (cricket (Jézefiak
et al., 2016, Taufek et al., 2018, Rodriguez-Miranda et al., 2019, Stone et al., 2019, Kewuyemi
et al., 2020), beetle (J6zefiak et al., 2016, Stone et al., 2019, de Carvalho et al., 2020,
Kewuyemi et al., 2020, Mastoraki et al., 2020, Parker et al., 2020), fly (Stamer, 2015, Jézefiak
et al., 2016, Muller et al., 2017, Jézefiak et al., 2019, Sayed et al., 2019, Mastoraki et al., 2020),
moth (Paul and Dey, 2014, Sayed et al., 2019, Kewuyemi et al., 2020) and other insects

(Encosternum Delegorguei (Kewuyemi et al., 2020), Macrotermes Bellicosus (Kewuyemi et al.,

159 2020), Silkworm pupae (Belluco et al., 2013)).

We found that the average amount of isoleucine was comparable between the MMA, NUCs and
insect proteins (isoleucine (g/100g): MMA 3.82 £ 0.6; NUCS 5.10 £ 0.5; Insect 3.91 £ 0.4 p=
n.s.). While the amount of leucine and valine was comparable between the NUCs and insect
group, there was significantly lower amounts the amino acids in the MMA group compared to
NUCs protein group (Leucine (g/100g): MMA 5.57 £ 0.5; NUCs 8.06 + 1.0*; Insect 6.64 = 0.8;
165 Valine (g/100g): MMA 3.05 + 0.4; NUCs 6.23 £ 0.8*; Insect 5.08 £ 0.7; *P<0.05 vs.

MMA).
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BCAA levels in underutilised proteins are not comparable to animal meat proteins but
comparable to animal product.
To determine which of these underused proteins could be a suitable alternative we assessed the

percentage difference of isoleucine, leucine and valine to that contained in animal meat protein.
171 We observed that majority of the proteins (10/13) contained a significantly lower
percentage of

all three amino acids (Figure 2A-C). The only protein with comparable levels of all amino acid
was bean (percentage difference to animal meat: Isoleucine -6.10% =+ 4.31; leucine -3.50% =+
0.26, valine -4.60% £ 13.2, p = n.s to animal meat Figure 2A-C). However when comparing to
animal meat product protein there was completely different results. Majority of the alternative
proteins had higher levels of isoleucine (9/13) and valine (8/13) in comparison to animal product
protein, however the levels of leucine were very variable ranging from +22.51% to -57.44%
(Figure 3A-C). Interestingly the only proteins which had higher or comparable in all three amino

179 acids were lupin, gram, bean, cricket, beetle and fly.

180 Do alternative protein sources have similar BCAA content to mainstream plant-based 181

proteins?

182  To determine which of these underused proteins could be a suitable plant protein alternative we
183  assessed the percentage difference of isoleucine, leucine and valine to that contained in

184 mainstream plant-based products, namely soy and pea. Unlike animal meat we observed that
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that a third of the underused proteins had higher levels, a third had lower levels and a third had
comparable levels of isoleucine, leucine and valine when compared to mainstream plant-based
proteins (Figure 4A-C). Isoleucine was higher in 4 proteins (gram, bean, beetle and fly) levels 188
ranged from 15.54-27.73%. As for leucine only 2/13 proteins (seed and bean) were found to be
significant higher with +17.74 £ 5.22 and +22.51 £ 0.58, respectfully, while 6/13 were lower
and 5/13 were comparable (Figure 4B). This was similar to the valine content, as 5/13 protein
sources (gram, bean, cricket, beetle, fly) were significantly higher, however there was a much

192 larger range within these results ranging from +66.57 to -46.74 (Figure 4C).

Discussion
Demand for protein is ever increasing and whether the demand is associated with animal protein

or plant-based proteins there are numerous negative environmental
impacts, therefore

identifying other sustainable protein sources is of importance.

