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ABSTRACT 

 

 

INVESTIGATION OF THE EFFICACY, ACCEPTABILITY, AND ISOFLAVONE 
BIOAVAILABILITY OF A SOY FLOUR MUFFIN FOR REDUCING BIOMARKERS OF 

CORONARY HEART DISEASE RISK IN HYPERCHOLESTEROLEMIC ADULTS 

 

Emily Mary Tara Padhi     Advisors: 
University of Guelph, 2015    Professor Alison M. Duncan 
E.M.T. Padhi       Dr. D. Dan Ramdath 
 
 
 

Functional foods are designed to deliver a concentrated source of bioactive 

compounds and represent an opportunity to enhance human health and lower disease risk. 

Soybeans are a valuable source of nutrients and are a potential functional food ingredient as 

they contain bioactive compounds, such as isoflavones, that may lower coronary heart 

disease (CHD) risk by reducing low density lipoprotein (LDL) cholesterol. However, efficacy 

and acceptability assessments are required to understand the value of soy in health 

promotion and whether including it in the diet is feasible. De-fatted whole soy flour (DWSF) 

is a major source of dietary soy and can be used to manufacture a variety of soy-based food 

products; however, processing soybeans can impact the bioactivity and bioavailability of 

bioactive compounds, which may influence the associated health benefits. Therefore, it is 

imperative that soy be examined according to food form.  

The objectives were to: (1) assess the effect of DWSF on lowering LDL cholesterol 

and other biomarkers of CHD risk when consumed as a baked muffin; (2) determine the 

bioavailability of soy isoflavones from a baked soy muffin in plasma during a period of daily 



 
 

consumption; and (3) examine the consumer liking of soy flour muffins and the role of a 

government-approved health claim on willingness to consume. To achieve these objectives, 

healthy adults with hypercholesterolemia consumed soy flour muffins daily for 6 weeks but 

did not experience significant changes in plasma lipids, glucose, insulin resistance, or C-

reactive protein (P>0.05) despite a dose-dependent increase in plasma isoflavone 

concentrations (P<0.001). However, soy flour muffins were rated between “like slightly” and 

“like moderately” by trial participants and a government-approved health claim increased 

willingness to consume (P<0.01). Overall, DWSF baked in a muffin does not improve 

biomarkers of CHD risk and, therefore, optimal use of soy ingredients in functional foods 

may necessitate a closer examination of the effect of food processing on its associated health 

benefits. Nevertheless, the bioavailability of bioactive soy isoflavones from DWSF was 

demonstrated and soy flour muffins were moderately accepted by consumers, indicating 

potential for soy-based food products in the functional food market.     
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1.1 Coronary heart disease 

 

1.1.1 Definition, prevalence and incidence 

 

 Cardiovascular disease (CVD) describes a collection of disorders affecting the 

vasculature of the heart, brain and peripheral tissue (WHO, 2011). Coronary heart disease 

(CHD) is the most common type of CVD and is characterized by reduced blood flow to the 

heart due to the accumulation of cholesterol-rich deposits (“plaque”) in the coronary arteries 

(NIH, 2014). The pathogenesis of CHD develops slowly, and often goes undetected  until 

medical attention is required; thus, incident CHD can be defined a number of ways, 

including: the presentation of unstable angina; the requirement for medical procedures to 

remove blockages caused by plaque in the arteries; or the occurrence of myocardial 

infarction, i.e. heart attack (Ripatti et al., 2010). CVD is the leading cause of death globally, 

attributed mostly to CHD, which claims 7.3 million lives annually (WHO, 2011).  

Atherosclerosis is the underlying cause of CHD and is thought to be initiated by an 

inflammatory response to the blood vessel endothelium after injury (Ripatti et al., 2010). 

Atherosclerosis typically begins in adolescence; however, the rate of progression varies 

according to individual exposure to behavioral factors such as smoking status, physical 

activity level, and dietary factors in addition to non-modifiable risk factors such as age, sex 

and genetics (WHO, 2011). Notably, CHD mortality has declined significantly over the last 25 

years, particularly in high-income countries (Finegold et al., 2013). This public health 

success is attributed largely to improvements in the treatment of CHD, as well as primary 

prevention strategies aimed at lowering major risk factors such smoking and circulating 
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levels of total or LDL cholesterol (Ford & Capewell, 2011). Despite this decline, the burden of 

CHD is enormous, remaining the leading cause of death worldwide and the second leading 

cause of death in Canada (Finegold et al., 2013; Statistics Canada, 2012). Further, increasing 

prevalence of CHD risk factors (e.g. hypertension, obesity) suggest a rise in CHD incidence 

may be looming in the future if direct, targeted action is not taken (Campbell et al., 2006).  

 

1.1.2 Lipoprotein metabolism 

 

Lipoproteins transport lipids (e.g. triglycerides, cholesterol, fat-soluble vitamins) to 

and from the body tissues. They are large, spherical structures consisting of a hydrophobic 

core imbedded in a shell of hydrophilic proteins, phospholipids and free cholesterol; their 

amphipathic nature allows fatty substances to be carried in the hydrophilic aqueous blood 

(Rader & Hobbs, 2012). The 5 classes of lipoproteins (Table 1.1), defined by relative density, 

are described as follows: high-density lipoproteins (HDL); low-density lipoproteins (LDL); 

intermediate-density lipoproteins (IDL); very low density lipoproteins (VLDL); and 

chylomicrons (Rader & Hobbs, 2012). Apolipoproteins (Apo) are proteins within the 

lipoprotein that confer hydrophilic properties, which allows for interfacing with cell 

receptors and lipid transfer to and from tissue cells (Rader & Hobbs, 2012). Apolipoproteins 

are sub-divided into classes (e.g. A, B, C) and are distinguished by the lipoproteins they are 

associated with and functions that they serve (Table 1.1). Utilizing the hydrophilic 

properties of lipoproteins, life-sustaining lipids are transported throughout the body via the 

bloodstream. The processes involved in lipoprotein metabolism include exogenous and 

endogenous pathways. 



 

4 

Table 1.1 Major classes of human lipoproteins 
Relative density Lipoprotein Associated apolipoproteins Other constituents 

    
High 

↑ 

HDL A1, A2, C2, C3, E   LCAT, CETP, paroxonase 
LDL B100 Vitamin E 
IDL B100, C2, C3, E   Vitamin E 
VLDL B48, B100, C2, C3, E   Vitamin E 
Chylomicron A1, A2, B48, B100, C2, C3, E   Fat-soluble vitamins 

Low    

Adapted from Rader & Hobbs (2012) and Crook (2012); LCAT = lecithin-cholesterol 
acyltransferase; CETP = cholesteryl ester transfer protein.        

 

The exogenous pathway begins in the small intestine where dietary fat is hydrolyzed 

into free cholesterol and fatty acids (Crook, 2012). This is followed by bile acid emulsification 

and combining with phospholipids and apolipoproteins (A, B) to form chylomicron 

molecules which enter circulation via the lymph; this occurs through a mechanism 

dependent on Apo B48, after which, chylomicrons enter circulation via the subclavian vein 

(Crook, 2012). Newly formed chylomicrons receive Apo C and E from HDL. Apo C2 serves as 

a cofactor for endothelial lipoprotein lipase (LPL) which converts chylomicron triglycerides 

into glycerol and free fatty acids, the latter which is taken up by fat and muscle cells for use as 

energy or storage (Crook, 2012). The chylomicron decreases in size as it is continuously 

processed in the vascular lumen, eventually becoming the cholesterol-rich chylomicron 

remnant, which transfers its Apo (A, C) to HDL and is taken up by hepatic LDL receptors 

(LDLR) via Apo E (Crook, 2012). 

The endogenous pathway of lipid transport begins with the packaging of hepatic 

triglycerides and cholesterol (from the exogenous pathway or the liver) in VLDL, which 

acquires apolipoproteins (B, C, E) from HDL after entering circulation (Crook, 2012). The 

path VLDL follows is similar to that of the chylomicron: triglycerides are hydrolyzed via the 
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activity of LPL (which requires Apo C2 as a cofactor to become active) and after extensive 

processing, the VLDL is eventually transformed into the VLDL remnant (hereafter referred 

to as IDL); IDL is either absorbed by hepatic LDLRs via Apo E, or is remodeled by the action 

of hepatic lipase which removes Apo E and triglycerides and converts IDL to LDL (Crook, 

2012).  LDL is the main constituent in blood, accounting for approximately 70% of plasma 

lipoproteins, and is the mode by which cholesterol is transported to peripheral tissues 

(Crook, 2012). LDL is removed from circulation by LDLR-mediated endocytosis, primarily at 

the site of the liver, via a receptor that interacts with Apo B100 (Crook, 2012).  

Endogenous cholesterol is synthesized in a multi-step pathway and cholesterol 

homeostasis is achieved via a tight feedback mechanism (Figure 1.1). When intracellular 

cholesterol concentrations are high, cholesterol synthesis and uptake from plasma is reduced 

by inhibiting the HMG-CoA reductase gene and the LDLR gene via the sterol regulatory 

element-binding protein (SREBP) pathway, and by increasing free cholesterol esterification 

via acyl CoA:cholesterol acyl transferase (ACAT) for storage (Goldstein & Brown, 2009).  

SREBPs play an essential role in this feedback mechanism. When cellular cholesterol is low, 

SREBPs are transported from the endoplasmic reticulum of the cell to the Golgi complex and 

are processed to release protein fragments that activate genes transcribing HMG-CoA 

reductase and the LDLR, which ultimately results in greater cholesterol influx from plasma 

(Goldstein & Brown, 2009). When cellular cholesterol is high, SREBP transport is blocked, 

which prevents gene transcription (Goldstein & Brown, 2009). This mechanism is central to 

the mechanism of action by statin medications: statins inhibit HMG-CoA reductase, reducing 

cholesterol synthesis which prompts SREBP transport to upregulate the LDLR gene, 

stimulating the clearance of LDL cholesterol from plasma (Goldstein & Brown, 2009).  
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Figure 1.1 Endogenous cholesterol synthesis and homeostasis The pathway of 
endogenous cholesterol synthesis (a), adapted from Crook (2012) and cellular cholesterol 
homeostasis mediated by the LDL pathway (b), adapted from Brown & Goldstein (1979). 
 
 

Another salient process in lipoprotein metabolism involves reverse cholesterol 

transport, which is mediated by HDL particles (Ordovas, 2006). The liver is the only route 

through which cholesterol is removed, typically by release into the bile (Rader & Hobbs, 

2012). Cellular cholesterol is transported to the liver via HDL which re-packages these 

molecules of free cholesterol and phospholipids into esters through the action of lecithin-

cholesterol acyltransferase (LCAT). HDL transfers its contents to the liver by two 

mechanisms: (1) indirectly, through the transfer of cholesterol esters given to lipoproteins 

in exchange for triglycerides, which are rapidly removed from circulation via hepatic LDLR; 

or (2) directly, by binding to liver cells (Rader & Hobbs, 2012). Plasma lipoproteins play an 

essential role in the distribution of lipids throughout the body; however, they can also 

contribute to the pathogenesis of atherosclerosis and influence cardiovascular risk, 

particularly through a disturbance in the ratio of the different lipoprotein classes (Rader & 

Hobbs, 2012). 
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1.1.3 Pathophysiology of CHD  

 

The clinical events associated with CHD are precipitated by atherosclerosis, which 

itself is initiated by a chronic inflammatory response caused by injury to the vascular 

endothelium (Chilton, 2004). The origin of these endothelial lesions is unclear but attributed 

to a number of factors including: inflammation and oxidative stress (Schulze & Lee, 2005); 

the formation of advanced glycation end products (AGEs) (Duckworth, 2001); hypertension; 

and the principal risk factor, chronic elevations in LDL cholesterol, particularly when it has 

undergone oxidized modification (oxLDL) (Ross, 1999).  Upon injury, platelets and other 

immuno-regulatory blood cells such as lymphocytes and monocytes are recruited to the site 

of injury (Chilton, 2004). Platelets adhere to the blood vessel wall, transforming into 

macrophages that engulf circulating molecules of oxLDL until they spill over and become 

foam cells (Chilton, 2004). Foam cells release chemicals that perpetuate the inflammatory 

response and accumulate more lipid particles and transform into fatty streaks (Pujol & 

Tucker, 2007). More LDL particles, smooth muscle cells, and other cellular debris become 

trapped, which causes the fatty deposit to mature into a plaque that expands (Pujol & Tucker, 

2007).  Eventually, a fibrous cap containing smooth muscle cells and collagen transforms this 

growing mass into an atherosclerotic plaque which bulges from the vessel wall, occludes the 

lumen, and restricts blood flow (WHO, 2011). As the fibrous cap thins, the chance of rupture 

increases, spilling the contents of the lipid core into the bloodstream (Ross, 1999). In this 

event, platelets becomes activated in an expanding chain reaction, recruiting more platelets 

and converting the contents of the ruptured plaque into a thrombus which can block cardiac 

arteries, causing heart attack (WHO, 2011; Ross, 1999).  
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1.1.4 Non-modifiable and modifiable CHD risk factors 

 

The major risk factors of developing CHD include age, sex, and certain predisposing 

genetic factors (non-modifiable risk factors), along with smoking, physical inactivity, and a 

pro-atherogenic diet (modifiable risk factors). A risk factor describes an environmental, 

behavioural, or biological exposure that directly increases the probability of a disease 

occurring; in the absence of this risk factor, the probability is reduced (Burt, 2001). In 

chronic disease prevention, non-modifiable risk factors are inherent to the individual, and 

modifiable risk factors refer to exposures that increase the likelihood of disease, but whose 

contribution can be reduced through intervention (Burt, 2001).  Modifiable risk can be 

measured via biomarkers, which are objective, quantifiable characteristics of biological 

processes that are measured in the body and aid in the diagnosis, treatment, and prediction 

of disease (Mayeux, 2004; Strimbu & Tavel, 2010). Biomarkers are used to predict and 

monitor clinical endpoints (e.g. measures of disease incidence and mortality) and therefore 

their modification can reduce the probability of disease occurring (Strimbu & Tavel, 2010). 

Classic biomarkers that are used to predict CHD risk include abnormal plasma lipids, glucose, 

elevated blood pressure, and markers of systemic inflammation. 

In general, cardiovascular risk increases with age as the aorta and arteries stiffen and 

weaken, increasing the susceptibility of blood vessels to injury (Ferrari et al., 2003). Men are 

at an increased risk of CHD; however, this trend levels off once women reach menopause, a 

phenomenon that is thought to be related to lower circulating estrogen, whose protective 

action may occur through improvements in vasodilation and vascular response to injury 

(Mendelsohn, 2002). Family history is also an independent risk factor for CHD, which 
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suggests there may be underlying genetic factors that predispose certain individuals to 

disease development (Ripatti et al., 2010). Recently variations in 13 specific chromosomal 

regions have been shown to increase heart attack risk by as much 92% (Ripatti et al., 2010).  

Variations in the genes coding for proteins involved in lipoprotein metabolism can 

also directly influence CHD risk. For example, an allele of APOA1, the gene responsible for the 

production of Apo A1, is associated with increased plasma HDL concentrations and an 

overall cardio-protective effect (Ordovas, 2006). Nutrient-gene interaction refers to the 

modulation of gene expression and cellular processes through exposure to specific nutrients 

(El-Sohemy, 2008), and is related to the occurrence of genetic polymorphisms that vary 

individual response to nutrients (Friso & Choi, 2002). In the case of APOA1, the expression 

of this gene is influenced by dietary polyunsaturated fatty acid (PUFA), but the effect on CHD 

risk depends on what variant of the gene an individual possesses (Ordovas, 2006). In a study 

examining genetic polymorphisms of APOA1, increased PUFA intake was found to lower 

plasma LDL cholesterol and increase HDL cholesterol, but only in women expressing the A 

allele of the gene (Ordovas, 2006). Conversely, women that possessed the G allele 

experienced a deleterious effect: HDL cholesterol concentrations actually reduced with 

increasing PUFA intake (Ordovas, 2006). Evidence for the influence of nutrient-gene 

interaction and CHD risk continues to be an area of rapidly expanding research.  

   Predisposing factors such as age, sex, and genetics are often beyond intervention; 

however, targeting modifiable risk factors such as smoking, physical inactivity and a pro-

atherogenic diet is a powerful, cost-effective strategy to reducing CHD incidence and 

mortality (Ford & Capewell, 2001; Gaziano et al., 2004).  These behaviours are strongly 

associated with CHD, accounting for approximately half of total CHD risk, and are associated 
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with physiological disturbances that cause hypertension, obesity, and abnormalities in 

plasma lipids and glucose (WHO, 2011).  

Primary prevention of CHD involves mitigating risk factors through lifestyle 

interventions such as smoking, physical inactivity, and diet. Smoking cessation is associated 

with a 36% reduction in CHD mortality (Critchley & Capewell, 2003). Smokers tend to have 

an abnormal plasma lipid profile (Whelton et al., 2012), impaired endothelial function, and 

increased susceptibility to oxidative modification of LDL cholesterol (Ambrose & Barua, 

2004). Physical inactivity is another major CHD risk factor; increased aerobic exercise is 

associated with lower blood pressure values, greater insulin sensitivity, and a more 

favourable plasma lipid profile (Thompson et al., 2003). The Canadian Society for Exercise 

Physiology recommends for adults (18-64 years) 150 minutes of moderate to vigorous 

activity per week (CSEP, 2015), which can lower CHD incidence by 14-20% (Ahmed et al., 

2012). Dietary modification lowers CHD risk by up to 60% and can be achieved by limiting 

excessive caloric intake, increasing dietary fibre, and reducing intake of pro-atherogenic 

dietary components such as sodium, saturated and trans-fatty acids (Sirtori et al., 2007). 

Further, specific bioactive compounds from plant and animal foods (e.g. polyphenols, 

peptides from plant and animal sources) may lower CHD risk through specific and 

independent mechanisms that target the physiological abnormalities underpinning 

atherosclerosis: dyslipidemia, hypertension, and hyperglycemia (Pujol & Tucker, 2007).  

Dyslipidemia is characterized by elevations in fasting plasma LDL cholesterol (>3.00 

mmol/L) and triglycerides (>1.7 mmol/L) that is often, but not always, accompanied by 

abnormally low (<1 mmol/L) HDL cholesterol (ATP III, 2001). Elevated LDL cholesterol 

independently predicts CHD clinical events and reductions may lower CHD incidence by 31-
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37% (Sharrett et al., 2001). Small, dense LDL cholesterol particles are thought to be 

particularly pro-atherogenic due to a number of factors, including: the ease at which it can 

penetrate the arterial wall (Ip et al., 2009), its increased susceptibility to modification 

through oxidation (Toft-Petersen et al., 2011); and its lower affinity for the LDL receptor 

compared to larger, buoyant particles of LDL cholesterol (Berneis & Krauss, 2002). Elevated 

plasma triglycerides increase cardiovascular risk by promoting the generation of small, 

dense LDL cholesterol and by interfering with reverse cholesterol transport mechanisms 

driven by HDL cholesterol (Cullen, 2000). Conversely, HDL cholesterol protects against CHD 

development by removing cholesterol from circulation (and burgeoning plaques) for 

transport to the liver (Ross, 1999). Other protective roles of HDL cholesterol include anti-

inflammatory properties, prevention of monocytes from adhering to the endothelium, and 

by inhibiting LDL cholesterol oxidation (Ashen & Blumenthal, 2005). A decrease in plasma 

LDL cholesterol by 5-6% corresponds to a reduction in CHD risk by 7-12%, while an 

increase in HDL cholesterol may lower CHD risk by 6-9% (Ashen & Blumenthal, 2005). 

Hyperglycemia refers to the elevation of fasting plasma glucose (>6.1 mmol/L) 

resulting from abnormal glucose homeostasis and/or impaired insulin sensitivity, i.e. insulin 

resistance (WHO, 2006). In diabetes (fasting plasma glucose >7.0 mmol/L), dysfunctions in 

lipoprotein metabolism also prevail with the plasma lipid profile typically presented as a 

combination of elevated triglycerides, low HDL cholesterol, and a higher proportion of small 

dense particles of LDL cholesterol (Chahil & Ginsberg, 2006). Further, chronic hyperglycemia 

results in the formation of advanced glycation end products (AGEs) (Younis et al., 2009). 

AGEs are formed by Maillard reaction between the lipid component of LDL and glucose, 

altering function, perhaps contributing to endothelial injury (Duckworth, 2001). Much like 
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oxLDL, glycated LDL cholesterol may lose its affinity for the LDLR, delaying its clearance from 

circulation and may possibly contribute to the formation of foam cells in atherosclerotic 

plaques (Younis et al., 2009). Hyperglycemia is doubly harmful as it can also result in the 

glycation of HDL cholesterol, impairing reverse cholesterol transport (Younis et al., 2009). 

CHD occurs in non-diabetic patients and therefore hyperglycemia is not requisite for the 

development of atherosclerosis; however, because CHD incidence is greater in persons with 

diabetes, it is thought that hyperglycemia may increase CHD risk by exacerbating 

atherosclerotic lesions through the generation of AGEs (Younis et al., 2009).  

Hypertension describes chronic elevations in blood pressure, defined specifically as 

systolic pressure values > 140 mmHg and/or diastolic pressure values > 90 mmHg (Pujol & 

Tucker, 2007). Primary hypertension accounts for 90% of all cases and although the 

underlying cause is unclear, the major contributing factors include diet (especially excess 

sodium intake), smoking, stress and obesity (Pujol & Tucker, 2007). In addition, there may 

be a genetic component that predisposes certain individuals to the condition (Pujol & 

Tucker, 2007). Hypertension increases the risk of vascular injury through pro-inflammatory 

mechanisms. Angiotensin II, a potent vasoconstrictor, is elevated in the hypertensive state 

and can increase the activity of the free radical-generating lipoxygenase enzyme in smooth 

muscle cells, which can contribute to the formation of oxLDL, in addition to superoxide anion 

and hydroxyl radicals (Ross, 1999).   

Metabolic syndrome (MetS) represents a clustering of several of these metabolic 

derangements and is defined as a grouping of interrelated metabolic abnormalities that are 

directly associated with increased type 2 diabetes (T2D) and CVD risk, but the specific 

conditions included in this definition vary by institution (Kaur, 2014). The International 
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Diabetes Federation (IDF), a leading international organization, defines MetS as the presence 

of central obesity1 plus a minimum of two of the following conditions: elevated triglycerides 

(≥1.7 mmol/L, fasted); reduced HDL cholesterol (<1.03 mmol/L, males; <1.29 mmol/L, 

females); elevated blood pressure (≥130 mmHG systolic or ≥85 diastolic mmHG); and 

elevated fasting plasma glucose (≥5.6 mmol/L) or diabetes (WHO, 2006). Individuals 

possessing a MetS diagnosis are at a substantially greater risk of developing T2D and CVD 

than the general population (Kaur, 2014). 

 CHD is typically diagnosed via coronary angiography, in which the application of 

radiation and an agent stained with iodine is used to etch out atherosclerotic lesions to 

visualize blockages in the coronary blood vessels (Weng et al., 2010).  CHD is treated 

primarily through prescribed medications (e.g. statins) that target endogenous production 

and clearance of plasma cholesterol (Ker, 2010), and through surgical procedures such as 

the coronary bypass or angioplasty, which reduces occlusion in the coronary arteries by 

diverting blood flow around or by opening blockages in the coronary arteries (Ford & 

Capewell, 2011). Together, statins have been shown to reduce plasma cholesterol 

concentrations by 20-40% (Weng et al., 2010) and lower CHD mortality by 12-19% for every 

1 mmol/L reduction in LDL cholesterol (Baignet et al., 2005). However, statin therapy is not 

suitable for all individuals, with only 60% of patients meeting LDL cholesterol target goals 

(Shanes, 2012). This requires an exploration of alternative therapies, such as interventions 

through diet. Many plant-based foods are able to modulate circulating lipids by varying extent 

and in a magnitude that is comparable to statin medications (Ferdowsian & Barnard, 2009). 

1.2 Cardio-protective diets  

                                                           
1 Central obesity is defined as waist circumference ≥94 cm or ≥80 cm among men and women (respectively) 
of European descent. Additional values specific to various ethnicities are also available (WHO, 2006).    
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1.2.1 Dietary recommendations for CHD prevention  

 

Diet is as a key modifiable risk factor in several chronic diseases including CHD 

(Whelton et al., 2012). Diet modification lowers CHD risk through reductions in blood 

pressure, body weight, and by improving plasma glucose, lipids, and inflammatory markers 

(Gaziano, 2011; WHO, 2010; Whelton et al., 2012). Epidemiological and clinical studies 

suggest that a cardio-protective diet contains an abundance of fruits, vegetables, whole 

grains, fish, nuts, and low-fat dairy, while limiting intake of sodium, dietary cholesterol, 

saturated and trans-fatty acids, and refined carbohydrates (Mozaffarian et al., 2011).  

Diets specifically formulated to address CHD risk factors include the American Heart 

Association (AHA) Step 1 and 2 diets, which lower LDL cholesterol through reductions in 

dietary intake of saturated fat and cholesterol (Geil et al., 1995); the Dietary Approaches to 

Stop Hypertension (DASH) diet which lowers blood pressure by emphasizing fruits and 

vegetables in the diet, increasing dietary intake of potassium and magnesium, and reducing 

intake of saturated fats, cholesterol and sodium (Obarzanek et al., 2001); and the Portfolio 

Diet which targets reductions in LDL cholesterol through similar reductions in dietary 

saturated fat and cholesterol as the AHA and DASH diets, but emphasizes substituting animal 

proteins with vegetable proteins (Jenkins et al., 2005). Individually, the AHA Step 1 and 2, 

DASH, and Portfolio Diet are associated with reductions in LDL cholesterol by 8, 9, and 15%, 

respectively. 

Currently, the Mediterranean-style diet, which emphasizes whole grain cereals, fruits, 

legumes, vegetables, nuts, and olive oil, with a moderate intake of fish, low-fat dairy and 
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limited red meat (Willet et al., 1995), provides the strongest evidence for a cardio-protective 

diet, exceeding that of low-fat diets and is shown to be as efficacious as treatment by statins 

(Dalen & Devries, 2014). The Mediterranean diet is thought to confer a cardiovascular 

benefit by promoting a favourable plasma lipid profile while protecting against inflammation, 

oxidative stress, endothelial dysfunction, and insulin resistance (Whelton et al., 2012; 

Estruch et al., 2013). The Diet Portfolio, designed by Jenkins et al., emphasizes the low-

saturated fat diet advocated by the AHA, in combination with plant sterols and viscous fibres 

which have been shown to be efficacious in lowering plasma lipids; substitution of meat 

protein (typically high in saturated fat) with soy protein is thought to partly account for the 

hypocholesterolemic effect observed (Jenkins et al., 2005). Following their initial study, 

Jenkins and colleagues conducted a meta-analysis of 22 clinical trials to demonstrate that soy 

protein is able to modulate plasma lipids both by displacing dietary saturated fat, in addition 

to an as yet undefined intrinsic mechanism (Jenkins et al., 2010).  

The emphasis of legumes in the Mediterranean diet highlights the importance of 

including this staple food as part of the usual diet. Legumes offer additional cardiovascular 

benefits by lowering atherogenic plasma lipids, raising HDL cholesterol, improving glycemic 

control, and by lowering weight (Bouchenak & Lamri-Senhadji, 2013). Epidemiological 

studies, along with corroborating evidence from clinical studies suggest legume intake may 

lower CHD and diabetes incidence (Bouchenak & Lamri-Senhadji, 2013). These findings 

suggest that legumes offer more than a supply of high-quality nutrients, perhaps warranting 

their classification as a functional food. 

1.2.2 Functional foods and health claims  
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The term functional food (FF) made its way into the English lexicon relatively 

recently; however, a universal definition does not exist and interpretations vary by 

institution (Ozen et al., 2012). According to the Academy of Nutrition and Dietetics (AND), 

conventional foods may provide energy and nutrients to support vital physiological 

processes, but the benefits of a functional food exceed this by aiding in disease risk 

reduction or health optimization (ADA, 2009). Similarly, the European Commission 

considers food to be functional if health benefits beyond the provision of adequate nutrition 

are demonstrated when included in the regular diet, and the Japanese Ministry of Health and 

Welfare, who pioneered the concept of FF during the 1980’s, stipulate that FF products must 

contain components with specific health benefits and be used to maintain or regulate health 

conditions (Siró et al., 2008). In Canada, a functional food is considered to be a conventional 

food (or similar in appearance) that is part of the usual diet and demonstrates a 

physiological benefit beyond basic nutrition (Health Canada, 1998).  

Looking closely, these definitions of FF share considerable similarities; further, they 

are woven together by a central theme: functional foods benefit health when eaten regularly, 

either by mitigating pre-existing conditions or by preventing disease. However, these 

definitions do not distinguish between whole foods and processed foods concentrated with 

bioactive compounds (Hu, 2011). It is generally agreed that the quality of the total diet and 

overall lifestyle play the greatest role in health promotion instead of any one component in 

isolation (Freeland-Graves & Nitzke, 2013), and for the most part, scientific evidence points 

to greater benefits being received from minimally processed whole foods rather than their 

refined counterparts (Shahidi, 2009). For example, processing oats affects oat β-glucan 

bioactivity by dulling the extent to which the postprandial glucose response is attenuated 
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(Regand et al., 2009). Lycopene from tomatoes, whose bioavailability is actually enhanced by 

thermal processing, is a notable exception (Perez-Conesa et al., 2009). Given the evidence of 

the effect of food processing on the functional activity of oats and tomatoes, it is reasonable 

to expect that a similar phenomenon may occur in other FF. Increased regulatory 

requirements in the form of government-approved health claims, which rely on significant 

scientific agreement, ensure products marketed as FF meet consumer expectations.  

Health claims relate a food or food component to health and require proof of 

causality for a physiologically meaningful benefit and significant scientific agreement in 

order to gain approval, typically by a governing agency such as Health Canada or the United 

States Food and Drug Administration (Health Canada, 1998; Rowlands & Hoadley, 2006). 

Health claims are an important tool used to inform consumers about the relationship 

between food and health. Strict regulations underpinning the approval process help ensure 

that dietary choices made by the consumer are based on informed, scientifically 

substantiated evidence (Hasler, 2002). In conjunction with healthy lifestyle choices, FF may 

be part of an effective strategy to lower CHD risk by delivering a concentrated source of 

biologically active dietary constituents. Manufactured FF products made from FF ingredients 

provide additional benefits to the consumer with perceived barriers to healthy eating, such 

as a lack of time or the technical knowledge required for food preparation, through their 

convenience and ease of use (Kearney & McElhone, 1999). In Canada, some health claims 

currently approved include calcium and osteoporosis, sugar-free chewing gum and dental 

caries risk reduction, and most recently, soy protein and cholesterol-lowering.  

1.3 The soybean: a versatile and multi-functional food 
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1.3.1 Consumer acceptance and consumption trends  

 

A FF is useful if it can deliver a clinically meaningful health benefit; however, its 

success relies on consumer willingness to include it in the diet. Consumer studies reveal that 

acceptance is promoted by the associated health benefits marketed, diminished with 

perceived compromises in taste and naturalness (Grunert, 2010), and increased when a 

consumer has greater background knowledge in nutrition (Ares et al., 2008). Worldwide, 

consumers of FF tend to be older female adults with a higher education status (Ozen et al., 

2012). Production processes (e.g. degree of processing, organic vs. non-organic, animal 

welfare), and the ingredient-ingredient carrier interaction used in product formulation can 

factor as important promoters and barriers to acceptance as well (Grunert, 2010). For 

example, consumers are more interested in a product that contains fibre if the ingredient 

carrier is bread, but when this is changed to liver paté or tuna salad, interest becomes 

diminished (Grunert, 2010). Consumer belief in the health benefits of a product influences 

purchasing decisions (Verbeke, 2006); however, taste is frequently reported as an important 

factor when consumers are choosing between conventional and FF products, and should 

therefore be taken into account during product design (Urala & Lähteenmäki, 2003). 

Traditional soy foods such as tofu and soymilk are consumed widely in East Asia but 

in the West, soy remains a niche food among groups such as vegetarians and vegans 

(Reinwald et al., 2010). In the United States, it is estimated that 45% of households consume 

a soy-based food product at least once per month, with the average frequency being four 

times a month, largely in the form of meat analogs (Rimal et al., 2008). Tofu and vegetarian 

burgers tend to be frequently selected by low soy consumers, while high-frequency 
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consumers tend to choose soy milk and soy cheese (Rimal et al., 2008). Consumer-

perceived barriers to soy include tastefulness and ease of preparation (Rimal et al., 2008; 

Wansink et al., 2005). However, negative perceptions of soy may be overcome by providing 

new foods that are better tasting, more convenient, and that highlight the health and 

nutritional benefits of soy (Rimal et al., 2008; Wansink et al., 2005). Health claims in 

particular may influence consumer buying decisions. Indeed, it has been shown that 

associating soy with cardiovascular health, bone health, and improvement in menopausal 

symptoms increases the likelihood of consuming soy foods (Rimal et al., 2008).  

Soybeans are ideal for use as a FF ingredient given their versatility, nutritional value, 

and associated health benefits. In the United States and Canada, a soy health claim 

associating 25 g soy protein with reduced CHD risk has been approved (USFDA, 2014; 

Health Canada, 2015). However, the European Food Safety Authority (EFSA) has not 

approved a soy health claim, citing disparity in the literature and insufficient evidence 

regarding how soy may elicit the proposed physiological health benefit (EFSA, 2010). 

Understanding this requires an examination of the primary bioactive constituents in soy, 

along with their proposed mechanisms of action.  

 

 

 

 

 

1.3.2 Composition, nutrition, production, and economic value  
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Soybeans (Glycine max) are part of the leguminosae plant family, whose edible seeds 

are referred to as legumes or pulses (Latham, 1997). Soybeans are the top oilseed produced 

worldwide, largely in United States, Brazil, Argentina, and Canada (ranked 7th worldwide), 

while major consumers include the United States, China and Brazil (Mattson et al., 2004). In 

parts of East Asia, a large proportion of soybeans are used directly for human consumption 

in the form of products such as soy milk and tofu; however, globally 85% of soybeans are 

farmed primarily for their edible oil and soy meal, the latter which is used mostly as animal 

feed (Mattson et al., 2004). In the United States only about 2-3% of the soybeans produced 

are directly consumed as a food source (Singh et al., 2008). Similarly, in Canada 90% of the 

soybeans produced are used domestically, but virtually all soymeal is diverted to livestock 

and poultry feed (Soy 20/20, 2008).  

Soybeans are a valuable source of nutrients, phytochemicals, and bioactive 

compounds (Table 1.2). The soybean consists primarily of protein (~40%), lipids (18%), 

carbohydrates (sucrose, stachyose, and raffinose), dietary fibre, and moisture (Singh et al., 

2008). Soy protein is considered to be of high biological value and is featured prominently in 

the diet of vegans and vegetarians (Vanderley & Campbell, 2006). Soybeans also contain non-

nutrients components, such as trypsin inhibitors, which interfere with protein digestion; 

phytates, which reduce the bioavailability of essential minerals; oligosaccharides, which may 

promote the growth of beneficial bacteria the colon; and saponins, which may protect 

against colon cancer risk (Messina, 1999).   Additionally, soybeans contain isoflavones which 

may be protective against several forms of chronic disease (Messina, 2010).
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Table 1.2 Nutritional information of soybeans and soybean products per 100 g edible portion1 

 Soybean, 
mature, 
raw 

Soybean, 
mature, 
roasted 

Tofu, 
firm,  
raw 

Tofu, 
firm, 
fried 

Soy 
flour, de-
fatted 

ISP 
SPC, 
water-
washed 

SPC, 
alcohol-
washed 

Soymilk, 
plain 

          
Energy (kcal) 446 451 145 271 330 338 331 331 41 
Protein (g) 36 40 16 17 47 81 58 58 3 
Total fat (g) 20 22 9 20 1 3 1 1 2 
SFA (g) 3 3 1 3 <1 <1 <1 <1 <1 
MUFA (g) 4 5 2 4 <1 1 <1 <1 ND 
PUFA (g) 11 12 5 11 1 2 <1 <1 ND 
Total carb2 (g) 30 33 4 10 38 7 31 31 3 
TDF (g) 9 8 2 4 18 6 6 6 <1 
Sugars (g) 7 ND ND ND 19 <1 20 20 2 
Ash (g) 5 5 1 2 6 4 5 5 1 
Water (g) 8 1 70 50 7 5 6 6 92 
Isoflavones3 (mg) 156 148 ND 35 151 91 95 12 3-11 
 Daidzein (mg) 63 62 ND ND 64 31 ND 6 ND 
 Genistein (mg) 81 76 ND ND 87 57 ND 5 ND 
 Glycitein (mg) 15 13 ND ND 15 8 ND 2 ND 
           
1Adapted from US Department of Agriculture National Nutrient Database (USDA, 2013). 2 Total carbohydrates calculated by 
difference.  3 Isoflavones expressed as aglycones equivalents. Tofu prepared by calcium sulfate. ISP=isolated soy protein; SPC = 
soy protein concentrate; TDF = total dietary fibre; SFA = saturated fatty acids; MUFA= monounsaturated fatty acids; 
PUFA=polyunsaturated fatty acids. ND = not determined.  
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The protein digestibility corrected amino acid score (PDCAAS) is the World Health 

Organization (WHO) preferred method of evaluating protein quality (scored  numerically 

from 0 to 1) based on the protein’s amino acid composition relative to human requirements 

(Sarwar & McDonough, 1990). Soy protein is considered to be superior to other vegetable 

proteins, containing all 9 dietary amino acids essential for growth in proportions similar to 

that of animal protein (Singh et al., 2008). Table 1.3 shows the essential amino acid content 

of soy flour relative to other sources of vegetable and animal protein along with their 

corresponding PDCAAS. 

