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Plant Proteins, Gynostemma & Nutrients: Focus on Clinical 
Applications 

Key Points at a Glance   

Plant Proteins 

• provide a nutritious alternative to animal proteins, suitable 
for vegans, vegetarians, individuals with dietary allergies or 
intolerances  

• combining plant protein sources may enhance EAA profile, 
diversify absorption speed, and contribute to total nutrient 
and fibre content 

• rice protein is low allergenic, contains up to 90% protein, 
has a biological value of 87, is considered inexpensive, 
contains all EAA and low lysine 

• rice protein 48g following exercise improves indices of body 
composition and performance relative to whey protein 

• pea protein is low allergenic, contains up to 80% protein, 
has a biological value of 93.5 and PDCAAS of 0.73 

• potato protein is low allergenic, produced through a 
chemical free filtration method, contains >97% protein, and 
has biological value of 90-100. Contains all EAA in adequate 
doses and has high cost due to low protein content of the 
starting material 

 
Gynostemma 

• used as a folk remedy in southern China as a tonic 
• main constituents are saponins: some are closely related to 

those in Panax ginseng root 
• clinical trial using heat-processed extract (probably 

equivalent to 3 g/day of dried leaf) improved 
anthropometric parameters in obese volunteers 

 Selected Nutrients 

• vitamin B12 and iron are commonly deficient in vegan and 
vegetarian diets 

• support the action of protein e.g. magnesium for muscle 
performance, zinc for muscle growth and wound healing; 
vitamin D and calcium for malnourishment 

• support body systems e.g. chromium for blood glucose 
regulation; iodine and selenium for thyroid hormone 
production 

• nutrients in diet reduce the risk of obesity (e.g. fibre) and/or 
chronic diseases such as type 2 diabetes, cardiovascular 
disease (e.g. magnesium, fibre) 

• provide additional nutrition e.g. chia and flaxseeds 
 

Indications & Safety 

• Nutritional support for vegans, vegetarians and individuals 
with food sensitivities. 

• Muscle wasting conditions e.g. sarcopaenia, cachexia. 
• Metabolic syndrome, type 2 diabetes; possibly adjunctive 

treatment for hyperlipidaemia. 
• Weight management. 
• Malnourishment, reduced immune function, wound healing, 

convalescence. 
• For sports performance and muscle gain. 
• Not advised in those with renal conditions or 

phenylketonuria. 
 
 

 
 

Gynostemma 
Gynostemma pentaphyllum, also known in China as 
Jiaogulan ("twisting vine orchid"), is a perennial creeping 
herb and a member of the Cucurbitaceae (cucumber 
family), that grows in southern China and many countries 
throughout Asia. 
 
Generally, Gynostemma has not been used by herbalists in 
the official traditional systems but it has been used as a 
folk remedy. For example, in the mountainous regions of 
southern China, the plant's natural habitat, it has been 
used for an antifatigue effect, for general health and as a 
rejuvenating elixir – hence has been called an immortality 
herb.1 A recent ethnobotanical investigation noted that 
Gynostemma whole plant decoction is used by the 

Maonan people in the southwest of China for rheumatism, 
bronchitis and stomach ache. Due to the remote location, 
the people in this region have relied upon self-medication 
and the knowledge of herbs has been passed orally from 
generation to generation.2 Records indicate the plant was 
used as a vegetable in China (during famine) and in 
Japan.1 Many herbal products, functional foods and 
beverages based on Gynostemma, including "total 
Jiaogulan saponin" tablets, have been available in East 
Asian markets since the early 1990s.3,4 
 
Interest in the herb began seriously in the mid-1970s 
when a Japanese scientist began researching sweet 
compounds derived from plants.1 Saponins were found to 
be major constituents of Gynostemma.1 Phytochemical 
studies have identified a large number of dammarane- 
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Anthropometric Parameters Gynostemma Placebo Significance 

total abdominal fat area (cm2) -20.90 -2.87 p < 0.05 

body weight (kg) -0.98 -0.21 p < 0.05 

body fat mass (kg) -1.05 -0.36 p < 0.0001 

percent body fat (%) -1.03  0.51 p < 0.0001 

body mass index (kg/m2) -0.37 -0.06 p < 0.05 

waist circumference (cm) -2.49 -1.33 p < 0.05 

Table 1. Changes in selected anthropometric parameters after 12 weeks' intake of Gynostemma leaf extract or placebo in obese 
volunteers. 

 
 
type glycosides (called gypenosides), which are closely 
related to the ginseng saponins. Eight of the gypenosides 
are identical to the protopanaxadiol-type ginsenosides 
found in Panax ginseng root, including ginsenosides Rb1, 
Rc and Rd.5,6,7 The total saponin content varies according 
to growing location and time of collection, and was 
reported in 1993 to be about 2.4% of the dried herb.6 
 
Clinical Studies 

In vitro research found that two dammarane-type saponins 
(damulin A and damulin B) which were isolated from 
Gynostemma pentaphyllum leaves, strongly stimulated 
AMP-activated protein kinase (AMPK).8 (AMPK is an 
important sensor and regulator of glucose, lipid and 
energy metabolism.) At a later date, a double-blind clinical 
trial was conducted in South Korea to investigate the 
potential antiobesity effect of Gynostemma.9 Because the 
ability of an ethanol extract of Gynostemma leaf to 
activate AMPK in vitro was increased by autoclaving 
(heating the extract increased the levels of damulin A and 
B),10 a heat-processed extract was administered in this 
trial.9 Obese, but otherwise healthy volunteers were 
randomly assigned to Gynostemma and placebo groups. 
Eighty participants received and completed the 12-week 
treatment (40 in each group). They were on average: 40 
years old, weighed 74.6 kg, had body mass index of 
27.5 kg/m2. The concentrated extract made by extraction 
with 50% ethanol and heating to 121ºC for 4 hours, was 
given at a dosage to match the lower end of range used in 
folk medicine: 3 g/day of dried leaf. The extract provided 
5 mg/day of damulin A. For the trial period, volunteers 
were asked to maintain their normal diet and physical 
activity, and diet records indicated their energy and 
nutrient intakes did not significantly change over the 
course of the trial. Treatment with Gynostemma 
significantly decreased many anthropometric parameters 
from baseline, and these were significant compared to the 
changes experienced by the placebo group. See Table 1 
and Safety section.9 
 
Several small, controlled trials conducted in Vietnam found 
that Gynostemma "tea" improved glycaemic control in 
type 2 diabetics. Body measurements, including BMI, were  

unchanged.11,12,13 The dose was potentially very high. A 
concentrated, non-galenical extract of the whole plant was 
taken at a dose of 6 g/day for periods ranging from 4 to 
12 weeks. 
 