Here we identified a number of underutilised protein sources across the globe (including Africa,
Europe, Asia and North America), these included MMA (Lupin, Gram, Other MMA), NUCS (Flower,
Seeds, Bean, Yam, Other NUCS,) and insects (Cricket, Beetle, Fly, Moth, and other insects). We
then assessed whether these proteins met nutritional requirements by focussing on the BCAAs
isoleucine, leucine and valine content and whether they were suitable alternatives to animal

proteins and/or common plant-based proteins. Overall we found that none of the alternative’s
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proteins were comparable for all three amino acids when compared to animal meat, this was
similar to Berrazaga et al (Berrazaga et al., 2019) who also observed that animal products had
higher levels of BCAAs when compared to plant based proteins. There were at least four sources
which could act as potential alternatives to the current plant-based protein these included Bean,
Gram, Fly and Beetle. Interestingly Bean and Gram have a number of non-nutritive benefits
include the ability to thrive in a wide variety of geographical locations even in those areas that
have short growing seasons, thrive in poor quality soil such as those with heavy metal, high
salinity (Reddy et al., 2005, Sreenivasulu Reddy et al., 1998, Bhardwaj and Yadav, 2012), and
thrive under the harshest of climate (Cullis et al., 2018). This may be due to the ability of these
protein to improve nitrogen fixation and crop residue incorporation to restore soil nutrient
content (Reager et al., 2020). While consumption of insects (Beetle and Fly) not only has the
ability to produce large quantities of protein due to rapid growth cycle, it also reduces the
pressure on the environment leading to lower greenhouse emissions and decreased use of land
and water but more importantly, similar to plant based legumes, insects have the potential to
manage chronic diseases such as diabetes and cardiovascular disease (Aguilar-Miranda et al., 218

2002) (Appleby and Key, 2016, Marsh et al., 2012).

Some researcher’s question insect consumption from a food safety perspective due to the fact
they are phylogenetically far removed from regularly consumed mammals, making them risky

(Henchion et al., 2017). While many consumers, particularly in Europe and USA, are not willing



222

223

224

225

227

228

to consume insects due to the aversion they evoke, as many associate insects with decaying
matter and faeces (Berger and Wyss, 2020). On the other hand, the adoption of a plant-based
diet is increasing due to the presence on social media and via the promotion of the potential

health benefits including reduced risk of heart disease, cholesterol, blood pressure, type II 226
diabetes and cancer (Appleby and Key, 2016, Marsh et al., 2012). Furthermore, as a
number

of high-profile athletes are now adopting this lifestyle many recreational athletes have turned
towards plants-based supplementation. Although the overall prevalence is unknown the plant229

based protein supplement market is expected to reach at $7 billion by 2026 (Vitale and Hueglin,

230 2021). They often turn to soy or pea protein, which accounts for 60% of all the plant sourced 231

protein in the world (2020, Young and Pellett, 1994), as they have comparable levels of BCAAs

232

233

235

236

237

238

239

240

to whey protein (Fuhrman and Ferreri, 2010). In addition, studies report no difference in
muscular size and strength in participants consuming soy and/or pea protein supplementation

234 when compared to whey protein (Babault et al., 2015, Messina et al., 2018).

Interestingly of the four potential proteins identified, we observed that the level of all three
BCAAs in beans (Marama bean, Fava bean and Black bean) were comparable to animal products
and the mainstream plant-based proteins. This is not surprising as the Marama bean, native in
Africa, has been showed to have a similar nutritional compositional profile to that of soybean
and peanuts (Venkatachalam and Sathe, 2006, Mujoo et al., 2003). Furthermore the roots of

the Marama bean plant produces a high protein tuber which is more nutritious that potato, yam



241  and sugar beets and most important the amino acid profile of Marama bean was similar to milk
242 or casein (Biesele, 1983). Similarly, Fava bean, native to the Mediterranean and southwest Asia,
243 and the black bean, native to South America, a high protein content (approximately 22.5g
and
244  7.6g per 90g portion). Interestingly fava bean is often used as an alternative for soy (Crépon et
245  al., 2010), indeed Fava bean is used as an alternative to whey in infant formulas without altering
246  the nutritional content (Le Roux et al., 2020). On top of this, it is found that fava bean is grown
247 in the UK, however many get exported as chickpea is imported (2022a). As for marama bean, it
248 can grow range of conditions, including in the UK, as long as it was supplemented was light
249 (Mitchell et al., 2005). However the only plant not suited for UK climate was black bean, as it 250
generally grows in warmer climates where soil temperatures can range from 18-21 degrees 251 (Finley,

2021).