 

Table 1.3 Essential amino acid content1 and PDCAAS of select foods 
 
Amino acid 

 
Human 
needs2 

 
Soy flour, 
de-fatted 

 
Beef, 
chuck 

 
Milk, 2% 
(cow) 
 

 
Black beans, 
canned 

 
Peanuts, 
roasted 

       
Histidine 10 1268 891 94 166 599 
Isoleucine 20 2281 1183 211 285 833 
Leucine 39 3828 2236 341 512 1535 
Lysine 30 3129 2431 276 422 850 
Sulfur amino acids3 15 1391 1076 119 135 595 
Aromatic amino acids4 25 4231 2011 336 499 2190 
Threonine 26 2042 1224 16 222 811 
Tryptophan 4 683 310 49 72 230 
Valine 26 2346 1250 233 348 993 
PDCAAS score5 NA 1.00 0.92 1.00 0.75 0.52 
       
1Adopted from US Department of Agriculture National Nutrient Database (USDA, 2013) and 
Schaafsma (2000), and expressed as mg/100g edible portion. 2Requirements (mg/kg body 
weight per day) for a human adult according to the WHO (2007). 3Total sulfur amino acids 
include methionine and cysteine. 4Total aromatic amino acid includes phenylalanine and 
tyrosine. 5PDCAAS adopted from Hoffman & Falvo (2004). 
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1.4 Soy bioactives: structure, metabolism, bioavailability and bioactivity  

 

1.4.1 Soy isoflavones 

 

Isoflavones are a class of phytoestrogens belonging to the flavonoid family and are 

characterized by their general di-phenolic structure, which resembles mammalian estrogen 

(Barnes et al., 2011). This steric conformation allows isoflavones to interact with the 

estrogen receptor (ER), acting as an estrogen agonist when endogenous estrogen is low, or 

as an antagonist when circulating estrogen levels are high (Duncan et al., 2003). The single 

greatest source of dietary isoflavones is found in soybeans which contain approximately 1-2 

mg/g (Manach et al., 2004).  

The general structure of the isoflavone consists of two benzene rings (A and B) 

(Figure 1.2) linked to a heterocyclic C ring (Inbaraj & Chen, 2013). Soy isoflavone sub-types 

differ by the positioning and number of hydroxyl functional groups on the parent molecule, 

as well as the presence of a methoxyl group found exclusively on the glycitein isoflavone 

(Inbaraj & Chen, 2013). Soybeans contain 3 primary isoflavones (daidzein, genistein, 

glycitein) that are found in 4 chemical forms (aglycones, β-glucosides, malonylglucosides, 

acetylglucosides), and therefore, there are 12 naturally-occurring isoflavone isoforms that 

are found in soy and soy-based products.  

Soybean isoflavones are mostly malonylglucosides, but processing into different soy 

foods alters the structure of the glucoside often converting malonylglucosides to acetyl- and β-

glucoside forms; occasionally, processing results in the removal of the glucoside group 

altogether, which yields an isoflavone aglycone (Ghafoor et al., 2013). Glucosides are large, 



 

24 

hydrophilic molecules that render isoflavones water-soluble. This feature allows isoflavones 

to be stored in the vacuole of the plant cell until it is called upon by the soy plant for use as a 

signaling compound; the primary function of isoflavones in soy plants is to interface with 

soil microbes during nitrogen fixation (Ghafoor et al., 2013). Isoflavones may also act as 

defense compounds whose antimicrobial activity protects the plant from infection by 

pathogenic microorganisms (Ghafoor et al., 2013).   

 

 

Figure 1.2 The basic flavonoid and isoflavone structure Primary isoflavones: Daidzein, 
Genistein, and Glycitein; Major isoflavone metabolites: Equol and ODMA. Adapted from 
Jackson et al. (2011) and Frankenfeld (2011). 
 
 
 

The cardio-protective role of estradiol is supported by the observation that CHD 

incidence raises sharply after menopause when endogenous estrogen becomes depleted 

(Zhan & Ho, 2005). Estrogens may influence lipid metabolism by interacting with LDLR, 
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thereby increasing LDL cholesterol clearance from the blood (Stevenson et al., 1993). The 

structural similarity between soy isoflavones and estradiol suggests that isoflavones may 

exert similar actions as estrogen in the body. Further, isoflavones may act as a vasodilator, 

improving brachial artery flow and increasing endogenous production of nitric oxide by 

interacting with the estrogen-response element found on the endothelial nitric oxide 

synthase (eNOS) genes, thereby up-regulating transcription (Jackson et al., 2011).  

Alternatively, isoflavones may support endogenous antioxidants embedded in LDL 

cholesterol by stabilizing Apo B (Jackson et al., 2011). Isoflavones may also exert a 

cholesterol-lowering effect by activating specific nuclear receptors, serving as ligands for 

lipid-regulating proteins such as PPARs (peroxisome proliferator activated receptors), the 

LXR (liver X receptor), and the FXR (farnesoid X receptor), resulting in reductions in hepatic 

lipid synthesis, bile acid synthesis and cholesterol reabsorption (Ricketts et al., 2005).  

Isoflavones interact with ERs by binding to them when circulating estrogen is low, 

trans-locating to the nucleus and then binding to DNA sequences near the promoter region 

of target genes, which induces DNA transcription (Marino et al., 2006). Thus, isoflavones can 

up-regulate the expression of estrogen-sensitive genes, many of which are involved in the 

cardio-protective mechanisms mentioned above. It is of note that the affinity of soy 

isoflavones for the ER is 100-1000 times less than that of human estrogen; however, plasma 

isoflavone concentrations can exceed that of endogenous estrogen by as much as a 

thousand-fold, which suggests that they may be able to exert significant physiological effects 

(Baber, 2013). There are two types of estrogen receptors: ER-α and ER-β; the latter binds 

strongly to genistein (Tikkanen & Aldercreutz, 2000). Estrogen plays a key role in tissue 

growth and development, and although both ERs are expressed widely throughout the body, 
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including in the blood vessel endothelium, brain, and breast, the distribution of ER types 

varying according to tissue type (Baber, 2013).   

The hypocholesterolemic effect of soy has not been observed uniformly in the 

literature and this may be partly related to individual differences in isoflavone metabolism, 

specifically, the capacity to convert the isoflavone daidzein to its metabolite equol by colonic 

microflora (Jackson et al., 2011). After ingestion, aglycones are passively absorbed in the 

small intestine and undergo conjugation reactions with hepatic enzymes to form sulfated, 

glycosylated and glucuronidated isoflavones (Barnes et al., 2011). These conjugation 

reactions render isoflavones more water-soluble for eventual excretion by the kidneys 

(Radominska-Pandya et al., 1999). Alternatively, following conjugation isoflavone conjugates 

can be excreted into the bile and travel to the large intestine for de-conjugation and 

reabsorption via enterohepatic circulation (Barnes et al., 2011).  

Isoflavone glucosides are not passively absorbed and instead must be hydrolyzed by 

enzymes in the small or large intestine before any further biological processing can take 

place (Barnes et al., 2011). In the small intestine, this is accomplished by the enzyme 

phlorizin lactose hydrolase (PLH), which preferentially selects for β-glucosides in favour of 

the malonyl- or acetyl- isoforms (Vitale et al., 2013). The liberated aglycones are directly 

absorbed and conjugated as previously described, or pass to the large intestine where they 

undergo bacterial biotransformation (Jackson et al., 2011). In this process, daidzein is first 

converted to the intermediate dihydrodaidzein, which is then further metabolized into 

either ODMA or equol (Vitale et al., 2013). Similarly, genistein is first converted to 

dihydrogenistein and then metabolized to 6-hydroxy-ODMA (Jackson et al., 2011). The 

majority of circulating plasma isoflavones and metabolites are glucuronides and to a lesser 
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extent sulfates; approximately 1% exist as free aglycones (Rafii, 2015). The pattern of 

absorption of isoflavones in both urine and plasma is described as biphasic: first, a minor 

peak appears 1-2 hours after intake, corresponding to hydrolysis via PLH in the small 

intestine, followed by a larger peak 4-6 hours post-intake when isoflavones are consumed in 

a liquid medium, and 6-12 hours after ingesting isoflavones in a solid food matrix, roughly 

corresponding to bacterial hydrolysis of glucosides in the colon (Franke et al., 2014).   

Metabolites of daidzein (equol and ODMA) are bio-transformed by the microbial flora 

of the large intestine (Jackson et al., 2011). Equol is a dihydroxy phenolic compound with a 

chiral centre which results in the formation of an R- or S-enantiomer, the latter being the 

only circulating form found in humans (Setchell & Clerici, 2010). Similar to its parent 

compound daidzein, equol contains two intact phenolic rings, retaining its structural 

similarity to mammalian estrogen; in contrast, ODMA undergoes a ring C cleavage by the 

intestinal flora (Setchell & Clerici, 2010). The conversion of daidzein into equol is only 

possible among individuals possessing bacteria capable of this biotransformation; hence, the 

classification system “equol producer” and “equol non-producer” (Jackson et al., 2011). To 

date, several bacterial species capable of metabolizing daidzein to equol have been identified, 

including strains from the Lactobacillus, Lactococcus, and Slackia genera, and the newly 

termed Aldercreutzia genus (so named after the scientist who first isolated and 

characterized the species) (Jackson et al., 2011).  

An equol producer is defined by urinary equol concentrations > 20 ng/mL or plasma 

equol concentrations > 5 ng/mL (Setchell et al., 2002). A similar threshold value has not 

been established for ODMA and a producer is, therefore, typically defined according to 

absolute detection of ODMA or by comparing the ratio of ODMA to daidzein (Frankenfeld, 
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2011). Several observational and human intervention studies have concluded that 

approximately 25-30% of Western populations are equol producers (Setchell & Clerici, 

2010), while the proportion among Asians living in Japan, Korea and China is around 50-

60% (Setchell & Clerici, 2010). Interestingly, the proportion of equol producers among 

Western vegetarians is similar to that of Asians, which lends some support to the theory that 

the equol-producing phenotype is, at least in part, determined by dietary factors (Setchell & 

Clerici, 2010). Soy consumed in Asian countries differs from the West, and consuming 

different isoflavone isoforms may account for some of the variability in equol producers and 

perhaps health outcomes. Asian foods contain a higher proportion of isoflavone aglycones, 

which may convert more easily to equol; conversely, Western soy foods are typically made 

from processed soy flours and contain mostly glucosides (Setchell & Clerici, 2010).  

The equol hypothesis was proposed by Setchell et al. (2002) to explain the 

inconsistent findings in soy clinical trials conducted over the years, and states that 

individuals possessing the intestinal bacteria capable of metabolizing daidzein to equol are 

more likely to receive a clinical benefit from soy intake (Setchell et al., 2002). Equol has a 

greater affinity for ER-β and is a more potent antioxidant than any other soy isoflavone 

(Rafii, 2015); however, it remains to be confirmed whether equol producers respond 

differently to soy interventions than non-producers (Jackson et al., 2011). It is important to 

consider that most trials examining the health effects of equol have relied on a post-hoc 

analysis of equol producers, rather than selecting participants according to this 

characteristic, and thus these studies may be underpowered (Frankenfeld, 2011). Further, 

interpreting equol studies is limited by quantification methods, which typically report total 
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circulating equol, instead of differentiating between conjugated forms of equol and the more 

bioactive non-conjugated form, i.e. aglycone (Jackson et al., 2011).  

 

1.4.2 Soy protein  

 

Soybean proteins are composed primarily of β-conglycinin (referred to as the 7S 

globulin) and glycinin (11S globulin) storage proteins (Wang & Gonzalez de Mejia, 2005). 

Together, these proteins account for 65-80% of the protein in soy (Wang & Gonzalez de 

Mejia, 2005). The full classification schema includes 2S, 7S, 11S, and 15S; however, β-

conglycinin and glycinin are most actively studied in relation to cardiovascular health (Wang 

and Gonzalez de Mejia, 2005). The structures of these globulins differ in composition: β-

conglycinin contains 3 subunits (α, αʹ, β) with considerable homology in amino acid 

composition; glycinin contains 5 subunits (G1-G5), each of which contain an acidic and basic 

polypeptide chain joined by a disulphide bond (Wang & Gonzalez de Mejia, 2005). These 

proteins and their subunits have been investigated in cell culture studies, animal models and 

human intervention studies with particular focus given to the αʹ-subunit of β-conglycinin 

(Chen et al., 2014).  

Several hypotheses are available to explain the hypocholesterolemic effect of soy 

peptides, including: up-regulation of LDLR transcription (Torres et al., 2006); binding of bile 

acids to prevent reabsorption in the small intestine (Maki et al., 2010); or possibly by 

augmenting the ratio of insulin/glucagon in the body (Torres et al., 2005). Increased LDLR 

activity may be the primary mechanism through which soy protein exerts a hypolipidemic 

effect, and this may depend on the composition of the protein. A study demonstrated that a 
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7S-enriched soy product up-regulated LDLR more effectively than soy protein isolate, but 

required the presence of the α-subunit of the 7S protein (Adams et al., 2004). It is 

interesting to note that LDLR activity is depressed in individuals with elevated LDL 

cholesterol; conversely, normocholesterolemic individuals (who respond less to soy 

interventions) have normal functioning LDLR, emphasizing the interaction between soy 

protein and the LDLR as a primary mechanism driving the hypocholesterolemic effect of soy 

(Zhan & Ho, 2005). Insulin and glucagon are two hormones known to play a role in lipid 

homeostasis through the modulation of enzymes involved in cholesterol synthesis and 

uptake (Torres et al., 2005). A high insulin-to-glucagon ratio is associated with increased 

plasma cholesterol concentrations in animal models, and the addition of soy has been 

observed to augment this ratio, with corresponding reductions in plasma cholesterol 

concentrations (Torres et al., 2005).  

The concept of bioavailability refers to the fraction of nutrient (or non-nutritive food 

constituent) that is absorbed after ingestion, and therefore is a measure of its potential to 

elicit a response in vivo (Rowland et al., 2003). Soy protein or peptides may improve 

cardiovascular health, but this depends on their survival during digestion, a feat that is 

complicated by the considerable presence of proteolytic enzymes distributed throughout the 

gastrointestinal tract (Segura-Campos et al., 2011). Thus, the findings from studies testing 

intact soy peptides in vitro may not translate to humans. Despite this, some intact peptides 

such as dietary peptides from milk proteins and sardines, are resistant to hydrolysis and 

may enter circulation via intestinal membrane transporters, or by para-cellular or 

transcellular mechanisms (Segura-Campos et al., 2011). Thus, it is plausible that soy peptides 

may also be absorbed at least partially intact, provided they survive protein digestion. 
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 Protein digestion is initiated in the low pH environment of the stomach, where 

activated pepsin hydrolyzes protein to yield polypeptides that are further broken down into 

oligopeptides and free amino acids by pancreatic proteases, trypsin, chymotrypsin, elastase, 

and carboxypeptidases (Segura-Campos et al., 2011). Free amino acids are absorbed 

through the intestinal brush border by amino acid transporters, while oligopeptides undergo 

additional hydrolysis to produce di- and tri-peptides and more free amino acids (Segura-

Campos et al., 2011). These are either absorbed along the wall of the small intestine or 

proximal colon, or metabolized by bacterial species found in the intestinal flora (Segura-

Campos et al., 2011).   

The bioavailability of intact peptides has been demonstrated with the oral 

administration of luteinizing hormone-releasing hormone, an anti-hypertensive peptide with 

10 amino acid residues that is resistant to the hydrolytic action of peptidases (Segura-

Campos et al., 2011). Further, di- and tri-peptides isolated from wheat germ and sardine 

muscle have also been detected in the blood of rats and humans, respectively, with a resulting 

anti-hypertensive activity (Segura-Campos et al., 2011). Evidence using human intestinal 

Caco-2 cells suggests that peptides from β-conglycinin are bioavailable (Amigo-Benevant et 

al., 2014), but these findings have not yet been confirmed with human or animal studies. 

Wang and Gonzalez de Meijia et al. (2005) note that the extensive processing of soy protein 

to derive bioactive peptides for use in cell culture studies influences their biological activity. 

Typically, soy protein is predigested rather administered intact and this should also be 

considered when interpreted studies from cell culture and animal models (Wang & Gonzalez 
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de Mejia, 2005). Indeed, soy protein hydrolysate2 is more hypocholesterolemic than whole 

soy protein when given to rats, which suggests that processing may influence soy bioactivity 

(Wang & Gonzalez de Mejia, 2005).  

  

1.4.3 Influence of food processing on soy isoflavones and protein  

 

Soybeans can be processed a number of ways including boiling, roasting, grinding, 

extracting, fermenting, and sprouting (Singh et al., 2008). Cooking is an important step in 

soybean processing for human and animal consumption as the application of heat destroys 

trypsin inhibitors and improves the digestibility of soy protein (Singh et al., 2008). There are 

considerable differences in the way soy foods are prepared in Asia compared to North 

America and Europe, which may in turn influence the metabolism and absorption of soy 

isoflavones. In Asia, soy is consumed largely as soy milk or tofu and processed via hot water 

extraction, requiring the application of heat (121°C) to deactivate protease inhibitors 

naturally found in soybeans (Barnes et al., 2011). The high temperature causes 

malonylglucosides to convert to simpler β-glucosides, which are more amenable to the 

hydrolytic action of intestinal LPH and thus are absorbed more quickly following 

consumption (Barnes et al., 2011). Soybeans are also processed by boiling (edamame or 

nimame); oil- or dry roasting (soy nuts); or fermenting after inoculation with a species of 

Rhisopus mold or specialized bacteria (tempeh or natto) (Reinwald et al., 2010).  By contrast, 

soy is primarily grown in the West for its edible oil fraction and post-extraction, the protein-

rich material (de-fatted soy flakes) are processed into a number of food products or protein 

                                                           
2 Soy protein that has undergone acid hydrolysis to denature the protein and enhance the availability of 
intrinsic amino acids. 
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supplements of varying protein concentration (Singh et al., 2008). De-fatted soy flakes can be 

processed into one of 3 major classes of protein-rich soybean products: soy flour and grits 

(40-54% soy protein); soy protein concentrate (approximately 70% soy protein); and 

isolated soy protein (90% soy protein) (Singh et al., 2008).  

Soy flour and grits represent the least refined form of soy protein and are produced 

by the grinding and milling of soy flakes to a specific pore size (Singh et al., 2008). Soy 

concentrate is obtained by removing oligosaccharides, ash and other minor components 

from soy flour or grits and essentially involves a step that insolubilizes the protein fraction 

out of solution, followed by a step to dry the wet matter (Singh et al., 2008). Soy concentrates 

can be produced either by alcohol-washing (results in the removal of soy isoflavones); by 

acidic precipitation, bringing the major soy proteins to their isoelectric point and 

precipitating out of solution; or by denaturing soy proteins through the application of moist 

heat (Singh et al., 2008). Isolated soy protein is the most refined form of soy protein and is 

produced by the application of moist heat followed by water extraction at an alkali pH and 

then the separation of the protein and water-insoluble polysaccharides from the residue 

(Singh et al., 2008). The residue is further refined by the removal of polysaccharides and 

sugars through precipitation followed by centrifugation and filtration, which yields a product 

containing mostly protein (Singh et al., 2008). Soy flour may also undergo extrusion to 

produce texturized soy protein (TSP; or texturized vegetable protein, TVP) to yield a product 

that has a chewy texture resembling meat protein when cooked (Singh et al., 2008).  

Soy is typically consumed in Western countries in a form resembling familiar food 

matrices (burgers, hot dogs, cereals, beverages), or is inadvertently consumed as fillers and 

as ingredients (Reinwald et al., 2010). Western-prepared soy foods are typically derived from 
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processed soy flour following heat treatment, and contain largely malonyl- and 

acetylglucosides (Inbaraj & Chen, 2013). These isoforms require more extensive 

metabolizing by intestinal enzymes found lower in the gastrointestinal tract, and thus have a 

longer transit time (Barnes et al., 2011). Alcohol-washing is used to separate and remove 

isoflavones from soy protein; however, there is evidence to suggest that this process may 

degrade the β-conglycinin fraction of soy protein (Gianazzi et al., 2003). This may remove 

the bioactive properties of soy peptides, potentially nulling the hypocholesterolemic effect.   

 

1.4.4 Other soy bioactives 

 

In addition to soy protein and isoflavones, other constituents in soy such as saponins, 

fibre, and phytic acid may influence CHD risk by modulating plasma lipids. Soy saponins 

have a sterol structure and may lower cholesterol by forming insoluble complexes with 

dietary cholesterol, preventing its absorption in the intestinal lumen, or by binding with bile 

acids and preventing their reabsorption during enterohepatic recirculation (Kang et al., 

2010). Soy fibre may lower plasma cholesterol by promoting bile acid excretion, in addition 

to aiding in weight loss (Hu et al., 2013). Phytic acid can bind minerals and prevent their 

absorption, which may influence plasma cholesterol levels by augmenting the ratio of 

circulating zinc to copper (Potter et al., 1995). Similar to the mechanism described by the 

insulin/glucagon ratio, phytic acid may lower the zinc/copper ratio by binding zinc, which in 

turn is associated with reductions in plasma cholesterol (Potter et al., 1995).   
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1.5 Soy and CHD prevention  

 

1.5.1 Epidemiological studies  

 

In China, increased soy consumption is correlated with lower plasma total and LDL 

cholesterol concentrations, and a dose-dependent relationship between total soy protein 

intake and CHD incidence and mortality has been observed (Zhang et al., 2008; Zhang et al., 

2003). However, recently a prospective study conducted in Singapore showed no significant 

association between CHD mortality and soy protein or isoflavone intake (Talaei et al., 2014). 

Few studies have been conducted in Western populations. However, European women 

eating more soy protein tend to have lower plasma and LDL cholesterol concentrations 

(Rosell et al., 2004), and a sample of pregnant women in the United States showed an 

association between total urinary isoflavone concentration and lower fasting plasma glucose, 

insulin, and triglycerides, but not total, LDL or HDL cholesterol (Shi et al., 2014).  

There is evidence to suggest that metabolites of soy isoflavones may play a significant 

role in mitigating CHD risk. In Chinese postmenopausal women, equol and ODMA producers 

were observed to have lower blood pressure values, along with lower plasma concentrations 

of triglycerides and C-reactive protein (Liu et al., 2014a). Taken together, population-based 

studies indicate a positive relationship between soy intake and cardiovascular health; 

however, evidence from human clinical trials is needed to establish a causal relationship. 
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1.5.2 Human intervention studies 

 

Human interventions have not consistently shown that soy improves CHD 

biomarkers; this is partly accounted for by the lack of a standardized soy intervention. 

Soybeans are processed into food using a number of techniques, resulting in a great variety 

of products; and the effect of this on soy bioactive constituents is unclear. Another important 

consideration is that observational studies linking soy to reduced CHD risk have been 

conducted primarily in Asian populations, where traditional soy foods such as tofu, soymilk, 

and fermented soy have undergone minimal processing and are more frequently consumed 

(Erdman Jr. et al., 2004). This contrasts with intervention products used in clinical trials, 

which are typically highly processed forms of concentrated soy protein that may or may not 

contain isoflavones (Reinwald et al., 2010). Concentrating putative soy bioactives (e.g. soy 

protein) ignores a potential synergy of among soy bioactives that may be responsible for its 

overall health benefit (Reinwald et al., 2010). Soy-based foods tested in human clinical trials 

have included TSP, soy flour, soymilk, tofu, whole roasted soybeans, or a combination of 

these, and have produced varying results with no clear indication on what soy food form 

results is most effective in reducing CHD risk (Table 1.4). The following table summarizes 

the findings of several soy human clinical trials, organized by intervention product. Here 

studies using ISP are included contrasted with soy-based foods.
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Table 1.4(a) Randomized clinical trials showing the effect of ISP and soy-based foods on LDL cholesterol 

Reference 
Food 
matrix 

Study 
Participants 

B_LDL 
(mmol/L) 

Study 
Design 

SP (g) 
IsoAg1 

(mg) 

 
%Δ LDL-C 
 

Isolated soy protein (ISP) 
Mangano et al., 2013 Food/ 

beverage  
POSTMW (n=131) ≤4.00 Parallel    

12 months 
18 105 No effect 

 
Wofford et al., 2012 

 
Beverage  

 
Men/PREMW (n=352) 

 
≤4.00 

 
Crossover 
8 weeks 

 
40 

 
84 

 
No effect 

Pipe et al., 2009 Beverage  Men/PREMW# (n=29)   ≤4.00 Crossover 
8 weeks 

40 80 -5.8% 

Allen et al., 2007 Beverage  POSTMW (n=216)  ≤4.00 Parallel   
12 weeks 

20 96 -3.3% 

Gardner et al., 2007 Beverage Men/PREMW (n=28) >4.00 Crossover 
4 weeks 

25 39 -7% 

Borodin et al., 2009 Cookie  Men/PREMW (n=28) >4.00 Crossover 
5 months 

30 ND -11% 

Santo et al., 2010 Beverage  Men (n=11)  ≤4.00 Parallel      
4 weeks 

25 96 No effect 

Hoie et al., 2007 Beverage  Men/PREMW (n=120) >4.00 Parallel    
12 weeks 

25 ND -9.4% 

West et al., 2005 
 

Muffin/ 
milk  

Men/POSTMW*(n = 32) >4.00 Crossover 
6 weeks 

25 90 No effect 

 
Dent et al., 2001 
 

 
Muffin  

 
PERMW (n=69) 

 
≤4.00 

 
Parallel 
24 weeks 

 
40 

 
ND 

 
No effect 

Hoie et al., 2006 Beverage  Men/PREMW (n=80) ≤4.00 Parallel 
4 weeks 

12.5/25 8 +17%2 

1IsoAg = isoflavone aglycone equivalents. 2Intervention products heated (142°C, 4-6 sec) prior to consumption. ND = not 
determined; Isoflavones reported as aglycone equivalents. #Participants diagnosed with T2D. *Female participants stratified 
according to hormone replacement therapy usage. PREMW = premenopausal women. POSTMW = postmenopausal women. 
PERIMW = perimenopausal women. B_LDL-C = baseline LDL-C. SP = soy protein.  
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Table 1.4(b) Randomized clinical trials showing the effect of ISP and soy-based foods on LDL cholesterol 

Reference 
Food 
matrix 

Study 
Participants 

B_ LDL-C 
(mmol/L) 

Study 
Design 

SP (g) 
IsoAg1 
(mg) 

%Δ LDL-C 
 

Textured products 
Bakhtiary et al., 2012 TSP  POSTMW (n=75) ≤4.00 Parallel 

12 weeks 
18 96 -13% 

Azadbakht et al., 2007 TSP POSTMW (n=42)  ≤4.00 Crossover 
8 weeks 

15 84 -10.5% 

Soy flour 
Liu et al., 2014b Beverage  POSTMW, equol-

producers (n=270) 
≤4.00 Parallel 

6 months 
13 50 -7.95% 

Ahn-Jarvis et al., 2012 Bread Men/PREMW (n=20) ≤4.00 Crossover 
6 weeks 

20 93 -6.0% 

Jenkins et al., 2000 Cereal Men/POSTMW (n=25)  >4.00  Crossover 
3 weeks 

36 168 No effect 

Soy milk/tofu 
Meyer et al., 2004 Soy milk/ 

yogurt 
Men/PREMW (n=26) >4.00 Crossover 

5 weeks 
30 80 No effect#  

Kurowska et al., 1997 Soy milk/ 
custard/ oil 

Men/PREMW (n=34) >4.00 Crossover 
4 weeks 

31 ND -4% 

Bricarrelo et al., 2004 Soy milk Men/PREMW (n=60) ≤4.00 Crossover 
6 weeks 

25 88 -5.7% 

Beavers et al., 2010 Soy milk POSTMW (n=32) ≤4.00 Parallel       
4 weeks 

18 ND No effect 

Nourieh et al., 2012 Soy milk  PREMW (n=24) ≤4.00 Crossover 
4 weeks 

8 ND -11% 

Ashton & Ball, 2000 Tofu Men (n=42) ≤4.00 Crossover 
4 weeks 

24 80 -2.5% 

Sirtori et al., 2002 Soy milk Men/PREMW (n=20)  >4.00  Crossover 
4 weeks 

25 77 No effect 

1IsoAg = isoflavone aglycone equivalents. #Significant effect in equol producers. ND = not determined. PREMW = premenopausal 
women. POSTMW = postmenopausal women. PERIMW = perimenopausal women. B_LDL-C = baseline LDL-C. SP = soy protein. 
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Table 1.4(c) Randomized clinical trials showing the effect of ISP and soy-based foods on LDL cholesterol 

Reference 
Food 
matrix 

Study 
Participants 

B_LDL-C 
(mmol/L) 

Study 
Design 

SP (g) 
IsoAg1 
(mg) 

 
%Δ LDL-C 
 

Whole soybeans 
Bakhtiary et al., 2012 Soy nuts  POSTMW (n=75)  ≤4.00 Parallel 

12 weeks 
14 117 -15% 

Azadbakht et al., 2007 Soy nut  POSTMW (n=42)  ≤4.00 Crossover 
8 weeks 

11 102 -13.9% 

Welty et al., 2007 Soy nuts POSTMW2 (n=60)   ≤4.00;  
>4.00  

Crossover 
8 weeks 

25 101 No effect;     
-11% 

Soy foods (mixed) 
Wong et al., 2010 Milk, tofu, 

TSP, meat 
analog 

Men/PREMW (n=23) >4.00  Crossover 
4 weeks 

30 61 -5% 

 
Larkin et al., 2009 

 
Soy milk, 
cereal3 +  

 
Men/POSTMW (n=31)  

 
>4.00 

 
Crossover 
5 weeks 

 
10 

 
111 

 
-4.7%    
-5.5%  

 
Thorp et al., 2008 

 
Milk, 
cookies, 
custard, 
chocolate 

 
Men/PREMW (n=91) 

 
≤4.00 

 
Crossover 
6 weeks 

 
24 

 
70-80 

 
No effect 

 
Matthan et al., 2007 

 
Soybeans, 
flour, milk 

 
Men/PREMW (n=28) 

 
≤4.00 

 
Crossover 
6 weeks 

 
38 

 
ND 

 
Only soy 
milk (-4%) 

 
Jenkins et al., 2002 

 
ISP, tofu, 
meat 
analog 

 
Men/POSTMW (n=41) 

 
> 4.00 

 
Crossover 
4 weeks 

 
50 

 
10 vs. 73 

 
-6.4% vs.     
-7.6% 

1IsoAg = isoflavone aglycone equivalents. 2Participants stratified on baseline blood pressure values (normo- and hypertensive).  
ND = not determined. PREMW = premenopausal women. POSTMW = postmenopausal women. PERIMW = perimenopausal 
women. 3Soy products fed with a prebiotic or probiotic. TSP = textures soy protein. B_LDL-C = baseline LDL-C. SP = soy protein.  
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1.5.3 Meta-analyses  

 

Over the previous 20 years, several meta-analyses have evaluated the cholesterol-

lowering effect of soy in free-living, normo- and hypercholesterolemic men and women 

(Table 1.5). In a seminal meta-analysis by Anderson et al. (1995), the authors concluded that 

soy protein significantly lowered total cholesterol by 9.3%; LDL cholesterol by 12.9%; and 

triglycerides by 10.5% with the consumption of 47 g soy protein daily. However, subsequent 

meta-analyses indicated a more conservative response. A limitation of the analysis by 

Anderson et al. is that the inclusion criteria was very broad and as a result, studies lacking 

randomization and control were included, along with studies involving children with familial 

hypercholesterolemia. Further, the authors failed to account for the isoflavone content 

consumed. Weggemans and Trautwein (2003) and later Zhuo et al. (2004) attempted to 

address this ambiguity by conducting an analysis on trials reporting both soy protein and 

isoflavone content; both groups concluded that soy protein, consumed with its associated 

isoflavones intact, significantly lowered LDL cholesterol, but neither study detected a dose-

response relationship.  

The lack of a dose-dependent relationship between isoflavone intake and LDL 

cholesterol reduction may be due to inconsistencies in reporting isoflavone intake; 

glucosides account for 30-40% of the weight of isoflavones and failure to express total 

isoflavone content as isoflavone aglycone equivalents (IsoAG) overestimates intake (Qin et 

al., 2013). Further, clinical trial samples have not been consistently characterized according 

to individual ability to metabolize equol, which could further obscure the relationship 

between isoflavone intake and biological effect (Pipe et al., 2009).
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Table 1.5 Summary of meta-analyses examining the effect of soy protein and/or isoflavones on plasma lipids1 

 
 
N 2 

 
Study participants 

 
Soy 
form 
 

 
SP 
(g/d) 
 

 
Iso3 
(mg) 
 

 
TC 
 

 
LDL-C 
  

 
HDL-C 
 

 
TG 
 

          

Anderson  et al., 1995 
38 
 

NC, HC, men, women (PRE, 
POST), children 

ISP 47 ND -0.60  -0.56  +0.03*  0.15  

Weggemans & Trautwein, 2003 10 HC men, women (PRE, POST) ISP+ 36 52 ND -0.17 +0.03 ND 
Yueng & Yu, 2003 21 NC, HC men, women (PRE, POST) ISO 0 73 Nil Nil Nil Nil 
Zhuo et al., 2004 8 NC, HC men, women (PRE, POST) ISP 50 +/-4 ND -0.15 ND ND 
Zhan & Ho, 2005 23 HC men, women (PRE, POST) ISP+ ND 80 -0.22  -0.21  +0.04  -0.10  
Reynolds et al., 2006  41 NC, HC men, women (PRE, POST) ISP 20-60 ND -0.14 -0.11 +0.02 -0.07 
Taku et al., 2007 11 NC, HC men, women (PRE, POST) ISP 49 111 -0.32  -0.18  +0.04  ND 
Taku et al., 2008 10 NC, HC men, women (PRE, POST) ISO 0 70 Nil Nil ND ND 
Harland & Haffner, 2008 42 HC men, women (PRE, POST) ISP+ 27 ND -0.22 -0.23 +0.07* -0.08 
Jenkins et al., 2010 22 HC men, women (PRE, POST) ISP+ ND ND ND -0.17  ND ND 
Anderson & Bush, 2011 43 HC men, women (PRE, POST) ISP+ 30 62 ND -0.23  +0.04  -0.17  
Qin et al., 2013 5 HC women (POST) ISO 0 >15  Nil Nil Nil -0.46 
Benkhedda et al., 2014 79 HC men, women (PRE, POST) ISP+ ND ND -0.15 -0.15 0.03 -0.06 
          
1Changes in plasma lipids expressed as mmol/L; 2N = number of randomized controlled trials included in the meta-analysis; 
3Iso=isoflavones (aglycone vs. total isoflavones are unspecified); 4Mean soy isoflavone intake of 96 mg/d vs. 6 mg/d.  
ISP+=majority of studies included were ISP; some studies included soy foods.  
ND=not determined.  
PRE=premenopausal. POST=postmenopausal.  
ISO=isoflavone tablets, capsules, foods enriched with isoflavones, or and depleted vs. enriched ISP.  
SP=mean soy protein intake in grams per day. 
*=non-significant finding.  
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In their meta-analysis, Zhuo et al. (2004) also concluded that the cholesterol-lowering 

effect of ISP was diminished when isoflavones were removed, which suggests alcohol-

washing may render soy protein bioactives inactive, possibly through denaturation. Of 

course, other potentially bioactive soy constituents not well-characterized in previous soy 

intervention products (e.g. soy protein, peptides, trypsin inhibitors, saponins, and phytic 

acid) may also be contributing to this effect. Recently in a meta-analysis performed by 

Health Canada, Benkhedda et al. (2014) concluded that available clinical trial evidence 

sufficiently supports a health claim for the cholesterol-lowering effect of foods containing soy 

protein with intact isoflavones (i.e. not alcohol-washed ISP), and after a period of invited 

commentary, a therapeutic health claim was approved (Health Canada, 2015).  

In 2000, the AHA recommended consuming a minimum daily amount of 25 g of soy 

protein “with its associated phytochemicals intact” to reduce LDL cholesterol by 

approximately 4-8% (Erdman Jr., 2000). In their statement, members of the committee 

highlighted that soy lowers cholesterol in addition to what can be achieved by the AHA Step I 

diet, and that the effect of soy protein appears to be lost upon dissociation with its 

isoflavone component (Erdman Jr., 2000). However, in an updated statement by the AHA 

released in 2006, a more conservative view is reflected based on the results of 22 clinical 

trials which concluded that a minimum of 50 g soy protein was needed to achieve about a 

3% reduction in LDL cholesterol (Sacks et al., 2006). The authors highlight practical 

concerns with the feasibility of this dietary strategy in return for a relatively modest 

improvement in cardiovascular health.  

Overall, meta-analyses published to date have focused on clinical trials utilizing ISP. 

Additionally, a large proportion of study populations consists of postmenopausal women. 
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These study population characteristics suggest specialized groups may benefit from soy 

protein intake, but this does not address whether a soy health claim is appropriate for the 

general population.  The choice of ISP is inconsistent with the typical soy intake of a free-

living population, in which soy is more likely to be consumed as a product derived from the 

processing of soybeans into traditional foods; this creates confusion on how soy may be best 

incorporated into the diet for cardiovascular health promotion, and poses a challenge for 

regulatory authorities that apply health claims to soy-based products.   

 

1.6 Summary 

 

CHD is a leading cause of death globally, and is characterized by disorders in 

lipoprotein metabolism which evolve into atherosclerotic plaques and cause clinical events 

such as heart attack. Primary prevention represents a powerful strategy for reducing CHD 

risk, primarily through lifestyle interventions including diet. Soy is associated with a lower 

risk of CHD; the mechanism of action is unclear but is thought to be inherent to the soy 

bean, and exerted through its bioactive components including specific soy protein fractions 

and/or isoflavones. Further, the hypocholesterolemic effect of soy may be more pronounced 

when whole soy is consumed, compared to an isolated component. This has been verified in 

cell culture and animal models; however, conflicting results from previous clinical trials has 

prevented consensus in the scientific community from being reached. Soy foods can be 

processed using a range of techniques and carefully controlled, dose-response studies with 

sufficient statistical power are required in order to ascertain the cholesterol-lowering effect 

of whole soy in a food form likely to be consumed in North America.  
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2.1 Rationale  

 

In Canada, a federally regulated health claim relating soy protein with reduced CHD 

risk has been recently approved. However, clinical trials continue to produce contradictory 

findings. Notably, meta-analyses investigating the cholesterol-lowering effect of soy do not 

differentiate between human studies administering ISP from those testing other soy-based 

foods. Processing may influence the clinical benefits received from soy, and whole soy (i.e. 

intact protein, isoflavones, fibre, and other phytochemicals) may produce a different 

response. De-fatted whole soy flour (DWSF) is a soy ingredient made by crushing whole 

soybeans, extracting the lipid components, and milling into flour, and is arguably a 

minimally processed whole soy ingredient. DWSF represents a major source of dietary soy 

and is practical for developing soy-based functional foods; however, DWSF has not been 

investigated using a randomized, controlled trial with adequate statistical power, and few 

studies have tested for a dose-response relationship between soy bioactives and CHD 

biomarkers and the minimal effective dose is unclear.   