Proteins 
Protein is a macronutrient comprised of complex three 
dimensional polypeptide chains. The sequence of amino 
acids and structure of the protein defines digestibility and 
function, as well as interaction with other molecules. 
Proteins undergo continual catabolism for use as free and 
branch chain amino acids or resynthesis into new protein 
structures, according to the needs of the body, and dietary 
intake. The innumerable protein structures, and rate of 
resynthesis give rise to diverse metabolic activities, 
including those outlined in Table 2.14 
 
Plant Proteins 

Plant proteins are a nutritious alternative to animal sources 
of dietary and supplemental protein, and provide a 
suitable option for vegans, vegetarians, individuals with 
dietary allergies or intolerances, and those seeking to 
diversify the source of their protein intake. 
 
Numerous qualities influence selection of supplemental 
plant protein, including, grams of protein per serve, 
biological value, commercial availability, essential amino 
acid (EAA) profile, absorption speed, palatability 
(particularly texture), Protein Digestibility Corrected Amino 
Acid Score (PDCAAS), cost, as well as genetic modification 
status and allergenicity. A summary of some of these 
parameters in a selection of supplemental plant proteins 
can be seen in Table 3. 
 
In comparison to animal proteins, plant proteins (although 
they may contain all EAAs) tend to be lower in one or 
more EAAs (with the exception of soy protein, which is 
avoided by some due to allergenicity or GMO status). 
However, this deficit can be improved by blending 
different protein sources; for example, rice protein 
(generally low in lysine), and pea protein (low in 
methionine and cysteine).15 
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Catalysts 

• Enzymes are protein molecules which combine with substrates to catalyse chemical reactions in the body. Most physiological processes in 
the human body are dependent on enzymes, including energy production, contraction of neuromuscular tissue, blood coagulation and 
digestion. 

Hormonal messenger 

• Hormones can be synthesised from cholesterol (steroid hormones), or amino acids. The following amino acids are precursors to endogenous 
hormones: 
- tyrosine is a precursor to catecholamine, and combines with iodine to synthesise thyroid hormones 
- tryptophan is essential for the production of melatonin in brain tissue 
- insulin is made up of two polypeptide chains linked by a disulfide bridge 
- glucagon, parathyroid hormone and calcitonin are structurally a single polypeptide chain  

Structural elements 

• Contractile proteins (predominately actin and myosin) are essential components of cardiac, skeletal and smooth muscles. 
• Fibrous proteins include collagen, elastin and keratin and form essential structures of bone, hair, skin, teeth, tendons, cartilage, blood vessels 

and nails. 

Buffers 

• Proteins, via their amino acid constituents serve as buffers. They act as either hydrogen donors or acceptors to maintain healthy pH ranges in 
blood, cells and body tissues. 

Fluid balancers 

• Proteins attract and hold water into a particular area, therefore contributing to osmotic pressure and fluid balance. Low protein (such as 
albumin) levels in blood or plasma can result in an inability to retain water and subsequent oedema due to leaking of fluid into interstitial 
spaces. 

Immunoprotectors 

• Immunoglobulins and antibodies are protein molecules which play an essential role in immune defences. 

Transporters 

• Transport proteins combine with vitamins, minerals and other substances, providing a vehicle to carry substances through the body as well 
as into and out of cells. 

Acute phase responders 

• In response to acute infection, injury or inflammation, these proteins are released by the liver and serve to protect the body, stimulate the 
immune system, promote wound healing and remove free iron from the circulation. 

Table 2. Functional Roles and Metabolic Activities of Proteins. 

 
 
Rice protein is derived from rice grain (Oryza sativa), 
which typically has a protein content of 6-15%, 
concentrated to 70-90% for supplemental protein 
powder.16 Rice bran (a bi-product of white rice production) 
is considered a rich source of inexpensive, high-quality 
protein obtained as a result of the grain milling process. 
Rice protein biological value is reported as 87.17 Rice 
protein contains all EAAs, complete levels of all BCAAs, and 
is generally low in lysine.16 Rice protein has been 
considered a lower quality source of protein compared to 
whey, however, at high doses, rice protein (48 g) has 
been demonstrated to improve indices of body 
composition and performance relative to WP, indicating 
that potential differences in protein quality become less 
relevant if protein is consumed at sufficient amounts.16 
 
Pea protein is derived from pea seeds (Pisum sativum), 
which typically contain 20-30% protein and can be 
concentrated to 80% for supplemental protein powder. 
Biological value of pea protein is reported as 93.5%.17 Pea 
protein contains all EAAs, and is generally low in 
methionine and cysteine.16 PDCAAS of pea protein has 
been reported as 0.73.17 
 

Potato protein (from Solanum tuberosum) is highly 
concentrated to contain >97% protein. It contains all EAAs, 
and has a biological value of 90-100. Human research has 
demonstrated that potato protein has an adequate ratio of 
EAA to total amino acids and a balanced composition 
among individual EAA concentrations. Relative to other 
plant proteins such as wheat or beans, potato protein has 
a high lysine content. A 2013 study on digestion kinetics of 
potato protein in vivo and in vitro reported potato protein 
to have a low allergenic profile. The review cites research 
which found skin prick tests on sensitive infants showed 
an incidence of less than 5% allergenicity for potato 
compared to 15% and 9% for eggs and cow’s milk, 
respectively.18 
 
Soy protein is derived from soy beans (Glycine max), 
which typically contain 40% protein,19 and can be 
concentrated to 80% for supplemental protein powder. 
Biological value of soy has been reported as 84%.18 Soy 
protein contains all EAAs in adequate levels,15 yet is 
avoided by some individuals due to potential for genetic  
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 Biological value Hypoallergenic Non-GMO Essential amino 
acid profile 

Protein 
content 

Absorption speed 

Sprouted brown rice 
protein 

87%15 Y21 Y17 Contains all 915 70-90% Medium15 

Pea protein 93.5%15 Y21 Y17 Contains all 918 80% Medium18 

Soy protein 84%18 N21 Possibly17,20 Contains all 918 80% Medium18 

Potato protein 90-100%18 Y18 Y17 Contains all 918 97% Slow18 

Table 3. Quality Parameters of Selected Plant Proteins. 

