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ABSTRACT 

 

MINDY PATTERSON MAZIARZ 

 

HIGH-AMYLOSE MAIZE RESISTANT STARCH TYPE 2 (HAM-RS2) INTAKE,  

BODY COMPOSITION, AND SATIETY IN OVERWEIGHT ADULTS 

 

MAY 2014 

 

 The purpose of this dissertation determined the impact of high-amylose maize resistant 

starch type 2 (HAM-RS2) consumption on objective and subjective satiety and body composition 

changes in overweight adults.  Twenty adults (17 female , 3 male) aged (mean ± SEM) 30.3 ± 9.9 

years with a BMI of 34.5 ± 6.3 consumed muffins with 30 g HAM-RS2 or digestible starch 

(placebo) daily for six weeks using a randomized, placebo-controlled study design.  No 

significant difference in overall likeability resulted between HAM-RS2 and placebo muffins 

based on sensory analysis.  Data was collected at baseline and week six.  Objective satiety was 

determined by plasma glucagon-like peptide-1 (GLP-1), peptide YY (PYY), cholecystokinin 

(CCK), and leptin.  A visual analogue scale (VAS) tool measured subjective satiety.   Body 

composition was analyzed by anthropometrics and dual-energy x-ray absorptiometry (DXA).  

Non-parametric and Pearson’s correlation tests examined between- and within-group changes.  

No significant change in plasma objective satiety, subjective satiety, or body composition 

occurred between groups although within-group differences were found.  After HAM-RS2 

consumption an increase in iAUC GLP-1 (P = 0.041) and fasting PYY (P = 0.023) resulted, while 

iAUC leptin (P = 0.012) decreased.  A reduction in iAUC glucose occurred in both HAM-RS2 (P 

= 0.034) and placebo (P = 0.018) groups without concurrent significant changes in insulin or 

insulin sensitivity, although a pattern toward improved insulin sensitivity was found in the HAM-
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RS2 group.  A favorable alteration in body composition patterns conducive for chronic disease 

reduction ensued in the HAM-RS2 group demonstrated by the following changes: 3.51 ± 1.54 cm 

in hip circumference (P = 0.033), -0.03 ± 0.01 in waist-to-hip ratio (P = 0.019), and -1.88 ± 0.86 

kg (P = 0.046) in lean trunk mass.  Within-group improvements of 24.2% and 0.6% in mean 

subjective satiety occurred in the HAM-RS2 and placebo groups, respectively, but significance 

was not achieved.  Subjective satiety did not correlate with GLP-1, PYY, or leptin concentrations.  

Daily consumption of 30 g HAM-RS2 impacted GLP-1, fasting PYY, glucose, and body 

composition patterns in participating overweight adults, which may reduce the risk of chronic 

disease.   
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CHAPTER I 

INTRODUCTION 

 Satiety is the state of being fed or feeling full.  An increased length of time between 

meals suggests improved satiety.  Signals that induce meal cessation, as well as satiety, control 

appetite and energy regulation (Geraedts, Troost, & Saris, 2011).  These neuronal and hormonal 

signals originate primarily from the gastrointestinal (GI) tract in response to the presence of 

nutrients that regulate food consumption, GI motility, and digestion (Cummings & Overduin, 

2007; Dockray, 2013; Ritter, 2004).  The following GI hormones control satiety by regulating 

food intake and are designated as short-term mediators of satiety: glucagon-like peptide-1 (GLP-

1), peptide YY (PYY), and cholecystokinin (CCK) (Cummings & Overduin, 2007).  In addition 

to the short-term mediators of satiety, the long-term mediators, leptin and insulin, circulate in the 

blood in direct proportion to fat mass and communicate the amount of energy stored in the body 

to the hypothalamus to regulate food consumption and energy expenditure (Guyenet & Schwartz, 

2012; Schwartz, Woods, Porte, Seeley, & Baskin, 2000).    