 

2.2. Objectives 

 

The overall objective is to explore the potential of DWSF as a functional food 

ingredient for reducing CHD risk. This was done by: (1) assessing the effect of consuming 

soy flour muffins daily on biomarkers of CHD risk; (2) determining the bioavailability of 

isoflavones from soy flour muffins; and (3) evaluating consumer acceptability of soy muffins. 

Overall, this thesis aims to produce credible evidence to inform health claim assessments of 
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soy-based foods for CHD prevention, and to provide evidence of the acceptability of soy flour 

muffins by Canadian consumers.  

 

The specific objectives are to: 

 

1. Conduct a double blind, randomized, dose-response, multi-centre, parallel-design 

controlled trial to test whether consuming a product made from DWSF meeting 

current recommendations on soy protein intake would result in improvements in LDL 

cholesterol and other biomarkers of CHD risk.  

 

2. Analyze soy isoflavones in plasma from participants consuming soy muffins via 

HPLC-MS/MS to assess: isoflavone bioavailability, defined as the concentration of 

isoflavone aglycones in plasma; participant compliance to the study protocol; and the 

relationship between isoflavone bioavailability and participant physiological 

characteristics (e.g. age, sex, dietary intake, isoflavone metabolizing phenotype).  

 

3. Assess the acceptability of soy flour muffins by analyzing participant responses on a 

short sensory questionnaire designed to determine liking (overall, and liking of 

appearance, aroma, flavour, taste, texture), feeling of fullness, and any gastrointestinal 

symptoms related to the study muffins.  

 

 

 



 

47 
 

2.3 Hypotheses 

 

The overall hypothesis of this thesis is that DWSF can be used as an effective soy-

based functional food ingredient, demonstrated by its ability to improve CHD risk factors, 

the bioavailability of the soy bioactive isoflavones, and acceptability by consumers.    

The specific hypotheses are: 

 

1. Consuming 25 g soy protein from baked soy flour muffins daily for 6 weeks 

significantly reduces fasting plasma LDL cholesterol by 7% in healthy 

hypercholesterolemic adults, and to assess for a dose-response effect. 

 

2. Soy isoflavones are bioavailable from de-fatted soy flour in a dose-dependent manner. 

 

3. Overall liking of soy flour muffins increases over time and muffins are accepted in a 

consumer population (as determined by a mean hedonic rating for overall liking 

exceeding “neither like or dislike”).   



 

 
 

CHAPTER 3 

Randomized controlled double blind trial to assess the LDL cholesterol lowering effect of 

DWSF incorporated into a muffin and consumed at two doses 
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Abstract 

 

Soy protein may reduce CHD risk by lowering LDL cholesterol, but few studies have 

assessed whether DWSF displays a similar effect. This study assessed the dose-response 

effect of DWSF incorporated into muffins on plasma LDL cholesterol in hypercholesterolemic 

adults. In a double-blind, randomized controlled trial, adults (n=243) with elevated LDL 

cholesterol (≥3.0 and ≤5.0 mmol/L) were randomly assigned to consume 2 soy muffins (25 

g soy protein; high-dose soy, HDS), 1 soy and 1 wheat muffin (12.5 g soy protein; 12.5 g 

whey protein; low-dose soy, LDS), or 2 wheat muffins (25 g whey protein; Control) daily for 

6 weeks.  Endpoints were measured at 3 and 6 weeks and dietary intakes assessed using a 3-

day food record.  Treatment effects were assessed using intention-to-treat analysis with 

multiple imputation and LDL cholesterol as the primary outcome. Participants were 

Caucasian (83%) and mostly female (63%), aged 55.0 ± 8.8 years (mean ± SD), with BMI 

28.0 ± 4.6 kg/m2 and blood pressure 122 ± 16/ 77 ± 11 mmHg. Of the 243 randomized 

participants, 213 (87.6%) completed the trial. Neither HDS nor LDS had a significant effect 

on LDL cholesterol compared to Control (mean ± SEM changes: Control, -0.04 ± 0.05; HDS, 

0.01 ± 0.05; LDS, -0.04 ± 0.06 mmol/L). There were no significant treatment effects on total 

or HDL cholesterol, triglycerides, CRP, HOMA-IR, blood pressure or Framingham 10-year 

CHD risk score. Consuming 12.5 or 25 g protein from DWSF incorporated into muffins did 

not reduce LDL cholesterol or other biomarkers of CHD risk in hypercholesterolemic adults. 
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3.1 Introduction 

 

CHD is a leading cause of death worldwide (WHO, 2012) and it is well established that 

reducing LDL cholesterol can lower CHD incidence (Baigent et al., 2005). In Canada, a 

substantial proportion (12-40%) of adults are hypercholesterolemic (Statistics Canada, 

2011), which represents a potentially significant health and economic burden (Thériault et 

al., 2010). Improving dietary quality is recommended for cardiovascular health promotion 

(Lloyd-Jones et al., 2010) and plant-based foods may lower CHD risk by modulating 

circulating plasma lipids (Rao & Al-Weshahy, 2008). In particular, epidemiological and 

intervention studies suggest soy-based diets may influence plasma lipids (Cederroth & Nef, 

2009). An early meta-analysis concluded that soy protein lowered LDL cholesterol by 12.9% 

(Anderson et al., 1995), and in 1999, the US Food and Drug Administration (FDA) approved 

a food labeling health claim associating 25 g soy protein/day with reduced CHD risk (USFDA, 

2014). However, subsequent meta-analyses showed a more modest reduction in LDL 

cholesterol, at between 4 and 6% (Weggemans & Trautwein, 2003; Zhan & Ho, 2005; 

Harland & Haffner, 2008), and many ensuing studies failed to demonstrate a significant 

effect; this continues to create disagreements among the regulatory and scientific 

community (Girgih et al., 2013; EFSA, 2010; Benkhedda et al., 2014).  

In 2010, EFSA rejected a health claim petition for soy protein and LDL cholesterol 

citing lack of evidence for a cause and effect relationship for soy protein specifically (EFSA, 

2010). In this review, the panel concluded that soy protein lowered LDL cholesterol only 

when soy protein containing intact isoflavones was administered, and that the proposed 

mechanisms of action were not supported by available evidence (EFSA, 2010). EFSA also 
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later rejected a request to recognize the role of soy isoflavones in maintaining normal LDL 

cholesterol concentrations for similar reasons (EFSA, 2011). However, in a recent 

assessment by Health Canada, it was concluded that interventions with ISP and soy foods 

significantly lowered LDL cholesterol in 33% of studies examined, with an expected 

reduction ranging from 0.09-0.23 mmol/L (Benkhedda et al., 2014). Following this review, a 

soy health claim was approved in Canada (Health Canada, 2015).   

A potential source of inconsistent clinical trial findings is that, although soy contains 

several bioactive components that may reduce LDL cholesterol, it is not clear which of these 

is responsible. Findings from cell culture studies indicate that specific soy protein fractions, 

including subunits from the 7S globulin (β-conglycinin) may upregulate LDL receptor 

activity (Lovati et al., 2000) and decrease endogenous cholesterol synthesis (Mochizuki et al., 

2009). One study showed improvement in plasma lipids after β-conglycinin was fed to rats 

consuming a high-cholesterol diet (de Souza Ferreira et al., 2011), and although few studies 

have tested the bioactivity of soy protein fractions in humans, preliminary findings show β-

conglycinin is capable of lowering plasma triglycerides and LDL cholesterol in menopausal 

women (Ma et al., 2013), reduces visceral fat in adults with hypertriglyceridemia (Kohno et 

al., 2006), and favourably alters the gut flora of overweight and obese men (Fernandez-

Raudales et al., 2012). Extracted isoflavones do not appear to exert a biological effect (Taku et 

al., 2008; Yeung & Yu, 2003; Qin et al., 2013); however, alcohol-washed soy protein (i.e. soy 

protein devoid of isoflavones) appears less efficacious than intact soy protein in augmenting 

plasma lipids, suggesting synergy between soy protein and isoflavones (Taku et al., 2007).    

Variations in soy products used in clinical studies have made interpreting results 

difficult. It is therefore important to evaluate the LDL cholesterol-lowering effect of soy in 
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different food matrices.  Most trials have focused on ISP and isoflavones (Reinwald et al., 

2010); however, DWSF contains several potentially active components and has not been 

adequately assessed for its effect on LDL cholesterol. Further, few studies have examined the 

dose-response relationship between soy protein intake and cardiovascular disease risk; this 

is required to establish the minimum effective dose of soy and is essential to implementing 

regulatory guidelines.  Therefore, the aim of this study was to determine the dose-response 

effect of DWSF incorporated into a baked food product on LDL cholesterol in healthy 

hypercholesterolemic adults.   

 

3.2 Methodology 

 

A 6-week double-blind, multi-centre, randomized controlled, clinical trial with a 

parallel-group design was conducted to determine the effect of DWSF, incorporated into a 

baked food product, on LDL cholesterol (primary outcome) and other biomarkers of CHD 

risk in adults with elevated LDL cholesterol. Secondary outcomes included fasting plasma 

lipids (total cholesterol, HDL cholesterol, and triglycerides), glucose, insulin resistance 

(HOMA-IR3), CRP, and blood pressure. The hypothesis tested was that a daily intake of 25 g 

soy protein from baked DWSF would significantly lower fasting plasma LDL cholesterol 

compared to control, and would improve other biomarkers of CHD risk in healthy, 

hypercholesterolemic adults.  

 

 

                                                           
3 The HOMA2 calculator was developed at Oxford University and can be freely accessed online at: 
https://www.dtu.ox.ac.uk/homacalculator/ 
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3.2.1 Participants 

 

Males and non-pregnant females with elevated LDL cholesterol (≥3.0 and ≤5.0 

mmol/L) and not on cholesterol-lowering medications were recruited from 3 Canadian cities 

(Guelph, ON; Toronto, ON; Winnipeg, MB) and surrounding areas between May 2012 and 

September 2013 with the following inclusion criteria: aged 30-70 years;  BMI ≥18.5 and 

≤40.0 kg/m2 with a stable weight (i.e. ≤3kg weight change  3 mo prior to study enrollment); 

not on prescribed or non-prescribed medications, herbal, or nutritional supplements known 

to affect blood lipids (Appendix 1A). Stable doses of thyroxine, oral contraceptive agents, 

hormone replacement therapy, and antihypertensive medications were permitted.  

The following exclusion criteria were also applied: users of prescribed lipid-lowering 

medications (e.g. statins); smoking ≥1 cigarette/day; alcohol intake >2 drinks/day; unstable 

body weight or intention to lose or gain weight; regular consumption of soy, defined as  ≥5 

servings of soy per week, where 1 serving of soy was a soy-based food or supplement 

containing at least 6.25 g of soy-protein per serving (USFDA, 2014); the presence of any 

known food allergies; concurrent participation in other scientific studies; unwillingness to 

consume a soy or wheat baked product; saturated fat intake ≥15% of total energy intake as 

determined by a 3-day food record obtained before study enrolment; any recent major 

surgical or medical event within the past 3 months; presence of a gastrointestinal disorder 

or medication that alters the digestion and absorption of nutrients; fasting plasma 

triglycerides ≥4.0 mmol/L; abnormal kidney and liver function assessed as plasma aspartate 

transaminase (AST) and plasma alanine transaminase (ALT)  ≥1.5 times the upper limit of 

normal (ULN); abnormal kidney function assessed by plasma urea and creatinine ≥1.8 times 
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the ULN;  presence of diabetes mellitus, defined as fasting plasma glucose ≥7.0 mmol/L 

(WHO, 2006); use of insulin or any oral hypoglycemic agents. Individuals who reported 

recent use of antibiotics (≤6 weeks before study enrollment) were asked to undergo a 

waiting period before enrolling in the study.  

 

3.2.2 Screening  

 

Participants were recruited locally using flyers, radio, and newspaper advertisements 

and Internet postings (Appendix 1B). All study procedures were reviewed and approved by 

the Review Ethics Boards of respective clinical trial centres, and all participants provided 

signed informed consent after receiving verbal and written information about the study 

(Appendix 1C). At each trial site, interested persons underwent an initial telephone 

screening  to determine participant eligibility on the basis of age, sex, self-reported BMI, 

medication usage, medical and dietary history (Appendix 1D). Eligible persons were invited 

to visit the clinical trial centre for a study orientation and screening interview (Appendix 

1E).  Participants then provided a fasting blood sample, had height, body weight and blood 

pressure measured, and were instructed in the completion of a 3-day food record (Appendix 

1F), which was returned one week later and analyzed centrally by a trained study assistant 

to determine study eligibility. Blood measures at screening included: serum lipids (LDL 

calculated by Friedwald equation), glucose, aspartate transaminase, alanine transaminase, 

urea and creatinine. Screening blood samples were analyzed by LifeLabs Medical Laboratory 

Services (Guelph, ON, Canada), St. Michael’s Hospital (Toronto, ON, Canada), and the 

Canadian Centre for Agri-Food Research in Health and Medicine (Winnipeg, MB, Canada).  
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3.2.3 Sample size, randomization and concealment 

 

The sample size calculation was based on previous meta-analyses (reviewed in 

Chapter 1), a trial with a similar design and outcome measures examining the cholesterol-

lowering effect of oat β-glucan (Wolever et al., 2010), and a biologically significant reduction 

in LDL cholesterol.  In order to detect a 7% (0.28 mmol/L) reduction in baseline LDL 

cholesterol in the high dose soy group, with an 80% power and SD of 0.64 mmol/L (Wolever 

et al., 2010), 72 participants were required for each treatment arm. After adjusting for an 

expected 12% drop out rate, the total number of participants required was 243. 

Eligible participants were stratified according to screening LDL cholesterol (low 

stratum = 3.0≤ LDL-C ≤3.8 mmol/L; or high stratum = 3.8< LDL-C ≤5.0 mmol/L), then 

randomly assigned to one of three study groups at their baseline visit.  Treatment 

assignments were provided in code (A, B, C) in sealed sequentially numbered opaque 

envelopes prepared by the study statistician. Assignment was done by random number 

generated by the study statistician with the provision for 200 participants (100 in each LDL-

C stratum) at each study site. The treatment groups were: High Dose Soy (HDS) – two soy 

muffins daily (25 g soy protein); Low Dose Soy (LDS) – one soy and one wheat muffin daily 

(12.5 g soy protein and 12.5 g whey protein, respectively); Control – two wheat muffins 

daily (25 g whey protein).  All study staff, except the study statistician, were blind to 

treatment assignment. A flowchart detailing participant recruitment, screening and 

randomization into the study is shown in Figure 3.1. 
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3.2.4 Intervention products 

 

The intervention comprised muffins made from soy or wheat flour supplemented 

with whey protein, and were developed and produced at the Bake Lab, Department of Food 

Science, University of Guelph (Guelph, ON, Canada). The muffins were isocaloric, matched for 

macronutrient content and were designed to contain 12.5 g soy protein (approximately 27 g 

DWSF per muffin) so that two soy muffins would deliver 25 g soy protein daily, which meets 

the US FDA recommendation for soy protein to reduce CHD risk (USFDA, 2014). The study 

muffins were devoid of ingredients known to influence circulating lipids, such as plant 

sterols. A detailed description of the study muffin formulation is found in Chapter 5. 

For treatment blinding and to mask differences in taste, an underlying artificial 

vanilla flavouring was used, followed by either lemon or banana flavouring purchased form 

David Michael & Co. (Philadelphia, PA, USA).  Muffins were produced and packaged weekly, 

and stored at -22°C until delivered frozen to participating study centres. A random selection 

of muffins from each production batch was stored for proximate analysis at Maxaam 

Analytics (Mississauga, ON, Canada; Table 3.1). Study muffins were packaged in translucent 

plastic sleeves using a ULINE 16” Impulse Sealer with Cutter (Brampton, ON, Canada). A 

general label containing an arbitrary barcode and a discreet code (containing assignment, 

muffin production batch, and date of preparation) was affixed to each plastic sleeve.      
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Figure 3.1 Clinical trial CONSORT diagram. Flow of participants through the soy muffin 
human trial: eligibility, enrollment, randomization, and follow-up of study participants. 

 

Screened: (n=656) 

Signed study consent: 

(n=248) 

Enrollment 

Random assignment: 

(n=243) 

HDS treatment: 

(n=82) 

LDS treatment: 

(n=80) 

Control: 

(n=81) 

Obtained week 3 

measures (n=76) 

Adverse event (4) 

Dislike muffin (1) 

Other (1) 

 

Obtained week 3 

measures (n=72) 

Adverse event (4) 

Dislike muffin (4) 

 

 

Obtained week 3 

measures (n=74) 

Adverse event (6) 

Dislike muffin (1) 

 

 

Obtained week 6 

measures (n=71) 

Adverse event (3) 

Other (1) 

Intercurrent illness (1) 

 

Obtained week 6 

measures (n=71) 

Adverse event (1) 

 

 

 

Obtained week 6 

measures (n=71) 

Adverse event (2) 

Other (1) 

 

Excluded (n=408) 

On initial screening (n=218) 

- Age (14) 

- Smoking (20) 

- Alcohol intake (1) 

- Medications (47) 

- Nutrition/herb sup (4) 

- Recent weight loss (15) 

- Medical condition (14) 

- Scheduling conflict (14) 

- Not interested (81) 

On screening blood/diet results 

(n=190) 

LDL (156); Triglycerides (5); 

Glucose (9); AST/ALT (8); BMI (9); 

SFA (3) 

 

 



 

58 
 

Table 3.1 Nutrient composition of intervention soy muffin and control wheat muffin per 100 g (FW)1 

 Weight2  
(g) 

 
Energy 
(kcal) 

 

Protein       
(g) 

Fat               
(g) 

Carbohydrate  
(g) 

Ash       
(g) 

Moisture  
(g) 

Fibre           
(g) 

Isoflavones3 
(mg/g DW) 

Soy 

muffin 
97 ± 2 335 ± 10.2 14.3 ± 1.2 13.70 ± 1.1 39.5 ± 4.5 2.3 ± 0.2 30.2 ± 2.4 5.2 ± 0.4 0.61 ± 0.1  

Wheat 

muffin 
88 ± 2 

 

384 ± 4.2 

 

14.8 ± 1.7 16.4 ± 0.1 45.2 ± 1.2 0.9 ± 0.0 23.4 ± 0.9 1.5 ± 0.2 ND 

1 Mean ± SEM shown. Values obtained using muffins (n = 3) samples from different (soy = 6; wheat = 5) production days. 
Analysis was by AOAC methodology (Protein, AOAC 992.15; Ash, AOAC 923.03; Fat, by gravimetric analysis using acid 
hydrolysis, AOAC 922.06, 933.05; Total dietary fibre, AOAC 991.43, 985.29). Carbohydrates were calculated by difference. 
2Average weight per muffin as eaten (n=9). 3Soy muffins contained protein primarily from DWSF; a small portion (~1.5 g) was 

contributed by wheat flour.  4Reported as isoflavone aglycone equivalents (AE). FW = fresh weight; ND = not detected.  
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3.2.5 Study procedures and measurements 

 

Participants were asked to maintain their usual diet, avoid sources of soy external to 

the study muffins and maintain regular physical activity routines throughout the study. 

Frozen study muffins were provided weekly to participants who were instructed to consume 

the muffins in place of breakfast or as a snack, according to preference (e.g. defrosted and 

consumed cold, heated, toasted, and/or with spreads and beverages) and could consume 

both muffins at the same time or separately during different meals before 8pm each day. 

Participants were also asked to report on any adverse effects, and if any major changes to 

diet or routine were experienced in the previous week. Participants visited the study centres 

in the morning following a 10-12 hour overnight fast and were asked to avoid alcohol for 24 

hours, over-the-counter medications for 48 hours and limit strenuous physical activity on 

the evening prior to their study visit. A fasting blood sample (15 mL) was obtained at week 

0, 3, and 6 for the analysis of plasma lipids, CRP, glucose, insulin, and soy isoflavones. In 

addition, body weight, blood pressure, and waist circumference were measured. 

Blood was obtained via venipuncture by trained phlebotomists. Fasting blood samples 

were collected into 10 mL spray-coated lithium heparin BD Vacutainer® tubes (Franklin 

Lakes, NJ, United States) and processed (3000 RPM, 10 min, 21°C) within 10 minutes of 

collection to obtain plasma. Aliquots of plasma were transferred into 2.0 mL capped 

SARSTEDT© microtubes (Rommelsdorf, NRW, Germany) and stored at -80°C until analysis. 

Plasma lipids, high sensitivity CRP and glucose were analyzed centrally using a Cobas® c 

111 clinical chemistry analyzer (Roche Diagnostics, Laval, QC) by enzymatic colorimetric, 

particle enhanced turbidimetric and UV-based methods, respectively, at CCARM (Winnipeg, 



 

60 
 

MB, Canada).  In this system LDL cholesterol was measured directly and the total-:HDL-

cholesterol ratio (TC/HDL) was derived.  Insulin was measured centrally using an 

electrochemiluminescence immunoassay (ECLIA) on a Roche E modular E170 immunoassay 

analyzer at Unicity Laboratory Services (Winnipeg, MB, Canada). Insulin resistance (HOMA-

IR) was derived using the Homeostasis Model Assessment (HOMA) 2 online calculator. 

Plasma isoflavone analysis was performed at the Guelph Food Research Centre (Guelph, ON, 

Canada) using an established LC-MS/MS method (section 3.2.8).   

The Framingham risk assessment tool4 for adults (≥20 years) without heart disease 

or diabetes was used to assess 10 year CHD risk using the following variables: age, sex, total 

cholesterol, HDL cholesterol, smoking status, systolic blood pressure, and treatment for 

hypertension. In cases where participant values fell outside the range of admissible values 

defined by the risk assessment tool (e.g. values for HDL cholesterol must fall between 0.52 

mmol/L and 2.59 mmol/L, the maximum or minimum value was used in the calculator). 

Measurements of body weight and height were made with scales and stadiometers approved 

for use in clinical settings, and used to calculate BMI.  Waist circumference was measured at 

baseline and at the final study visit by locating the midpoint between the lowest palpable rib 

and the top of this iliac crest after a normal expiration (Health Canada, 2003; WHO, 2008). 

The study coordinator measured halfway between these coordinates using a plastic tape 

measure in order to identify the waist line and after a normal expiration, waist 

circumference was taken by measuring the circumference at this point, and rounded to the 

nearest 0.5 cm. Blood pressure was measured while participants were seated after a 5 

minute rest and was reported as the average of three measures.  

                                                           
4 The Framingham risk assessment tool can be accessed online through the National Institutes of Health: 
http://cvdrisk.nhlbi.nih.gov/  
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All data were captured onto study Case Report Forms (CRFs) that were standardized 

across treatment centres (Appendix 1G). Research assistants at participating trial centres 

were responsible for the collection of trial data onto CRFs and sent via FAX to the 

coordinating centre (Guelph Food Research Centre, Guelph, Canada) for verification and 

transcription onto a master file using Microsoft Excel 2010. For verification, data were 

checked for inconsistencies through proofreading by visually comparing printed copies of 

the raw data with data contained in the master file, and were validated via double entry. 

 

3.2.6 Dietary data 

 

Assessment of dietary intake was achieved through 3-day food records collected at 

baseline and during week 4 of the study. Participants were instructed to record the quantity 

of all foods and caloric beverages consumed over two typical week days (non-consecutive 

and consecutive recording of week days was permitted) and one weekend day. Participants 

were instructed on how to complete their food record with guidelines on common serving 

sizes (e.g. 1 tbsp. of peanut butter = about the size of a golf ball; 3oz of meat = a deck of 

cards), and were provided with a sample food record demonstrating a complete record for 

one day. Completed records were reviewed by a trained study assistant upon collection, and 

clarification was sought if necessary. Completed records were verified by a trained study 

assistant and then analyzed using ESHA Food Processor (SQL Nutrition Analysis Software, 

Version 10.1.1, 2007, Salem, OR, USA) at the coordinating site. Entries were verified twice by 

the study coordinator to ensure consistency.  
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3.2.7 Assessment of compliance 

 

 At weekly study visits, participants were asked to return empty muffin packaging 

sleeves or uneaten muffins, and to report on the number of muffins consumed during the 

previous week. If a participant failed to bring in their empty muffin packaging, they were 

verbally questioned on whether they were able to consume all the study muffins during the 

course of the previous week. Additionally, compliance was assessed through the 

quantification of plasma isoflavones at weeks 0, 3, and 6.  

 

3.2.8 Plasma isoflavone analysis 

 

An aliquot of plasma was transported from participating clinical trial centres to the 

Guelph Food Research Centre for isoflavone analysis. Sample analysis was based on the 

methods of Taylor et al. (2005) and Valentín-Blasini et al. (2000) with modifications. Briefly, 

plasma samples were thawed and treated with β-glucuronidase type H1 from Helix pomatia  

that was purchased from Sigma-Aldrich (St. Louis, MO, USA), followed by protein 

precipitation using acidified methanol, filtration, and analysis via LC-MS/MS (Shao et al., 

2011).   Peaks were identified by comparing retention times with that of isoflavone aglycone 

standards (daidzein, genistein, glycitein) and metabolites (equol, ODMA). An equol producer 

was defined as a participant with plasma equol concentrations >5 ng/mL (Setchell & Cole, 

2006). Currently, there are no available guidelines for the classification of an ODMA 

producer. Therefore, for the purpose of this study an ODMA producer was considered to be 
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anyone who produced detectable amounts of this metabolite in their plasma. A detailed 

description of the methodology for plasma isoflavone analysis is found in Chapter 4. 

 

3.2.9 Data and statistical analysis  

 

Initial statistical analysis was performed by a study statistician who was unaware of 

the treatment assignments. All statistical analyses were performed using SAS (SAS 9.4; SAS 

Institute Inc., Cary, NC, USA) with a 2-tailed type I error rate of 0.05. Data are expressed as 

means ± SEM unless otherwise stated. Outliers were identified from the calculated 

interquartile range (IQR); values greater than 3 x IQR (strong outlier) were examined and 

removed if justified after consultation with the CRF, source data and discussions with study 

coordinators at local sites. In total, there were 9936 values from which 115 outliers were 

identified and 54 were removed prior to analysis (Appendix 1H); none were LDL 

cholesterol values.  Data removed at baseline were replaced with group mean values.  

Missing data at week 3 and 6 were replaced by multiple imputation (PROC MI) prior 

to analysis, as described by Schafer (1997). The latter involved generation of 5 complete data 

sets using regression estimates obtained from observed values, after which mean values of 

the imputed data were inserted for the missing values. Data were checked for normality 

using the Shapiro-Wilk test (PROC UNIVARIATE) and by examination of box plots and 

residual plots. Variables not normally distributed were transformed using natural logarithm 

(triglycerides, insulin and HOMA-IR) and reciprocal transformation (CRP). A one-way 

ANOVA (PROC GLM) was used to assess group differences at baseline. 
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The change (week 6 – week 0) in LDL cholesterol, the primary outcome, was 

analyzed by intention-to-treat using the multiple imputation method for missing data (PROC 

MI), as outlined above, and followed the fully conditional specification approach (Yuan, 

2011). The effect of treatment on change in LDL cholesterol as well as secondary outcome 

variables (total cholesterol, HDL cholesterol, triglycerides, TC/HDL cholesterol ratio, systolic 

and diastolic blood pressure, glucose and HOMA-IR) was evaluated using a one-way ANOVA 

(PROC GLM). The effect of treatment on the change in CRP and HOMA-IR, Framingham risk 

score, and changes in median plasma isoflavone concentrations between treatments at week 

3 and 6 were compared using a Kruskall-Wallis test (PROC NPAR1WAY).   

Differences in dietary intake at week 0 and week 4 were compared using paired t 

tests (PROC TTEST). The effects of age, sex, BMI, centre, total energy, macronutrients, and 

dietary fibre on primary and secondary outcomes variables were assessed using ANCOVA 

(PROC MIXED). Change from baseline in primary and secondary outcome variables by 

treatment at weeks 0, 3, 6 were assessed using repeat measures ANOVA (PROC MIXED). 

 

3.3 Results 

 

5.3.1 Participant characteristics 

 

At baseline, study participants had a mean (± SD) age of 55.0 ± 8.8 years and the 

majority were female (63.4%). Participants were mostly Caucasian (82.7%), followed by 

South Asian (6.6%), South East Asian (2.5%), East Asian (2.5%), Black (2.5%), Arab/West 

Asian (0.8%), Aboriginal (0.4%), and mixed ethnicity (2.1%; one each of Black/Caucasian, 
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Hispanic/Caucasian, Aboriginal/Caucasian and Black/South Asian). There were no 

significant treatment differences in BMI, waist circumference, diastolic blood pressure, 

plasma lipids, glucose, insulin, HOMA-IR and CRP. Baseline demographics, medical 

conditions, and use of medications are described in Table 3.2.  

 

5.3.2 Adverse events and participant attrition 

 

During the study, 131 participants reported at least one adverse event (Table 3.3); 

none was reported as a serious adverse event. After 6 weeks, 213/243 participants (87.6%) 

completed the study (Figure 3.1). Reasons for attrition included: adverse event related or 

unrelated to study muffins (n=20); dislike of study muffin (n=6); death in the family (n=2); 

concern about soy intake and breast cancer risk (n=1) and recurrence of cancer unrelated 

to the study (n=1).  The number of participants discontinuing was similar across treatment 

arms (HDS, n=11; LDS, n=9; Control, n=10), and the majority dropped out during the first 

half of the trial (i.e. 22/30).  

 

5.3.3 Compliance 
 

Compliance during the study, as evaluated by uneaten muffins, was 98.8%, 99.0%, 

and 98.7% within the HDS, LDS and Control treatments, respectively. After 6 weeks of 

treatment, median (range) plasma isoflavone concentrations increased significantly from 

baseline in the  HDS and LDS treatments, respectively, to  419 (1, 1973) ng/mL and  119 (0, 

2337) ng/mL, which were significantly higher than Control, 2 ng/mL (P<0.001). 
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Table 3.2 Baseline demographic and clinical characteristics of participants 
Variables All (n = 243) HDS (n = 82) LDS (n = 80) Control (n = 81) 
Age (y)  55.0 ± 8.8 56.0 ± 9.2 55.0 ± 9.0 54.0 ± 8.2 

BMI (kg/m2) 28.0 ± 4.6 27.7 ± 4.4 28.1 ± 4.9 28.1 ± 4.4 

Waist circumference (cm) 94.8 ± 11.5 93.1 ± 10.1 95.3 ± 12.5  95.9 ± 11.7  

Systolic BP (mmHg)# 122 ± 16 118 ± 16 123 ± 16 123 ± 17 

Diastolic BP (mmHg) 77 ± 11 75 ± 12 78 ± 10 78 ± 9 

Male/Female (n) 89/154 29/53 29/51 31/50 

Medical conditions (n)     

     Cardiovascular1 43 9 18 16 

     Endocrine2 21 8 7 6 

     Neurological3 25 7 10 8 

     Gastrointestinal4 16 8 5 3 

     Asthma 7 3 2 2 

     Musculoskeletal5 26 11 6 9 

     Dermatological6 9 4 3 2 

     Other7 12 3 4 5 

Prescribed medications (n) 110 32 35 43 

Over-the-counter medications (n) 79 15 22 42 

Nutritional supplements (n) 144 53 48 43 

Herbal supplements (n) 23 11 3 9 
1Cardiovascular = hypertension, heart murmur, Brugada syndrome. 2Endocrine = hypo-/hyperthyroidism, Grave’s disease, hot 
flashes, pre-diabetes. 3Neurological = depression, anxiety, bi-polar disorder, attention deficit hyperactivity disorder (ADHD), 
insomnia, narcolepsy, migraines, atypical neurofibromatosis, mild cognitive impairment, sleep apnea. 4Gastrointesinal = 
Gastroesophageal reflux disorder (GERD), acid reflux, indigestion, Crohn’s, constipation, gastric ulcer, Irritable Bowel Syndrome 
(IBS). 5Musculoskeletal = arthritis, back/joint pain, osteoporosis, shingles, restless leg syndrome. 6Dermatological = Psoriasis, 
rash, hives, eczema, rosacea. 7Other = Glaucoma, hormone replacement therapy, prostate hyperplasia, acne, hepatitis B, iron 
deficiency, allergies, lung cancer (remission), kidney stones, ovarian cancer (remission), uterine cancer (remission), polio, 
breast cancer (remission), alopecia. Values reported as mean ± SD. #at baseline SBP approached significance (P = 0.050).
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Table 3.3 Summary of adverse events reported by participants1 

 
Event All HDS LDS Control 
     
     
Abdominal pain, bloating, gas, diarrhea, constipation 75 29 23 23 
Cold/flu 34 10 13 11 
Acid reflux, belching, indigestion 10 4 2 4 
Arthritis, hip/back pain, muscle aches 12 4 4 4 
Headache 9 5 3 1 
Dizziness, tiredness, nausea  7 2 3 2 
Acne, itchiness, rash 6 2 2 2 
Infection requiring antibiotics 5 3 2 0 
Other2 5 2 2 1 
Allergies (seasonal) 3 1 1 1 
Injury from falling 3 2 0 1 
Emotional stress, difficulty sleeping 2 1 0 1 
Eye irritation 2 1 1 0 
Heart palpitations/racing 2 1 0 1 
Hot flashes 2 1 0 1 
Increased frequency of bowel movements 2 0 1 1 
Difficulty swallowing 1 0 1 0 
     
1Count of participants reporting an adverse symptom at least once during 6 weeks of 
consuming the soy and wheat study muffins. 2Other=elevated thyroid (n=1, HDS); hernia 
repair (n=1, LDS); kidney stone (n=1, HDS); shingles (n=1, Control); vomiting (n=1, LDS). 
 

5.3.4 Energy and nutrient intake 

 

Energy and macronutrient intake did not significantly differ between treatments at 

week 0 or 4 (Table 3.4), with two exceptions: at week 4, cholesterol intake was significantly 

higher in Control compared to HDS and LDS (278 ± 15 mg, F(2) = 6.43. P=0.002), and at 

week 4, energy adjusted dietary fibre was significantly lower in Control (8.8 ± 0.4 gram per 

1000 kcal, F(2) = 17.17, P<0.0001) (Figures 3.2, 3.2).  Energy intake was significantly 

higher at week 4 compared to week 0 for HDS (226 ± 57 kcal, t(71) = -3.97, P=0.0002), LDS 

(267 ± 58 kcal, t(71) = -4.64, P<0.0001) and Control (319 ± 53 kcal, t(72) = -6.07, 
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P<0.0001). Differences were not significantly higher among study treatments. Protein intake 

was not significantly different from baseline, but fat, saturated fat and total carbohydrate as 

a percentage of total energy intake was significantly higher at week 4 for all treatments.  

 

5.3.5 Effect of treatment on outcome variables 
 

On intention-to-treat analysis, the change in LDL cholesterol following 6 weeks of 

treatment was not significantly different: mean ± SEM:  HDS, 0.01 ± 0.05; LDS, -0.04 ± 0.06; 

Control, -0.04 ± 0.05 mmol/L (F(2) =0.52, P=0.593). When expressed as percentage change 

from baseline, the differences among treatments remained non-significant (HDS, 1.00 ± 

1.22; LDS, 0.02 ± 1.35; Control, -0.33 ± 1.21%). Additionally, there were no significant 

differences among treatments for BMI, waist circumference, systolic/diastolic blood 

pressure, total cholesterol, HDL cholesterol, TC/HDL cholesterol ratio, triglycerides, CRP, 

glucose, insulin, HOMA-IR, blood pressure or Framingham 10-year CHD risk score at week 3 

or 6 (Table 3.5). Pooling soy treatments resulted in no difference by treatment.  
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Table 3.4 Composition of participant diets at baseline (week 0) and midpoint (week 4) by treatment1 

 

 

HDS 

 

LDS 

 

Control 

 
Week 0 
(n = 82) 
 

 
Week 4 
(n = 72) 
 

 
Week 0 
(n = 80) 
 

 
Week 4 
(n = 72) 
 

 
Week 0 
(n = 81) 
 

 
Week 4 
(n = 73) 
 

Energy (kcal/d) 1960 ± 60 2180 ± 60* 1930 ± 70 2200 ± 60* 1920 ± 60 2270 ± 70* 

Energy (megajoule/d) 8.2 ± 0.2 9.1 ± 0.3* 8.1 ± 0.3 9.2 ± 0.2* 8.0 ± 0.2 9.5 ± 0.3* 

Protein (% energy) 17.8 ± 0.4 18.3 ± 0.3 17.7 ± 0.5 17.9 ± 0.4 17.2 ± 0.4 17.6 ± 0.4 

Carbohydrate (% energy) 51.8 ± 1.0 47.5 ± 0.7* 52.7 ± 0.8 49.1 ± 0.8* 51.9 ± 0.9 48.9 ± 0.7* 

Total fat (% energy) 31.4 ± 0.7 33.7 ± 0.5* 30.2 ± 0.6 32.6 ± 0.6* 32.1 ± 0.7 33.5 ± 0.6 * 

Saturated fat (% energy) 9.9 ± 0.3 8.0 ± 0.3* 9.3 ± 0.3 7.7 ± 0.3* 10.0 ± 0.3 8.2 ± 0.3* 

Total dietary fibre 12.7 ± 0.4 11.8 ± 0.3a* 11.8 ± 0.5 10.6 ± 0.4a* 11.8 ± 0.5 8.8 ± 0.4c* 

Cholesterol, mg/d 260 ± 15 210 ± 12a* 267 ± 16 228 ± 14a* 253 ± 14 278 ± 15b 

Sodium, mg/d 2570 ± 96 2470 ± 98 2580 ± 126 2510 ± 91 2680 ± 110 2580 ± 110 

1Values are mean ± SEM, based on data obtained from 3d food records. *Significantly different from baseline, P<0.05 (paired t 
tests). Labeled midpoint (week 4) means in a row without a common letter differ, P<0.05 (1-way ANOVA). 2Total dietary fibre is 
expressed a gram per 1000 kcal. 
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Figure 3.2 Total dietary fibre at week 0 and 4. Paired profile plot showing energy 
adjusted total dietary fibre intake of participants before enrollment and during the study as 
assessed using 3-day food records. 
 