252 Numerous professional and recreational athletes consume protein supplements as research has

253  shown that BCAA supplementation has beneficial effects on muscle protein synthesis and muscle
254 recovery (Negro et al., 2008), however these benefits are dependent on the rate of
digestion

255  (Boirie et al., 1997). Typically the Digestible Indispensable Amino Acid Score (DIAAS) of beans,

256  and other plant crops, tend to have a lower DIAAS score than that of animal proteins (FAO,
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2013), possibly due to the high amount of B-sheet compared to that of a-helix in the secondary
258 structure of the protein (this is different in animal secondary structure) (Carbonaro et al.,
2012).

B-sheet are found to be unaffected by the gastral enzymes which would result in proteolysis and
therefore reducing protein digestibility. This lower DIAAS may be the reason why muscle protein
synthesis does not increase at the same rate following the consumption of plant-based protein
when compared to animal protein/products (Yang et al., 2012). Another reason might be due to
the lower levels of leucine which is important for muscle synthesis and for the inhibition of muscle
degradation (Zanchi et al., 2008) indeed we have shown that all the underutilised proteins
identified lower levels of leucine, in some cases we have seen reductions of 70% and 57% when
266 compared to animal protein / product respectively. Therefore improving the digestibility of
these

proteins is important to increase the availability of the BCAAs. A common method used to
increase amino acid digestibility is fermentation, this has shown to improve the amino acid
content in soybean by 3-10 fold (Wang et al., 1968), while heat treatment has been shown to 270
increase protein digestibility by 18%, possibly due to the reduction in the levels of trypsin activity
(Rutherfurd et al., 2015) however more recently (Vogelsang-O’'Dwyer et al., 2020) have shown
that wet fractionation of the fava bean increases its protein content and making the bean more

digestible. Similarly the digestibility levels of insects can be improved by 75-99% by removing



274

276

277

278

280

281

283

284

285

286

287

288

290

the exoskeleton, which contains a large proportion of chitin which is hard to digest (van Huis, 275

2016, Schllter et al., 2017, SG, 1997, DeFoliart, 1992, Rumpold and Schliter, 2013).

Limitations

The study was conducted in order to assess the BCAA content of underutilised protein sources
to see whether it was comparable to that of the mainstream products. Therefore limitations 279
occurred when a protein source did not fully include an amino acid profile as they were rejected,
meaning that they could have had high nutritional potentials elsewhere. This was found to be

common as generally the underutilised protein source nutritional content has not been covered
282 at depth therefore only few papers cited BCAA content meaning it was more difficult to
find a

range of results and increase accuracy. It was found that most of the underutilised protein
sources were grown abroad and therefore would be considered unsustainable to either import
them over, together with grow them in greenhouses in order to suit the growing conditions of
the product, therefore leading to environmental problems. Another limitation with this study is
that most of the products researched are grown outside of the UK and therefore have no

confidence whether they can grow in UK or not. Therefore if they could not grow in the UK and

289 had to be imported in, then this would lose its credibility of being a sustainable source.

Conclusion
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In conclusion, there was potentials found within each three categories: Gram for MMA, Beans
for NUCS and Fly and Beetle for Insect. For future research it would be of interest to perform a
dietary experiment of these three sources compared to that of conventional protein sources. As
actually practically testing in a controlled setting will allow us to understand the protein synthetic
characteristics.
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Fig 3. The animal product percentage content of (a) isoleucine (2.77g/100g), (b) leucine (6.5/100g), and (c) valine

549 (3.03g/100g), to that of alternative protein sources. With “a” showing significance and “b” showing no significance.
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Fig 4. The vegan product percentage content of (a) isoleucine (3.81g/100g), (b) leucine (6.65/100g), and (c) valine
(3.95g/100g), to that of alternative protein sources. With “a” showing significance and “b” showing no significance.
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