 
 
modification or allergenicity. Data from the United States 
Department of Agriculture Economic Research Service from 
1996-2015 reported that herbicide tolerant soybeans had 
the greatest adoption of genetically engineered crops with 
the exception of 1996, where BT cotton was higher. In 
2015, 94% of soy was reported to be genetically 
modified.20 Soy PDCAAS has been reported as 0.92,17 and is 
classified by the Food and Agricultural Organisation of the 
United Nations as one of “the big eight” dietary allergens, 
along with peanuts, tree nuts, eggs, cows milk, fish, wheat 
and crustaceans.21 
 
Clinical Studies 

Muscle Wasting Conditions Including Sarcopenia and 
Cachexia 
 
Loss of skeletal muscle mass and strength is a common 
phenomenon. It exists as sarcopenia in otherwise healthy 
ageing populations, and cachexia in response to chronic 
illnesses, where it is also accompanied by weight loss. 
Muscle wasting may also be seen in malnutrition, lack of 
physical activity and as a side effect of some drugs.22 
 
Pathophysiologic mechanisms contributing to sarcopenia 
include, atrophy of muscle fibres (especially of the fast 
Type II fibres), a decrease in motor units, and an 
accumulation of fat within the muscle. Reduced anabolic 
drive in ageing may lead to a decrease in muscle 
synthesis. This is because ageing is associated with lower 
testosterone levels, insulin-like growth factor 1 (IGF-1), 
and insulin resistance. Testosterone, insulin, and IGF-1 are 
potent activators of the Akt pathway, which stimulates 
muscle protein synthesis. These hormones also inhibit 
forkhead box proteins (Fox-O), which decrease protein 
degradation. Many of these mechanisms are common to 
cachexia, although in cachexia, inflammation, increased 
energy expenditure and impaired intestinal barrier 
function have been implicated. Disease related symptoms, 
mental health effects and medications may reduce 
appetite, further potentiating a hyper-catabolic state in 
cachexia.22 
 
A 2015 review of nutrition and sarcopenia included a 
cross-sectional study combining five datasets (n = 900) 
that found 77% of all participants had lower than 
recommended protein intake.23 Another 2015 review on 

muscle wasting and treatment options in ageing and 
chronic illness reported exercise training was the 
treatment of choice, and the provision of nutritional 
supplements incorporating essential amino acids, 
protein and micronutrients combined with exercise 
training may be the best method of attenuating 
muscle wasting. This review included only two trials on 
nutritional supplementation and wasting.22 

 

A third 2015 review of 67 studies, including 
epidemiological and controlled studies, investigated 
nutritional management of sarcopenia.24 Eighteen articles, 
including 8 randomised controlled trials and 2 cross-
sectional studies, covered research on amino acids and 
protein. Adequate intake of protein and amino acids was 
reported as essential in sarcopaenia prevention and 
intervention. Two studies involving healthy adults found a 
dose of approximately 15-20 g of protein (7.5 g essential 
amino acids) is sufficient to maximise they synthesis of 
muscle proteins, containing approximately 2.5 to 2.8 g of 
leucine).24 
 
These findings were supported by a study comparing 
various doses of amino acids on muscle protein synthesis 
(MPS) in healthy young and elderly men. Consumption of 
5 g and 10 g of EAA’s in the young and elderly respectively 
resulted in equivalent stimulation of MPS.25 The dose 
response curve of MPS in elderly and young muscle with 
protein digestion (at rest) can be seen in Figure 1.26 
 

 
Figure 1. Dose response curve of MPS in elderly and young 
muscle (at rest) following protein ingestion.26 
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There are a significant number of studies investigating the 
use of protein and amino acids in muscle wasting. Results 
of a random selection of these studies are detailed in 
Phytotherapist’s Perspective number 210 ‘Fast, Medium & 
Slow Proteins with Gynostemma & Nutrients’ which can be 
found at www.mediherb.com.au. 

 
Branched-chain amino acids (BCAAs), especially leucine 
are of particular relevance in muscle wasting conditions 
due to their stimulatory effect on MPS. Leucine is the only 
BCAA shown to independently stimulate MPS.27,28 Two 
studies, published in 1999 and 2004, found that 2-3 g or 
up to 0.05 g/kg bodyweight of leucine was required to 
maximise MPS,29,30 with one study reporting greater 
muscle stimulation from 3.5 g leucine, compared to 
1.8 g.24 
 
There is a growing body of evidence which suggests that 
metabolic factors associated with obesity and diabetes 
induce the progression of sarcopaenia (sarcopaenic 
obesity). Calorie restriction has been suggested for 
sarcopaenic obesity, although safety and effectiveness has 
not been established. Ensuring optimal dietary protein 
would be beneficial to support muscle mass, body 
composition, and satiety.23 Other intervention to support 
metabolic health would be valuable. 
 
Vegan, Vegetarian Diets and Protein Intake on Weight 
Management, Metabolic Syndrome and Chronic 
Inflammatory Conditions 

Vegetarian and vegan diets can offer significant benefit for 
metabolic conditions, including diabetes, and weight 
management. A 2014 meta-analysis of vegetarian diets 
and glycaemic control in diabetes concluded, vegetarian 
diets are associated with improved glycaemic control in 
T2D, evident by significant reductions in HbA1c compared 
to control diets; P<0.001.31 A low-fat vegan diet has been 
reported to improve glycaemia and plasma lipids to a 
greater extent than conventional diabetes diet 
recommendations.32 In observational studies, individuals 
following vegetarian diets have approximately a 50% 
reduced risk of developing diabetes, compared with  
non-vegetarians, and generally have lower body weight 
compared with omnivores.33 
 
A 2015 review of the effects of vegetarian diets, with 
duration ≥4 weeks on body weight reported intervention 
with a vegetarian diet reduces mean body weight. The 
review suggests potential value of vegetarian diets for 
prevention and management of weight-related conditions. 
The review analysed 15 trials (17 intervention groups), of 
which 4 included untreated controls. Prescription of 
vegetarian diets was associated with a mean weight 
change of -3.4 kg (95% CI -4.4 to -2.4; P<0.001) in an 
intention-to-treat analysis and -4.6 kg (95% CI -5.4 to -3.8; 
P<0.001) in a completer analysis. Greater weight loss was 
reported in studies with higher baseline weights, smaller 

proportions of female participants, older participants, or 
longer durations, and in studies in which weight loss was a 
goal.34 These results have been supported by a number of 
other studies investigating the effects of vegetarian and 
vegan diets on weight loss.31,32,35 
 