 
 

 
 

Figure 3.3 Change in energy adjusted total dietary fibre. Box plots showing the change in 
fibre intake from week 0 to week 4, by treatment.  
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   Table 3.5 Summary of absolute, net, and percentage change in outcome variables by treatment1 
 All HDS LDS Control 
BMI (kg/m2)     
     Week 0 28.0 ± 0.3 27.7 ± 0.5 28.1 ± 0.6 28.1 ± 0.5 
     Week 3 28.0 ± 0.3 27.7 ± 0.5 28.3 ± 0.6  28.1 ± 0.5 
     Week 6 28.0 ± 0.3 27.7 ± 0.5 28.2 ± 0.6 28.2 ± 0.5 
Net Change 0.1 ± 0.0 0.1 ± 0.0 0.0 ± 0.1 0.1 ± 0.1 
% Change 0.3 ± 0.1 0.4 ± 0.2 0.1 ± 0.2 0.6 ± 0.2 
     
Waist circumference (cm)     
     Week 0 94.8 ± 0.7 93.1 ± 1.1 95.3 ± 1.4 96.0 ± 1.3 
     Week 6 95.1 ± 0.8 93.5 ± 1.2 95.6 ± 1.4 96.4 ± 1.3 
Net Change 0.4 ±0.1 0.3 ± 0.2 0.3 ±0.2 0.5 ± 0.2 
% Change 0.4 ± 0.2 0.4 ± 0.3 0.3 ± 0.2 0.6 ± 0.3 
     
Systolic BP (mmHG)     
     Week 0 121 ± 1 118 ± 2 123 ± 2 123 ± 1 
     Week 3 121 ± 1 119 ± 2 122 ± 2 123 ± 2 
     Week 6 121 ± 1 118 ± 2 122 ± 2 122 ± 2 
Net Change -0.8 ± 0.6 -0.3 ± 1.1 -1.2 ± 1.1 -1.0 ± 0.8 
% Change -0.3 ± 0.5 -0.4 ± 0.9 -0.7 ± 0.8 -0.7 ± 0.7 
     
Diastolic BP pressure (mmHG)      
     Week 0 77 ± 1 75 ± 1 78 ± 1 78 ± 1 
     Week 3 77 ± 1 75 ± 1 77 ± 1 77 ± 1 
     Week 6 76 ± 1 75 ± 1 77 ± 1 77 ± 1 
Net Change -0.8 ± 0.4 0.1 ± 0.7 -1.2 ± 0.7 -1.1 ± 0.8 
% Change -0.5 ± 0.5 0.9 ± 0.9 -1.1 ± 0.9 -1.2 ± 0.8 
     
Total cholesterol (mmol/L)     
     Week 0 5.72 ± 0.05 5.65 ± 0.09 5.73 ± 0.09 5.77 ± 0.08 
     Week 3 5.56 ± 0.04 5.46 ± 0.08 5.64 ± 0.08 5.59 ± 0.08  
     Week 6 5.57 ± 0.04 5.56 ± 0.08 5.56 ± 0.07 5.60 ± 0.08 
Net Change -0.14 ± 0.03 -0.10 ± 0.05 -0.17 ± 0.06 -0.16 ± 0.04 
% Change -2.03 ± 0.52 -1.17 ± 0.88 -2.34 ± 1.06 -2.60 ± 0.72 
     
LDL cholesterol (mmol/L)     
     Week 0 4.06 ± 0.05 4.01 ± 0.08 4.02 ± 0.08 4.15 ± 0.08 
     Week 3 4.03 ± 0.04 3.93 ± 0.08 4.06 ± 0.07 4.09 ± 0.07 
     Week 6 4.03 ± 0.04 4.02 ± 0.08 3.98 ± 0.07 4.10 ± 0.08 

Net Change -0.02 ± 0.03 0.01 ± 0.05  -0.04 ± 0.06 -0.04 ± 0.05 
% Change 0.23 ± 0.72 1.00 ± 1.22 0.02 ± 1.35 -0.33 ± 1.21 
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   Table 3.5 Continued  
 All HDS LDS Control 
HDL Cholesterol (mmol/L)     
     Week 0 1.51 ± 0.03 1.51 ± 0.04 1.54 ± 0.05  1.47 ± 0.04 
     Week 3 1.51 ± 0.03  1.50 ± 0.04 1.55 ± 0.05 1.48 ± 0.04 
     Week 6 1.52 ± 0.03 1.53 ± 0.05 1.54 ± 0.05 1.48 ± 0.04 
Net Change 0.01 ± 0.01 0.02 ± 0.02 0.00 ± 0.02 0.00 ± 0.01 
% Change 1.20 ± 0.71 1.78 ± 1.14 0.81 ± 1.51 1.00 ± 0.98 
     
Total cholesterol:HDL 
cholesterol  

    

     Week 0 4.03 ± 0.07 3.93 ± 0.11 3.98 ± 0.12 4.19 ± 0.13 
     Week 3 3.92 ± 0.07 3.85 ± 0.11 3.91 ± 0.13 4.01 ± 0.12 
     Week 6 3.91 ± 0.07 3.83 ± 0.11 3.87 ± 0.12 4.04 ± 0.13 
Net Change -0.12 ± 0.03 -0.10 ± 0.04 -0.11 ± 0.06 -0.14 ± 0.04 
% Change -2.40 ± 0.67 -2.23 ± 1.09 -1.92 ± 1.43 -3.05 ± 0.95 
     
Triglycerides (mmol/L)*     
     Week 0 1.39 ± 0.04 1.37 ± 0.06 1.43 ± 0.09 1.39 ± 0.07 
     Week 3 1.35 ± 0.04 1.29 ± 0.07 1.33 ± 0.06 1.43 ± 0.07 
     Week 6 1.35 ± 0.04 1.28 ± 0.06 1.34 ± 0.06 1.42 ± 0.07 
Net Change -0.05 ± 0.03 -0.09 ± 0.04 -0.08 ± 0.05 0.03 ± 0.06 
% Change 4.43 ± 3.07 -1.73 ± 3.42 2.32 ± 3.77 12.76 ± 7.65 
     
Glucose (mmol/L)     
     Week 0 5.42 ± 0.03 5.37 ± 0.05 5.40 ± 0.06 5.48 ± 0.04 
     Week 3 5.38 ± 0.03  5.36 ± 0.05 5.33 ± 0.06 5.46 ± 0.05 
     Week 6 5.39 ± 0.03 5.34 ± 0.05  5.34 ± 0.05 5.47 ± 0.05 
Net Change -0.03 ± 0.02 -0.03 ± 0.04 -0.05 ± 0.05 -0.01 ± 0.03 
% Change -0.36 ± 0.41 -0.39 ± 0.68 -0.64 ± 0.84 -0.06 ± 0.61 

     
Insulin (pmol/L)*     
     Week 0 64.98 ± 2.28  63.28 ± 3.83 65.13 ± 4.05 66.55 ± 4.00 
     Week 3 65.56 ± 2.29 64.63 ± 4.33 63.87 ± 3.83 68.17 ± 3.75 
     Week 6 62.53 ± 2.14 62.09 ± 3.42 62.50 ± 3.87 63.02 ± 3.86 
Net Change -2.45 ± 1.47 -1.19 ± 1.95 -2.63 ± 2.87 -3.53 ± 2.75 
% Change 3.29 ± 2.54 5.26 ± 4.09 3.87 ± 4.40 0.73 ± 4.72 
     
HOMA-IR*     
     Week 0 1.27 ± 0.05 1.20 ± 0.07 1.28 ± 0.09 1.33 ± 0.10 
     Week 3 1.24 ± 0.04 1.21 ± 0.08 1.22 ± 0.08 1.29 ± 0.07 
     Week 6 1.18 ± 0.04 1.17 ± 0.06 1.18 ± 0.08 1.20 ± 0.07 
Net Change -0.09 ± 0.04 -0.03 ± 0.04 -0.10 ± 0.08 -0.14 ± 0.06 
% Change 2.45 ± 2.71 6.32 ± 4.77 3.63 ± 5.14 -2.62 ± 4.16 
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   Table 3.5 Continued  
 All HDS LDS Control 
CRP (ng/mL)*     
     Week 0 18.57 ± 5.42 16.19 ± 1.71 20.00 ± 2.76 19.43 ± 3.05 
     Week 3 20.48 ± 1.62 17.33 ± 1.71 23.71 ± 3.43 20.48 ± 2.76 
     Week 6 21.71 ± 1.62 18.10 ± 1.81 24.76 ± 3.52 22.38 ± 2.95 
Net Change 3.24 ± 1.14 1.90 ± 1.24 4.76 ± 2.48 3.05 ± 1.90 
% Change 45.32 ± 8.51 35.49 ± 14.68 52.60 ± 17.25 48.07 ± 12.02 
     
Framingham score     
     Week 0 3.52 ± 3.74 3.31 ±  3.87 3.55 ± 3.73 3.55 ± 3.73 
     Week 3 3.31 ± 3.50 3.09 ± 3.46 3.38 ± 3.62 3.38 ± 3.62 
     Week 6 3.29 ± 3.52 3.14 ± 3.62 3.26 ± 3.40 3.26 ± 3.40 
Net Change -0.23 ± 0.93 -0.17 ± 0.83 -0.24 ± 0.85 -0.29 ± 1.09 
     
1Values are group mean ± SEM. Values marked with (*) were transformed prior to analysis.  
Values marked with (*) were transformed prior to analysis. Net change = [week 6 - week 0] 
absolute values. % Change = [(week 6 – week 0)/week 0]*100.  

 

In a subset analysis of compliant participants (i.e. per-protocol analysis), significant 

differences were not found on net change in LDL cholesterol (F(2)=0.52, P=0.593) and other 

outcome variables (total cholesterol, HDL cholesterol, triglycerides, glucose, HOMA-IR, CRP, 

blood pressure). Further, pooled analysis of soy treatments (i.e. HDS + LDS treatments) found 

no significant difference compared to Control on the net change in LDL cholesterol 

(F(2)=0.19, P=0.661) and other outcome variables. The change in LDL cholesterol at week 6 

was not significantly different among equol producers (13.4%) compared to non-equol 

producers (F(1)=3.463, P=0.065). Median (range) plasma total isoflavone concentration was 

significantly higher in soy treatments compared with Control at week 3: HDS = 349 (1, 210), 

LDS = 134 (0, 124), Control = 2 (0, 36) ng/mL, (P<0.001) and at week 6: HDS = 419 (1, 

1973), LDS = 119 (0, 2337), Control = 2 (0, 71) ng/mL (P<0.001). ANCOVA showed no 

confounding effects of age, sex, BMI, centre and change in dietary intake (total energy, 

protein, isoflavones, saturated fat and dietary fibre) on change in LDL cholesterol. 
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3.4 Discussion 

 

A randomized, controlled, double-blind trial was conducted to assess the LDL 

cholesterol-lowering effect of DWSF incorporated into a muffin and consumed at two doses.  

All enrolled participants (n=243) were entered into an intention-to-treat analysis to assess 

the intervention effect, which showed that neither dose of DWSF (12.5 or 25 g soy 

protein/day) had a significant LDL cholesterol-lowering effect, nor did it improve total or 

HDL cholesterol, triglycerides, CRP, HOMA-IR, blood pressure or Framingham 10 year CHD 

risk score. The study muffins were formulated to meet the US FDA recommended intake of 

soy protein (25 g/d) for cholesterol reduction (USFDA, 2014) and despite excellent 

compliance no intervention effects were observed.  

In considering a health claim, regulatory agencies must examine the influence of 

dietary sources on the purported health benefit of the food assessed.  In the case of soy, the 

majority of studies have used ISP or isolated isoflavones; however, DWSF is widely used in 

food manufacturing and represents a major source of dietary soy.  As such, a soy muffin was 

used to assess the efficacy of DWSF, as opposed to ISP, in lowering LDL cholesterol. Two 

studies that used a combination of ISP and muffins for interventions in postmenopausal 

women and hypercholesterolemic men (West et al., 2005), and perimenopausal women 

(Dent et al., 2001) failed to demonstrate an LDL cholesterol-lowering effect, which is 

consistent with the findings of the current study. It appears that the hypocholesterolemic 

effect of soy may be lost when ISP or DWSF is incorporated into a muffin.   

Few studies have examined the dose-dependent relationship between soy protein and 

LDL cholesterol making it difficult to estimate a minimum effective dose to elicit a 
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cholesterol-lowering response.  The majority of human studies on soy have used ISP in doses 

of between 15 and 50 g/d (Anderson & Bush, 2011), although a recent trial used 12.8 g soy-

protein (40 g soy flour) for 6 months in hypercholesterolemic, equol-producing, post-

menopausal women and achieved a significant reduction (7.95%) of LDL cholesterol (Liu et 

al., 2014b).  This dose was similar to the lower amount used in our study; however 

participants in the study by Liu et al. were very selective as they included equol producers 

that were postmenopausal women. This makes it difficult to compare the two studies. 

Further, it is not clear whether DWSF or full fat soy flour was used;  the latter includes soy oil, 

a rich source of soy sterols and stanols, which have been previously shown to inhibit the 

absorption of dietary cholesterol in the small intestine (Weststrate & Meijer, 1998). Also, Liu 

et al. provided participants with a powdered beverage supplement consumed without 

additional processing. The application of heat can cause changes to the conformation of β-

conglycinin (7S protein), the major bioactive component of soy protein (Mochizuki et al., 

2009). It is possible that baking DWSF may have denatured bioactive soy-protein fraction(s), 

perhaps influencing its bioactivity.  

Other studies examining the hypocholesterolemic effect of soy flour have produced 

mixed results. Previously, Ridges et al. (2001) found a significant reduction in LDL 

cholesterol when baked soy products enriched with a combination of soy flour, soy grits and 

linseed were consumed for 3 weeks; however, this effect became non-significant at the end 

of the 8-week trial. Jenkins et al. (2000) also did not detect a significant hypolipidemic effect 

after a cereal made from DWSF was consumed for 3 weeks, but did observe a significant 

reduction in oxLDL. Another study found that bread made from DWSF and soy milk 

significantly lowered LDL cholesterol in hypercholesterolemic adults, which was related to 
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total urinary isoflavone concentration (Ahn-Jarvis et al., 2012), but recently Moghaddam et 

al. (2014) showed no effect on serum lipids in diabetic women consuming bread made with 

soy flour (Moghaddam et al., 2014). Taken together, these results suggest that food matrix 

and/or processing may impact the bioactivity of soy flour.      

Our finding of a null effect of DWSF on LDL cholesterol is consistent with the 2006 

statement by the AHA Science Advisory, which concluded that current evidence from human 

intervention studies do not support the claim for a clinically relevant health benefit and the 

approximately 3% reduction in LDL cholesterol is very small relative to the large amount of 

soy protein tested in human studies (Sacks et al., 2006). Additionally, a recent review 

compared key studies used in the FDA soy protein health claim petition with more recent 

trials and concluded that there were, at best, modest effects of soy protein on blood lipid 

profile, even when amounts beyond the FDA recommendation of 25 g/day were used (Girgih 

et al., 2013). However, our results are in contrast to the findings of a meta-analysis by 

Anderson and Bush (2011), who performed a quality assessment of 43 clinical trials 

published since the approval of the 1999 US FDA health claim. These authors concluded that 

soy protein lowered LDL cholesterol by approximately 5%, along with a 3.2% increase in 

HDL cholesterol and a 10.7% decrease in triglycerides. Similar findings were reported in an 

analysis by Health Canada (Benkhedda et al., 2014).   

Clearly, the reasons for the inconsistencies in clinical trial outcomes require further 

investigation, but could likely be due to the fact that the majority of parallel controlled 

human trials have involved small samples of selected groups of participants, and mostly used 

ISP as the intervention vehicle. Many of these studies (reviewed in Chapter 1) recruited 

postmenopausal women or hypercholesterolemic men, which conflicts with one of the 
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requirements for health claim substantiation: that the study population must be 

representative of the general population.  Further, most studies involved between 30 and 70 

participants with duration of treatment ranging from 4-13 weeks, and 8 weeks suggested as 

being optimal (Anderson & Bush, 2011).  It seems probable that soy protein may modestly 

benefit selected groups in the population when given in the right dose and for 

approximately 8 weeks; however, whether this can be translated to the general population is 

likely to remain a contentious issue.  

Another potential issue could be related to the storage of the study muffins, as they 

were stored frozen for several weeks after baking before given to participants. Although it is 

unlikely that the muffins would have undergone many freeze-thaw cycles, this has been 

shown to affect the bioavailability of putative bioactive(s) in oats (Lan-Pidhainy et al., 2007) 

and could have influenced the study outcome. Undoubtedly, there is need to examine the 

lipid lowering efficacy of other food forms of soy as there is a gap in the understanding of the 

cause-and-effect relationship between soy and plasma lipid modulation (Jenkins et al., 2010).  

There are also gaps in understanding the effect of processing methods on the lipid lowering 

efficacy of soy and its derived products (Matthan et al., 2007).  

Our results showed that plasma isoflavone concentrations increased in a dose 

dependent manner, indicating that the isoflavones from DWSF are bioavailable, but this did 

not appear to influence blood lipids.  It has been suggested that the health benefits of soy 

may be enhanced in persons with the ability to produce S-equol, a metabolic derivative of the 

isoflavone daidzein (Jackson et al., 2011). Equol is thought to reduce CHD risk factors 

through its action as a potent antioxidant, and by up-regulating genes involved in the 

production of endothelial nitric oxide synthase (Jackson et al., 2011). In the present study the 
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intervention effect on LDL cholesterol in equol non-producers was not significantly different 

from equol producers, which is consistent with findings reported elsewhere (Thorp et al., 

2008). It is important to note, however, that the number of equol producers (n=19) was 

small and it is likely that the current study was not sufficiently powered to detect a 

difference in treatment effect between equol producers and non-producers. Wong et al. 

(2010) showed that the hypocholesterolemic effect of soy is potentiated through the 

addition of a prebiotic, presumably by promoting colonic conversion of the soy isoflavone 

daidzein to equol; however, the authors point out that a commensurate increase in urinary 

equol was not observed and this effect may have been attributed to an increase in short 

chain fatty acid production instead (Wong et al., 2010). Interestingly, the proportion of equol 

producers in the current study was much lower than expected (13.4%), suggesting an 

unusual characteristic of the study population examined, perhaps relating to differences in 

gut microbiota, or an exaggeration of previous estimates; the latter is supported by a recent 

study which identified a relatively low proportion of equol producers (17.5%) among 

postmenopausal women in Birmingham, Alabama (Virk-Baker et al., 2014). These questions 

remain to be addressed by future studies.  

 

3.5 Summary 

 

A double-blind, randomized controlled trial designed to assess the dose-response 

effect of DWSF incorporated into muffins and concluded that daily consumption of muffins 

providing 12.5 g or 25 g of soy protein/d did not significantly lower LDL cholesterol in 

adults with elevated cholesterol.  



 

 
 

CHAPTER 4 

Tracking isoflavones in DWSF, soy muffins and the plasma of hypercholesterolemic adults 
who consumed soy muffins daily for 6 weeks  
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Abstract 

 

Soy contains three primary isoflavones (daidzein, genistein, glycitein) that exist as 12 

isoforms, and whose relative proportion in soy foods varies according to food processing. 

Information on how isoflavones change during processing and digestion is needed to better 

understand the relationship between isoform, food matrix, and health. This study sought to 

measure the abundance and transformation of isoflavones by tracking their content in 

DWSF, a baked soy muffin, and plasma after healthy hypercholesterolemic adults (n=213) 

consumed muffins containing soy protein  at doses of 12.5 g (low-dose soy, LDS) or 25 g 

(high-dose soy, HDS), 25 g whey protein (control, CON) daily for 6 weeks. Isoflavones were 

identified and quantified in soy flour and muffins by HPLC and in plasma by LC-MS/MS. 

Median (range) total isoflavone concentration in soy flour was 3.12 (2.49, 6.86) mg/g dry 

weight (DW) and in soy muffins was 1.13 (0.85, 1.25) mg/g DW. Soy flour contained 

significantly greater proportions of malonylglucosides (P<0.001), and significantly less β-

glucosides (P<0.001) than soy muffins. The median (range) total plasma isoflavone 

concentration for the LDS and HDS were 119 (0, 2337) ng/mL and 419 (1, 1973) ng/mL, 

respectively at week 6. Baking soy flour caused changes to the relative proportion of 

isoflavone isoforms by promoting a conversion of malonyl- to β-glucosides. Daily soy 

consumption resulted in greater than a 3-fold increase in plasma isoflavones with a doubling 

of dose. 
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4.1 Introduction  

 

Mounting evidence supports a role of soy isoflavones in lowering CHD risk, primarily 

from epidemiological studies which describe superior plasma lipid profiles (Zhang et al., 

2008) and lower rates of incident CHD (Zhang et al., 2003) among habitual soy-consumers. 

Animal and human studies have provided mechanistic insights (Torres et al., 2006). 

However, efficacy is not consistently demonstrated in human trials, especially when 

isoflavones are extracted from the food matrix (Taku et al., 2008; Qin et al., 2013). Further, 

the minimum dose required to achieve a physiological effect is not established. This makes it 

difficult to interpret literature on soy and cardiovascular health, and presents a challenge for 

manufactures seeking to develop soy-based functional foods.  

There are 3 principal isoflavones which exist in 4 chemical forms, thus giving rise to 

12 isoforms (Villares et al., 2011). In order of increasing complexity, the major isoflavones 

are described as follows: aglycones (daidzein, genistein, glycitein); β-glucosides (daidzin, 

genistin, glycitin); 6”-O-acetyl-β-glucosides (acetyldaidzin, acetylgenistin, acetylglycitin); and 

6”-O-malonyl-β-glucosides (malonyldaidzin, malonylgenistin, malonylglycitin) (Figure 4.1). 

Isoflavones are stable at temperature up to 260°C (500°F), converting between isoforms 

rather than undergoing structural degradation (Chien et al., 2005). However, the relative 

proportion of individual isoflavone isoforms within a food matrix can be altered by food 

processing technique (Inbaraj & Chen, 2013). 
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Figure 4.1 The 12 isoflavone isoforms. (a) Principal isoflavone aglycones and (b) β-, 
acetyl-, and malonylglucosides. Adapted from Villares et al. (2011). 
 

 

Inconsistencies in human trial outcomes may be related to the heterogeneity of soy 

products used for clinical study. Soybeans contain predominantly malonylglucosides, but 

isoflavones in soy foods are typically a mixture of β-, malonyl- and acetylglucosides (Ghafoor 

et al., 2013). When soybeans are processed through hot water extraction, as is done during 

the production of soymilk and tofu, malonylglucosides are hydrolyzed to yield the structurally 

simpler β-glucoside isoflavones (Barnes et al., 2011) as shown in Figure 4.2. Toasting soy 

flour, which involves the application of dry heat, can increase the proportion of 

acetylglucosides (Ghafoor et al., 2013). In addition, fermentation promotes endogenous β-

glucosidase activity and results in the removal of the glucoside group, yielding a relatively 

high proportion of isoflavone aglycones (Inbaraj & Chen, 2013). Indeed, although soy 

isoflavones may exist as any of the 12 native isoforms, the dominant form in food depends on 

the food processing method used (Figure 4.2). 
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Figure 4.2 Effect of food processing on isoflavone isoform. TVP = texturized vegetable 
protein. Adapted from experiments performed by Coward et al. (1998). 
 

Isoflavones are extensively metabolized as they pass through the gastrointestinal 

tract, appearing in plasma and urine primarily as conjugated derivatives, isoflavone 

metabolites (equol and ODMA), and to lesser extent as free aglycones (Barnes et al., 2011). 

There is evidence to suggest that the bioavailability of isoflavones may be related to 

glucoside composition. An early study by Setchell et al. (2001) demonstrated the rapid 

absorption of daidzein and genistein compared with their β-glucoside isoforms, and recently 

Yerramsetty et al. (2014) showed that β-glucosides are more bioavailable than 

malonylglucosides, appearing in plasma faster and attaining higher maximal plasma 

concentrations. Given these findings, it is plausible that the null effects on plasma lipids 

observed in some soy clinical trials could be related to varying isoform distributions among 

intervention products. The National Institutes of Health (NIH) and the European Food Safety 

Authority (EFSA) emphasize the importance of adequately characterizing soy intervention 
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products, and describe this as a key priority for soy research moving forward (Klein, 2010; 

EFSA, 2010). Thus, it is important to obtain a complete description of isoflavones through 

food processing in order to guide development of soy products that are optimized for health.  

The effect of processing soy on the distribution of isoflavone isoforms has been 

explored in fermented soymilk (Hati et al., 2015), fermented raw soy flour (Handa et al., 

2014), germinated soy germ (Kim et al., 2013), steamed black soybean (Huang & Chou, 

2008) and soy breads (Ahn-Jarvis et al., 2013; Shao et al., 2011), but isoflavone profiling in a 

baked soy flour muffin has not been assessed. DWSF is a soy ingredient abundantly available 

in the food industry, and represents a potentially important ingredient for soy-based 

functional foods. Therefore, detailing the effect of baking, a popular method of preparation, 

on isoflavone composition could provide important information that may aid in the 

interpretation of soy-based human studies.   

The pharmacokinetics of purified isoflavones and some soy foods have been 

examined (Vitale et al., 2013); however, the bioavailability of isoflavones from baked soy 

flour has not been explored, and it is unclear whether isoflavone bioavailability changes 

during long periods of consumption; a factor that may influence bioactivity (Williamson & 

Manach, 2005). Therefore, the aims of this study were to track the abundance and 

transformation of soy isoflavones in DWSF and a baked soy muffin, and determine whether 

there is a dose-dependent increase in isoflavone bioavailability. A third objective was to 

monitor plasma isoflavones as a measure of compliance among participants enrolled in a 

randomized clinical trial, described previously (Chapter 3). In addition, the effect of age, sex, 

BMI and diet on isoflavone bioavailability was explored, and the batch-to-batch variability in 

total isoflavone concentration from a sampling of soy muffins was determined.   
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4.2 Methodology 

 

4.2.1 Chemicals and standards 

 

Isoflavone standards for aglycones (daidzein, genistein, glycitein) and β-glucosides 

(daidzin, genistin, glycitin) with >99% purity, and aqueous Helix pomatia digestive juice 

containing β-glucuronidase activity (EC 3.2.1.31; ≥100,000 U/mL) were purchased from 

Sigma-Aldrich (Oakville, ON, Canada). Deionized water was obtained from a Nanopure 

system (Dubuque, IN, USA) and used to prepare all solutions. All solvents and other 

chemicals were of HPLC grade and purchased from Sigma-Aldrich (St. Louis, MO, USA) or 

Caledon Laboratories Ltd. (Georgetown, ON, Canada). Aglycone stock solutions (200 µg/mL) 

were prepared by dissolving weighed portions of standards in HPLC-grade acetonitrile.  

 

4.2.2 Sample preparation 

 

4.2.2.1 Soy flour 

De-fatting was achieved by hexane-based solvent. Two batches of soy flour, each 

comprising a shipment of 4-6 bags (22.7 kg/bag), were used over the duration of the 

production schedule, as needed. All batches came from the same cultivar of soybeans. 

Samples of soy flour (~500 g) were stored in freezer-safe re-sealable Ziploc® plastic bags 

(Brantford, ON, Canada) that was covered in aluminum foil and stored at 4°C until use. Of 

this, approximately 50 g was reserved for isoflavone analysis. A 15 g portion was 

transferred to a Nasco Whirl-Pak™ 2-oz sample bag (Fort Atkinson, WI, USA), dried using a 
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FreeZone® Plus 12 liter Cascade freeze dry system (Kansas City, MO, USA) and stored until 

use at -22°C.  

 

4.2.2.2 Soy muffins 

Soy muffins were produced by the Department of Food Science at the University of 

Guelph (Guelph, ON, Canada) twice weekly between March 2012 and July 2013. Muffins 

were prepared in batches of 48, totaling 400-600 muffins per production day. After baking, 

muffins were cooled at room temperature, stored at -22°C until completely frozen, then 

packaged and stored at -22°C until use. Additional details on the study muffin formulation 

and production procedures can be found in Chapter 5. During each production week, a 

random sample of 2-3 muffins was reserved and kept at -22°C until analysis. Among these, 

muffins (n=3) from 7 production days were selected for isoflavone analysis. Muffins (n=21) 

were defrosted, half of each muffin was discarded, and remaining halves were combined and 

crumbled by hand. Homogenized muffins were freeze dried and ground into a fine powder 

using an IKA M-20 Universal mill (Wilmington, NC, USA). The resulting powder was mixed 

thoroughly and approximately 20 g of each sample was transferred to a Labconco 

SuperClear™ 50 mL polypropylene centrifuge tube and stored at -22°C until use.  

 

4.2.2.3 Plasma  

Plasma samples were obtained from individuals participating in a multi-centre 

randomized parallel controlled 6-week clinical trial as described in Chapter 3. Plasma 

samples for isoflavone analysis were collected after participants (n=213) consumed: (1) two 

soy muffins (25 g soy protein, high-dose soy, HDS); (2) one soy and one wheat muffin (12.5 
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g soy protein and 12.5 g whey protein, low-dose soy, LDS); or (3) two wheat muffins (25 g 

whey protein, control, CON) daily for 6 weeks. Participants were instructed to consume their 

study muffins in place of a comparable breakfast item and a snack, and to consume all 

muffins before 8 pm each evening. Fasting venous blood samples (15 mL) were collected in 

BD Vacutainer® 8.0 mL spray-coated lithium heparin plasma separation tubes (Mississauga, 

ON, Canada) by trained and certified phlebotomists in a clinical laboratory setting at each 

respective clinical trial centre after an overnight fast (10-12 hours). Samples were collected 

at weeks 0, 3 and 6 and were centrifuged (3000 RPM, 10min, 21°C) within 10 minutes of 

collection. An aliquot of plasma was stored in SARSTEDT© micro tubes (Rommelsdorf, NRW, 

Germany) at -80°C until analysis.  

 

4.2.3 Isoflavone analysis  

 

4.2.3.1 Isoflavones in soy flour and muffins 

Isoflavone concentration in soy flour and muffin samples were measured in triplicate. 

Ground freeze-dried soy muffin samples and soy flour were extracted using an established 

protocol (Collison, 2008) as follows: each sample (~0.5 g) was immersed in 10 mL of 40% 

acetonitrile containing 250 µL of internal standard (apigenin, 2 mg/mL DMSO) and extracted 

at room temperature (22°C) for 1 hour using a Scientific Industries, Inc. Roto-Shake Genie® 

inversion mixer (Bohemia, NY, USA). Following this, samples were filtered through an 

Acrodisc® Gelman 0.2 µm syringe filter (Mississauga, ON, Canada) and stored at 4°C until 

analysis via HPLC.  
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An Agilent Technologies 1100 Series HPLC system (Palo Alto, CA, USA) equipped with 

a quaternary pump, an in-line degasser, a thermostatic auto-sampler, and a diode array 

detector (DAD) was used for the identification and quantification of isoflavones in soy flour 

and soy muffin samples. A Phenomenex Phenosphere 5 ODS-2 BOA column (150 x 4.6 mm) 

with a C18 guard column (Torrance, CA, USA) was used for the separation of isoflavones. 

The binary mobile phase consisted of acetonitrile (solvent A) and 0.05% phosphoric acid in 

water (solvent B). The gradient program was as follows: 0 to 2 min, 90-10% B; linear 

gradient to 30% B over 60 min; 60 to 63 min, 10-90% B; 10 minute equilibration, 90-10% 

B. The flow rate was 1.25 mL/min and the injection volume was 5 µL. Data were collected 

from 240-280 nm and absorbance at 260 nm was used for isoflavone quantification.  

Isoflavones were identified by comparing retention times at 260 nm with those of 

standards. For isoflavone isoforms without standards (i.e. the malonyl- and acetylglucosides), 

identification was accomplished by matching the retention time to previously confirmed 

peaks (Collison, 2008). Isoflavone stock solutions were prepared using aglycone and β-

glucoside standards (2 mg/mL DMSO) and were diluted to various concentrations in 

acetonitrile for use in the construction of the calibration curve.  Calibration solutions (0, 7.8, 

15.6, and 62.5 µg/mL) were prepared by serial dilution of the individual stock solutions 

with acetonitrile. Five microliters of each solution were injected into the HPLC in triplicate, 

and a calibration curve was generated using peak area of each isoform and their respective 

concentrations. Peak areas were integrated manually and the correlation coefficients were 

obtained using the Microsoft Excel® linear regression model application.  The concentration 

of malonyl- and acetylglucosides were determined by calculating each peak as a β-glucoside, 

then multiplying by the corresponding conversion factor (Collison, 2008). Total isoflavone 
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concentration was defined as the sum of all 12 isoforms calculated in the sample. Results 

were expressed as mg/g (dry weight, DW). 

 

4.2.3.2 Plasma isoflavones 

Plasma was transferred on dry ice and analyzed at the Guelph Food Research Centre 

(Guelph, ON, Canada). Prior to analysis, plasma preparation was performed according to 

methods described by Taylor et al. (2005) and Valentín-Blasini et al. (2000) with 

modification (Appendix 2B). Plasma samples were thawed at room temperature and 

treated with 40 µL of buffer (0.27 M NaAC, pH 4.0) containing H1 type β-glucuronidase from 

Helix pomatia (1.33 mg/mL) to hydrolyze isoflavone glucosides. Apigenin (2 mg/mL DMSO) 

was used as the internal standard. Following an incubation period in a shaking, heated, 

water bath (30 RPM, 18 hrs, 37°C), 950 µL of acidified methanol (1% formic acid) was 

added to each sample, vortexed and then stored at 4°C for ~1 hour to complete protein 

precipitation. Samples were vortexed again, centrifuged (5000 RPM, 5 min, 4°C) and the 

supernatant was filtered using a 96-well plate Phenomenex® Phree™ phospholipid removal 

system (Torrance, CA, USA) using a vacuum manifold. Filtrates were stored in HPLC vials at 

4°C until analysis.  

LC-MS/MS analysis was carried out by using a Shimadzu® HPLC system (Kyoto, 

Japan) connected with a triple quadrupole IONICS® 3Q Molecular Analyzer (Bolton, ON, 

Canada).  The HPLC system consisted of two dual-plunger parallel-flow pumps, a membrane 

degasser, a column oven, an auto-sampler, a UV/Vis photodiode array detector (260nm) and 

a system controller.  A Phenomenex® Kinetex™ Phenyl-Hexyl 10A column (100 x 4.6 mm, 

2.6 µm) with a Phenomenex® KrudKatcher™ ultra in-line filter as a guard column was used 
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for separation.  The binary mobile phase consisted of 0.1% formic acid in water (solvent A), 

and 0.1% formic acid in methanol (solvent B).  The gradient program was as follows: 0-9 

min, 55-80% B; 9-16 min, isocratic 80% B; 16-17 min, 80-55% B; 17-23 min, isocratic 55% 

B.  The flow rate was 0.4 mL/min and the injection volume was 5 µL. The column oven 

temperature was maintained at 35°C.  ESI negative mode was used for the data collection.  

Before analysis, instrument optimization was performed in the mobile phases using 

commercial isoflavone standards (daidzein, genistein, glycitein, equol, ODMA) and the 

internal standard, apigenin.  The optimized ESI conditions selected were as follows: drying 

gas temperature, 100°C; nebulizer gas pressure, 370 psi mL/min; heating gas temperature, 

350°C; the hot source induced desolvation (HSID), 250°C; the ESI probe temperatures, 

300°C; and the ion spray voltage, –5000 V. Quantification was accomplished at multiple 

reaction monitoring (MRM) mode by monitoring a transition pair for each standard 

according to the values presented in Table 4.1. For analysis of both soy foods and plasma, 

reproducibility was monitored by the response of the instrument to the internal standard. 

Calibration curves were constructed using R2 values >0.99 

 

Table 4.1 Multiple reaction monitoring (MRM) transitions for isoflavone standards1 

 
m/z values Daidzein Genistein Glycitein Equol ODMA Apigenin 
       
       
Molecular ion 252.83 268.83 282.63 241.03 257.03 268.83 
Fragment ion 222.83 133.03 239.93 118.93 108.03 117.03 
       
1The fragment ion with the highest sensitivity was selected for each compound. The dwell 
time for MRM data collection was 200 ms.   
 

 



 

91 
 

4.2.4 Assessment of dietary intake 

 

Dietary intake was assessed using 3-day food records collected at week 0 and 4 of the 

study and analyzed using ESHA Food Processor SQL Nutrition Analysis Software, Version 

10.1.1, 2007 (Salem, OR, USA) (Chapter 3). Dietary intake variables were selected to 

examine the effect of habitual dietary intake on isoflavone bioavailability, including energy, 

macronutrients (in g and as % total energy), total dietary fibre (g per 1000 kcal), cholesterol 

(mg), and sodium (mg), which have previously been associated with equol status (Nielson & 

Williamson, 2007).  

 

4.2.5 Data and statistical analysis 

 

Data were collated onto a Microsoft Excel® spreadsheet and values were verified by 

inspecting printouts and comparing to spreadsheet values. All data were analyzed using the 

Statistical Analysis System (SAS; version 9.4, Cary, NC, USA) with a 2-tailed type I error rate 

of 0.05. Data were checked for normality using the Shapiro-Wilk test (PROC UNIVARIATE) 

and by examination of box plots and residual plots. Normally distributed values are reported 

as mean (SD). If the assumption of normality was violated and transformation unsuccessful, 

values are reported as median (range).  

Differences in total isoflavone concentration of soy muffins sampled from 7 different 

production days were compared using a Kruskal-Wallis test (PROC NPAR1WAY). Relative 

proportions of isoforms (e.g. β-glucoside, malonylglucoside, acetylglucoside) in soy flour and 

soy muffins were compared using the Mann-Whitney U test (PROC NPAR1WAY).  
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At week 0, total plasma isoflavones were compared between HDS, LDS and CON using 

a Kruskal-Wallis test (PROC NPAR1WAY). At weeks 3 and 6, total plasma isoflavones in HDS 

and LDS were compared using the Mann-Whitney U test (PROC NPAR1WAY). Changes from 

week 3 to 6 in total plasma isoflavones within treatments were determined by the Wilcoxon 

signed rank test (PROC UINVARIATE). The relationship between plasma equol and ODMA 

was examined among equol producers using the Spearman rank correlation (PROC CORR).   