Neurons located in the arcuate nucleus of the hypothalamus receive the neuronal and 

hormonal signals and work synergistically to control appetite and energy expenditure in an effort 

to maintain total body homeostasis (Chambers, Sandoval, & Seeley, 2013).  Stimulation of the 

orexigenic neurons, neuropeptide Y (NPY) and agouti-related peptides (AgRP), promote hunger 

thus increasing food intake, while the anorexic neurons, pro-opiomelanocortin (POMC), decrease 

meal intake and upregulate energy expenditure (Chambers et al., 2013; Morton, Cummings, 

Baskin, Barsh, & Schwartz, 2006; K. G. Murphy & Bloom, 2006).  Subsequent actions associated 
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with either the activation or inhibition of neurons in the arcuate nucleus eventually project to the 

hindbrain and converge at the nucleus of the solidary tract (NTS) with signals originating from 

the GI tract and other organs via the vagal afferents to regulate appetite (Schwartz et al., 2000).  

GLP-1 and PYY primarily induce satiety by signals sent to vagal afferent nerves that slow gastric 

motility and emptying (Maljaars, Peters, Mela, & Masclee, 2008).  However, under conditions in 

which GLP-1 and PYY blood concentrations become elevated, the hormones can cross the blood-

brain barrier and bind to the Y2 receptor in the hypothalamus (Cummings & Overduin, 2007).  

CCK elicits satiety using similar neuronal and hormonal mechanisms as the other gut peptides 

(Dockray, 2012).  Leptin and insulin also enter the hypothalamus to block the orexigenic, but 

stimulate the anorexic neurons to inhibit food intake (Morton et al., 2006). 

  Individuals with excessive body fat can have an altered response to satiety signals.  

Obese individuals have lower circulating amounts of PYY and GLP-1, perhaps due to diminished 

production or release from the GI tract (Batterham et al., 2006; Ranganath et al., 1996).  While 

insulin and leptin concentrations usually increase in proportion to body fat, resistance due to 

ineffective binding of the hormone to the receptor or dysfunctional signaling can occur (Schwartz 

et al., 2000).  Thus, increasing concentrations of gut peptides may benefit overweight individuals 

by reducing adiposity and improving resistance associated with insulin and leptin.   

The research indicates that the fiber, high-amylose maize resistant starch type two 

(HAM-RS2) can induce satiety and promote weight loss.  Several studies suggest possible 

mechanisms associated with HAM-RS2 and satiety.  First, HAM-RS2 enters the large intestine 

intact to become fermented by bacteria (Englyst, Kingman, & Cummings, 1992).  The by-

products of fermentation, short-chain fatty acids (SCFA), can bind to the free-fatty acid receptors 

(FFAR), also known as G protein receptors (GPR) 41 and 43, on the enteroendocrine L cells to 

cause the release of PYY and GLP-1 (Lin et al., 2012).  Second, the SCFA from HAM-RS2 

fermentation can potentiate the release of leptin from adipocytes through the GPR 41 (Xiong et 
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al., 2004).  Next, HAM-RS2 and SCFA’s can slow gastric motility and prolong the time nutrients 

contact the GI tract, which can improve CCK release (Burton-Freeman, Davis, & Schneeman, 

2002; El Oufir et al., 1996; Willis, Eldridge, Beiseigel, Thomas, & Slavin, 2009).  Lastly, HAM-

RS2 does not contribute directly to blood glucose and may lower the postprandial insulin 

concentrations and the hormone’s anabolic response on adipocytes to store fat, especially when 

replacing fully digestible starch in foods (M. Robertson, Currie, Morgan, Jewell, & Frayn, 2003).  

Moreover, the energy contribution of HAM-RS2 is lower than fully digestible starch (Sharma, 

Yadav, & Ritika, 2008).  Together, these physiological mechanisms associated with HAM-RS2 

and satiety have the potential to lower the number of overweight adults in the United States 

(U.S.).    