Vegetarian and/or vegan diets have been associated with 
a lower risk of several chronic, inflammatory conditions, 
such as metabolic syndrome (including cardiovascular 
disease, obesity, and diabetes),33 certain types of 
cancer,36,37 and autoimmune conditions (including 
rheumatoid arthritis). One study reported fasting, followed 
by 13 months on a vegetarian diet might reduce pain in 
individuals suffering rheumatoid arthritis.38 Decreased 
oxidative stress, and improvements to other markers of 
chronic inflammatory diseases have been reported in 
vegetarian and vegan diets, compared to omnivore diets.39 
 
These health benefits may result from increased intake of 
health promoting, plant derived compounds, such as 
phytochemicals, antioxidants, fibre and micronutrients.40 
Vegetarian diets also result in more alkaline acid-base 
balance, compared to omnivore diets.41 Additionally, it is 
likely that diet-gene-microbial interactions observed in 
vegan and vegetarian diets contribute to health benefits. 
Diet has been shown to affect the human microbiome, and 
the microbiome of individuals who consume a vegetarian 
or vegan diet has been found to differ significantly from 
individuals who consume an omnivore diet. For example, 
vegans were reported to have a higher ratio of 
Faecalibacterium prausnitzii, an anti-inflammatory 
bacterium known to protect colonocytes and lower 
microbial counts of pathobionts such as e. coli and 
enterobacteriaceae (likely due to lower interstinal pH 
induced from a higher fibre and carbohydrate diet). The 
human microbiome is implicated in several disease states, 
as well as obesity, and reduced levels of inflammation 
may be the key feature linking the vegan gut microbiota 
with protective health benefits.35 
 
A high proportion of dietary energy from protein has been 
reported in a number of studies to increase weight loss, 
and prevent regaining weight following losses. Other 
studies have reported mixed results.42,43,44 Proteins have 
been demonstrated to induce satiety, increase secretion of 
gastrointestinal hormones, reduce hunger and increase 
diet-induced thermogenesis. A 2013 review of protein 
supplementation in weight management identified a 
number of potential mechanisms for these effects, 
including:42 
• Protein is an effective secretagogue of cholecystokinin 

(CCK), glucagon-like peptide 1 (GLP-1), and peptide 
YY, hormones secreted in the gut in response to food 
intake which act as satiety signals.  

• Protein suppresses plasma ghrelin, commonly known 
as the hunger hormone. 

• Increasing protein intake enhances the satiating effect 
of circulating leptin in the central nervous system. 

http://www.mediherb.com.au/
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• Tryptophan (one of the EAAs) is a precursor of the 
neurotransmitter serotonin, which acts as an 
anorexigenic signal in the brain, therefore stimulating 
satiety. 

• Leucine and lysine are ketogenic amino acids, and 
appetite decreases under ketogenic conditions. 

• Protein may stimulate incretin hormones such as GLP-
1 thereby stabilising blood sugar levels postprandially. 

 
A 2013 systematic review and meta-analysis of 20 
randomised, controlled trials evaluated different dietary 
approaches to T2D. Diets included in the review were low 
carbohydrate, low GI, Mediterranean, and high protein 
with all four diets reported to improve markers of 
cardiovascular risk in people with T2D. All four diets 
resulted in significant improvements in glycaemic control: 
glycated haemoglobin reductions of 0.12% (p = 0.04), 
0.14% (p = 0.008), 0.47% (p < 0.00001) and 0.28% 
(p < 0.00001), respectively compared with their respective 
control diets. An increase in HDL was seen in all diets 
except the high protein diet.45 
 
A review of the effects of high-protein diets on 
thermogenesis, satiety and weight loss found higher 
protein intake increases thermogenesis and satiety 
compared to lower protein intake. The review included 48 
randomised controlled trials with 50 outcome comparisons. 
Reduced energy intake was reported, although weight loss 
and fat loss results were inconsistent. Studies investigating 
these effects over periods longer than 6 months were 
limited. Trial participants included healthy volunteers as 
well as patients with metabolic and weight issues. Results 
from studies that compared high-protein versus high-
carbohydrate diet, were described. (As a general rule, 
high-protein diets included protein intakes that met or 
exceeded 25% of dietary energy. Some of the trials in this 
review evaluated diets exceeding 60% protein.)46 
• Fifteen studies investigated thermogenesis, with all 

showing significant thermogenic effects with higher 
protein intake. 

• Thermogenesis was reported as 20-35% of energy 
intake for proteins, compared to 5-15% in 
carbohydrates. 

• Eleven of fourteen studies on satiety found that 
protein preload (ranging from 29-75% of protein in 
meal) significantly increased subjective ratings of 
satiety. 

• Seven of fifteen studies of higher protein diets in 
weight loss reported significant benefits. 

• Macronutrient ratios and study designs varied 
between groups, with studies of longer duration 
yielding better results. 

• Increasing proteins and decreasing carbohydrates was 
seen to improve blood lipids, and epidemiologic 
studies demonstrated that higher protein diets are 
associated with lower blood pressure and reduced risk 
of coronary heart disease. 

• Three of ten studies reported a statistically significant 
greater fat loss with higher versus lower protein diets. 

 
Building Muscle, Sports Recovery and Performance 

Resistance training simultaneously stimulates catabolism 
and anabolism in active muscle fibres. The difference 
between these mechanisms is net protein balance (NPB). 
When NPB is positive, anabolism outweighs catabolism, 
and there is an increase in muscle mass. Protein 
consumption following resistance training potentiates 
anabolic effects, and is required to provide amino acid 
precursors necessary to support exercise-induced increases 
to muscle protein synthesis, positive NPB, and subsequent 
increased muscle mass, as represented in Figure 2.47,48 
 
 

 
 

Figure 2. Changes in muscle protein synthesis (MPS) and 
muscle protein breakdown (MPB) in response to amino acid 
feeding.47 

Note: Image B: Changes in MPS and MPB in response to resistance 
exercise and feeding. Chronic application of these anabolic stimuli results 
in muscle hypertrophy. 
Abbreviations: MPS: muscle protein synthesis; MPB: muscle protein 
breakdown 