Differences in total plasma isoflavones among female and male participants were 

determined at week 3 and 6 using the Mann-Whitney U test (PROC NPAR1WAY). Participant 

characteristics and dietary variables were tested for their ability to predict plasma 

isoflavones at weeks 3 and 6. Factors affecting total plasma isoflavone concentration at week 

3 and 6 were examined using Pearson correlation analysis (PROC CORR) and multiple linear 

regression (PROC REG).  

 

4.3 Results 

 

4.3.1 Isoflavone concentration and relative proportion in soy flour and muffins 

 

Median (range) total isoflavone concentration in soy flour was 3.12 (2.49, 6.86) mg/g 

(DW, dry weight) and in soy muffins was 1.13 (0.85, 1.25) mg/g DW. Total isoflavone 

concentration was not significantly different in soy muffins selected from 7 different 

production days, (χ2 (6) = 9.178, P=0.164) (Table 4.2). The predominant isoforms in soy 

flour and muffins were malonylglucosides (73.9 ± 2.2% and 55.0 ± 5.1 %, respectively) and 

β-glucosides with detectable amounts of acetyldaidzin and acetylgenistin (but not 
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acetylglyctin). Aglycones were not detected in soy flour or muffins. The recovery rate of the 

internal standard was 99.7 ± 9.1% (coefficient of variation, CV=9.1%).  

 

Table 4.2 Isoflavone concentration (mg/g DW) and relative proportion of isoflavone isoforms 
in soy flour and soy muffins  
 

 
Soy flour1 

(n=5) 

Relative 
proportion 
(%) 

Soy muffin2 

(n=21) 

Relative 
proportion 
(%) 

     
     
Aglycones ND ND ND ND 
       Daidzein ND ND ND ND 
       Genistein ND ND ND ND 
       Glycitein ND ND ND ND 
     
     
β-glucosides 0.74 ± 0.32 19.4 ± 1.3 0.39 ± 0.06 35.3 ± 4.0 
       Daidzin 0.26 ± 0.11 6.7 ± 0.5 0.15 ± 0.22 13.8 ±1.2 
       Genistin 0.44 ± 0.19 11.5 ± 0.8 0.22 ± 0.42 20.0 ± 2.8 
       Glycitin 0.04 ± 0.02 1.2 ± 0.1 0.02 ± 0.00 1.5 ± 0.2 
     
     
Acetylglucosides 0.09 (0.05, 0.12) 6.7 ± 2.7 0.11 ± 0.03 9.7 ± 1.6 
       Acetyldaidzin 0.18 ± 0.18 1.8 (1.6, 7.0) 0.06 ± 0.02 5.8 ± 1.0 
       Acetylgenistin 0.11 ± 0.05 2.9 ± 0.2 0.04 ± 0.01 3.8 ± 0.9 
       Acetylglycitin ND ND ND ND 
     
     
Malonylglucosides 2.85 ± 1.22 73.9 ± 2.2 0.60 ± 0.07 55.0 ± 5.1 
       Malonyldaidzin 1.12 ± 0.55 28.6 ± 3.5 0.25 ± 0.04 23.0 ± 3.0 
       Malonylgenistin 1.61 ± 0.64 42.3 ± 3.2 0.33 ± 0.03 30.4 ± 2.0 
       Malonylglycitin 0.11 ± 0.04 2.9 ± 0.2 0.02 ± 0.01 1.5 ± 0.4 
     
Total isoflavones 3.12 (2.49, 6.86) 100.0 1.13 (0.85, 1.25)  100.0 
     
1Values determined from two batches of soy flour taken from the same cultivar. 2Represents a 
sampling of muffins taken from 7 different production days (n=21). ND = not detected. 
Values are reported as median (range) or mean ± SD.  
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Malonylglucosides were found in greater proportion in soy flour compared to muffins 

(73.9% and 55.0%, respectively, Z=3.383, P<0.001). Correspondingly, a higher proportion of 

β-glucosides were found in soy muffins compared to flour (35.3% and 19.4%, respectively, 

Z=-3.383, P<0.001). The relative proportion of acetylglucosides in soy flour and muffins was 

not significantly different (6.7% and 9.7%, Z=-1.952, P=0.051). The distribution of 

individual isoflavone isoforms in soy flour and soy muffins is shown in Figure 4.3. 

 

S o y  f lo u r

  

S o y  m u ff in s

   

Figure 4.3 Isoflavone isoform distribution in soy flour and soy muffins. Significant 
differences were observed in the relative proportion (%) of β- (P<0.001) and 
malonylglucosides (P<0.001) in soy flour compared to muffins. β-glucosides are represented 
by daidzin, genistin, and glycitin. 
 

4.3.2 Total plasma isoflavone concentration at weeks 0, 3, 6 

 

At week 0, there was no significant difference in total plasma isoflavone 

concentration between treatments (χ2 (2) = 0.277, P=0.870) with <3 ng/mL total isoflavones 

detected HDS, LDS, and CON (Figure 4.4). At week 3, there was a significant difference in 

total plasma isoflavone concentration between HDS and LDS (χ2(1)=29.248, P=<0.001), with 

a median (range) concentration of 349 (4, 1250) and 134 (0, 735) ng/mL, respectively. At 
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week 6, differences between HDS and LDS remained significant (χ2(1)=18.511, P=<0.001) 

and were observed as 419 (1, 1973) and 119 (0, 2337) ng/mL, respectively. Median total 

plasma isoflavone concentration in CON was consistently low at 2 (0, 215) ng/mL at week 3 

and 2 (0, 71) ng/mL at week 6. There was no significant difference in total plasma 

isoflavones at week 3 or 6 for HDS (W=-301, p=0.085) or LDS (W=-169, P=0.336) (Table 

4.3).  The recovery rate of the internal standard was 104.1 ± 10.1% (CV=9.7%), 97.5 ± 5.4% 

(CV=5.6%), and 101.5 ± 12.8% (CV=12.7%) at weeks 0, 3, and 6, respectively. 
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Figure 4.4 Median (range) total plasma isoflavones.  HDS = high-dose soy (25 g soy 
protein, n=71); LDS = low-dose soy (12.5 g soy protein, n=71); CON = control (25 g whey 
protein, n=71). 
 
 
4.3.3 Classification of equol and ODMA producers 

 
With HDS and LDS combined, the proportion of equol producers was 22.0% 

(n=31/141) at week 3, and 13.4% (n=19/142) at week 6. The majority re-classified as non-

producers (n=10) were from LDS. Detectable levels of ODMA were observed in all study 

treatments and the overall proportion of ODMA producers was 74.5% (n=158/212) at week 
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3 and 71.4% (n=152/213) at week 6. There was no significant correlation between plasma 

equol and ODMA at week 3 (r(27)=-0.245, P=0.199) or week 6 (r(27)=0.254, P=0.184). 

 

Table 4.3 Plasma concentrations (ng/mL) of individual and total isoflavones1 
    
 High-dose soy 

(n=71) 
Low-dose soy 
(n=71) 

Control 
(n=71) 

    
Daidzein    

Week 0 1 (0, 194) a 2 (0, 91) a 1 (0, 46) a 
Week 3 144 (2, 704) a 41 (0, 377) b 1 (0, 57) c 
Week 6 139 (0, 1038) a 30 (0, 941) b 1 (0, 71) c 

    
Genistein    

Week 0 1 (0, 119) a 2 (0, 146) a 1 (0, 135) a 
Week 3 121 (1, 798) a 40 (0, 318) b 1 (0, 154) c 
Week 6 147 (1, 1027) a 40 (0, 1310) b 1 (0, 54) c 

    
Glycitein    

Week 0 0 (0, 1) a 0 (0, 5) a 0 (0, 2) a 
Week 3 4 (0, 31) a 1 (0, 14) b 0 (0, 4) c 
Week 6 3 (0, 22) a 1 (0, 21) b 0 (0, 1) c 

    
S-equol    

Week 0 0 (0, 53) a 0 (0, 13) a 0 (0, 6) a 
Week 3 0 (0, 167) a 0 (0, 105) a 0 (0, 0) a 
Week 6 0 (0, 0) a 0 (0, 31) a 0 (0, 0) a 

    
ODMA    

Week 0 0 (0, 65) a 0 (0, 27) a 0 (0, 16) a 
Week 3 45 (0, 209) a 13 (0, 160) b 0 (0, 30) c 
Week 6 37 (0, 343) a 11 (0, 102) b 0 (0, 6) c 

    
Total isoflavones    

Week 0 3 (0, 194) a 3 (0, 244) a 3 (0, 170) a 
Week 3 349 (3, 1250) a 134 (0, 735) b 2 (0, 215) c 
Week 6 419 (1, 1973) a 119 (0, 2337) b 2 (0, 71) c 

    
P-value 0.085 0.336 0.481 

1Plasma concentrations reported as median (range). Values in rows with different 
superscripts are significantly different. P-value refers to Wilcoxon sign rank test of 
differences in total plasma isoflavone at week 3 and 6.  
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4.3.4 Factors influencing total isoflavone bioavailability  

 

Participant characteristics and dietary variables were tested for their ability to 

predict plasma isoflavones at weeks 3 and 6. The final model included age, BMI, 

macronutrients (% energy), and energy-adjusted total dietary fibre as predictors. A multiple 

regression was run to predict total plasma isoflavone concentration from age, BMI, 

macronutrients and energy-adjusted total dietary fibre. These variables did not significantly 

predict total plasma isoflavones at week 3, (F (6, 134) = 0.93, P=0.472, R2=0.040), or week 6, 

(F (6, 134) = 1.22, P=0.301, R2=0.052). Table 4.4 summarizes baseline age, BMI and dietary 

intake of participants assigned to HDS and LDS. 

 

Table 4.4 Age, BMI, and dietary intake of participants assigned to consume soy1 

 
 High dose soy 

(n=70#) 
Low dose soy 
(n=71) 

Overall 
(n=141) 

    
    
Age (years) 55 ± 9.3 54 ± 9.0 55 ± 9.1  
BMI (kg/m2) 27.6 ± 4.1 28.0 ± 4.9 27.8 ± 4.5 
    
Energy (kcal) 2194 ± 540 2201 ± 511 2198 ± 523 

Protein (g) 97 ± 27 96 ± 26 96 ± 26 
Carbohydrate (g) 253 ± 66 265 ± 79 259 ± 73 
Fat (g) 84 ± 25 81 ± 21 82 ± 23 
Dietary fibre (g/1000 kcal) 12 ± 3 11 ± 3 11 ± 3 
Cholesterol (mg) 208 ± 105 230 ± 116 219 ± 111 
Sodium (mg) 2466 ± 830 2521 ± 777 2494 ± 801 
    
% Energy from protein 18.2 ± 2.8 17.9 ± 3.2 18.1 ±3.0 
% Energy from carbohydrate 47.5 ± 6.2 49.1 ± 6.9 48.3 ± 6.6 
% Energy from fat 33.6 ± 4.5 32.5 ± 4.9 33.0 ± 4.7 
    
1Values are mean ± SD. Dietary data was obtained at week 4 using 3-day food records. #Food 
record could not be obtained from (n=1) participant. 
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4.4 Discussion 

 

 This study demonstrates that baking DWSF in a muffin food matrix increases the 

proportion of β-glucosides relative to their corresponding malonyl isoforms, and confirms 

the dose-dependent bioavailability of isoflavones from baked DWSF. Given the impact of 

glucoside composition on isoflavone bioavailability (Vitale et al., 2013), characterizing the 

isoflavone distribution provides critical information that may aid in the interpretation of soy 

clinical studies. Further, examining the changes in isoflavone isoform through food 

processing can guide product development toward soy-based functional foods that are 

optimized for human health. Thus, it was important to determine the isoflavone profile of 

the soy flour muffins developed, in concert with the examination of their efficacy for 

lowering LDL cholesterol (Chapter 3).  

  Total isoflavones in soy flour was approximately 3-fold greater than soy muffins. 

However, the percent concentration in soy flour relative to muffins (which contained ~27 g 

DWSF per muffin) was similar (0.4% vs. 0.3% w/w). Muffins were produced according to a 

standard protocol and were baked in a commercial oven at 168°C, which is well below the 

threshold temperature (260°C) that has been observed to result in isoflavone degradation 

(Chien et al., 2005). Thus, a significant loss in total isoflavone concentration was not 

expected, and indeed was not found. This is consistent with a previous study examining 

isoflavones in differently processed soy breads baked at 150°C (Ahn-Jarvis et al., 2013), and 

a study that tracked isoflavones in different cultivars of soybeans, DWSF, and baked soy 

bread (Shao et al., 2011). Processing also does not appear to influence total isoflavone 

concentration in other food. For example, fermenting soy milk (12 hours, 37°C) rapidly 
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catalyzed the biotransformation of β-glucosides to their respective aglycones, but did not 

result in a loss in total isoflavones (Hati et al., 2015; You et al., 2015), and steaming black 

soybeans at different temperatures favoured the transformation of malonyl- and 

acetylglucosides to β-glucosides, but did not lower overall total isoflavone content (Huang & 

Chou, 2008). On the other hand, total isoflavone concentration increased by approximately 

30% (dry weight) after soy germ was germinated at room temperature (25°C) for 24 hours 

(Kim et al., 2013). This finding may be related to a loss in dry matter due to the utilization of 

free sugars during germination (Kim et al., 2013). However, the previous example 

notwithstanding, it appears that most forms of processing do not alter the total isoflavone 

content of soy foods.  

The isoform distribution differed significantly in soy flour compared to muffins 

which suggests baking promotes the conversion of malonyl- to β-glucosides. This is logical 

because β-glucosides are structurally less complex than malonylglucosides (Barnes et al., 

2011); the latter which become unstable when heated (Coward et al., 1998). Among the 4 

isoflavone chemical forms summarized in Figure 4.1, malonyl isoforms appear to be most 

susceptible to heat during baking. This observation agrees with previous studies 

demonstrating that malonylglucosides transform into β-glucosides during the application of 

moist heat (e.g. boiling, baking, and steaming) and into acetylglucosides during the 

application of dry heat (e.g. frying, roasting) (Coward et al., 1998; Ahn-Jarvis et al., 2013). 

Only isoflavone aglycones are bioavailable, and therefore glucosides must be hydrolyzed to 

enable absorption (Barnes et al., 2011). However, intestinal LPH is only effective in 

hydrolyzing β-glucosides; malonyl- and acetylglucosides bypass absorption in the upper 

gastrointestinal tract, which ultimately results in a lower bioavailability overall, which 
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potentially could impact the physiological benefits of isoflavones (Yerramsetty et al., 2014). 

This underscores the importance of isoflavone distribution in the design of soy-based 

functional foods. Manufacturers of future products may consider choosing soy ingredients 

with enhanced isoflavone bioavailability in order to improve efficacy of soy-based FF.   

Participants consuming soy flour muffins experienced a dose-dependent increase in 

total plasma isoflavone concentration, establishing the bioavailability of isoflavones from 

baked DWSF. Post-digestion, isoflavones appear in biological fluids primarily as conjugated 

isoflavones, whose bioactivity is lower relative to aglycones and varies by conjugate type. For 

example, glucuronidated isoflavones demonstrate lower ER-β binding affinity compared with 

sulfated conjugates (Zhang et al., 1999; Pugazhendhi et al., 2008). It is plausible that 

different soy food matrices may influence the proportion of sulfated conjugates, which in 

turn could impact in vivo bioactivity. However, this has not yet been examined owing to the 

difficulty in quantifying conjugates in plasma and urine. A recent method validated by 

Soukup et al. (2014) allows phase II isoflavone metabolites to be quantified in biological 

matrices, and future studies examining the biological effect of soy may consider 

characterizing isoflavone conjugates to elucidate a possible relationship between the 

spectrum of isoflavones in plasma and clinical efficacy. 

The proportion of equol producers in the current study population was lower than 

the range expected (25-35%) for Western populations (Setchell & Clerici, 2010). 

Interestingly, the proportion of equol producers at week 3 (22%) was different from week 6 

(13.4%), with the majority (i.e. 10/12) of status-shifting participants belonging to LDS. This 

suggests that isoflavone dose may have impacted equol status classification. It is 

recommended that equol status be determined through a standard soy-challenge which 
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involves consuming a food or supplement containing 8 mg daidzein for 3 consecutive days 

(Lampe et al., 1998). In the current study, participants consumed 41 mg (LDS) or 82 mg 

(HDS) total isoflavone aglycones daily, with daidzin glucosides accounting for approximately 

40% of total isoflavone content. It is likely, therefore, that both HDS and LDS consumed 

sufficient daidzein and the proportion of equol and ODMA producers was not 

underestimated. However, given that plasma samples were obtained after an overnight fast, 

it is possible that detectable equol may have been excreted at the time of sample collection. It 

is also possible, although unlikely, that equol status spontaneously shifted during the course 

of the study. Although equol status is traditionally viewed as a stable characteristic among 

individuals, with exception given during periods of antibiotic use (Setchell et al., 2013), this 

view has been challenged by the observation that increased fruit and vegetable consumption 

of a period of 9 months shifted equol status in a small (n=2/6) group of healthy individuals 

(Rafii et al., 2003). Other dietary factors, including total fat and meat intake and the ratio of 

fat to fibre in the diet have been found to influence urinary equol concentrations (Neilsen & 

Williamson, 2007). In the current study, there were no significant differences in dietary 

intake, although changes in fruit and vegetable consumption and overall meat intake were 

not closely monitored. 

Age and sex did not impact total plasma isoflavone concentration, which agrees with 

previous findings (Cassidy et al., 2006), and the concentrations of equol and ODMA were not 

related. Bacteria capable of converting daidzein to ODMA are distinct from those that 

produce equol, and often these species co-exist in an individual (Frankenfeld, 2011). 

Therefore, individuals expressing both phenotypes may experience increased 

concentrations of one metabolite at the expense of the other (Frankenfeld, 2011). This 
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phenomenon was not observed in the current study, but it is important to note that the 

number of equol producers (n=19) may not have been large enough to detect a significant 

effect. Future studies could pre-screen participants on the basis of producer status in order to 

achieve a sufficient sample size that could test this hypothesis, gaining further insight into 

the relationship between equol and ODMA status.  

This study has strengths and limitations worth consideration. First, total isoflavone 

bioavailability, along with daidzein-metabolizing phenotypes were classified over a period of 

daily consumption and measured at multiple time points, which provides an indication of 

changes in isoflavone bioavailability over time and reduces the chance of a false phenotype 

classification (Frankenfeld et al., 2014). Plasma isoflavones were measured after an 

overnight fast. Peak plasma isoflavone concentrations are typically achieved 6-12 hours 

post-ingestion (Barnes et al., 2011) and given that participants in the current study were 

instructed to consume their study muffins before 8pm each day, plasma isoflavones 

concentrations likely do not reflect peak concentrations. However, the aim of this study was 

to measure plasma isoflavone concentration in a steady state, with provides information on 

isoflavone levels with daily exposure, rather than peak isoflavone concentrations. Second, the 

food form (i.e. muffin) selected and inclusion of low-soy consumers is a strength as it 

allowed for bioavailability to be established in the context of a North American population. 

However, isoflavone bioavailability was assessed in only one soy food product which makes 

it impossible to compare bioavailability relative to other matrices. Cassidy et al. (2006) 

showed that differently processed soy foods (tempeh, textured vegetable protein, soy milk) 

influence isoflavone peak total concentration and rate of absorption. It is possible, therefore, 

that isoflavones in the current study would also follow a different pattern of absorption 
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specific to baked DWSF. Finally, although the lower proportion of equol producers detected 

may be due to participants consuming insufficient daidzein, given the recent findings of 

Virk-Baker et al. (2014) who found a low proportion (17.5%) of equol producers among 

postmenopausal women in Birmingham, Alabama (USA), it is plausible that the current 

study estimate reflects a true population value for Canadian low-soy consumers.  

 

4.5 Summary 

 

This study tracked the distribution of isoflavone isoforms in a soy-based functional 

food and found that the total isoflavone concentration in soy flour was similar to that of soy 

muffins; however, there were noticeable increases in β-glucoside isoforms that 

corresponded with decreases in malonylglucosides in soy muffins. Soy isoflavones were 

bioavailable from soy flour muffins and regular consumption resulted in greater than a 3-fold 

increase in plasma isoflavones with a doubling of the dose. The results of this study could aid 

in the interpretation of soy clinical studies and could be of use to manufactures interested in 

developing soy-based functional food products optimized for health. 

 

 

 

 

 

 

 



 

 
 

CHAPTER 5 

Liking of soy flour muffins over time and the impact of a health claim on willingness to 
consume 
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Abstract  

 

Increased dietary intake of soy is associated with improved health outcomes, making 

soy a suitable ingredient for functional foods. However, few studies have examined the 

acceptability of soy-based functional foods in a consumer population. This study examined 

consumer liking of muffins made with DWSF during repeated exposure and evaluated the 

impact of a health claim on willingness to consume. Participants (n=116) consumed two soy 

or wheat flour muffins daily for 6 weeks and completed weekly questionnaires on sensory 

liking qualities (overall liking and liking of appearance, aroma, flavour, taste, texture) using 

9-point hedonic scales; feeling of fullness using a Visual Analog Scale (VAS); and, adverse 

symptoms using a checklist. A Food Action (FACT) rating scale was also administered with 

and without an approved health claim relating soy to a reduction in blood cholesterol, to 

evaluate its impact on willingness to consume the soy muffins. Results showed that overall 

liking, liking of appearance, aroma, flavour, taste, texture, and feeling of fullness were 

significantly higher in the soy muffin compared to wheat muffin treatment, and did not 

significantly differ among weeks 1-6 within either treatment. Presence of a health claim 

significantly increased willingness to consume the soy muffins. The results of this study 

demonstrate that muffins made with DWSF are acceptable to consumers and that a 

therapeutic health claim would enhance their acceptability. 
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5.1 Introduction 

 

Market trends indicate a shift in consumer preferences toward foods that promote 

health, but are also convenient (Kearney, 2010). Functional foods have the potential to meet 

this trend as they resemble conventional foods and also are considered to be able to reduce 

chronic disease risk (Health Canada, 1998). Soy has substantial potential as a functional 

food as it can be incorporated into a variety of food matrices and is associated with lower 

risk of CVD (Messina, 2010).  This has led to approval of a disease risk reduction health 

claim that relates 25 g soy protein to a reduced CHD risk  in the United States (USFDA, 2014) 

and a therapeutic health claim in Canada that relates 25 g soy protein to the lowering of 

blood cholesterol (Health Canada, 2015).  

Given the potential to improve health, incorporating more soy into the diet is a 

logical dietary strategy for reducing chronic disease risk. In North America, soy-based foods 

have traditionally appealed to niche markets seeking alternatives to animal protein and 

bovine milk, although acceptance in the general population is increasing (He & Chen, 2013). 

Lower overall soy intake in North America is related to a weariness of unfamiliar foods, 

negative taste expectations, and a lack of knowledge on preparation methods for soy foods 

(Wansink et al., 2005; Schyver & Smith, 2006), but consumer acceptance may be enhanced 

by its perceived health benefits (Wansink et al., 2005). Health claims are increasingly being 

used in the marketplace; however, their influence on consumer acceptability is unclear 

(Pothoulaki & Chryssochoidis, 2009; Williams, 2005). Previously, the relationship between 

health messages and willingness to consume soy was examined in patients given dietary 

counseling from CVD prevention (Schryver & Smith, 2006). In this study, hyper- and 
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normocholesterolemic adults provided feedback on their knowledge and attitudes toward soy 

foods for reducing CHD risk, and concluded that participants were willing to consume soy as 

part of a primary prevention strategy (Schryver & Smith, 2006). However, it is not known 

whether a health claim specifically increases consumer acceptability of soy-based foods.  

Soybeans contain many bioactive compounds that can be affected by processing 

(Reinwald et al., 2010) and it is unclear which form of soy would be most effective as a 

functional food. It has been postulated that whole soy ingredients may be more beneficial 

than isolated soy constituents due to a synergistic effect of the protein, isoflavones, dietary 

fibre and/or other bioactives (Reinwald et al., 2010). DWSF is a whole soy ingredient that is 

produced through the de-hulling, grinding, and de-fatting of soybean seeds, and is arguably 

minimally processed (Riaz, 2006). Soy flour is favoured by the food industry for its 

emulsifying, binding, and texture properties (Endres, 2001) and therefore is a candidate 

ingredient for the development of soy-based functional foods. Further, baked products are a 

functional food matrix worth consideration despite their slower industry growth compared 

to, for example, the functional beverage industry (Sirό et al., 2008).  Consumer acceptance of 

functional foods depends on liking of sensory qualities, such as taste (Sirό et al., 2008; Urala 

& Lähteenmäki, 2003) and therefore, an evaluation of the sensory qualities of a soy-based 

functional food is necessary in order to ascertain its potential for success in the marketplace.  

Exploring consumer acceptability of functional foods made from DWSF is particularly 

important since its incorporation into baked food products can adversely affect sensory 

characteristics, as has been seen in the crust, shape and flavour of soy bread (Olaoye et al., 

2006; Mashayekh et al., 2008).  Previous studies have examined sensory acceptability of 

DWSF in baked goods such as pretzels (Alpaslan & Hayta, 2006), graham crackers 
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(Romanchik-Cerpovicz et al., 2011) and biscuits (Ugwuona, 2009; Zaker et al., 2012), and 

have reported lower (yet still acceptable) sensory scores than their wheat-based controls, 

although none of the studies included repeated exposure.  

Muffins are familiar baked products that are consumed widely in Canada 

(Euromonitor International, 2013) and the United States (Euromonitor International, 2014), 

which make them a candidate food matrix for a functional food product. The acceptability of 

muffins made from DWSF has not been evaluated and the role of a soy health claim in the 

Canadian context has also not yet been explored. Therefore, the aims of this study were to 

examine the acceptability of muffins made from DWSF through consumer-perceived liking 

scores during a 6-week period of repeated daily consumption, and to evaluate the influence 

of an approved health claim on willingness to consume.  

 

5.2 Methodology 

 

5.2.1 Study design, centres, and participants 

 

Data for the current study were collected from a multi-centre 6-week clinical trial that 

examined CHD risk factors using a randomized, double-blinded parallel arm design.   

Participants were randomly assigned to consume: (1) two soy muffins; (2) one soy and one 

wheat muffin; or, (3) two wheat muffins. A detailed description of the clinical trial design is 

found in Chapter 3. 
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5.2.2 Study muffins 

 

Prolia® 200/70 de-fatted whole soy flour (DWSF) (Cargill Limited, Winnipeg, MB, 

Canada) was provided by Soy 20/20 (Guelph, ON, Canada) (Appendix 3A). Commercial soft 

wheat flour was donated by Kraft Canada Inc. (Don Mills, ON, Canada). Whey isolate INPRO 

90 protein powder was purchased from Vitalus Nutrition Inc. (Abbotsford, BC, Canada), and 

double-acting baking powder, salt, extra-fine granulated white sugar, canola oil, citric acid, 

and 5-dextrose equivalent (5DE) maltodextrin were purchased from Caldic Canada Inc., 

formerly Nealanders International Inc. (Mississauga, ON, Canada). Cold water swelling 

Novation®4600 native corn starch was purchased from Embassy Flavours Ltd. (Brampton, 

ON, Canada), WC150 wheat fibre was purchased from CreaFill Fibers Corp. (Chestertown, 

MD, USA), and artificial banana bread, lemon and vanilla flavouring were purchased from 

David Michael & Co. (Philadelphia, PA, USA). 

Study muffins made from soy or wheat flour were developed by the Department of 

Food Science at the University of Guelph (Guelph, ON, Canada). The soy muffins were 

formulated to contain 12.5 g soy protein per muffin in order to match the USFDA health 

claim relating soy protein to CHD risk reduction (25 g/day) with the consumption of two 

study muffins (USFDA, 2014). Recipe formulations were modified after in-house palatability 

assessments to produce a soy muffin that contained approximately 12.5 g soy protein (~27 

g DWSF) and a wheat muffin containing similar amounts of whey protein. The study muffins 

were comparable in energy and macronutrient content (Ch.1, Table 3.1). Insoluble fibre was 

initially added to the wheat muffin to equalize fibre content; however, since this adversely 

affected muffin palatability, the equalization of fibre content was abandoned.    
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Table 5.1 Study muffin recipe formulation1 

 

 
Soy Muffin 

 
Wheat Muffin 

   
Whole, de-fatted soy flour 24.0 0 
Soft wheat flour 9.4 19.7 
INPRO 90 whey protein powder 0 13.1 
Maltodextrin DE 5 0 2.6 
WC 150 wheat fibre 0 0.4 
Novation®4600 corn starch 4.3 5.0 
Double acting baking powder 1.1 0.4 
Citric acid 0.2 0.4 
Salt 0.1 0.2 
Sugar 12.4 15.3 
Water 35.0 29.3 
Canola oil 12.0 14.6 
Flavouring3 1.4 1.8 
   
1 Ingredients expressed as percent of total ingredients. Nutritional data are expressed as 
mean ± SEM. Values obtained using muffins (n=3) samples from different (soy=6; wheat=5) 
production days.  

 

Study muffins were prepared with two artificial flavours including lemon or banana 

bread, with base notes of vanilla flavouring in each. Muffins were prepared in batches5 of 48 

and baked in aluminum non-stick muffin pans coated with PAM® Original non-stick canola 

oil cooking spray and dusted with flour (Appendix 3B). Muffin batter was transferred using 

depositors to ensure reproducible muffin weight and baked in a commercial baking oven 

until an internal temperature of 95°C was reached. Following this, muffins were allowed to 

cool in pans and were then transferred to a wire pan grate (s.t.o.p. Restaurant Supply Ltd., 

Kitchener, ON, Canada) for additional cooling. Once at room temperature, muffins were 

wrapped in heavy duty food-grade plastic bags and kept frozen at -22°C until packaged for 

long-term storage. Frozen muffins were packaged in food-grade  6" x 12" x 3 mm packaging 

                                                           
5 Each batch provided enough batter to produce approximately 50 muffins. 
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sleeves purchased from Crawford Provincial (Mississauga, ON, Canada) and sealed using a 

ULINE 16" Impulse Sealer with Cutter (Brampton, ON, Canada). Two muffins were packaged 

in each sleeve and stored in cardboard boxes at -22°C until distributed to participants for 

use in the human clinical trial (Appendix 3C).   

Participants were provided with a supply of frozen study muffins at weeks 0-5 with 

instructions to consume according to their preference (e.g. “cold”, defrosted and consumed 

at room temperature; “warm”, heated in the microwave or toaster oven; and with or without 

any type of spread). Muffin flavours were alternated weekly to provide variety, but 

participants could request to consume one flavour for the duration if preferred.  Participants 

were provided with the energy and nutrient content of the muffins and counseled to replace 

a comparable breakfast item and daily snack with a study muffin.  

 

5.2.4 Sensory questionnaires 

 

Sensory questionnaires (Appendix 3D) were completed by participants at weeks 1-6 

in all 3 treatment arms; however, only participants assigned to the high-dose soy (two soy 

muffins) and control ( two wheat muffins) were included in the analysis of the current study. 

Sensory questionnaires were designed to collect information about the study muffins 

consumed in the previous week. Participants were asked to indicate their assigned muffin 

flavour, if a spread was used and the method of preparation (cold or warm).   

Liking of the study muffins was examined at weeks 1-6 using a 9-point hedonic scale 

(1=dislike extremely; 2=dislike very much; 3=dislike moderately; 4=dislike slightly; 

5=neither like or dislike; 6=like slightly; 7=like moderately; 8=like very much; 9=like 
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extremely) for the following: overall liking, appearance, aroma, flavour, taste, and texture.  

Feeling of fullness was also examined at weeks 1-6 with the question “Please rate your 

feeling of fullness after consuming one of your study muffins during the last week.”   

Participants were instructed to place a mark on a vertical 100 mm visual analogue scale 

(VAS) with the anchors “not full at all” and “extremely full” (Merrill et al., 2002).  Fullness 

score was determined by measuring the distance from the lower anchor (“not full at all”) to 

the point of demarcation made by the participant (to the nearest 0.1 mm).  

A 9-point successive-category food action (FACT) rating scale for the measurement 

of food acceptance was presented at week 6 with 2 questions (Schutz, 1965). The first FACT 

question assessed participant willingness to continue consuming the study muffins after 

completing the clinical trial. The second FACT question provided a definition and example of 

a health claim in Canada, and asked participants to indicate their willingness to consume the 

study muffins if a therapeutic health claim was presented that related soy consumption to 

reduced blood cholesterol.  Response categories on the FACT scale included: 1=I would eat 

this only if I were forced; 2=I would eat this only if there were no other food choices; 3=I 

would hardly ever eat this; 4=I do not like it but would eat it on occasion; 5=I would eat this 

if available but would not go out of my way; 6=I like this and would eat it now and then; 7=I 

would frequently eat this; 8=I would eat this food very often; and 9=I would eat this food 

every opportunity I had.  

Adverse symptoms (bloating, flatulence, constipation, diarrhea, stomach pain, nausea, 

belching, vomiting, difficulty swallowing) were also assessed on the weekly sensory 

questionnaire with the following question: “Have you noticed any of the following adverse 

symptoms associated with consuming your study muffins during the last week? Check all 
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that apply.” Using this checklist participants were instructed to indicate which symptoms 

they felt applied to them in relation to their previous week of consuming the study muffins. 

The checklist included “other” with a space for a description of any additional adverse 

symptoms not listed in the checklist. Finally, space was provided on the weekly sensory 

questionnaire for participants to comment on what they liked and disliked about the study 

muffins. The open-ended segment of the sensory questionnaire captured unstructured 

feedback on participant attitudes toward the study muffins.  

 

5.2.5 Data and statistical analysis 

 

All data were analyzed using the Statistical Analysis System (SAS; version 9.4, Cary, 

NC, USA) with a 2-tailed type I error rate of 0.05. Data were checked for normality using the 

Shapiro-Wilk test (PROC UNIVARIATE) and by examination of box plots and residual plots. 

Feeling of fullness scores were transformed by arcsin transformation and the magnitude of 

change in willingness to consume was analyzed as non-parametric data.  Demographic 

characteristics (age, sex, BMI, ethnicity) were compared between the soy and wheat muffin 

treatments using a Chi-square test for categorical data (PROC FREQ) and a 1-way ANOVA for 

continuous data (PROC GLM).  

Sensory liking scores at weeks 1-6 for overall liking, appearance, aroma, flavour, 

taste, and texture were compared between the soy and wheat muffin treatments using 2-way 

repeated measures ANOVA (PROC MIXED). The effect of muffin flavour (lemon and banana 

bread) on overall liking was determined using a 2-sample unpaired t test (PROC TTEST) on 

pooled data within the soy and wheat muffin treatments over 6 weeks. Fullness scores at 
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weeks 1-6 were compared between the soy and wheat muffin treatments using 2-way 

repeated measures ANOVA (PROC MIXED). Pooled feeling of fullness scores were compared 

between treatments using a 2-sample unpaired t test (PROC TTEST).  

Willingness to consume the study muffins at week 6 was examined within the soy 

muffin treatment only and summarized as percentages within each FACT response category 

and then compared with and without the presence of a health claim using a paired t test 

(PROC TTEST). Adverse symptoms were each summarized as frequency by week over the 

6-week intervention and compared between the soy and wheat muffin treatments using 

repeated measures logistic regression (PROC GENMOD). Adverse symptoms were also each 

summarized as overall frequency over the 6 weeks and compared between the soy and 

wheat muffin treatments using a Chi-square test (PROC FREQ). Participant feedback and 

comments about what they liked and disliked about the study muffins were coded and 

transcribed verbatim to a Microsoft® Excel spreadsheet and reviewed for general positive 

(“like”) and negative (“dislike”) themes.   

 

5.3. Results  

 

5.3.1 Participant characteristics 

A total of 148 participants (soy muffin, n=75; wheat muffin, n=73) started the study 

of which 21 participants (soy muffin, n=11; wheat muffin, n=10) dropped out and 11 

participants (soy muffin, n=6; wheat muffin, n=5) were excluded due to incorrectly 

completed questionnaires. In total, 116 participants (soy muffin, n=58; wheat muffin, n=58) 

were included in the final analysis (Guelph, n=36; Winnipeg, n=42; Toronto, n=38). 
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Participants (n=46 male; n=70 female) were 54 ± 8.6 years old, had a BMI of 28.1 ± 4.4 

kg/m2 and were mostly Caucasian (86.2%) with various other self-reported ethnicities 

identified.  There were no significant differences in baseline characteristics (Table 5.2).  

 

Table 5.2 Participant characteristics at baseline  
 Soy 

Muffin 
(n=58) 

Wheat 
Muffin 
(n=58) 

Sex (n (%))   
 Male 21 (36) 25 (43) 
 Female  37 (64) 33 (57) 
Age (years) (mean ± SD) 55 ± 9.2 53 ± 7.8 
Body Mass Index  (kg/m2) (mean ± SD) 27.8 ± 4.4 28.4 ± 4.5 
1Ethnicity (n (%))   
 Caucasian 50 (86) 50 (86) 
 Black (African, Caribbean) 0 3 (5) 
 South Asian (East Indian, Pakistani, Punjabi, Sri Lankan) 4 (7) 2 (3) 
 Arab/West Asian (Armenian, Egyptian, Iranian, Lebanese, 

Moroccan) 
1 (2) 1 (2) 

 South East Asian (Cambodian, Indonesian, Vietnamese, 
Malaysian, Filipino) 

1 (2) 1 (2) 

 Hispanic (South American, Latin American) 2 (3) 0 
 Other 0 1 (2) 
    
1 Self-reported ethnicity was captured in the screening questionnaire. 

 

5.3.2 Liking of sensory qualities and feeling of fullness 

 

Liking scores for the soy muffin treatment primarily fell between “like slightly” and 

“like moderately” on the 9-point hedonic scale.  All measures of liking were rated 

significantly higher in the soy compared to the wheat muffin treatment with significant 

effects for treatment (muffin treatment) for overall liking (F(1)=9.25, P=0.002), appearance 

(F(1)=24.37, P<0.001), aroma (F(1)=5.41, P=0.020), flavour (F(1)=4.35, P=0.038), taste 
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(F(1)=10.56, P=0.001), and texture (F(1)=40.73, P<0.001) (Table 5.3). There was no 

significant main effect for time (week) and no significant treatment by time interaction.  

There was no significant influence of flavouring type (i.e. banana bread or lemon) on scores 

for overall liking in the soy (P=0.556) and wheat treatment (P=0.166).  The use of spreads 

did not significantly influence overall liking scores for soy muffin treatment (6.4 ± 1.5 vs. 6.4 

± 1.4, t(337)=0.25, P=0.799), but wheat muffins received significantly higher scores for 

overall liking when spreads were not used (6.4 ± 1.5 vs. 5.5 ± 1.8, t(332)=4.57, P<0.001) on 

overall liking scores. 

 

Table 5.3 Sensory liking scores over 6 weeks within the soy and wheat muffin treatments1, 2 
    

 
Soy Muffin 

(n=58) 
Wheat Muffin 

(n=58) 
P-value 

    
Overall    

Week 1 6.6 ± 1.3 6.0 ± 1.7  
Week 2 6.4 ± 1.5 6.0 ± 1.6  
Week 3 6.5 ± 1.5 6.1 ± 1.8  
Week 4 6.4 ± 1.4 6.1 ± 1.7  
Week 5 6.6 ± 1.4 6.1 ± 1.8  
Week 6 6.2 ± 1.6 6.0 ± 1.8  

   0.002 
Appearance*    

Week 1 7.1 ± 1.1 6.5 ± 1.2  
Week 2 6.8 ± 1.2 6.3 ± 1.3  
Week 3 6.8 ± 1.0 6.3 ± 1.4  
Week 4 6.6 ± 1.2 6.2 ± 1.4  
Week 5 6.8 ± 1.1 6.1 ± 1.7  
Week 6 6.5 ± 1.3 6.2 ± 1.5  

   <0.001 
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Table 5.3 Continued     
  

Soy Muffin 
(n=58) 

 
Wheat Muffin 

(n=58) 
P-value 

    
Aroma    

Week 1 6.6 ± 1.5 6.6 ± 1.7  
Week 2 6.5 ± 1.4 6.4 ± 1.5  
Week 3 6.6 ± 1.2 6.4 ± 1.7  
Week 4 6.8 ± 1.3 6.3 ± 1.8  
Week 5 6.6 ± 1.1 6.2 ± 1.7  
Week 6 6.6 ± 1.2 6.2 ± 1.7  

   0.020 
Flavour    

Week 1 6.7 ± 1.3 6.5 ± 1.6  
Week 2 6.4 ± 1.4 6.3 ± 1.6  
Week 3 6.7 ± 1.3 6.3 ± 1.7  
Week 4 6.5 ± 1.4 6.2 ± 1.6  
Week 5 6.6 ± 1.3 6.2 ± 1.6  
Week 6 6.2 ± 1.6 6.2 ± 1.7  

   0.038 
Taste    

Week 1 6.6 ± 1.6 6.1 ± 1.9  
Week 2 6.4 ± 1.6 6.2 ± 1.6  
Week 3 6.6 ± 1.5 6.1 ± 1.8  
Week 4 6.5 ± 1.4 6.0 ± 1.7  
Week 5 6.5 ± 1.3 6.0 ± 1.8  
Week 6 6.3 ± 1.6 6.1 ± 1.8  

   0.001 
Texture    

Week 1 6.1 ± 1.8 5.0 ± 2.0  
Week 2 6.2 ± 1.8 5.2 ± 1.7  
Week 3 6.2 ± 1.7 5.3 ± 1.8  
Week 4 6.3 ± 1.6 5.3 ± 1.9  
Week 5 6.2 ± 1.6 5.4 ± 1.9  
Week 6 6.0 ± 1.8 5.4 ± 2.0  

   <0.001 
    

1Values are mean ± SD. 2Measured on a 9-point hedonic scale. P-value refers to the main 
effect for treatment. The main effect for time and the treatment by time interaction were not 
significant. *Main effect for time approached significance (P=0.0835).     
 

 



 

118 
 

Fullness scores were significantly higher in the soy compared to the wheat muffin 

treatment (F(1)=9.77, P=0.002), with no significant main effect for time and no significant 

treatment by time interaction (Figure 5.1). Pooled fullness scores (weeks 1-6) were 

significantly higher in the soy compared to wheat muffin treatment (75.4 ± 1.1 vs. 69.9 ± 

1.2, t(676)=3.14, P=0.002).  
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Figure 5.1 Fullness scores (mean ± SD). Participant scores reflect feeling of fullness after 
consuming one soy or wheat muffin during the past week over the 6-week consumption 
period. Participants were asked to draw a line intersecting a 100 mm vertical scale with the 
bottom anchor labeled “Not full at all” and the top anchor labeled “Extremely full”. Fullness 
score was significantly greater for the soy than the muffin treatment with a main effect for 
treatment (P=0.002). The main effect for time and the treatment by time interaction were 
not significant.     
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5.3.3 Willingness to consume soy muffins with and without a health claim 

 

FACT response categories for willingness to consume the soy muffins varied with 

and without the presence of a health claim relating soy to reduction in blood cholesterol 

(Figure 5.2).  Without a health claim, 50.9% (n=28/55) of participants selected a positive 

response category (responses 6-9), indicating a desire to continue to consume the soy study 

muffins after the trial. By contrast, 20.0% (n=11/55) of participants chose a negative 

response category (responses 1-4), and 29.1% (n=16/55) chose a neutral response 

category (response 5).  With a health claim, the distribution of responses shifted in that 

76.4% of participants (n=42/55) chose a positive response category, and 10.9% (n=6/55) 

and 12.7% (n=7/55) choosing a negative or neutral response, respectively.  Mean FACT 

score was significantly higher with compared to without the presence of a health claim (6.6 

± 1.7 vs. 5.5 ±1.5, mean ± SD, t(54)=7.18, P<0.001).     

0 5 1 0 1 5 2 0

R 1 : I w o uld  e a t this  o nly if I w e re  fo rc e d  to

R 2 : I w o uld  e a t this  o nly if the re  w e re  no  o the r fo o d  c ho ic e s

R 3 : I w o uld  ha rd ly e ve r e a t this

R 4 : I d o  no t lik e  it b ut w o uld  e a t it o n a n o c c a s io n

R 5 : I w o uld  e a t this  if a va ila b le  b ut w o uld  no t go  o ut o f m y w a y

R 6 : I lik e  this  a nd  w o uld  e a t it no w  a nd  the n

R 7 : I w o uld  fre q ue ntly e a t this

R 8 : I w o uld  e a t this  fo o d  ve ry o fte n

R 9 : I w o uld  e a t this  fo o d  e ve ry o p p o rtunity I ha d

W ith o u t h e a lth

c la im  ( n  =  5 5 )

W ith  h e a lth

c la im  ( n  =  5 5 )

R e s p o n s e s

F r e q u e n c y  o f  R e s p o n s e  (n )

Figure 5.2 Food Action (FACT) rating scale. Responses (presented as frequency) within 
the soy muffin treatment (n=55) with and without a health claim. The FACT rating scale 
presents 9 successive statements that indicate an increasing desire to consume the food. 
Data from 3 participants were not used since the question was answered incorrectly. 
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5.3.4 Reported adverse symptoms related to study muffins  

 

 The frequency of adverse symptoms reported each week did not significantly differ 

within or between the soy and wheat muffin treatments (P=0.058). The most frequently 

reported adverse symptom reported within both the soy and wheat muffin treatments was 

flatulence (soy: 48.3%; wheat: 41.4%) followed by bloating (soy: 31.0%; wheat: 25.9%) 

(Figure 5.3).   
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Figure 5.3 Adverse symptoms. Percent of participants that reported the occurrence of 
each adverse symptom at least once during 6 weeks of consuming the soy and wheat study 
muffins.  Participants indicating “other” within the soy muffin treatment reported: slight 
reflux (n=1), aftertaste on tongue (n=1), mild acne on hairline/forehead (n=1), recurrence of 
hot flashes (n=1), dryness (n=1), and bowel/peristaltic sounds (n=1). Participants indicating 
“other” within the wheat muffin treatment reported:  mild heartburn (n=4), loose stool 
(n=2), uncomfortably full (n=2), dry throat/mouth (n=1), runny nose/swelling around the 
eyes (n=1), and indigestion (n=1).  
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5.3.5 General participant feedback about study muffins 

 

General feedback comments about the study muffins were provided at least once 

during the 6-week consumption period by 91% of participants. Comments were categorized 

into 6 positive themes or “likes” (convenience; routine; perceived health benefits; feelings of 

fullness; sensory enjoyment; and perception of muffins as low-sugar) and 8 negative themes 

or “dislikes” (taste/flavour; dryness; pasty/sticky/gummy consistency; heavy/dense/too 

filling; repetitive/boring/monotonous; too sweet; concern over weight gain; and dislike of 

appearance).  

Among positive themes, 31.9% of participants (n=37/116) who provided general 

feedback comments reported that they liked that the study muffins were filling (31.0% soy; 

32.8% wheat); 31.0% of participants were enthusiastic about the sensory characteristics of 

the study muffins, including commentary on the enjoyable taste, texture, and smell (36.2% 

soy; 25.9% wheat); 23.3% of participants reported that the study muffins were convenient 

(23.3% soy; 25.7% wheat); 7.8% of participants liked that the study muffins were 

associated with a health benefit (6.9% soy; 8.6% wheat); 3.4% of participants enjoyed the 

routine nature of consuming two pre-packaged snacks a day; and 1.7% of participants (0% 

soy; 3.4% wheat) reported that they liked that the study muffins were “not too sweet”.   

Among negative themes, 30.2% of participants described the study muffins as 

“heavy”, “dense”, or “too filling” (27.6% soy; 32.8% wheat); 26.7% of participants felt that 

the study muffins were dry or difficult to swallow (13.8% soy; 39.6% wheat); 19.0% of 

participants expressed dissatisfaction toward the taste or flavour of the study muffins 

(24.1% soy; 13.8% wheat); 19.0% of participants found it “repetitive”, “boring” or 
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“monotonous” to consume the study muffins (22.4% soy; 7.8% wheat); 15.5% of 

participants described the study muffins as “sticky”, “pasty”, or “gummy” (13.8% soy; 8.6% 

wheat); and 1.7% of participants thought that the study muffins were “too sweet” (3.4% 

soy; 0% wheat). In addition, 5.2% of participants were concerned over possible weight gain 

and the high calorie content associated with the study muffins (6.9% soy; 3.4% wheat) and 

1.7% of all participants (0% soy; 3.4% wheat) expressed some displeasure toward the 

appearance of the muffins, particularly the irregular “pale yellow” and “irregular” shape of 

the wheat muffins.  

 

5.4 Discussion 

 

This study compared hedonic sensory liking scores and fullness ratings of soy flour 

muffins and control wheat muffins over a time period of 6 weeks. This study also evaluated 

willingness to consume the soy muffins with and without the presence of a government-

approved health claim. Finally, the occurrence of adverse symptoms and general feedback 

comments were tracked.  This work stems from the premise that baked goods are a 

candidate functional food matrix and that supplementing with soy flour can improve the 

nutritional quality of common baked goods made from refined grains.  Since muffins are a 

type of baked good that is commonly consumed in North America (Euromonitor 

International, 2013; Euromonitor International, 2014), the acceptance of soy muffins 

warranted investigation. 

Liking scores for the soy flour muffins fell between “like slightly” and “like 

moderately” and were rated significantly higher for overall liking and liking of appearance, 
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aroma, flavour, taste, and texture than the wheat flour muffins. Previous studies that have 

examined consumer acceptability of baked products containing soy flour have varied in 

results, although none have considered the effect of time.  Studies of high-protein biscuits 

containing 15% soy flour (Ugwuona, 2009) and 20% soy flour (Zaker et al., 2012) have 

reported sensory scores for acceptability, taste, texture and flavour that were not different 

from control biscuits. Bread containing 20% soy flour also did not change consumer flavour 

or texture scores relative to control bread, but when 12% soy protein isolate was included, 

the crust and crumb were noticeably more firm, had a stronger aftertaste, and reduced 

overall acceptability (Ivanovski et al., 2012). Another study found that consumer 

acceptability of baked pretzels containing 5-15% soy flour was not altered, but flavour 

ratings were negatively affected (Alpasan & Hayta, 2006).  Finally, sensory scores were also 

comparable to control when graham crackers were supplemented with up to 75% soy flour 

(Romanchik-Cerpovicz et al., 2011).  Taken together, these studies along with the current 

study demonstrate that supplementing baked products with soy flour is a feasible approach 

to improving nutrient quality without dramatically reducing sensory characteristics.  

Liking scores for the soy flour muffins did not significantly change over the 6-week 

consumption period in the current study, indicating sustained consumer acceptance with 

repeated exposure. The flat trend in liking scores over time suggests that the potential for 

reduced food acceptance due to repetition, (referred to as food monotony (Siegel & Pilgrim, 

1958), did not influence consumer acceptability of the soy muffins. A previous study that 

examined liking of soy flour biscuits over 4 days in children found that time did not impact 

liking scores which were not different from the control wheat flour biscuits (Serrem et al., 

2011). Other studies have also found no changes in consumer acceptability over time 
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including 12 weeks of reduced-fat pork or chocolate bars (Stubenitsky et al., 1999) and 7 

days of juices supplemented with probiotics (Luckow et al., 2006). Another study that 

compared consumer acceptance of meat substitution products (tofu, quorn) with a chicken 

control in non-vegetarians over 10 weeks (twice per week) found a significant decline in 

liking scores over time for all products (Hoek et al., 2013).  Of note is that when individual 

data were examined, there were a greater proportion of individuals within the tofu group 

whose liking scores increased over time, supporting a promising role for soy foods as a 

regular part of the diet (Hoek et al., 2013). Another study found increased consumer liking 

over 8 days consumption of a variety of no-added salt soups (Methven et al., 2012). These 

studies collectively demonstrate that repeated exposure to food products over varying 

amounts of time has primarily maintained or increased consumer acceptability, yet their 

varying study designs limits comparability.  

Feeling of fullness scores were was significantly greater in the soy flour relative to the 

wheat flour muffins, despite similar amounts of protein, which has been shown to contribute 

to satiety (Westerterp-Plantenga et al., 2012). Increases in plasma amino acids have been 

related to increased satiety (Veldhorst et al., 2008) and it is therefore plausible that 

differences in the amino acid composition of soy and whey protein may have contributed to 

the differences in fullness scores. It is also possible that the fibre content may have 

influenced VAS fullness ratings. Increased fibre intake can modulate satiety, but this varies 

considerably by fibre type (Clark & Slavin, 2013). Few studies have examined soy fibre and 

satiety specifically, but one study showed that biscuits supplemented with soy fibre 

significantly lowered body weight and BMI compared to a wheat biscuit control (Hu et al., 

2013), possibly through modulations in appetite and food intake. The greater fullness score 
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in the soy muffin treatment may also have been related to the increased physical weight and 

moisture content (~9 g, respectively) compared to the wheat muffins; a feature likely 

attributable to the high water-holding capacity of soy protein (Riaz, 2006), or possibly the 

increased fibre content. This is corroborated by a qualitative observation that participants 

consuming the wheat muffins often reported a dry and “cardboard-like” texture, while 

participants consuming the soy muffins described the muffins as “dense” and “heavy”.  

Examination of FACT ratings in the current study showed that presence of a health 

claim increased willingness to consume soy flour muffins. Information gathered in this study 

offers insight on how targeted messages influence consumer decisions regarding soy-based 

food products, and demonstrates that a government-approved health claim can potentially 

promote a soy-based functional food product as part of a dietary strategy toward CHD risk 

reduction. Despite widespread early use of the FACT rating scale to measure food acceptance 

of a common household food products (Schutz, 1965), only recently have studies begun to 

employ this measure to evaluate functional food products. For example, the FACT rating scale 

revealed scores that were reduced for muffins with added ground flaxseed (Ramcharitar et 

al., 2005) and scores that were not different from control for muffins with added resistant 

starch (Baixauli et al., 2008). Further, Tan and Mattes (2013) used the FACT scale and found 

no changes in ratings for almonds over 4 weeks of daily consumption. It is logical that 

market success of a functional food depends on consumer acceptance, which is driven by a 

number of factors including the perception of quality, value for money, convenience, as well 

as the credibility of the agency communicating the health message (Sirό et al., 2008). The 

versatility of the FACT rating scale could prove useful in further clarifying the overall 

contribution of these factors to overall functional food acceptance. 
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Adverse symptoms were not different within or between the soy and wheat muffin 

treatments; flatulence and bloating were most frequently identified. Soybeans contain 

indigestible oligosaccharides (raffinose, stacchyose, galactopyranoside) that bypass 

absorption in the small intestine, and are fermented in the colon resulting in the production 

of gas (Suarez et al., 1999). This may have contributed to the symptoms within the soy 

muffin, but not the wheat muffin treatment. The lactose content of whey protein isolate is 

estimated to be ~1% (Hoppe et al., 2008) and therefore lactose intolerance is unlikely to 

have contributed to the occurrence of these symptoms.  Overall, the finding that reported 

adverse symptoms were not significantly different between the soy and wheat muffin 

treatments provides further support for consumer acceptance of the soy flour muffins 

examined in this study.   

The current study has limitations and strengths worthy of mention. Firstly, 

participants were all middle-aged adults with elevated LDL cholesterol, which may be a 

candidate group to examine consumer acceptability of a health claim related to heart disease 

risk reduction, but also limit the generalizability of the study.  At the same time, the use of a 

multi-centre study design enabled a diverse sample with self-identified ethnicities consistent 

with those of Canada (Statistics Canada, 2011).  Secondly, the sensory data collected 

represents perception after consuming study muffins for one week, rather than real-time 

data collected at the time of consumption. However, since the data were collected over a 6-

week period of daily consumption, this study adds to a limited literature on repeated 

exposure, and provides information on the long-term acceptability and feasibility of a soy-

based functional food as part of a dietary strategy for disease risk reduction. Further, this 
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study involved in-home consumption of the soy muffins, which may be a better predictor of 

consumer acceptance compared to the artificial settings of a sensory lab (Hoek et al., 2013). 

 

5.5. Summary 

 

Muffins made from soy flour, consumed daily for 6 weeks were rated between “like 

slightly” and “like moderately”.  These soy muffins received higher liking scores than wheat 

control muffins for overall liking and liking of appearance, aroma, flavour, taste and texture 

and these ratings did not change over a daily 6-week consumption period. Soy muffins also 

caused significantly greater feelings of fullness compared to wheat muffins with a similar 

macronutrient profile. Presence of a government-approved health claim relating soy to a 

reduction in blood cholesterol resulted in an increased willingness to consume soy muffins. 

This study demonstrates that soy flour muffins are acceptable by consumers and that 

acceptability is enhanced by health messages delivered through a health claim. 
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6.1 Preamble 

 

This work aimed to address knowledge gaps regarding soy in the context of a 

Canadian soy health claim. The overall aim of this thesis was to examine the potential of 

DWSF as a functional food ingredient with three specific objectives: to assess the efficacy of 

a baked DWSF product consumed daily in lowering LDL cholesterol and other biomarkers of 

CHD risk (Chapter 3); to evaluate the effect of food processing on isoflavone isoform 

distribution, in addition to establishing the bioavailability of bioactive isoflavones from baked 

DWSF (Chapter 4); and to gauge consumer acceptability of a soy muffin made from DWSF 

over a period of daily consumption (Chapter 5). The following is a discussion on the major 

findings of this thesis, along with the strengths and limitations of this work, and suggestions 

for future studies moving forward. 

 

6.2 Summary and discussion of major findings 

 

6.2.1 Efficacy of a baked DWSF muffin in lowering CHD risk 

 

Consuming baked DWSF at two doses of soy protein did not significantly improve 

LDL cholesterol or other biomarkers of CHD risk (Chapter 3). Previously, it has been 

hypothesized that the health benefits of soy may result from a synergy among various 

bioactive constituents in whole soy (Reinwald et al., 2010). Thus, this study addressed this 

whole soy food hypothesis using DWSF, a whole soy ingredient with many potential uses in 

the food industry. There are a number of possibilities that may explain the insignificant 
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results of this study. First, it must be acknowledged that the hypocholesterolemic effect 

demonstrated in previous clinical trials may have occurred due to chance. An intrinsic 

cholesterol-lowering property of soy may truly not exist. However, given the overwhelming 

evidence from several meta-analyses conducted in the previous 20 years, it seems more 

likely that soy does elicit a significant physiological effect; disparity found in the literature 

may instead be related to inconsistencies found in clinical trial design. In particular, 

variability in soy intervention products seems to suggest that these inconsistencies may be 

related to the methods used to manufacture soy-based foods.  

Another possibility is that baking may have altered the bioactivity of soy protein 

fractions in DWSF that are able to reduce plasma cholesterol. It is interesting to note that the 

quantity of soy protein intake recommended by Health Canada and the United States FDA is 

approximately twice that of the intake among Southeast Asian populations (Messina & 

Messina, 2003), yet clear associations between soy intake and reduced CHD exist in these 

populations (Zhang et al., 2008). This may be explained in part by differences in food 

preparation methods typically used in these regions of the world. Curiously, meta-analyses 

concluding that soy protein favourably influences cardiovascular health disproportionately 

have focused on studies using ISP (reviewed in Chapter 1). This directly contradicts the 

whole soy food hypothesis proposed by Reinwald et al. (2010) and suggests that perhaps 

bioactive soy peptides are more bioavailable from concentrated sources of soy protein rather 

than food. This could be addressed with a meta-analysis that focuses primarily on clinical 

studies testing soy-based foods, perhaps in parallel with trials using only ISP.  

Alternatively, soy foods made from DWSF are perhaps ineffective due to a constituent 

in soy flour that is otherwise removed when soy is processed into a protein isolate. For 
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example, carbohydrates in soy flour may have interfered with the hypocholesterolemic effect 

by increasing the overall carbohydrate intake of the diet. Indeed, a higher carbohydrate-

protein ratio can have deleterious effects on the plasma lipid profile (Layman et al., 2003) 

and perhaps the addition of muffins to the daily diet altered this ratio. However, this is 

inconsistent with dietary data collected which showed that despite a significant increase in 

energy intake across all treatments, this corresponded to a significant increase in dietary fat, 

not carbohydrate (Chapter 3, Table 3.4). It is unclear whether total dietary fat intake 

influences plasma lipids similar to that of carbohydrate-protein ratio; however, dietary fat 

composition (e.g. the proportion of saturated, trans-, monounsaturated and polyunsaturated 

fatty acids) does play a significant role (Mensink et al., 2003).  

Chapter 3 presented a well-designed clinical trial that was sufficiently powered, 

included an appropriate control treatment and captured dietary intake to ensure balanced 

energy and macronutrient intake across treatments, thus avoiding potential confounding by 

unequal treatment groups. Indeed, there were no significant differences in anthropometric 

and clinical measures between treatments at baseline, indicating a successful randomization 

process. Further, data analysis via intention-to-treat avoided the potential bias of a per-

protocol analysis by including all participants randomized to the study in the final analysis, 

thus maintaining fidelity to randomization and initial treatment allocation (Lachin, 2000).  

Within intention-to-treat theory, there are several possible approaches to replace 

missing values, including the multiple imputation method (Altman, 2009). Multiple 

imputation involves generating random estimates using regression models several times 

(Armijo-Olivo et al., 2009) and is preferred to other methods such as last observation 

carried forward, which can result in a biased estimate (Altman, 2009). Thus, the analytical 
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approach in this thesis is grounded in sound statistical theory that serves to strengthen the 

conclusions that were drawn. However, the anticipated reduction in LDL cholesterol (-7%) 

used to calculate the trial sample size may have been overestimated. The effect size that was 

used represented an average derived from previous meta-analyses and a similarly designed 

clinical trial. Although several meta-analyses have concluded that soy lowers LDL cholesterol 

by 8-10% (Harland & Haffner, 2008; Taku et al., 2007), others have estimated lower 

reductions between 3-5% (Weggemans & Trautwein, 2003; Jenkins et al., 2010; Anderson & 

Bush, 2011). It is possible that the sample size may have been erroneously calculated and 

thus the current study may have been insufficiently powered to detect significant, smaller 

reductions in LDL cholesterol.  

There are additional biomarkers not measured in the current study which could have 

been used to quantify cardiovascular risk. In particular, oxLDL may have revealed a 

physiological change not detected by direct measurement of LDL cholesterol. Jenkins et al. 

(2000) found that consuming a cereal product made from soy flour did not significantly 

lower LDL cholesterol in adults with hypercholesterolemia, but did alter the proportion of 

oxLDL after only 3 weeks. Given the substantially longer trial period conducted in this thesis, 

it is possible that muffins made with DWSF may have resulted in similar changes. Our 

growing understanding of the role of oxidative stress in CHD development indicates that 

monitoring oxLDL in soy clinical trials may provide important insights into the cardio-

protective effect of soy that perhaps have gone undetected in trials reporting non-significant 

findings. In Canada, LDL cholesterol is frequently used as a parameter of health in existing 

health claims. Additional benefits such as reductions in oxLDL should perhaps be considered 

by regulatory agencies moving forward.  
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 6.2.2 Bioavailability: plasma isoflavones after consuming DWSF 

 

Isoflavones from baked DWSF were bioavailable in a dose-dependent manner that 

corresponded with soy treatment, but total plasma isoflavone concentration could not be 

predicted by demographic and dietary factors (Chapter 4). The non-significant clinical trial 

findings for LDL cholesterol described previously may be explained by inter-individual 

differences in the capacity to metabolize daidzein to equol and ODMA, but given the overall 

lower proportion of equol producers that was detected, it is unlikely that the statistical 

power required to test this hypothesis was achieved. The reason behind this low estimate is 

unclear, but may be related to the use of a threshold value for classification of equol status. 

Thresholds are useful as they represent a simple method of determining equol status; 

however, they have limited accuracy as classification relies on initial quantity of daidzein 

consumed (Setchell & Cole, 2006). Therefore, an individual may possess bacteria capable of 

metabolizing daidzein into a more bioactive metabolite, but if insufficient daidzein is 

consumed, an incorrect classification may result. Further, thresholds are limited by inter-

individual differences in isoflavone bioavailability and metabolism (Setchell & Cole, 2006). A 

new method of determining equol status has been proposed which expresses status 

according to the log-transformed ratio urinary equol: daidzein, which may provide a better 

indication of the extent to which an individual converts daidzein to equol (Setchell & Cole, 

2006). However, this method has only been validated for urinary isoflavones and thus could 

not be utilized in the current study.  

An interesting alternative to the equol hypothesis suggests that the clinical effect of 

soy may be related to total isoflavone bioavailability, rather than delineation among equol 
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producers and non-producers (Ye et al., 2006). In a study in which Golden Syrian hamsters 

were fed soy or casein protein, a group from Iowa State University identified two distinct 

urinary isoflavone excretion patterns (high vs. low) which correlated with plasma total and 

non-HDL cholesterol concentrations (Ye et al., 2006). In this study, the authors hypothesized 

that isoflavone bioavailability, determined as the fraction of urinary isoflavones relative to 

the total ingested dose, is an important determinant of the efficacy of soy protein in lowering 

cholesterol. We found no evidence for this when high- and low-dose soy treatments were 

summarized according to total plasma isoflavone concentration (data not shown); however, 

it is not clear if this phenomenon is observed only in urine and not plasma.     

 

6.2.3 Acceptability: sensory liking over time  

 

A sensory evaluation study was conducted to gauge consumer acceptability of soy 

flour muffins and found that soy muffins were liked and a health claim increased liking 

(Chapter 5). Reported hedonic scores fell between “like slightly” and “like moderately”, and 

these scores were statistically higher than those reported by participants consuming the 

control wheat muffin. However, the latter represents an unconventional recipe as whey 

protein was included, and it is possible that this affected palatability.  

The objectives of Chapter 3 required an intervention product that met the FDA 

recommendation for soy protein intake; to avoid confounding by weight gain, calories 

contributed by the substantial protein content of the muffins were added at the expense of 

other ingredients that may have improved palatability, but would have resulted in a product 

with excessive calories. A slight adjustment to the soy-wheat flour ratio would improve taste 
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and texture, and likely result in higher liking scores; however, reducing soy flour would lower 

the overall soy protein content, potentially diminishing the health benefits received. Thus, 

adjustments to the soy-wheat flour ratio should be carefully considered in the design of 

functional foods made with DWSF.   

Considerable flexibility was given in the serving methods of participants, which 

reflected the real-life application of a functional food in a free-living population, in which 

consumers will prepare and consume products according to preference. Thus, the high 

compliance and favourable liking scores indicates that baked soy muffins are accepted in a 

consumer population. Previously, the sensory characteristics of a muffin (referred to as 

“quick bread”) made with 40, 50, and 60% partially de-fatted soy flour were evaluated by a 

trained sensory panel, which found soy flour reduced peak height, increased moistness and 

aftertaste, and significantly reduced flavour rating of the muffins (Banks et al., 1997). 

Replacing wheat flour with soy flour at levels between 40-60% clearly have negative 

implications on the acceptability of baked products (Banks eta l., 1997), but replacing wheat 

flour with approximately 24% DWSF, as was done in the current study, appears to be a more 

appropriate level of supplementation.   

It is important to note that the soy flour muffins used in this study were designed 

primarily for the purpose of testing the cholesterol-lowering effect of soy protein, and thus 

significant ingredient limitations prevented the design of a more palatable, commercial-

ready product that may have elicited more favourable liking scores in this consumer study. 

Thus, the liking scores summarized in this thesis may underestimate consumer 

acceptability. Future designs could enhance sensory qualities through additional ingredients, 

or by augmenting the ratio of fat, sugar, or protein.   
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6.4 Future directions 

 

Future studies examining the cholesterol-lowering effect of soy would benefit from 

detailed protein analysis in order to identify the presence of purported bioactive protein 

fractions in products used for clinical study. There is strong evidence to suggest soy protein 

is the bioactive component in soy. For example, a peptide isolated from glycinin that is 

structurally similar to enterostatin was able to elicit a hypocholesterolemic effect in mice 

comparable to the statin (Erdman et al., 2008). Other amino acid sequences found in αʹ 

subunit of β-conglycinin have been shown to modulate plasma LDL cholesterol and 

triglycerides by upregulating the activity of LDL receptors and VLDL receptors of rats 

(Erdman et al., 2008).  Clearly, there appears to be some indication that soy protein fractions 

are eliciting a physiological effect; thus, in addition to accurate reporting of isoflavone 

quantity and isoform, future studies should adequately describe the composition of soy 

protein in products used for clinical study and perhaps aim to establish the bioavailability of 

these bioactive peptides in humans. Relating this to biological effect is critical to advancing 

our understanding of the mechanism of action underlying the hypocholesterolemic effect of 

soy. In addition, determining which form of soy is most effective will be useful for those 

interested in developing soy-based functional foods, particularly since a therapeutic health 

claim has been recently approved in Canada.  

Future studies should also consider including a genetic component to their clinical 

trial design as there is evidence to suggest that there may be a genetic basis for the 

variability in response to soy. An early study showed that treatment of familial 

hypercholesterolemia (a genetic disorder affecting the functioning of the LDLR) with soy 
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protein resulted in differential effects depending on the presence of a variant in the APOE 

gene (Gaddi et al., 1991). Recently, Guevara-Cruz et al. (2013) demonstrated that individuals 

possessing a variant of the GFOD26 gene had higher baseline total and LDL cholesterol 

concentrations and responded better to intervention with soy protein. Thus, incorporating 

genotyping into the design of clinical studies may help clarify inconsistencies in clinical trial 

outcomes observed in the literature. 

Another, perhaps overlooked, area of soy research involves examining biological 

effect according to individual isoflavone. Although isoflavones do not appear to elicit a 

cholesterol-lowering effect when extracted from soy protein (Yeung & Yu, 2003; Zhuo et al., 

2004; Qin et al., 2013), there is evidence to suggest a role in the physiological benefits of soy. 

One study in particular found that pasta enriched with soy germ, a part of the soybean that 

is highly concentrated with isoflavones, lowered LDL cholesterol by 8.6% in 

hypercholesterolemic adults (Clerici et al., 2007). Interestingly, a substantial proportion 

(~40%) of isoflavones in soy germ consists of glycitein, the minor soy isoflavone (Wang & 

Gonzalez de Mejia, 2005). The unique feature of a methoxyl group on glycitein may have 

some important biological implications. Methylation increases the bioavailability and 

stability of isoflavones, and although the overall glycitein concentration in soybeans in low, 

the relative bioavailability may play a significant role in the cholesterol-lowering effect of soy 

(Stephens & Bomser, 2013). Thus, examining the ratio of isoflavone sub-types (daidzein, 

genistein, glycitein) on cardiovascular outcomes may warrant additional study. 

  

 

                                                           
6 GFOD2 = glucose-fructose oxidoreductase domain containing 2 gene.   



 

138 
 

6.6 Conclusions 

 

The objectives of this thesis were to: (1) conduct a clinical trial to assess the efficacy 

of baked DWSF in lowering biomarkers of CHD risk; (2) analyze soy isoflavones in DWSF, 

baked DWSF muffins, and plasma to establish participant compliance and to determine the 

relationship between isoflavone bioavailability and clinical trial outcomes; and (3) design a 

sensory evaluation study to examine the acceptability of DWSF muffins over time. The 

findings of this thesis demonstrate that consuming 25 g soy protein from baked DWSF does 

not improve selected biomarkers of CHD risk, resulting in the rejection of the first 

hypothesis (Chapter 3). Isoflavones from baked DWSF are bioavailable in a dose-dependent 

manner, confirming the second hypothesis (Chapter 4). Finally, baked DWSF muffins are 

accepted in a consumer population over long-term repeated exposure, with mean hedonic 

liking scores falling between “like somewhat” and “like moderately”, confirming the third 

hypothesis (Chapter 5). Thus, the overall hypothesis that DWSF can be used as an effective 

soy-based functional food ingredient is only partly accepted through the demonstration of 

the bioavailability of isoflavones, the primary bioactive in soy, and by the acceptability of the 

product. However, the failure to demonstrate efficacy suggests more investigation is needed 

to establish what forms of soy elicit a physiological health benefit. It becomes important, 

therefore, to consider the potential effect of food matrix and processing techniques used to 

manufacture soy-based products as barriers to harnessing the functional health benefits of 

soy. These results cannot exclude the possibility that baking may have rendered the 

bioactivity of DWSF null, but further studies are needed to confirm this.  
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Appendix 1A: Clinical Trial Exclusion Criterion: List of prescribed and non-prescribed 

medications not permitted (and permitted) for use by participants 

 

Usage of any of the following will result in exclusion from the trial: 

 

Statins Fibrates 
Protease Inhibitors 

(HIV medications) 

resouvastatin (crestor) 
atorvastatin (lipitor) 
lovastatin (mevacor) 
simvastatin (zocor) 
pravastatin (pravacol) 
fluvastatin (lescol) 

fenofibrate (Lipidil, Lipidil EZ) 

gemfibrozil (Lopid) 

bezafibrate (Bezalip) 

 

saquinavir (Fortovase, 

Invirase) 

ritonavir (Norvir) 

indinavir (Crixivan) 

nelfinavir (Viracept) 

amprenavir 

(Agenerase) 

lopinavir (Kaletra) 

atazanavir (Reyataz) 

fosamprenavir (Lexiva, 

Telzir) 

tipranavir (Aptivus) 

darunavir (Prezista) 

Immunosuppressive Drugs 

 
Cyclosporin (people who have had 
an organ or tissue transplant) 

Cholesterol Absorption 

Inhibitors 
Nutritional Supplements 

Cholestyramine   
Questran  
Colestipol 
Colestid  
Ezetimibe      
Ezetrol 

Soy isoflavone supplements 
Soy protein powders 
>2g/d EPA+DHA (fish oil supps) 
>2g/d flax oil 
>2g/d phytosterols (margarine + 
supps) 
>7g/d psyllium fibre supps (ie. 
Metamucil) 

2
nd

 Generation Antipsychotics Increase Motility Systemic Steroids 

clozapine (Clozaril), olanzapine 

(Zyprexa), risperidone (Risperdal), 

quetiapine (Seroquel), ziprasidone 

(Geodon), amisulpride (Solian), 

asenapine (Saphris), paliperidone 

(Invega), iloperidone (Fanapt), 

zotepine (Nipolept, Losizopilon, 

lodopin, Setous), sertindole 

(Serdolect), lurasidone (Latuda) 

Benzamide, Cisapride, 

Domperidone, Erythromycin 

Itopride, Mosapride, 

Metoclopramide, Prucalopride 

Renzapride, Tegaserod 

Mitemcinal, ioperamide (Imodium) 

– ↓motility 

Cortisone; 
hydrocortisone; 
prednisone; (methyl) 
prednisolone; 
dexamethasone; 
betamethasone; 
deoxycorticosterone 
acetate; aldosterone, 
testosterone; 
dihydrotestosterone 
 

Other 

Retinoid acid; Niacin; Nicotinic acid; Niaspan 

Medications that are ok  

Stable doses (defined as no change in 3 

months 

 Thyroxine 

 Oral contraceptive agents 

 Hormone replacement therapy 

Medications to control blood pressure 

 Thiazide (diuretics); ACE Inhibitors  

 Angiotensin II receptor blockers 

 Beta blockers; Calcium channel blockers 

 Renin inhibitors 

 

http://en.wikipedia.org/wiki/Clozapine
http://en.wikipedia.org/wiki/Olanzapine
http://en.wikipedia.org/wiki/Risperidone
http://en.wikipedia.org/wiki/Quetiapine
http://en.wikipedia.org/wiki/Ziprasidone
http://en.wikipedia.org/wiki/Amisulpride
http://en.wikipedia.org/wiki/Asenapine
http://en.wikipedia.org/wiki/Paliperidone
http://en.wikipedia.org/wiki/Iloperidone
http://en.wikipedia.org/wiki/Zotepine
http://en.wikipedia.org/wiki/Sertindole
http://en.wikipedia.org/wiki/Lurasidone
http://en.wikipedia.org/wiki/Benzamide
http://en.wikipedia.org/wiki/Cisapride
http://en.wikipedia.org/wiki/Domperidone
http://en.wikipedia.org/wiki/Erythromycin
http://en.wikipedia.org/wiki/Itopride
http://en.wikipedia.org/wiki/Mosapride
http://en.wikipedia.org/wiki/Metoclopramide
http://en.wikipedia.org/wiki/Prucalopride
http://en.wikipedia.org/wiki/Renzapride
http://en.wikipedia.org/wiki/Tegaserod
http://en.wikipedia.org/wiki/Mitemcinal
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Dosage Abbreviations: 

 

 

Abbreviation 

 

 

Meaning 

OD Once a day 

BID Twice a day 

TID Three times a day 

QID Four times a day 

PRN As needed 

eod Every other day 

QWk Once a week 

BIW Twice a week 

TIW Three times a week 

QIW Four times a week 
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Appendix 1B: Advertisements placed in local media during participant recruitment 

 

 

 

 

 

 

 

 

 

 

PARTICIPANTS NEEDED FOR NUTRITION STUDY! 