 
A 2015 systematic review of 32 studies evaluated the 
effects of protein supplements alone, or in combination 
with carbohydrate, on exercise performance, metrics of 
body composition, or measures of aerobic or anaerobic 
power. The review found protein supplementation may 
enhance muscle mass and performance when the 
training stimulus is adequate (e.g. frequency, volume, 
duration), and dietary intake is consistent with 
recommendations for physically active individuals. 
Enhanced performance was reported as enhanced gains to 
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muscle strength, muscle hypertrophy as well as increases 
to aerobic and anaerobic power. Several weeks of protein 
supplementation were reported to be required for benefits 
to be seen, particularly in untrained individuals.49 
 
A second 2015 systematic review investigated combined 
protein-carbohydrate supplementation during exercise, 
and the effects on endurance performance. The review 
concluded protein intake during exercise demonstrated an 
ergogenic effect on endurance performance when 
assessed by time to exhaustion. Twenty studies were 
evaluated. Results were inconsistent, with 13 studies 
finding significant improvements with combined protein-
carbohydrate supplementation compared to carbohydrate 
only or placebo. Better outcomes were reported when the 
caloric content of sports drinks was increased by adding 
protein rather than reducing carbohydrate content to 
match the amount of calories. Methodological differences 
may account for the inconsistent results.50 
 
Conflicting results on the effects of protein-carbohydrate 
supplements on endurance performance have continued 
with a number of other studies.51,52 One review reported 
that at least three studies demonstrated carbohydrate-
protein ingestion improves endurance performance to a 
greater extent than carbohydrate alone, whilst two studies 
showed no significant benefit.51 The varied outcomes of 
these studies may be attributed to the form and quantity 
administered, inclusion criteria for studies selected for 
reviews, trained or untrained status of the subjects,  
as well as methodological differences including exercise 
protocols, duration of supplementation, and metrics 
measured.52 
 
A randomised, double blind crossover trial demonstrated 
10 g WP equivalent 4.2 g EAA (in combination with 
carbohydrate) was a sufficient dose to induce MPS.53 
However, protein, and leucine stimulate MPS to potentially 
induce benefits in sports recovery and performance in a 
dose dependent manner. Doses reported for maximum 
stimulation are higher, and once a maximum stimulation 
point is reached, MPS plateaus.30,47 
 
A study conducted in 2009 investigated the dose-response 
of leucine for muscle protein synthesis in six young 
healthy men following resistance exercise. They were 
administered single doses of 0, 5, 10, 20 and 40 g of egg 
protein after an intense bout of leg-based resistance 
exercise. Maximum MPS was seen with 1.7 g leucine (from 
20 g egg protein). No significant difference in MPS was 
seen between 1.7 g leucine and the higher, 3.4 g dose 
(from 40 g egg protein).54 
 
A randomised, double blind trial in 24 resistance-trained 
males investigated the effect of 48 g rice protein (RP) or 
WP (isocaloric and isonitrogenous) on training days, 
immediately after exercise. Volunteers trained 3 days per 
week for 8 weeks as a part of a daily resistance-training 

program. The 48 g dose provided 3.84 g and 5.52 g of 
leucine for RP and WP respectively. Muscle thickness, 
weight lifted, and perceived recovery, soreness and 
readiness to train were recorded at baseline and weeks 4 
and 8. Both WP and RP induced significant increases in 
lean body mass, muscle mass, strength and power and 
decreases in fat mass at 4 and 8 weeks, with no significant 
differences between the two groups.  The study did not 
investigate dose-response, yet benefits from protein in 
resistance-trained males are evident and similar for both 
doses of leucine.30 

 

Selected Nutrients and Dietary Seeds 

Vitamin B12, Iron, Vitamin C  

Individuals on vegan or vegetarian diets may be at greater 
risk of some nutrient deficiencies, including vitamin B12 
and iron. These nutrients are found in greatest 
concentration and in most bioavailable forms in animal 
products, and plant or lacto-ovo vegetarian sources may 
not be sufficient to meet requirements. As a result, 
supplementation may be necessary, in order to prevent 
deficiency.55 
 
Vitamin C is the most important facilitating factor in iron 
absorption, since it promotes conversion of ferric iron into 
ferrous iron, which is the best absorbed form. 75 mg of 
vitamin C has been reported to increase non-heme iron 
absorption by 3-4 times.55 
 
Magnesium  

Magnesium is involved in over 300 enzymatic reactions 
that cover a wide range of metabolic activities including 
energy production, neuronal activity, cardiac excitability, 
synthesis of essential molecules, ion transport across cell 
membranes, cell signalling and cell migration.56,57,58 

 
A cross-sectional study found a significant, independent 
and strong relationship between serum magnesium 
concentration and muscle performance in 1138 older 
persons.59 
 
A 2006 review notes marginal magnesium deficiency 
impairs exercise performance in athletes, and magnesium 
supplementation or increased dietary intake of magnesium 
may have beneficial effects on exercise performance in 
magnesium-deficient individuals.60 
 
Serum and dietary magnesium is inversely associated with 
the risk of developing cardiovascular disease and T2D 
(dietary only).61,62 
 
A 2006 review of the potential of magnesium in T2D 
reported a beneficial effect on glucose levels and insulin 
sensitivity in non-diabetic individuals such as those who 
were overweight or insulin resistant. Randomised, 
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controlled trials in T2D individuals yielded inconsistent 
results regarding effect on glycaemic control.62 
Absorption rates differ significantly between various 
magnesium salts, and may affect required dose, and 
efficacy. Magnesium citrate has demonstrated superior 
bioavailability, high mineral content, purity, solubility, and 
organoleptic properties, when compared to salts such as 
magnesium oxide.63,64 
 
Zinc  

Zinc is an essential trace mineral with divergent function, 
attributable to its status as a component of 
metalloenzymes from every class.14 Zinc is found in high 
protein foods, complexed with amino acids,14 and plays an 
essential role in proper muscle growth, metabolic 
processes, immune function, wound healing, energy 
substrate utilisation, and antioxidant defences.14,56 
 
The role of zinc in tissue and muscle growth is related 
primarily to its function in regulating protein synthesis. 
Zinc is essential for carboxypeptidases A and B, enzymes 
necessary for protein absorption in the duodenum; enzyme 
activity is reportedly decreased in zinc deficiency.14 
 

Zinc is involved with the synthesis, storage and secretion 
of insulin and therefore influences carbohydrate 
metabolism.14,65,66 
 
Matrix metalloproteinases are zinc dependant enzymes 
which function in wound healing, degrading components 
of the extracellular matrix to allow for remodelling of 
extracellular matrix proteins and tissue repair.14 
 
Chromium, Iodine, Selenium 

Chromium has a role in blood glucose regulation and is 
thought to potentiate the action of insulin, probably by 
facilitating the binding of insulin to its cellular receptor, by 
enhancing insulin-dependent functions, or both.67,68 
 
As with other minerals, the rate of chromium excretion 
during periods of physical exertion are also increased, 
suggesting that maintaining optimal chromium status is 
difficult if dietary intakes fail to keep up with increased 
demand. 
 