Adults (30-70 yrs) with high cholesterol needed for UofG soy study. Financial Compensation.  

Contact Emily at (519) 824-4120 x58081 or muffin.study@uoguelph.ca 

 

mailto:muffin.study@uoguelph.ca
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Adults (30-70 years old) with high cholesterol are needed for a human nutrition 
study to examine the lipid-lowering effect of a whole soy food. 

Eligible participants will:  

 

 Consume two muffins made from whole soy or wheat flour every day for 6 weeks  
 

 Visit the Human Nutraceutical Research Unit at the University of Guelph for 6 weekly 
study visits 

 

  Provide blood samples on at weeks 0, 3 and 6 after an overnight fast 

 

*Financial Compensation Provided* 

This study is being conducted by the Department of Human Health and Nutritional 

Sciences and the Guelph Food Research Centre and has received Research Ethics 

Board approval (REB#NV11035) 

To find out more about the study and your  
eligibility as a participant please contact:  

 

The Muffin Study at 519-824-4120 x58081 or muffin.study@uoguelph.ca 
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Appendix 1C: Research Ethics Board approval and screening consent forms  

 

 

 

RESEARCH ETHICS BOARD – Natural, Physical, and 
Engineering Sciences 
REB-NPES 
Certification of Ethical Acceptability of Research 
Involving Human Participants 

 
 APPROVAL PERIOD:  June 20, 2012   to   June 20, 2013 
 REB NUMBER:   11NV035 
 TYPE OF REVIEW:  Full Board  
 RESPONSIBLE FACULTY: ALISON DUNCAN 
 DEPARTMENT:  Human Health & Nutritional Sciences   
 SPONSOR:   AGRICULTURE AND AGRI-FOOD CANADA (AAFC) 
      
 TITLE OF PROJECT:  A randomized controlled trial to determine the 
     LDL-cholesterol lowering effect of whole soy: a 
     dose response study 
 
 CHANGES:   30 Jul 12: B.10 Methodology; D.17 Consent 
     23 Aug 12: A.2 Other Investigators; B.10 Methodology 
     24 Jan 13: A.2 Student Investigators; B.10 Methodology;  
     B.12 Participants Involved in Study; D.17 Consent 
 

The members of the University of Guelph Research Ethics Board have examined the 
protocol which describes the participation of the human subjects in the above-named 
research project and considers the procedures, as described by the applicant, to conform 
to the University's ethical standards and the Tri-Council Policy Statement, 2

nd
 Edition. 

The REB requires that you adhere to the protocol as last reviewed and approved by the 
REB.  The REB must approve any modifications before they can be implemented. If you 
wish to modify your research project, please complete the Change Request Form. If there 
is a change in your source of funding, or a previously unfunded project receives funding, 
you must report this as a change to the protocol. 
Unexpected events or incidental findings must be reported to the REB as soon as 
possible with an indication of how these events affect, in the view of the Responsible 
Faculty, the safety of the participants, and the continuation of the protocol. 
If research participants are in the care of a health facility, at a school, or other institution 
or community organization, it is the responsibility of the Principal Investigator to ensure 
that the ethical guidelines and approvals of those facilities or institutions are obtained and 
filed with the REB prior to the initiation of any research protocols. 
The Tri-council Policy Statement, 2

nd
 Edition, requires that ongoing research be 

monitored by, at a minimum, a final report and, if the approval period is longer than one 
year, annual reports. Continued approval is contingent on timely submission of reports. 

 
Membership of the Research Ethics Board: B. Beresford, Community Member.; F. 
Caldwell, Physician; K. Cooley, Alt. Health Care; D. Dyck, CBS; D. Emslie, Physician 
(alt); H. Gilmour, Community Member (alt); J. Goertz, CME; G. Holloway, CBS; A. Niel, 
OVC (alt); B. Nonnecke, CPES; A. Papadopoulos, OVC;  R. Regan, Legal (alt); L. Spriet, 
CBS (alt); J. Srbely, CBS (alt), D. Stacey, CPES (alt.); L. Vallis, CBS (alt). 
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CONSENT TO PARTICIPATE IN RESEARCH  
 

A randomized controlled trial to determine the LDL-cholesterol lowering effect of whole soy:  
a dose response study 

 

Blood and Body Measurement Screening 
 
 
INTRODUCTION 
 

You are being asked to participate in screening for a research study directed by Professor Alison 
Duncan of the Department of Human Health and Nutritional Sciences at the University of 
Guelph, in collaboration with Dr. Dan Ramdath (Study Principal Investigator) and Dr. Rong Tsao 
of Agriculture & Agri-Food Canada (AAFC) in Guelph, Ontario, and Dr. Koushik Seetharaman of 
the Department of Food Science at the University of Guelph. There are also two other locations 
in Canada (Toronto and Winnipeg) that are directing a human intervention study in this multi-
centre project. The results of this research will contribute to the dissertation of University of 
Guelph Ph.D. student, Emily Padhi.  This research is being sponsored by AAFC. All blood 
samples and body measurements will be conducted by University of Guelph employees only. 
Your involvement will be under the supervision and control of the University of Guelph. 
 
 
RESEARCHER CONTACT INFORMATION 
If you have any questions or concerns, please don’t hesitate to contact: 
 
Emily Padhi, M.Sc. 
Ph.D. student, Department of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x56314 or email: epadhi@uoguelph.ca  
 
Alison Duncan, Ph.D., R.D. 
University of Guelph Study Director 
Department of Human Health & Nutritional Sciences, University of Guelph 
Phone: 519-824-4120 x53416 or email: amduncan@uoguelph.ca  
 
Dan Ramdath, Ph.D. 
Overall Project Leader 
Agriculture & Agri-Food Canada, Guelph, ON 
Phone: 519-780-8034 or email: dan.ramdath@agr.gc.ca  
 
 
PURPOSE AND DESCRIPTION OF RESEARCH 
 

The purpose of this overall research is to see if eating muffins made from whole soy flour every 
day for 6 weeks can lower blood levels of LDL-cholesterol, a risk factor for heart disease.  Many 
studies have shown that soybeans may reduce the risk of heart disease; however, there are 
limited studies that have focused on whole soy foods.  Therefore this study will focus on muffins 
made from soy flour to find out if consuming these muffins can reduce risk of heart disease by 
reducing LDL-cholesterol, a risk factor for heart disease.  The research will also examine other 

mailto:epadhi@uoguelph.ca
mailto:amduncan@uoguelph.ca
mailto:dan.ramdath@agr.gc.ca
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markers of heart disease that can be measured in the blood such as total-cholesterol and C-
reactive protein.  Overall, this research can contribute to dietary recommendations for people 
wanting to reduce their risk of heart disease. This research may lead to commercialization of the 
muffins made from soy flour. 
 
Before the research study is started, participants must be fully screened to ensure they meet the 
eligibility criteria.  Part of this includes a blood sample, body measurements and 3-day food 
record, as described below. 
 
 
STUDY SCREENING PROCEDURES 
If you choose to volunteer to participate in the screening process for this study, you would be 
asked to do the following things: 
 
Three-Day Food Record: 

 

 You will be provided with instructions and blank forms to record what you eat and drink 
for 24 hours on 3 consecutive days (that includes 1 weekend day and 2 weekdays). 

 Bring this completed food record to your blood and body measurement screening visit. 

 This food record will be analyzed for energy and nutrient intakes. 
 
 

Blood and Body Measurement Screening Visit: 

 Come the Human Nutraceutical Research Unit (HNRU), located in room 144 of the Food 
Science, Guelph Food Technology Centre Building, 88 McGilvray St. at the University of 
Guelph; phone 519-82404120 x53925. 
 

 Return your completed 3-day food record. 
 

 

 Have your height, body weight, waist circumference and blood pressure measured. This 
will be done by a trained study coordinator, employed by the University of Guelph, in a 
private area. 
 

 Provide a fasting blood sample which means that you will arrive to your visit having not 
had any food or beverage (except water which is encouraged) for the previous 12 hours.  
A qualified and trained medical technician, employed by the University of Guelph, will 
draw a blood sample from your forearm using a needle. The total amount of blood will be 
15 mL which is very small in comparison to the amount to of 450 mL that is collected 
when blood is donated to Canadian Blood Services. There is a chance that the process 
of the blood sample could cause you some slight discomfort as the needle is inserted 
and, as with any venipuncture, there may be some minimal bruising afterwards. These 
risks and potential discomforts from the blood draws will be managed by having a 
qualified and experienced medical technician taking your blood. In addition, consuming 
plenty of water the night before and morning of the visit can facilitate blood sampling. 
Also, applying compression the blood draw site will help to minimize bruising. 
 

 Enjoy a light snack. 
 

STUDY SAMPLE LABORATORY ANALYSIS 
 

Blood samples will be processed at the HNRU and sent to an independent medical laboratory 
(LifeLabs® Medical Laboratory Services) for same-day analysis of markers of heart disease risk 
(LDL-cholesterol, C-reactive protein, glucose, insulin) and liver enzymes (markers to ensure 
healthy liver function).   
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POTENTIAL RISKS AND DISCOMFORTS 
 

There are minimal risks associated with participation in this screening. The following 
summarized the potential risks: 

 

 A qualified and trained medical technician, employed by the University of Guelph, will 
draw a blood sample from your forearm using a needle. There is a chance that this 
process could cause you some slight discomfort as the needle is inserted and, as with 
any blood sample procedure, there may be some minimal bruising afterwards. These 
risks and potential discomforts from the blood samples will be managed by having a 
qualified and experienced medical technician, employed by the University of Guelph, 
taking your blood. In addition, consuming plenty of water the night before and the 
morning of can facilitate blood sampling.  Also, applying compression to the blood draw 
site immediately after will minimize bruising.   

 

 Every effort to ensure your comfort and safety will be made during the course of this 
screening. In the unlikely event of a study-related injury, study staff from the University of 
Guelph will engage appropriate emergency response services to assist in your care.  

 
 
POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 
 

If you participate in this screening step, you will have benefit of gaining experience participating 
in research. The overall research project will generate knowledge that may support a food 
health claim submission to Health Canada that related soy to heart disease. Such a health claim 
could facilitate health promotion messages geared towards reduction of circulating cholesterol 
for Canadians.  
 
 
PAYMENT FOR PARTICIPATION 
 

You will receive compensation of $20 cash from AAFC for your participation in the screening 
process. 
 
 
COSTS FOR PARTICIPATION 
 

There is no direct cost for participating in this study. You will only be responsible for covering 
any costs related to ensuring you are able to attend your scheduled study visits (i.e. gas money, 
parking fees, public transportation fees, child care fees, etc.).  
 
 
CONFIDENTIALITY 
 

Every effort will be made to ensure confidentiality of any identifying information that is obtained 
in connection with this study. All participants will be assigned a number, and a study code will be 
used. Your name will never be used in communicating any aspect of the study. Records will be 
kept on a password-protected computer and/or in a locked file cabinet in a locked office. In 
following these guidelines, participants’ confidentiality will be maintained to the best of our 
ability. Results from the study may be published but will be presented as group data. All data will 
be kept for 25 years, in accordance with the guidelines set by Health Canada.  
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If requested, direct access to your research records for this study will be granted to study 
monitors, auditors, the University of Guelph Research Ethics Board, and regulatory authorities 
for the verification of study procedures and/or data. Your confidentiality as a study participant will 
not be violated during this process, to the extent permitted by applicable laws and regulations. 
By signing this written informed consent form you are agreeing to authorize such access.  
 
 
PARTICIPATION AND WITHDRAWAL 
 

You can choose whether to be in this study or not.  If you volunteer to be in this study, you may 
withdraw at any time without consequences of any kind.  You may exercise the option of 
removing your data from the study.  You may also refuse to answer any questions you don’t 
want to answer and still remain in the study.  The investigator may withdraw you from this 
research if circumstances arise that warrant doing so. The researchers may withdraw you if 
participation is no longer in your best interest, or if you fail to follow the directions of the study.  If 
you decide to participate, you agree to cooperate fully with study procedures.  We will tell you 
about new information that may affect your health, welfare, or willingness to stay in this study.  
You will be given a copy of this consent form to keep. 
 
RIGHTS OF RESEARCH PARTICIPANTS 
 

You may withdraw your consent at any time and discontinue participation without penalty.  You 
are not waiving any legal claims, rights or remedies because of your participation in this 
research study.  This study has been reviewed and received ethics clearance through the 
University of Guelph Research Ethics Board.   If you have questions regarding your rights as a 
research participant, contact: 
 
 Director, Research Ethics             Telephone: (519) 824-4120, ext. 56606 
           University of Guelph  E-mail: sauld@uoguelph.ca 
 437 University Centre  Fax: (519) 821-5236 
 Guelph, ON   N1G 2W1 
 
  
SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 
 

I have read the information provided for the study “A randomized controlled trial to determine the 
LDL-cholesterol lowering effect of whole soy: a dose response study; Blood and Body 
Measurement Screening” as described herein.  My questions have been answered to my 
satisfaction, and I agree to participate in this study.  I have been given a copy of this form. 
 
 
   

NAME OF PARTICIPANT  SIGNATURE OF PARTICIPANT             DATE 
 
 
 
   

NAME OF WITNESS 
 

SIGNATURE OF WITNESS              DATE 
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Appendix 1D: Telephone eligibility screening questionnaire 

Study Name: Soy Muffin Study                   Participant Screening Number: _________ 
REB Number: REB#11NV035                                    Researcher Initials: __________                                                                             
                                                                                         Date: ______________________ 

Telephone Screening Questionnaire 
STUDY TITLE: A randomized controlled trial to determine the LDL-cholesterol lowering effect of whole soy: a dose response 
study 
 

Participant Name: _______________________             Contact Info: ___________________ 
 

1. How did you hear about the study? ___________________________ 
 

2. How old are you?  ________________________ 
 

3. If female, are you pregnant or planning to become pregnant?   YES NO 
 

4. Do you have high cholesterol?        YES NO UNSURE 
 

If YES, are you taking medication for your high-cholesterol?   YES NO  
 

5. Do you smoke?         YES NO 
 

6. Are you allergic to soy or wheat?       YES NO 
 

7. Do you have any other food allergies?       YES NO 
 

If YES, please describe: _____________________________________ 
 

8. Do you consume more than 5 servings of soy-based products in a week?  YES NO 
(Serving: 1 cup soy milk, ¾ cup soy yogurt, ¾ cup tofu, ¼ cup edamame) 

 

9. Are you willing to eat a soy or wheat baked product daily for 6 weeks? YES NO 
 

10.  Are you willing to provide a blood sample on 4 occasions?   YES NO 
 

11.  Do you know your height? ________  weight? __________  (BMI = ________) 
 

12.  Do you have any diseases, conditions or health issues?    YES NO 
 

If YES, what are they? _______________________________________ 
   

13. Are you on any prescription medications?       YES NO 
 

If YES, what are they? ________________________________________ 
 

14.  Have you had any surgeries or medical events in the last 6 months?   YES NO 
 

 If YES, what are they? ________________________________________ 
 

15.  Are you on any special diets?       YES NO 
 

 If YES, what are they? ________________________________________ 
 
If individual meets these eligibility requirements and are still interested, explain that the screening process continues 
with an in-person meeting where they will complete a more detailed eligibility questionnaire, followed by completion of 
a 3-day food record, and a blood and body measurement screening visit.  They will receive $20 following full 
completion of the screening process. 

 

In-Person Eligibility Meeting:    Date: __________________  Time: ____________ 
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Appendix 1E: In-person eligibility screening questionnaire 

 

Study Name: Soy Muffin Study                   Participant Screening Number: _________ 
REB Number: REB#11NV035                                    Researcher Initials: __________  
                                                 
                           
In-person Eligibility Questionnaire 
STUDY TITLE: A randomized controlled trial to determine the LDL-cholesterol lowering effect of whole soy: a dose 
response study 
 
The purpose of this questionnaire is to gather more information about you as a participant in this study.  Please feel free to not 
answer any questions you are uncomfortable with answering.  All information provided in this questionnaire will be kept strictly 
confidential. 
 
CONTACT INFORMATION 
 
Name: _________________________    Date__________________ 
Address: __________________________________________________________________ 

 

Phone:   work: ______________ home: ______________ Email: ___________________ 

 

Best way to communicate: _____________________________ 

 

Date of Birth: ____________Age: _________ Height: _________Weight:__________ 

 
 

DIET-RELATED QUESTIONS: 
  

1. Are you allergic or sensitive to soy?       YES NO 
 

2. Are you allergic or sensitive to wheat?      YES NO 
 

3. Do you have any other food allergies or sensitivities?    YES NO 
If YES, please describe: _____________________________________ 

 
4. Do you consume soy products?        YES NO 
 If YES, how many servings per week? _________________________ 

An example of one soy serving would be 1 cup soy milk, ¾ cup soy yogurt, ¾ cup tofu, or ¼ cup edamame. 

 
5. Are you on a special diet?       YES NO 

If YES, please describe _____________________________________ 
 

6.  Are you a vegetarian?        YES NO 
a. If YES, do you eat dairy products?       YES NO 
b. If YES, do you eat eggs?        YES NO 
c. If YES, do you eat fish?        YES NO 

 
7.  Do you consume flax products?       YES NO 

a. If yes, how often? _______________________________ 
 

8.  Do you consume caffeine (coffee, tea, pop)?     YES NO 
a. If so, how much per day? ________________ 
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9. Do you consume alcohol?       YES NO 
a. If so, how many drinks per week? _____  

(1 drink = 12oz beer, 5oz wine, 1.5oz hard liquor) 
  

HEALTH AND LIFESTYLE-RELATED QUESTIONS 
 

10.  Do you have high cholesterol?      YES NO UNSURE 
If YES, are you taking any medications for your high cholesterol  YES NO 
If YES, what are they: _________________________________ 
 

11.  If female, are you pregnant or planning to become pregnant?  YES NO 
 
12. If female, are you currently breastfeeding?    YES NO 

 
13. If female, have you gone through menopause?    YES NO 

 If NO, are you using oral contraceptive agents    YES NO 
 If NO, are you able to stay on a consistent dose regimen for the study?  YES NO 
 If NO, are your menstrual cycles relatively normal/regular?   YES NO 
  

14.  If female, and you have gone through menopause:     
 Are you taking hormone replacement therapy?    YES NO 

  Are you able to stay on a consistent dose regimen for the study?  YES NO 
 

15.  Do you currently smoke?      YES NO 
 If NO, have you ever smoked?     YES NO 
 If YES to (4), how long since you have quit? __________________ 
 

16.   Do you use recreational drugs?     YES NO 
 

17.  Do you have, or have had, any of the following health conditions: 
 

Health Condition Currently Have Have Had in Past Have Never Had 

High Cholesterol    

Heart Disease    

Cancer    

Type 1 Diabetes    

Type 2 Diabetes    

Pre-Diabetes    

High Blood Pressure    

Impaired Liver Function    

Impaired Kidney Function    

Arthritis    

Depression    

 
  

18. Are there any other health conditions you have or have had?    YES NO 
If YES, what are they? _________________________________________ 
 
   

19. Are you on any prescription medications?     YES NO 
If YES, please complete the following table: 

Medication 
Name 

Purpose  Dose Frequency Duration of Use 
(start date dd/mm/yr) 

 
 

    

 
 

    

 
20. Do you feel it would be possible for your medications to remain stable 

in terms of type and dose for the 6-week study?     YES NO 
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21. Have you had any surgeries or medical events in the last 6 months?     YES NO 

 

 If YES, what are they? ________________________________________ 
 
22. Do you use any over-the-counter medications, including pain relievers?   YES NO 

  If YES, please complete the following table: 
 

23. Have you used antibiotics in the past 3 months?      YES NO 
If YES, when did you stop using them? __________________________ 

 
 

24. Do you take vitamin, mineral or herbal supplements (natural health products)?   
YES NO 

If YES, please complete the following table: 

Natural Health Product 
Name 

Purpose  Duration of Use Notes 

 
 

   

 
 

   

 
 

   

 
 

25.  Depending if the natural health product is known to affect study endpoints, 
would you be willing to discontinue it for the duration of the study?   YES NO 

 
26. Do you have any allergies (drug, food, environmental)?     YES NO 

If YES, what are they _____________________________________________ 
 

27. Do you exercise?         YES NO 
Can you describe your exercise? _______________________ 
 
How often and how intense? ___________________________ 

 
28.  Are you satisfied with your current body weight?     YES NO 

 
29. Has your body weight changed 

 
In the past 3 months?     YES    NO If YES, by how much? _______ 
In the past year?         YES    NO If YES, by how much? _______ 

 
If necessary, please explain: ____________________________________________ 

 
30. It will be very important to maintain your body weight throughout this study.     

Will you be OK with this?       YES NO 
 
 
STUDY LOGISTIC QUESTIONS 

 
31. How did you hear about this study? _____________________________ 

 
32. Are you able to participate in a 6-week study?      YES NO 

 
33.  Are you willing to eat a soy or wheat baked product daily for 6 weeks?   YES NO 

 
34.  Are you comfortable with having your blood taken?     YES NO 

 
35.  Are you willing to provide a blood sample on 4 occasions?    YES NO 
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36. Is there a particular weekday that you absolutely could NOT have a study visit? 
 MONDAY TUESDAY WEDNESDAY THURSDAY  FRIDAY 
 

37. Is there a particular weekday that you prefer to have study visits? 
 MONDAY TUESDAY WEDNESDAY THURSDAY  FRIDAY 
 

38.  Are you currently involved in any other research study?     YES NO 
 
 
 

39.  Have you ever been involved in a research study before?    YES NO 
 

a. If YES, please expand briefly ______________________________________ 
 
________________________________________________________________ 

 
40.  Why do you want to be in this study? 

 
___________________________________________________________________ 
 
_________________________________________________________________ 

 
 
Thank you for completing this questionnaire.  The study coordinator will now review the questionnaire with you and answer any 
questions you may have. Thank you again for your time and cooperation. 
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Appendix 1F: Dietary assessment using a 3-day food record 

Food Records 

Completing Accurate Food Records 
 

As part of this research, you will be completing 24-hour detailed food records for three days (two 

weekdays and one weekend day) at specific points during the study. You will complete these 3-day food 

records twice during this study. Your accuracy and honesty is crucial to this study! Here are some helpful 

tips: 

 Start a new food record sheet for each day  
 

 Record the following: 
 
(1)  The time you eat. 
 
(2)  The type of food (e.g. 1% milk, chicken noodle soup, cream cheese: light? fat-free?; BRANDS are very 

helpful!). 
 
(3)  How the food is prepared (e.g. fried in 2 tablespoons of canola oil, steamed, baked). 
 
(4)  The amount consumed: use household measures (cups, fluid ounces, table/teaspoons) or weight if 

you know it (grams, ounces); read labels to help you figure out serving sizes. 
 
(5)  Include all condiments and amounts (e.g. 2 tsp sugar added to coffee). 
 
(6)  Include amounts of all liquids (including water!). 
 
(7)  If you know the RECIPE of the dish you ate, please include/attach the recipe to the food record and 

record approximately the serving size eaten (e.g. if a chili serves 5 people, and you had a serving, then 
1/5 of the dish was consumed). 
 

Here is an example of the amount of detail that we are requesting: 
 
12:30 pm: cheese burger  - 3 ounces of lean ground beef 

- 2 Tbsp ketchup; 1 tsp mustard 
- 1 slice of tomato; 1 leaf of iceberg lettuce 
- 1 slice skim milk processed cheese (Kraft) 
- 1 white sesame seed bun 

 



 

177 
 

MORE HELPFUL TIPS 
 

• Whenever possible, list the BRAND NAME. If you have the label, please turn it  
in with your food record (e.g. candy wrapper, cereal box label etc.). 

 
• Don’t forget things like: coffee/tea, condiments, sauces, candy, water, oil type... we  
want to know EVERYTHING. 

 
• Which brings us to our next point: DETAIL DETAIL DETAIL!!!! Please be as  
specific and detailed as you can be. Draw pictures if you find it hard to describe an  
amount (e.g. thickness of meat). Include anything that will be helpful. 

 
• Carry your food record sheets with you EVERYWHERE and record foods as you  
consume them. (This is much easier as you don’t want to leave it until the end of the  
day). 
 
• Lastly, frequently refer back to these instructions and please do not hesitate to call 519-824-4120 ext. 

58081, or email us if you have ANY questions. We will check email and  

voicemail every night to answer your questions promptly. 

 

Some Quick and Easy Portion Reference Guides 

 A deck of cards is the same size as a 3-oz serving of meat; a golf ball is about the size of 1-

oz of meat. 

 Four dice equals 1-oz of cheese. 

 Think about a quarter ($0.25). One quarter-size of dry noodles provides about 2 servings of 

cooked spaghetti noodles.  

 Two handfuls of chips or pretzels will provide about 1 oz. 

 One ounce of nuts is about the size of your thumb. 

 One teaspoon of margarine is about the size of the tip of your thumb. 

 Two tablespoons of peanut butter is about the size of a ping pong ball. 
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Food Record Sheet 

Participant ID:  _____352___________ Date of Food Record:  _ Saturday Feb 11, 2012___ 

Time Food Eaten Amount Food Description/Preparation Method 
10AM 
 
10AM 
 
10AM 
 
 
 
10AM 
 
12PM 
 
12:30PM 
 
1PM 
 
 
1:30PM 
 
 
 
 
 
 
 
 
1:30PM 
 
5PM 
 
 
 
6:45PM 
 
 
7PM 
 
7:30PM 
 
 
 
7:45PM  
 
9:15PM 

Activia yogurt 
 
Banana (1 medium) 
 
Rye bread (Dempster's) 
Peanut butter (Kraft Regular, smooth) 
Welch’s grape jelly 
 
Green tea 
 
Water 
 
Lindt chocolates 
 
Activia yogurt 
 
 
Cooked basmati rice 
 
Chicken stir-fry (see recipe) 
 
 
 
 
 
 
Water 
 
Tea (hot water + Tetley tea bag) 
Milk (2%) 
Sugar  
 
Cooked basmati rice 
Chicken stir-fry (see recipe) 
 
Water 
 
Grilled cheese sandwich 
(used sandwich grill, not fried) 
 
 
Water 
 
Grapefruit  

1 portion (100g) 
 

1 
 

1 slice 
2 tbsp 

 
1 tbsp  

 
1 cup 

 
1.5 cups 

 
2 
 

1 portion (100g) 
 
 

1.5 cups 
 

1 cup 
 
 
 
 
 
 

1.5 cups 
 

1 mug (1 cup) 
2 tbsp 
½ tbsp 

 
½ cup 
½ cup 

 
1.5 cups 

 
2 slices 
2 slices 
1 tbsp 

 
1.5 cups 

 
½ fruit 

Vanilla, 2.9% fat 
 
 

 
Untoasted 
 
 
 
 
Hot water, tea bag. No sugar added. 
 
Tall glass 
 
Individually wrapped holiday truffles 
 
Strawberry, 2.9% fat 
 
 
Salt added. 
 
2 boneless, skinless chicken breasts (fat 
removed), 1 green pepper, 1 head broccoli, 1 
large carrot, 1 cup white button mushrooms 
(chopped), 4 tbsp sunflower oil, ½ tbsp Cool 
Runnings seasoning salt, ½ c VH Pad Thai 
stir-fry sauce.  
 
Tall glass 
 
 
 
 
 
Salt added. 
See recipe (above) 
 
Tall glass 
 
Dempster’s soft slice white bread 
Black Diamond processed cheese (thin-slice) 
Heinz Ketchup 
 
Tall glass 
 
Cut in half, sprinkled with ½ tsp sugar 

 



 

179 
 

Appendix 1G: Case Report Form (CRF) template used for clinical trial data capture  

 

SOY-2012 – CASE REPORT FORM 

A randomized controlled trial to determine the LDL-cholesterol lowering effect of whole soy:  

A dose response study 
 

 Screening ID No.                                 Subject ID No.  

 SCREENING VISIT  
Date of visit:  _____/_____/_____ 

                           dd       mm       yy 

Date of informed consent signed:  _____/_____/_____ 
                                                          dd       mm       yy 

Date of birth:  _____/_____/_____ Gender:  Male  1      Female  2 
                          dd       mm       yy 

Body weight  . kg Height  . cm 

 

Blood pressure (Average): / mmHg 

 
 
  

Ethnicity: 1 Caucasian 

 2 Black (e.g., African, Carribean) 

 3 Aboriginal (e.g., First Nations, Métis, Inuit) 

 4 South Asian (e.g., East Indian, Pakistani, Punjabi, Sri Lankan) 

 5 Arab/West Asian (e.g., Armenian, Egytian, Iranian, Lebanese, Moroccan) 

 6 South East Asian (e.g., Cambodian, Indonesian, Vietnamese. Malaysian, Filipino) 

 7 Hispanic (e.g., South American, Latin American) 

 8 East Asian (Chinese, Japanese, Korean) 

 9 Other: _______________________________________________ 
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Medical History 

Body System No () N  Yes() Y If YES specify condition 

Cardiovascular    

Endocrine    

Gastrointestinal / hepatic    

Lymphatic / haematological    

Respiratory    

Neurological    

Renal / genitourinary    

Musculoskeletal    

Dermatological    

Other    

 
Concomitant Medications 

Is subject taking any:  Prescription drugs?   No  N  Yes  Y 

    Over-the-counter drugs?   No  N  Yes  Y 

    Nutritional supplements?   No  N  Yes  Y 

    Herbals / other medicines?   No  N  Yes  Y 
                                      
If “yes” fill in Concomitant Medication page at end of CRF 

 

 Biochemistry  Serum Lipids (mmol/L)  

  
Sample date:  ____/____/____ 

                                   dd     mm     yy 

  
Sample date:  ____/____/____ 

                                   dd     mm     yy 

 

  Value   Value  

 Glucose (mmol/L)   Total Cholesterol   

 AST (U/L)   Triglycerides   

 ALT (U/L)   HDL Cholesterol   

 Urea (mmol/L)   LDL Cholesterol   

 Creatinine (μmol/L)    

ELIGIBILITY 
 

Does Candidate meet eligibility criteria:       Y Yes         N No  
If no, please specify reason for screen failure: _____________________________________ 
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 SOY-2012 – BASELINE VISIT- WEEK 0 
 

Date of visit:  _____/_____/_____ 
                            dd       mm       yy 

 
RANDOMIZATION 

 

LDL Level:    Low (≥3.0 and <3.8)       High (≥3.8 and <5.0)        

 

Assigned study diet (circle):            A         B         C 

Assigned Study ID No.  

 
 

Adverse Events 

Any adverse events since last visit? 

   N No  

              Y Yes Was the event serious?  N No – fill out AE form 

                    Y  Yes – fill out Serious AE form 

        & report to REB and PI 

 

Changes in Medication 

 

Any change in medication since last visit? 

   N No  

              Y Yes If  yes, fill in Concomitant Medication page  

 
Physical Activity & Dietary Habits 

 

Any change in exercise routine or diet since last visit? 

  N No  

  Y Yes If  yes, comment:                                                                                        
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Body weight: . kg  

Blood pressure (Average): / mmHg  

Waist circumference:. cm   

 
 

Number of muffins dispensed       Note: 16 muffins should be dispensed at this visit 

Was fasting blood sample taken?       Y Yes  N No         

 

 

Adverse Events 

Any adverse events since last visit? 

   N No  

              Y Yes Was the event serious?  N No – fill out AE form 

                    Y  Yes – fill out Serious AE form 

        & report to REB and PI 

 

Changes in Medication 

Any change in medication since last visit? 

   N No  

              Y Yes If  yes, fill in Concomitant Medication page  

 

Physical Activity & Dietary Habits 

Any change in exercise routine or diet since last visit? 

   N No  

              Y Yes If  yes, comment:                                                                                       

__________________________________________________________________________________
____________________________________________________________________ 
___________________________________________________________________________ 

Number of muffin packages returned     Number of muffins returned  

Number of muffins dispensed      
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 SOY-2012 – WEEK 2 VISIT  
 

Date of visit:  _____/_____/_____ 
                           dd       mm       yy 

 

Adverse Events 

 

Any adverse events since last visit? 

   N No  

              Y Yes Was the event serious?  N No – fill out AE form 

                    Y  Yes – fill out Serious AE form 

        & report to REB and PI 
 

 

Changes in Medication 

 

Any change in medication since last visit? 

   N No  

              Y Yes If  yes, fill in Concomitant Medication page  

 

Physical Activity & Dietary Habits 

 

Any change in exercise routine or diet since last visit? 

   N No  

              Y Yes If  yes, comment:                                                                                       

__________________________________________________________________________________
____________________________________________________________________ 
___________________________________________________________________________ 

 
 

Number of muffin packages returned     Number of muffins returned  

Number of muffins dispensed      
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 SOY-2012 – WEEK 3 VISIT  
Date of visit:  _____/_____/_____ 

 

Adverse Events 

 

Any adverse events since last visit? 

   N No  

              Y Yes Was the event serious?  N No – fill out AE form 

                    Y  Yes – fill out Serious AE form 

        & report to REB and PI 
 

 

Changes in Medication 

 

Any change in medication since last visit? 

   N No  

              Y Yes If  yes, fill in Concomitant Medication page  

 

Physical Activity & Dietary Habits 

 

Any change in exercise routine or diet since last visit? 

   N No  

              Y Yes If  yes, comment:                                                                                       

__________________________________________________________________________________
____________________________________________________________________  

 

Body weight:  . kg  

Blood pressure (Average): / mmHg 
 

  

Number of muffin packages returned     Number of muffins returned  

Number of muffins dispensed      

Was fasting blood sample taken?      Y Yes   N No         
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 SOY-2012 – WEEK 4 VISIT  
 

Date of visit:  _____/_____/_____ 
                           dd       mm       yy 

 

Adverse Events 

 

Any adverse events since last visit? 

   N No  

              Y Yes Was the event serious?  N No – fill out AE form 

                    Y  Yes – fill out Serious AE form 

        & report to REB and PI 
 

 

Changes in Medication 

 

Any change in medication since last visit? 

   N No  

              Y Yes If  yes, fill in Concomitant Medication page  

 

Physical Activity & Dietary Habits 

 

Any change in exercise routine or diet since last visit? 

   N No  

              Y Yes If  yes, comment:                                                                                       

__________________________________________________________________________________
____________________________________________________________________ 
___________________________________________________________________________ 

 
 

Number of muffin packages returned     Number of muffins returned  

Number of muffins dispensed      
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 SOY-2012 – WEEK 5 VISIT  
 

Date of visit:  _____/_____/_____ 
                           dd       mm       yy 

 

Adverse Events 

 

Any adverse events since last visit? 

   N No  

              Y Yes Was the event serious?  N No – fill out AE form 

                    Y  Yes – fill out Serious AE form 

        & report to REB and PI 
 

 

Changes in Medication 

 

Any change in medication since last visit? 

   N No  

              Y Yes If  yes, fill in Concomitant Medication page  

 

Physical Activity & Dietary Habits 

 

Any change in exercise routine or diet since last visit? 

   N No  

              Y Yes If  yes, comment:                                                                                       

__________________________________________________________________________________
____________________________________________________________________ 
___________________________________________________________________________ 

 
 

Number of muffin packages returned     Number of muffins returned  

Number of muffins dispensed      
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 SOY-2012 – WEEK 6 (FINAL) VISIT  
Date of visit:  _____/_____/_____ 

                           dd       mm       yy 
 

Adverse Events 

 

Any adverse events since last visit? 

   N No  

              Y Yes Was the event serious?  N No – fill out AE form 

                    Y  Yes – fill out Serious AE form 

        & report to REB and PI 
 

 

Changes in Medication 

 

Any change in medication since last visit? 

   N No  

              Y Yes If  yes, fill in Concomitant Medication page  

 

Physical Activity & Dietary Habits 

 

Any change in exercise routine or diet since last visit? 

   N No  

              Y Yes If  yes, comment:                                                                                       

___________________________________________________________________________________
___________________________________________________________________  

 

Body weight: . kg         Waist circumference: .cm  

Blood pressure (Average): / mmHg 
 

 
 

Number of muffin packages returned     Number of muffins returned  

Was fasting blood sample taken?       YYes   N No         
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 TERMINATION  

 
Reason for termination: 
 

  1  Study completed according to protocol. 

     Early termination (choose PRIMARY reason): 

     2  Adverse event,  specify:        

     3  Dislike of study product 

     4  Protocol violation 

     5  Intercurrent illness, specify:       

     6  Lost to follow-up 

     7  Other, specify:         

 
ADDITIONAL COMMENTS OR OBSERVATIONS 

____________________________________________________
____________________________________________________
____________________________________________________
___ 

____________________________________________________
____________________________________________________
__ 

 
 
 
Investigator’s statement: 
 
I certify that all the information entered into this Case Report Form by myself or my associates is 
complete and accurate. 
 
 
              
Investigator signature       Date 
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 CONCOMITANT MEDICATION  
 

Name Dose Frequency 
Start Date 

(dd/mm/yy) 
Indication 

Prescription drugs 

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

Over-the-counter drugs 

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

Nutritional supplements 

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

Herbals / other medicines 

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

   ___/___/___  

 
* If subject changed dose or frequency record new dose/frequency and date started. 