Iodine and selenium are essential trace minerals necessary 
for thyroid hormones synthesis.69 The effects of thyroid 
hormones on metabolism are many and varied, and 
include stimulating metabolic rate, enhancing muscle 
contraction and enhancing lipolysis. Selenium also has 
activity in antioxidant defences and immune function.14 
 
Cholecalciferol, Biotin, Nicotinamide 

Vitamin D has various biological functions, including 
neuromuscular maintenance, regulating cellular growth, 
differentiation, proliferation, and modulating immune 

function. Additionally, vitamin D appears to enhance the 
secretion and action of insulin.69 Most supplemental forms 
of vitamin D are derived from animal sources.70 Plant 
based wholefood sources of vitamin D are available, 
including vegan certified Agaricus bisporus (white button 
mushroom), standardised to 5000IU vitamin D2/g.71 This 
material has been clinically trialled in humans to confirm 
vitamin D bioavailability.72 
 
Biotin is a B vitamin that functions as a cofactor for 
enzymes involved in carboxylation reactions. Biotin is 
important for energy metabolism by its role inducing 
enzymes involved in gluconeogenesis, fatty acid synthesis, 
amino acid metabolism and glucose utilisation.14,69 
 
Vitamin B3 as nicotimamide adenine dinucleotide (NAD) 
plays a role in energy production via its function in the 
electron transport chain and therefore synthesis of 
adenosine triphosphate (ATP).14 

 
Medium Chain Triglycerides 

Digestion of medium chain triglycerides (MCTs) does not 
require bile salts or re-esterification by intestinal cells, and 
MCTs are absorbed directly into the portal circulation. In 
contrast, long chain triglycerides (LCTs) are incorporated 
into chylomicrons following absorption into the intestinal 
cells and transported through the lymphatic system into 
the blood stream where lipases hydrolyse LCTs into smaller 
molecules. Compared to LCTs, MCTs are metabolised faster 
by the body, have lower calories, and have less storage in 
adipose tissue.73 
 
MCT is commonly derived from coconut oil and palm 
kernel oil, with coconut oil being the richer source.74 MCT 
has beneficial organoleptic properties for application in 
functional foods, including, neutral flavour, reduced 
rancidity, and enhanced palatability.75 
 
Fibre and Apple Pectin 

The role of fibre in human health includes benefits on risk 
factors for cardiovascular disease, weight management, 
immune function and colonic health.76 Epidemiological and 
clinical studies demonstrate that intake of dietary fibre is 
inversely related to obesity, type 2 diabetes, cancer and 
cardiovascular disease.77 Adequate intake of dietary fibre 
for Australians is 25 g and 30 g for women and men 
respectively.78 
 
Pectin is a soluble polysaccharide, soluble fibre and 
prebiotic which dissolves in water forming viscous gels. 
Pectin bypasses enzymatic digestion of the small intestine 
and is easily fermented by colonic microflora, which is 
likely responsible for pectin’s ability to stimulate certain 
lactobacillus and bifidobacterium species in vitro.77 
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Chia Seed and Flaxseed 

Chia seed (Salvia hispanica) and flaxseed (Linum 
usitatissimum) are well-known sources of high quality 
nutrients, and traditionally played an important role in the 
diet of pre-Hispanic Mexicans, and ancient Egyptians 
respectively. The nutritional value of the seeds of chia and 
flax are largely attributed to their protein, fibre, omega-3 
fatty acids (including alpha-linolenic acid), antioxidant and 
mineral content.79,80,81 
 

Safety 

Proteins 

Caution is advised for individuals with existing renal 
conditions, and young children. In populations with 
established renal disease, it has been shown that limiting 
protein to the RDI may slow the progression of disease.46 
Elderly subjects with severe renal impairment (estimated 
glomerular filtration rate < 30 mL/min/1.73 m2) who are 
not on dialysis must limit their protein intake.24 

 
Phenylalanine is contraindicated in individuals who suffer 
from phenylketonuria.  
 
Gynostemma 

Animal studies and information from China indicates that 
Gynostemma herb and total gypenoside extracts have low 
toxicity. In teratogenicity tests, there were no observable 
effects on mice embryos when the parent mice were fed 
with gypenosides at levels of 20% and 50% of LD50. The 
offspring showed normal development and reproductive 
ability. No carcinogenicity or mutagenicity was observed in 
other testing for the gypenosides.6 
 
A Thai trial investigated the safety of three doses of 
concentrated extract of Gynostemma in healthy 
volunteers. After 8 weeks of treatment, no major adverse 
events were reported. Laboratory results indicated no toxic 
effects on the liver, kidney or haematology (including 
platelet count). Blood glucose was unchanged or remained 
within normal limits.82 The daily doses of the extract 
corresponded to about 0.4, 1.6 and 3.2 g/day of dried 
aerial parts.82,83 However, it is known that herb harvested 
in Thailand has lower amounts of gypenosides compared 
to herb grown in China.84 
 
No adverse effects on liver, kidney, haematology or vital 
signs were found in obese volunteers, treated with extract 
corresponding to 3 g/day of dried leaf.9 
 
A small number of patients experienced mild adverse 
effects (vomiting, diarrhoea/constipation, abdominal 
tension, dizziness, blurred vision, tinnitus) in a large, 
uncontrolled trial conducted in China. Patients were 
treated with 2.5-3 g of Gynostemma powder, prepared as 

tablets or capsules, and administered 3 times a day for 10 
days.6 
 

Supportive Formulation 

Plant proteins such as brown rice protein, pea protein, potato 
protein, flaxseed, and chia seed combine to provide a vegan and 
vegetarian friendly source of protein. These protein sources are 
low allergenic, providing a suitable option for individuals with 
allergies or intolerances to soy, egg, milk and fish derived 
ingredients. 
 
Protein, combined with Gynostemma and selected nutrients may 
support the following actions and systems: 
• muscle health and strength; 
• metabolic processes and normal glucose metabolism; 
• nutritional support for vegetarians and vegans; 
• immune cells and processes; 
• satiety. 
 

Indications 

• Nutritional support for vegetarians, vegans or individuals 
with food allergies or intolerances. 

• Muscle wasting conditions including sarcopaenia, and 
cachexia. 

• Metabolic syndrome, including type 2 diabetes, and possibly 
as adjunctive therapy for hyperlipidaemia. 

• Maintaining healthy weight. 
• Physically active individuals, training for sport events and 

athletes. 
• Malnourishment, convalescence. 
• Wound healing: postsurgical, accidents and injury. 
 

 
 

Author: Abbie Harris.  
Gynostemma information was provided by Michelle Morgan 

© Copyright 2015 MediHerb. 

 
REFERENCES 
 
1 Blumert M, Liu J. Jiaogulan (Gynostemma pentaphyllum): China's 
"Immortality" Herb. Torchlight Publishing Inc, Badger, California, 1999. 
2 Hong L, Guo Z, Huang K et al. J Ethnobiol Ethnomed 2015; 11(1): 32 
3 Liu F, Ren D, Guo DA et al. Chem Pharm Bull 2008; 56(3): 389-393 
4 He Q, Li JK, Li F et al. World J Gastroenterol 2015; 21(7): 2058-2066 
5 Cui J, Eneroth P, Bruhn JG. Eur J Pharm Sci 1999; 8(3): 187-191 
6 Razmovski-Naumovski V, Huang THW, Tran VH et al. Phytochem Rev 
2005; 4(2-3): 197-219 
7 Kim JH, Han YN. Phytochemistry 2011; 72(11-12): 1453-1459 
8 Nguyen PH, Gauhar R, Hwang SL et al. Bioorg Med Chem 2011; 19(21): 
6254-6260 
9 Park SH, Huh TL, Kim SY et al. Obesity 2014; 22(1): 63-71 
10 Gauhar R, Hwang SL, Jeong SS et al. Biotechnol Lett 2012; 34(9): 1607-
1616 
11 Huyen VT, Phan DV, Thang P et al. Horm Metab Res 2010; 42(5): 353-
357 
12 Huyen VT, Phan DV, Thang P et al. Evid Based Complement Alternat 
Med 2012; 2012: 452313 
13 Huyen VT, Phan DV, Thang P et al. J Nutr Metab 2013; 2013: 765383 
14 Gropper SS, Smith JL. Advanced Nutrition and Human Metabolism. 
Wadsworth Cengage Learning, Belmont, 2013, pp 183-274. 
15 Purpura M, Lowery RP, Joy JM et al. J Nutr Health Sci 2014; 1(3): 1-9 
16 Nehete JY, Bhambar RS, Narkhede MR. Pharmacogn Ref 2013; 7(14): 
107-116 



 

Not for Public Distribution. For Education of Health Care Professionals Only. 10 

 
17 Food and Agricultural Organisation of the United Nations. 1991. Report 
of Joint FAO WHO Expert Consultation. Protein Quality Evaluation. FAO, 
Rome. 
18 He T, Giuseppin MLF. Int J Food Sci Nutr 2014; 65(3): 386-390  
19 Food Agriculture Organisation of the United Nations. Technology of 
Production of Edible Flours and Protein from Soybeans: Chapter 1 The 
Soybean. Available at: 
http://www.fao.org/docrep/t0532e/t0532e02.htm. Accessed January 
3rd 2016. 
20 United States Department of Agriculture Research Service. 2015. Recent 
Trends in Genetic Engineering Adoption. Available at: 
http://www.ers.usda.gov/data-products/adoption-of-genetically-
engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx. Accessed 
January 3rd 2016. 
21 Taylor SL. Emerging Problems with Food Allergens. United States 
Department of Agriculture Research Service. Available at: 
http://www.fao.org/docrep/003/x7133m/x7133m03.htm. Accessed 
January 3rd 2016. 
22 Ebner N, Sliziuk V, Sherbakov N et al. ESC Heart Failure 2015; 2: 58-68 
23 Yanai H. J Clin Med Res 2015; 12: 926-931 
24 Rondanelli M, Faliva M, Monteferrario F et al. Biomed Res Int 2015; 52: 
1-14 
25 Cuthbertson D, Smith K, Babraj J et al. FASEB J 2005; 19(3): 422-440 
26 Breen L, Phillips SM. Nutr Metab 2011; 8: 68-77 
27 Garlick PJ. J Nutr 2005; 135: 1553S-1556S 
28 Zanchi NE, Nicastro H, Lancha AH Jr. Nutr Metab 2008; 5: 20 
29 Norton L, Wilson GJ. AgroFood industry hi-tech 2009; 20: 54-57 
30 Joy JM, Lowery RP, Wilson JM et al. Nutr J 2013; 12(86): 7-14 
31 Yokoyama Y, Barnard ND, Levin SM, et al. Cardiovas Diagnos Ther 2014; 
4(5): 373-382 
32 Barnard ND, Cohen J, Jenkins DJ. Am J Clin Nutr 2009; 89(Suppl): 1568-
1589 
33 Barnard ND, Katcher HI, Jenkins DJ et al. Nutr Rev 2009; 67(5): 255-263 
34 Barnard ND, Levin SM, Yokoyama Y. J Acad Nutr Diet 2015; 115(6): 
954-969 
35 Khazrai YM, Defeudis G, Pozzilli P. Diabetes Metab Res Rev 2014; 
30(Suppl 1): 24-33 
36 Lampe JW. Am J Clin Nutr 2003; 78(Suppl): 579S-583S 
37 Freedland SJ, Aronson WJ. Current Opinion in Urology 2009; 19: 263-
267 
38 Smedslund G, Hagen KB. J Am Diet Assoc 2010; 110: 727-735 
39 Glick-Bauer M, Yeh MC. Nutrients 2014; 6: 4822-4838 
40 Liu RH. Adv Nutr. 2013; 4: 384S-392S 
41 Deriemaeker P, Aerenhouts D, Hebbelinck M. Plant Foods Hum Nutr 
2010; 65: 77-82 
42 Bendtsen LQ, Lorenzen JK, Bendsen NT. Am Soc Nutr Adv Nutr 2013; 4: 
418-438 
43 Clifton PM, Condo D, Keogh JB. Nutr Metab Cardiovasc Dis 2014; 24(3): 
224-235 
44 Paddon-Jones D, Westman E, Mattes RD. Am J Clin Nutr 2008; 87: 1558-
1561 
45 Ajala O, English P, Pinkney J. Am J Clin Nutr 2013; 97(3): 505-516 
46 Halton TL, Hu FB. J Am Coll Nutr 2004; 23(5): 373-385 
47 Burd NA, Tang JE, Moore DR et al. J Appl Physiol 2009; 106: 1692-1671 
48 Reidy PT, Walker DK, Dickinson JM et al. J Appl Physiol 2014; 116: 1353-
1364 
49 Pasiakos SM, McLellan TM, Lieberman HR. Sports Med 2015; 45(1): 111-
131 
50 Gonzalez EE, Jesus-Munoz-Daw M, Lujan RC. Nutr Hosp 2015; 32(5): 
1926-1935 
51 Saunders MJ. Int J Sports Nutr Exerc Metab 2007; 17: 87-103 
52 McLellan TM, Pasiakos SM, Lieberman HR. Sports Med 2014; 44(4): 535-
550  
53 Manolakos JJ, Moore DR, Phillips SM. Appl Physiol Nutr Metab 2007; 32: 
1132-1138 
54 Moore DR, Robinson MJ, Fry JL et al. Am J Clin Nutr 2009; 89: 161-168 
55 Silva SCG, Pinho JP, Santos A et al. Guidelines for a Healthy Vegetarian 
Diet. National Programme for the Promotion of Healthy Eating, Lisbon, 
2015. pp 23-28. 
56 Lukaski HC. Am J Clin Nutr 2000; 72(Suppl): 5855 