If subject stopped taking medication, enter “0” for dose and the date stopped. 
   If more space is needed, please copy and add more pages. 
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 ADVERSE EVENTS  
 

Event Severity* 

Relation 
to Study 
Product 

** 

Onset 
Date 

(dd/mm/yy) 

Resolution 
Date*** 

(dd/mm/yy) 

Action Taken, 
Remarks 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

   
___/___/___ ___/___/___ 

 

*Mild = 1, Moderate = 2, Severe = 3 
  A severe event is defined as death or an acute event requiring admission to hospital or causing 

extension of hospital stay. 
Severe events require a remark as to whether the event is unrelated, possibly related or likely 

related to the study treatment (fill in SAE Report). 
Report Severe events to local REB within 24h of ascertainment and notify Dr. Ramdath within 48h by 

sending a copy of this form to (dan.ramdath@agr.gc.ca) or FAX (519-829-2600). 

 
**  None = 1, Unlikely = 2, Probable = 3, Definite = 4 

 
*** Enter “con” if event is continuing when subject leaves the study.  Enter “unk” if event is resolved but 

date is unknown. 

 
 

mailto:dan.ramdath@agr.gc.ca
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 SERIOUS ADVERSE EVENTS  

 
 

This SAE is a:  New Event  Follow-up      Follow-up date: / /  
          (dd/mm/yyyy) 
 

DESCRIPTION OF 
SAE:_________________________________________________________________________ 
_____________________________________________________________________________________
_______________________________________________________________________ 
             

Date of Onset: 

/ /  
(dd/mm/yyyy) 

End date: 

/ /  
(dd/mm/yyyy) 

 

This SAE is defined as:   
 Death  Hospitalization  Disability / incapacity  Medically significant 
 Extension of existing hospitalization   Life threatening 
 

TREATMENT 
 none  medication    other, specify:__________________________________ 
 

CAUSAL RELATIONSHIP TO STUDY PRODUCT and/or PROCEDURES: 
 none  unlikely  probable  definite 
 

MODIFICATION OF SUBJECT PARTICIPATION 
 none  temporarily stopped  withdrawn 
 

Stop/Withdrawal date: 

/ /  
(dd/mm/yyyy) 

Reintroduction date: 

/ /  
(dd/mm/yyyy) 

 

Was there breaking of the blind?  Yes   No    No Blind 
 

Comments:____________________________________________________________________________
_____________________________________________________________________________________
_______________________________________________________________ 
 

Signature of Investigator 
 

Date 

/ /  
(dd/mm/yyyy) 
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Appendix 1H: Table of outliers  

Table 1: Weight 

Remove? ID Variable Values (baseline, midpoint, final) Reason to remove from dataset 

No 210 WK6_WT 96.2, 95.4, 93.5, 92 No further information available.   

Yes 315 WK3_WT 70.8, 57.4, 70.7 Measurement error; Jay reported correct value as 71.4kg.  

Yes 319 B_WT 62.7, 67.9, 63.4, 61.9 
Entry error on hard copy CRF (baseline weight should have been 62.9kg, 
not 67.9kg). 

No 321 WK6_WT 81, 86.4, 83.6, 83 Jay reported no further information available. 

Yes 329 B_WT 75.8, 96, 77.5,   77.3 
Entry error (weight and waist circumference measurements were 
reversed on hard copy CRF). 

No 415 B_WT 75.5, 80.5, 77, 77 
Jay reported no further information available. Odd that WT increased 
5kg between screening and baseline; Jay reported nothing unusual; 
dates were 1 month apart. 

Yes 529 WK6_WT 120.5, 120.4, 120, 115.9 
Janice reported no info in source docs, but believes measurement error 
may have been made. Treat as missing value? 

Yes 543 WK6_WT 57.7, 56.9, 56.8, 78.5 
Entry error on hard copy CRF (weight for wk6 transcribed incorrectly as 
waist circumference measurement. Should be 57.7kg not 78.5kg). 

Yes 607 WK6_WT 107.5, 108.3, 106.3, 120.8 
Entry error on hard copy CRF (weight and waist circumference values for 
wk6 were reversed. Weight should be 107.6kg and WC 120.8cm). 

No 621 WK6_WT 88.8, 88.9, 88.2, 85.6 Janice reported no additional info. 

No 641 WK6_WT 100.5, 97.9, 96.1, 94.5 Janice reported no additional info.  
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Table 2: Waist circumference 

Remove 
from 

dataset? 

Study 
ID 

Variable Difference 
(baseline to 

final) 

Values (baseline, midpoint) Reason to remove from dataset 

No 206 WK0 or 6_WC -10.4 96.5, 86.1 
Weight remained stable (within 2kg). No additional info.  

No 212 WK0 or 6_WC +5.7 104.9, 110.6 
Weight remained stables (within 2kg). No additional info. 

No 304 WK0 or 6_WC +5 87, 92 
Weight remained stables (within 2kg). No additional info. 

No 313 WK0 or 6_WC +8.5 106.5, 115 
Weight remained stables (within 2kg). No additional info. 

No 314 WK0 or 6_WC +5.5 98, 103.5 
Weight remained stables (within 2kg). No additional info. 

Yes 316 WK6_WC +57 91, 148 
The WK6_WC value seems unlikely; weight ~75kg. 

No 315 WK0 or 6_WC -6.7 87.8, 81 
Weight remained stable. No additional info. 

Yes 318 WK0 or 6_WC +15.1 92.9, 108 
Transcription error; correct WK0 value = 108cm. 

No 324 WK0 or 6_WC -7 99, 92 
Weight remained stables (within 2kg). No additional info. 

No 327 WK0 or 6_WC +6.5 86.5, 93 
Weight remained stables (within 2kg). No additional info. 

No 331 WK0 or 6_WC -4.1 71.8, 67 
Weight remained stables (within 2kg). No additional info. 

No 401 WK0 or 6_WC +6 91, 97 
Weight remained stables (within 2kg). No additional info. 

No 417 WK0 or 6_WC +8.5 104, 112.5 
Weight remained stables (within 2kg). No additional info. 

No 433 WK0 or 6_WC +7.1 72, 79.1 
Weight remained stables (within 2kg). No additional info. 
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Table 2. Waist circumference (cont’d) 

 

Remove 
from 

dataset? 

Study 
ID 

Variable Difference 
(baseline to 

final) 

Values (baseline, 
midpoint) 

Reason to remove from dataset 

Yes 438 WK0 or 6_WC +41.5 78.5, 118 
Entry error; Jay reported correct value WK6 as 80cm. 

No 443 WK0 or 6_WC +7.5 87, 94.5 
Weight remained stables (within 2kg). No additional info. 

No 444 WK0 or 6_WC +6 90, 96 
Weight remained stables (within 2kg). No additional info. 

No 451 WK0 or 6_WC -5 75, 80 
Weight remained stables (within 2kg). No additional info. 

Yes 543 WK0 or 6_WC +13.5 77.5, 91 
Entry error; WC and DBP reversed. Correct value is 78.5cm.  

Yes 617 WK0 or 6_WC +5.5 90.5, 96 
Weight remained stable. No further info available. WK0 value 
taken as it is likely that more care would have been taken at this 
point. WK6_WC removed from dataset.  

Yes 619 WK0 or 6_WC +21.4 71, 92.4 
Weight remained stable. No further info available. WK0 group 
mean (95.94) inserted as baseline. 
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Table 3: Kcal 

Remove 

from 

dataset? 

Study 

ID 

Variable Difference 

(baseline to 

final) 

Values (baseline, midpoint) Reason to remove from dataset 

Yes 103 MID_KCAL 2121.24 2600.76, 4722 Midpoint-potstickers. 

Yes 121 B_KCAL -1449.02 3928.02, 2479 
Baseline-granola (Jordan’s morning crisp – 1.5 should 

equal ~480kcal, not 660).  

No 220 MID_KCAL 1278.26 2944.6, 4222.86 After review, entry seems ok.  

Yes 320 MID_KCAL 1418.38 1406.77, 2825.15 
Corrected midpoint brand (Stouffer’s Crustini); 

corrected oats. 

No 321 B_KCAL -1609.95 3916.74, 2306.79 After review, entry seems ok. 

No 406 MID_KCAL 1409.29 1968.56, 3377.85 After review, entry seems ok. 

Yes 509 MID_KCAL 1562.96 2094.24, 3657.2 Changed oil quantities for frying.   

No 510 B_KCAL -881.63 3311.08, 2429.45 After review, entry seems ok. 

Yes 533 B_KCAL -804.78 3504.71, 2699.93 Changed Danish quantity. 

Yes 623 B_KCAL -958.32 3388.23, 2429.91 Changed short ribs to prime rib.  

No 628 MID_KCAL 1367.04 1592.94, 2959.98 After review, entry seems ok. 
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Table 4: CRP 

Remove? Study 
ID 

Variable Difference 
(baseline to final) 

Values (baseline, midpoint, final) Reason to remove from dataset 

No 105 WK6_CRP +9.11mg/L 3.45, 2.48, 12.56 No further information available in source docs.   

No 113 WK3_CRP - 4.79, 8.6, 2.73 Was taking Tylenol 3's for severe back pain.  

No 202 WK0_CRP -4.11mg/L 7.76, 3.86, 3.64 Took day/night cold medication for head cold.  

Yes 208 WK6_CRP +31.6mg/L 4.39, 1.86, 35.55 Taking Advil cold/flu for cold.  

No 219 WK3_CRP - 0.33, 7.87, 0.49 
No issue reported. Participant unreliable at times; and 
may not have reported an illness if present.  

Yes 227 WK3_CRP - 1.55, 37.05, 1.85 
Did not take meds, but reported suffering from a 
stomach virus over the previous week. 

No 304 WK6_CRP +1.91 mg/L 4.42, 2.83, 6.33 Jay reported no further information available. 

No 308 WK3_CRP - 2.83, 12.43, 3.12 Cough syrup the night before (chest cold).  

No 314 WK6_CRP +2.1 mg/L 0.94, 0.92, 3.04 Jay reported no further information available. 

No 317 WK6_CRP +5.04 mg/L 5.64, 2.61, 10.68 Jay reported no further information available. 

No 320 WK0_CRP -14.76 mg/L 18.51, 3.82, 3.75 Jay reported no further information available. 

No 409 WK0_CRP -8.06 mg/L 9.36, 1.09, 1.3 Did not take meds; reported suffering from a cold. 

No 412 WK6_CRP +4.7 mg/L 1.29, ND, 5.99 Took 1 Aleve the night before visit (study diary).  

No 431 WK6_CRP +9.19 mg/L 0.71, 2.35, 9.9 
Abdominal bloating + swelling began just before week 3 
and continued throughout. No other illness reported.  
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 Table 4. CRP (cont’d) 

 

Remove? Study 
ID 

Variable Difference 
(baseline to final) 

Values (baseline, 
midpoint, final) 

Reason to remove from dataset 

No 414 WK3_CRP - 1.6, 7.88, 1.42 Jay reported no further information available. 

No 502 WK6_CRP +4.27 mg/L 0.54, 1.32, 4.81 Janice reported no further information available. 

No 506 WK0_CRP +1.76 mg/L 9.97, 2.11, 11.73 Did not take meds, reported bloating and stomach cramps.  

No 507 WK0_CRP -5.89 mg/L 6.29, 0.65, 0.4 Janice reported no further information available. 

No 509 WK6_CRP +9.7 mg/L 6.69, 13.62, 16.39 
Mild constipation and gas reported over previous weeks, but no 
additional information (e.g. meds) given.  

No 514 WK0_CRP -6.39 mg/L 15.89, 9.86, 9.5 Janice reported no further information available. 

No 516 WK3_CRP - 0.92, 5.51, ND Suffered various GI effects before dropping out. No meds reported.  

Yes 529 WK0_CRP -49.01 mg/L 60.51, 10.95, 11.5 
Janice reported no further information available. Group mean 
(2.10)inserted as baseline. 

No 534 WK6_CRP +7.83 mg/L 4.17, 2.43, 12 Reported having cold, no meds taken.  

Yes 535 WK3_CRP - 1.07, 100.5, 6.43 Janice reported no further information available. 

No 547 WK0_CRP -21.04 mg/L 26.76, 1.61, 5.72 Janice reported no further information available. 

No 409 WK6_CRP -8.06 9.36, 1.09, 1.3 Jay reported no further information available. 

No 626 WK6_CRP +2.66 2.13, 1.48, 4.79 Took Tylenol Reg (had cold).  

No 631 WK0_CRP -3.23 4.5, 0.88, 1.27 Janice reported no further information available. 

Yes 639 WK6_CRP +15.35 2.54, 1.02, 17.89 Taking Percocet (recent Hernia repair).  
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Table 5: Insulin 

Remove? Study ID Variable Difference 
(baseline to final) 

Values (baseline, midpoint, final) Reason to remove from dataset 

Yes 109 WK0_INSUL -258.4 pmol/L 301, 80.1, 42.6 
Value of 301, glucose=4.95; subsequent insulin <100. Group 
mean inserted in baseline (65.13). 

No 113 WK6_INSUL 51.9 pmol/L 102.4, 100.9, 154.3 Value of 154.3, others ~100. 

No 115 WK0_INSUL -81.7 pmol/L 148.9, 100, 67.2 Value of 148.9, others <100. 

No 122 WK3_INSUL - 96.6, 43.9, 106.7 Value of 43.9, others >100. 

No 203 WK3_INSUL - 33.5, 14.2, 33.1 Value of 14.2, others >30. 

No 228 WK0_INSUL +21.6 pmol/L 20.5, 42.1, 42.1 Value of 20.5, others >42. 

No 301 WK3_INSUL - 108.3, 162.6, 111.2 Value of 162.6, others <110. 

No 447 WK3_INSUL - 45.5, 95.3, 40.4 Value of 95.3, other ~45. 

Yes 504 WK0_INSUL -192.9 pmol/L 377.8, 117.4, 184.9 Value of 377.8, others <200. Group mean (66.55) inserted. 

No 521 WK3_INSUL - 78.1, 269.4, 36.3 Value of 269.4, others <100. 

No 607 WK6_INSUL +137.7 pmol/L 111.9, 108.4, 249.6 Value of 249.6, others ~110. 

No 628 WK3_INSUL - 30.7, 99.6, 44.3 Value of 99.6, others <45. 

 

Yes 

 

118 

TRIG 

WK0, 3, 6 
+2.4 mmol/L 

 

4.6, 5.9, 3.8 

Both values were removed. WK0 replaced with group mean 
and WK3/WK6 were imputed. 
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Table 6. After examining frequency distribution in SAS (cont’d) 

 

Remove 
from 

dataset? 

Study 
ID 

Variable 
Difference 

(baseline to final) 

Values (baseline, 
midpoint, final) 

Reason to remove from dataset 

Yes 201 MID_SOD +5747.16 mg 1602.03, 7349.19 Abnormal increase. 

Yes 206 WK6_WC 
-10.4 cm 

96.5, ND, 86.1 Participant`s baseline WC was consistent with other participants 
at similar BMI. 

Yes 215 WK0_GLUC -2.38 mmol/L 5.2, 7.3, 4.84, 4.92 WK0 value seems inflated. Participant may not have fasted. 

Yes 216 WK6_TCHOL +1.83 mmol/L 7.19, 7.89, 9.02 WK6 seems inflated (strong outlier). 

Yes 220 MID_SOD +6294.5 mg 3285.45, 9579.95 Abnormal increase.  

Yes 313 WK0_WC 
+8.5 cm 

106.1, ND, 115 Participant`s week 6 WC was consistent with other participants at 
similar BMI.  

Yes 316 WK6_SBP -45 mmHG 145, 148, 100 WK6 value seemed unreasonably low. 

Yes 318 WK0_DBP -37 mmHG 94, 108, 64, 71 WK0 value seems inflated (strong outlier). 

Yes 321 WK6_TRIG -2.3 mmol/L
 

2.9, 1.6, 0.6 WK6 value seems to be underestimated. 

Yes 321 WK6_HDL 0.98 mmol/L 1.83, 1.36, 1.9, 2.34 The increase to WK6 is abnormal and not likely accurate. 

Yes 417 WK0_WC, 
WK6_WC 

+8.5 cm 
104, ND, 112.5 Removing either WK0 or WK6 would amplify the difference 

between time points. Both values were removed. 

Yes 320 WK0_CRP -14.76 pmol/L 18.51, 3.82, 3.75 WK0 seems inflated (strong outlier). 

Yes 409 WK0_CRP -8.06 pmol/L 9.36, 1.09, 1.3 WK0 seems inflated (strong outlier). 
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Table 6. After examining frequency distribution in SAS (cont’d) 

Remove? Study 
ID 

Variable Difference 
(baseline to final) 

Values (baseline, 
midpoint, final) 

Reason to remove from dataset 

Yes 418 WK0_TRIG -2.2 mmol/L 5.0, 4.0, 2.8  WK0 value seems inflated (strong outlier). 

Yes 420 WK0_TRIG -1.4 mmol/L 4.7, 3.3, ND WK0 value seems inflated (strong outlier). 

Yes 438 WK0_SBP -44 mmHG 147, 122, 108, 78 WK0 value seems inflated (strong outlier). 

Yes 506 WK6_INSUL -114.84 pmol/L 243.5, 209.5, 180.8 The magnitude of drop in WK6 seems unlikely.  

Yes 509 WK3_GLUC - 5.99, 7.17, 4.82 WK3 value seems inflated. Participant may not have fasted. 

Yes 523 WK6_HDL +94% (baseline) 1.52, 2.95 Group mean inserted at baseline; WK6 removed. 

Yes  536 WK0_TRIG -5.1 mmol/L 5.6, 0.5, 0.5 WK0 seems inflated (strong outlier). 

Yes 536 WK6_HDL +138% (baseline) 1.52, 3.64 Group mean inserted at baseline; WK6 removed. 

No 543 WK6_BMI +8.82 kg/m
2
 23.23, 23.19, 32.05 Calculation error. Value re-calculated to 23.56. 

Yes 547 WK6_CRP -21.04 pmol/L 26.76, 1.61, 5.72 WK0 seems inflated (strong outlier). 

Yes 602 WK6_CRP +11.93 pmol/L 2.07, 1.16, 11.73 WK6 seems inflated (strong outlier). 

No 607 WK6_BMI +3.47 kg/m
2
 30.06, 29.51, 33.53 Calculation error. Value re-calculated to 29.87. 

Yes 320 WK0_CRP -14.76 pmol/L 18.51, 3.82, 3.75 WK0 seems inflated (strong outlier). 

Yes 409 WK0_CRP -8.06 pmol/L 9.36, 1.09, 1.3 WK0 seems inflated (strong outlier). 

Yes 418 WK0_TRIG -2.2 mmol/L 5.0, 4.0, 2.8  WK0 value seems inflated (strong outlier). 

Yes 420 WK0_TRIG -1.4 mmol/L 4.7, 3.3, ND WK0 value seems inflated (strong outlier). 

Yes 607 WK_INSUL -100.16 pmol/L 218.56, 108.4, 249.8 Abnormal drop at WK3 value.  
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Notes: 
 Outliers refer to absolute difference between baseline and final.  

 
An outlier was identified as a value beyond the inner/outer fences of the distribution of values for each variable.  

 
For example, 

 
The median for weight was 0.3kg, Q1 was -0.4kg, and Q3 was 1.1kg. The IQR (Q3-Q1) was 1.5. 

 
1.5 x IQR = 2.25 

 
Inner fence = (-0.4) – 2.25 = -2.29 
Outer fence = 1.1 + 2.25 = 3.35 

 
Therefore, any value below -2.29 or above 3.35 is considered an outlier.   

 
 Difference from baseline calculated by: FINAL - BASELINE (absolute values) 

 
 Reasons to exclude data points: 
- If it is known that errors were made in their estimate, or if some known extraneous factor has influenced their value 
- If they reflect impossible values 
- If they are determined through statistical procedures to be extreme relative to the data set 

 
 Raw calculations for outliers can be found in excel file (TMS-CRF-Re-verified-Outliers-Mar6_2014.xlsx) 
 Master dataset: TMS-ClinicalTrial-Final-April30_2014.xlsx 
 Record of adjustments (to original dataset sent to statistician, DFA Working Data.013014): TMS-Table of adjustments-Apr14_2014.docx 
 Group means were inserted when baseline (WK0) values were removed as outliers. Values removed at all other time points (e.g. WK3 or 

WK6) were imputed. 
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Appendix 2A: Simplified protocol for isoflavones analysis in food 

Simplified Protocol 

Materials 

HPLC system Analytical balance Vials Water 

5µL injection volume, 
column oven, UV detector 
at 260 nm. 

Preferred readability to 
0.01mg. 

22mL, brown glass (for 
working standards) 

High purity, deionized 
water, filtered through a 
0.45 µm filter. 

Column Pipettes Volumetric flasks Acetonitrile 
End-capped, high carbon 
load (15-20% ODS; C18) 
derivitized silica reversed-
phase, 100-125Å pore 
size. 
 

500µL 50mL glass, Class A HPLC grade 

Guard column Bottles Test tubes Phosphoric acid (85%) 
Low dead volume C18 
guard cartridge. 
 

125mL screw-cap, brown 
glass (for stock standards) 

20 x 125mm, screw-cap, 
glass 

HPLC grade (85%) 

Internal standard Glucoside standards Aglycone standards DMSO (99.9% purity) 
Apigenin 
 

Daidzin, glyctin, genistin. Daidzein, glycitein, 
genistein. 

 

 

 
1. Prepare reagents. 

Dilution solvent (40% acetonitrile) 

 600mL water + 400mL acetonitrile 
 

Internal standard 

 Weigh 0.2g apigenin into a 125mL brown bottle 

 Add 100mL DMSO 
 

Stock standard solutions (weigh to the nearest 0.01mg into tarred 50mL volumetric flask; top with DMSO) 

 100mg daidzin  

 25mg glycitin 

 100mg genistin 

 10mg daidzein 

 10mg glycitein 

 10mg genistein 
 

 Calculate concentration (mg/g) of each stock solution (see expanded notes). 
 

Working standards 

 Pipette stock standard solution + internal standard into tarred test tube as indicated in Table 2008.03B. 
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Table: 2008.03B 
 

Working standard Stock standard solution Internal standard solution Dilution solvent 

Blank 0 0.500 19.5 

1 0.500 0.500 19.0 

2 1.000 0.500 18.5 

3 1.500 0.500 18.0 

4 2.000 0.500 17.5 

5 2.500 0.500 17.0 

 Calculate concentrations (mg/g) of each working standard (see expanded notes).  

 
Mobile phase A (0.05% phosphoric acid in water) 

 Thoroughly mix 1mL phosphoric acid into 2L water.  
 
Mobile phase B (HPLC grade acetonitrile) 
 
 
2. Extract isoflavones from food product. 

 
o Grind solid (freeze-dried) materials to a fine powder, mix thoroughly. 
o Weigh 1g into tarred test tube (record weight). 
o Add 500µL internal standard solution; swirl to wet sample. 
o Add 8mL acetonitrile; swirl or shake to completely suspend solids. 
o Add 5mL water; mix. 
o Ensure entire sample is suspended in solution (i.e. does not adhere to test tube walls). 
o Mix (60min) on wrist shaker or inversion mixer; or, mix manually by vigorously inverting tube 

every 5min. 
o Add 6.5mL water; shake to mix. 
o Centrifuge (10min, 200 x g) to pellet insoluble residue. 
o Remove portion of supernatant and pass through a syringe filter into HPLC sample vial.  

 
3. Analyze using HPLC 
 

 Injection volume: 5µL 

 Flow rate: 0.65mL/min for 3mm id column; 1.5mL/min for 4.6mm id column 

 Detection: UV absorbance at 260nm 

 Column temperature: 40ºC 

 Gradient elution conditions:  
o 0 to 2 min – isoflavones elute (initial 10% B, with no hold time after injection) 
o 60 min – linear gradient to 30% B over 60min 
o 3 min – wash at 90% B 
o 10 min – equilibration at 10% B. 

 

 
 
 
 
 

New 

sample. 

Return to 

baseline. 

Flushing of 

unwanted 

compounds

. 

Isoflavones 

are eluting. 
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Appendix 2B: Simplified protocol for isoflavones analysis in plasma 
 

 

Sample pre-treatment (without freeze-drying): 

Background: The plasma isoflavones represent by-products of extensive metabolic processes 

that occur after soy is digested. Isoflavones appear in the plasma primarily as aglycones, 

glucuronide or sulfate conjugated isoflavones, or mixed conjugated isoflavones. After 

centrifugation, plasma samples still contain several types of proteins (e.g. clotting factors, 

fibrinogen, albumins, globulins), clotting factors, and electrolytes diffused in the medium that 

could interfere with analysis. Therefore, samples must be purified. This is done by precipitating 

proteins from the sample solution and filtering through a filter. Isoflavone conjugate standards 

are not widely available, and so conjugates are also removed during the protein precipitation 

step.    

Purpose: Extract isoflavones from plasma for analysis using HPLC-MS/MS-ESI.  

Principle: An aliquot of plasma is added to buffer spiked with an internal standard (for quality 

control) and allowed to incubate for 18 hours at 37ºC. Following this, a volume of acidified 

methanol is added to samples to initiate protein precipitation. The acid initiates the 

precipitation and the methanol provides an acceptable medium for analysis by HPLC. After 

precipitation, samples are filtered to remove any impurities and transferred to HPLC vials for 

analysis.   

Reagents: 

1. Buffer: 1.6 M NaAC buffer, pH 4.0. Weigh 19.6 g NaOAC.3H2O (FW 136.08) and dissolve 

in ~ 400 mL dH2O, slowly add ~ 38 mL HAC while stirring until pH 4.0. Add more dH2O to 

final 500 mL. 

2. Apigenin stock solution: 2 mg/mL in DMSO, store at -20 oC, good for 6 months 

3. MeOH + 1% Formic Acid: add 10 mL formic acid (MS grade) to 990 mL of MeOH 

4. Enzyme solution containing Apigenin (Prepare fresh daily): For ~ 100 samples, weigh 40 

mg β-Glucuronidase (from Helix pomatia, H1 type, Sigma, G0751) and dissolve in 5 mL 

NaAC buffer, remove 7.5 L and discard, add 7.5 L of apigenin stock solution (this 

working solution contains 8 mg/mL enzyme and 3 g/mL apigenin) 

Procedures: 

1. Thaw plasma samples at room temperature. 

2. In 2 mL microfuge tubes, add 40 L freshly prepared enzyme solution containing 

Apigenin using a repeat pipet. 
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3. Add 200 L fully thawed and well mixed plasma samples to each tube using positive 

displacement pipet. 

4. Vortex the samples and incubate at 37 ◦C for 18 h. 

5. Briefly spin the tubes to collect the samples stuck on the cap and wall. 

6. Add 950 L (or 960 L, if the repeat pipet can be dialed to 960 L)of MeOH containing 

1% Formic acid to each tube, vortex vigorously to mix. Leave the samples at 4 oC for 

about one hour to complete the protein precipitation.  

7. Vortex the samples again and centrifuge the samples at 20000 x g for 5 min at 4 oC,  

8. Filter the supernatant through Phree filters (96 well plate, Phenomenex) using a vacuum 

manifold. 

9. Transfer the samples into HPLC sample vials and keep at – 4 oC (do not freeze to avoid 

additional precipitation).  

10. Analyze the filtrates using LC-3Q-MS. 

 

Note: 

1. Enzyme conc during hydrolysis: 1.33 mg/mL 

2. Buffer conc during hydrolysis: 0.27 M 

3. Final total volume:  1190 µL (or 1200 µL if 960 µL of MeOH added) 

4. Final AP conc:     0.1  µg/mL 

5. Final buffer conc:    0.054  

6. Dilution of plasma:  5.95 times (6 times if 960 µL of MeOH added) 
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Appendix 3A: Nutritional composition of de-fatted whole soy flour7  

 

 

 

 

                                                           
7
 Soy beans were prepared from clean, whole soybeans, which were de-hulled, solvent-extracted, 

desolventized, lightly heat-treated, and ground. 
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Appendix 3B: Study muffin recipe formulation and baking instructions 

Soy Lemon Muffin (50) 

Dry Ingredients   
Soy Flour 1.359 Kg 
Soft Wheat Flour 0.530 Kg 
Novation 4600 0.243 Kg 
Double Acting Baking Powder (DABP) 0.062 Kg 
Citric Acid 0.020 Kg 
Salt 0.006 Kg 
Sugar 0.700 Kg 
Wet Ingredients   
Water 1.980 Kg 
Canola Oil 0.680 Kg 
Flavor (Lemon) 0.065 Kg 
Vanilla 0.017 Kg 
 
Metrics 
Bake:   168°C 
Time:   45 minutes or 96°C>99°C internal temperature 
Bench:   10 minutes 
Cool (in Pan):  5 minutes 
Cool (on rack):  <30°C / approx. 1 hour  
 
 
Instructions 

1. Read full instruction manual. 

2. Preheat oven to 168°C 

3. Blend dry ingredients. 

4. Blend wet ingredients. 

5. Add wet to dry in mixing bowl and use spatula to lightly mix. 

6. Batter should be highly viscous similar to a cookie batter. 

 

Mixing Protocol 
Setting #1 5 sec 
Scrape   Sides and bottom 
Setting #2 3 sec 
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Soy Banana Muffin (50) 

Dry Ingredients   
Soy Flour 1.359 Kg 
Soft Wheat Flour 0.530 Kg 
Novation 4600 0.243 Kg 
Double Acting Baking Powder (DABP) 0.062 Kg 
Citric Acid 0.010 Kg 
Salt 0.006 Kg 
Sugar 0.700 Kg 
Wet Ingredients   
Water 1.980 Kg 
Canola Oil 0.680 Kg 
Flavor (Banana) 0.065 Kg 
Vanilla 0.017 Kg 
Metrics 
Bake:   168°C  
Time:   45 minutes or 96°C>99°C internal temperature  
Bench:   10 minutes 
Cool (in Pan):  5 minutes 
Cool (on rack):  <30°C / approx. 1 hour  
 
 
Instructions 

1. Read full instruction manual. 

2. Preheat oven to 168°C 

3. Blend dry ingredients. 

4. Blend wet ingredients. 

5. Add wet to dry in mixing bowl and use spatula to lightly mix. 

6. Batter should be highly viscous similar to a cookie batter. 

 

Mixing Protocol 
Setting #1 5 sec 
Scrape   Sides and bottom 
Setting #2 3 sec 
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Wheat Lemon Muffin (50) 

Dry Ingredients   
Soft Wheat Flour 0.900 Kg 
InPro 90 Whey Protein 0.600 Kg 
Maltodextrin DE 5 0.120 Kg 
WC 150 Wheat Fibre 0.020 Kg 
Novation 4600 0.230 Kg 
Double Acting Baking Powder (DABP) 0.018 Kg 
Salt 0.010 Kg 
Citric Acid 0.020 Kg 
Sugar 0.700 Kg 
Wet Ingredients   
Water 1.200 Kg 
Canola Oil 0.666 Kg 
Flavor (Lemon) 0.065 Kg 
Vanilla 0.015 Kg 
Metrics 
Bake:   168°C 
Time:   35 minutes or 96°C>99°C internal temperature 
Bench:   2 minutes 
Cool (in Pan):  10 minutes 
Cool (on rack):  <30°C / approx. 1 hour  
 
 
Instructions 

1. Read full instruction manual. 

2. Preheat oven to 168°C 

3. Blend dry ingredients. 

4. Blend wet ingredients. 

5. Add wet to dry in mixing bowl and use spatula to lightly mix. 

6. Batter should be viscous but flow easily.  

 

Mixing Protocol 
Setting #1 5 sec 
Scrape   Sides and bottom 
Setting #2 3 sec 
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Wheat Banana Muffin (50) 

Dry Ingredients   
Soft Wheat Flour 0.906 Kg 
InPro 90 Whey Protein 0.600 Kg 
Maltodextrin DE 5 0.120 Kg 
WC 150 Wheat Fibre 0.030 Kg 
Novation 4600 0.230 Kg 
Double Acting Baking Powder (DABP) 0.018 Kg 
Salt 0.010 Kg 
Citric Acid 0.010 Kg 
Sugar 0.706 Kg 
Wet Ingredients   
Water 1.200  
Canola Oil 0.666  
Flavor (Banana) 0.065  
Vanilla 0.017  
Metrics 
Bake:   168°C 
Time:   35 minutes or 96°C>99°C internal temperature 
Bench:   2 minutes 
Cool (in Pan):  10 minutes 
Cool (on rack):  <30°C / approx. 1 hour  
 
 
Instructions 

1. Read full instruction manual. 

2. Preheat oven to 168°C 

3. Blend dry ingredients. 

4. Blend wet ingredients. 

5. Add wet to dry in mixing bowl and use spatula to lightly mix. 

6. Batter should be viscous but flow easily.  

 

Mixing Protocol 
Setting #1 5 sec 
Scrape   Sides and bottom 
Setting #2 3 sec 
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Appendix 3C: Photographs of study muffins and treatment packaging 

 

 

 

Figure 3C (i) A photograph of baked soy and wheat study muffins (left to right).  
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Figure 3C(ii) Photographs of soy study treatment packages, from top to bottom: High-dose 

soy (HDS); Control (CON); and Low-dose soy (LDS).  
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Appendix 3D: Sensory questionnaires 
 
 

Participant ID : _________    Study Day :   8  15   22   29   36      Date : _____________ 
 

The Muffin Study  

Muffin Sensory Questionnaire 
 

The purpose of this questionnaire is to evaluate qualities related to your liking of the study muffins you 
consumed during the last week.  Please answer each question to the best of your ability by placing a checkmark 
() under the response that best corresponds to your feelings.  
 
1. Which muffin flavour did you consume during the last week? [   ] Banana [   ] Lemon 
 
 
2. In regards to consumption of your muffins, please answer the following: 
 

a. Did you consume your muffins cold or warm? [   ] Cold [   ] Warm 
 

b. Did you consume your muffins with any type of spread? If yes, what was it?  
 
____________________________________________________________ 

 
  

3. OVERALL, how much did you like or dislike your study muffins during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 
4. How much did you like or dislike the APPEARANCE of your study muffins during the last week? 

 
1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
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How much did you like or dislike the AROMA of your study muffins before consuming during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 
5. How much did you like or dislike the FLAVOUR of your study muffins during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 
6. How much did you like or dislike the TASTE of your study muffins during the last week? 

 
1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 
7. How much did you like or dislike the TEXTURE of your study muffins during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
[   ] Cannot remember 
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8. Please rate your feeling of FULLNESS after  

consuming one of your study muffins during  
the last week by placing a horizontal line 
across the following scale: 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9. Have you noticed any of the following adverse symptoms associated with    
consuming your study muffins during the last week? (check all that apply) 
 

 Abdominal bloating, swelling 

 Flatulence (gas) 

 Constipation 

 Diarrhea 

 Stomach pain 

 Nausea 

 Belching 

 Vomiting 

 Choking/difficulty swallowing 

 Other: __________________ 
 
 
 
 
 
 

Not full at all 

Extremely 
 full 
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10.  Please feel welcome to use this space to provide any other feedback you may have about what you liked 
about your study muffins during the last week. 

 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
 
 
 

11.  Please feel welcome to use this space to provide any other feedback you may have about what you did 
not like about your study muffins during the last week. 

 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
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Participant ID : _________    Study Day 43      Date : _____________ 
 

The Muffin Study 

Muffin Sensory Questionnaire 
 

The purpose of this questionnaire is to evaluate qualities related to your liking of the study muffins you 
consumed during the last week.  Please answer each question to the best of your ability by placing a checkmark 
() under the response that best corresponds to your feelings.  
 
 
12. Which muffin flavour did you consume last week? [   ] Banana [   ] Lemon 
 
 
13. In regards to consumption of your muffins, please answer the following: 
 

a. Did you consume your muffins cold or warm? [   ] Cold [   ] Warm 
 

b. Did you consume your muffins with any type of spread? If yes, what was it?  
 
_______________________________________________________________. 

 
  

14.  OVERALL, how much did you like or dislike your study muffins during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 

15. How much did you like or dislike the APPEARANCE of your study muffins during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
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16. How much did you like or dislike the AROMA of your study muffins before consuming during the 
last week? 

 
1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 
17. How much did you like or dislike the FLAVOUR of your study muffins during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 
18. How much did you like or dislike the TASTE of your study muffins during the last week? 

 
1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
 
 
 
19. How much did you like or dislike the TEXTURE of your study muffins during the last week? 
 

1 2 3 4 5 6 7 8 9 
 

Dislike 
Extremely 

 

 
Dislike 

Very Much 

 
Dislike 

Moderately 

 
Dislike 
Slightly 

 
Neither Like 

or Dislike 

 
Like Slightly 

 
Like 

Moderately 

 
Like 

Very Much 

 
Like 

Extremely 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[   ] Cannot remember 
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20. Please rate your feeling of FULLNESS after  

consuming one of your study muffins during  
the last week by placing a horizontal line  
across the following scale: 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
21. Have you noticed any of the following adverse symptoms associated with    

consuming your study muffins during the last week? (check all that apply) 
 
 

 Abdominal bloating, swelling 

 Flatulence (gas) 

 Constipation 

 Diarrhea 

 Stomach pain 

 Nausea 

 Belching 

 Vomiting 

 Choking/difficulty swallowing 

 Other: __________________ 
 
 
 
 
 
 
 

Not full at all 

Extremely 
full 
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22. Please indicate which of the following statements best reflects your feelings on consuming your study 
muffins if they were available after the study. Please circle only one response. 
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23.  A health claim is a statement found on food packages that links a component of the food product to a 
reduced risk of a diet-related disease or condition. This can only appear on a food package if it is approved 
by Health Canada. 

 
For example if you were consuming a food with enough calcium to make a  
Health Claim, such a claim could be as follows: 

 
“A healthy diet with adequate calcium and vitamin D, and regular physical activity, helps 
to achieve strong bones and may reduce the risk of osteoporosis.  Minute Maid orange 
juice is a good source of calcium.” 

 
If a health claim linking soy consumption to cholesterol reduction appeared on the study 
muffin, how likely would you choose these muffins? Please circle only one response. 
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24.  Please feel welcome to use this space to provide any other feedback you may have about what you liked 
about your study muffins during the last week. 

 
_____________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
 
 
 

25.  Please feel welcome to use this space to provide any other feedback you may have about what you did 
not like about your study muffins during the last week. 

 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 
 
_____________________________________________________________________ 
 
______________________________________________________________________ 
 
______________________________________________________________________ 

 
 
 
 
 
 
 
 
 