 
57 Shils ME. Magnesium. In: Shils M et al. Nutrition in Health and Disease. 
9th ed. Lippincott, Williams & Wilkins, USA 1999. p 169. 
58 Gums JG. Am J Health Syst Pharm 2004; 61: 1569 
59 Dominguez LJ, Barbagallo M, Lauratani F et al. Am J Clin Nutr 2006; 84: 
419 
60 Nielsen FH, Lukaski HC. Magnes Res 2006; 19: 180 
61 Del Gobbo LC, Imamura F, Wu JHY et al. Am J Clin Nutr 2013; 98: 160 
62 Rodriguez-Moran M, Mendia LES, Zambrano G et al. Magnes Res 2011; 
24: 156 
63 Bohn T. Curr Nutr Food Sci 2008; 4(1): 53-72 
64 Walker AF, Marakis G, Christie S et al. Magnes Res 2003; 16(3): 183-
191 
65 Fung EB, Gildengorin G, Talwar S et al. Nutrients 2015; 7: 4296-4307 
66 Jansen J, Karges W, Rink L. J Nutr Biochem 2009; 20(6): 399-417  
67 Mertz W. Med Clin North Am 1976; 60: 739-744 
68 Mertz W. J Am Coll Nutr 1998; 17: 544 547 
69 Gaby A. Nutritional Medicine. Fritz Perlberg Publishing, New 
Hampshire, 2011. pp 374-398. 
70 Buhler V. Vademecum for Vitamin Formulations. Wissenschaftliche 
Verlagsgessellschaft, Stuttgard, 2001, pp 24-25  
71 Phytotherapy Pty Ltd. Organic High Vitamin D Product Specification 
2015. Elanora Heights, Australia. 
72 Keegan RJH, Zhiren L, Bogusz JM et al. Dermat Endocr 2013; 5(1): 165-
176 
73 Rego Costa AC, Rosado EL, Soares-Mota M. Nutr Hosp 2012; 27(1): 103-
108 
74 Heydinger JA, Nakhasi DK. J Food Lipids 2006; 3: 251-257 
75 Chow CK. CRC Press 1999; 2: 397-403 
76 Slavin J. Nutrients 2013; 5(4): 1417-1435 
77 Lattimer JM, Haub MD. Nutrients 2010; 2(12): 1266-1289 
78 Australian National Health and Medical Research Council 2014. Dietary 
Fibre. Available online: www.nrv.gov.au/nutrients/dietary-fibre. 
Accessed December 18, 2015. 
79 Valdivia-Lopez MA, Tecante A. Adv Food and Nutr Res 2015; 75: 53-75 
80 Katare C, Saxena S, Prasad G. J Nutr Food Sci 2012; 2(1); 1-8 
81 Ehrlich SD. 2015. University of Maryland Medical Centre Flaxseed. 
Available online: 
https://umm.edu/health/medical/altmed/herb/flaxseed. Accessed 
December 28, 2015. 
82 Chavalittumrong P, Sriwanthana B, Kijphati R et al. Songklanakarin J Sci 
Technol 2007; 29(Suppl 1): 83-93 
83 Sriwanthana B, Threesangsri W, Wanavichet W et al. Acta Hortic 2005; 
680: 165-169 
84 Sinsatienporn S, Yamwong P, Amornrat A et al. Siríraj Hosp Gaz 2001; 
53(2): 63-69 
 

http://www.fao.org/docrep/t0532e/t0532e02.htm
http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx
http://www.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-us/recent-trends-in-ge-adoption.aspx
http://www.fao.org/docrep/003/x7133m/x7133m03.htm
http://www.nrv.gov.au/nutrients/dietary-fibre
https://umm.edu/health/medical/altmed/herb/flaxseed

	Selected Nutrients
	Plant Proteins
	Indications & Safety
	Author: Abbie Harris. Gynostemma information was provided by Michelle Morgan
	© Copyright 2015 MediHerb.

	Gynostemma
	Gynostemma
	Clinical Studies

	Proteins
	Plant Proteins
	Clinical Studies
	Vegan, Vegetarian Diets and Protein Intake on Weight Management, Metabolic Syndrome and Chronic Inflammatory Conditions
	Building Muscle, Sports Recovery and Performance


	Selected Nutrients and Dietary Seeds
	Vitamin B12, Iron, Vitamin C
	Magnesium
	Zinc
	Chromium, Iodine, Selenium
	Cholecalciferol, Biotin, Nicotinamide
	Medium Chain Triglycerides
	Fibre and Apple Pectin
	Chia Seed and Flaxseed

	Safety
	Proteins
	Gynostemma