Many animal studies have shown that HAM-RS2 influences adiposity by upregulating 

gut peptides to induce satiety and increase SCFA concentrations that elicit metabolic changes 

involved in the reduction of adipose tissue.  However, few human studies have examined the 

relationship between HAM-RS2 consumption and subjective satiety.  One study found a 

significant higher satiety score after healthy adults ingested 21.5 g HAM-RS2 for 10 days 

(Jenkins et al., 1998), while another study found no change in appetite after healthy men 

consumed 48 g HAM-RS2 divided between breakfast and lunch although less energy was 

consumed at the following subsequent meal (Bodinham, Frost, & Robertson, 2010).   

Do subjective satiety scores correspond with objective, or measurable, mediators of 

satiety?  Bodingham et al. (1998) found that the incremental area under the curve (iAUC) for 

GLP-1 significantly decreased after breakfast with no change after lunch.  Another study found 

that GLP-1 did not change 24 hours after healthy adults ingested 60 g HAM-RS2 (M. Robertson 

et al., 2003).  No change in GLP-1 and/or leptin resulted in longer term studies of four and eight 

weeks after HAM-RS2 or placebo matched for rapidly digestible (available) starch was given to 

healthy and insulin resistant adults, respectively (M. D. Robertson, Bickerton, Dennis, Vidal, & 
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Frayn, 2005; M. D. Robertson, 2012).   These cross-over, single-blind studies also found no 

change in body weight, BMI, or fat mass.  However, if the HAM-RS2 partially replaced the 

digestible starch in a food product without potential carry over effects associated with cross-over 

study design, would the results differ?   

Opportunities in Research 

 Although the current literature indicates HAM-RS2 significantly reduces adiposity in 

murine models primarily by upregulating gut peptides involved in satiety, limited long-term 

human studies have examined this relationship.  However, inconsistencies within the literature 

regarding baseline participant characteristics, study design, HAM-RS2 amount and duration of 

consumption, and whether or not the metabolizable energy between HAM-RS2 and placebo are 

equal, highlight the difficulties in establishing conclusions.   

It appears plausible that partially replacing digestible starch with HAM-RS2 in food 

products would assist in the reduction of weight, especially in overweight adults.  A paucity of 

evidence examining the correlations between objective and subjective satiety with body 

composition after the long-term consumption of HAM-RS2 in adults exists.  Does improved 

satiety result in the reduction of fat mass?  If not, does HAM-RS2 cause body distribution 

patterns to change?  Current evidence suggests that a reduction in the metabolically active 

visceral adipose tissue corresponds with a decreased risk of cardiovascular disease and diabetes 

(Bjørndal, Burri, Staalesen, Skorve, & Berge, 2011).  How does HAM-RS2 impact blood glucose 

and insulin concentrations, especially among overweight individuals that may develop 

prediabetes or other diseases?         
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Objectives 

 The overall purpose of this study is to examine the impact of consuming muffins 

containing either 30 g HAM-RS2 or placebo daily for six weeks in overweight adults on satiety 

and body composition using a randomized-controlled, double-blind study design.  Satiety will be 

measured subjectively using a visual analogue scale (VAS) and objectively by plasma analysis of 

the following biomarkers: GLP-1, PYY, CCK, leptin, and insulin.  Plasma blood glucose will also 

be measured.  Anthropometrics and DXA will determine body composition.   

    Several relationships among the variables will be examined.  First, feelings of satiety 

immediately following HAM-RS2 ingestion will be studied.  Second, changes in body 

composition distribution patterns will describe the impact of HAM-RS2 on disease risk.  Third, 

the evaluation of HAM-RS2 on gut peptides involved in short-term (GLP-1, PYY, and CCK) and 

long-term (leptin and insulin) satiety mediators will be determined.  Fourth, the impact of HAM-

RS2 on blood glucose concentrations will be examined.  Lastly, the correlations between body 

composition, subjective and objective satiety, and biochemical and metabolic parameters will be 

analyzed.   
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Hypotheses 

 The following hypotheses provide the assumptions required to investigate the effect of 

consuming 30 g HAM-RS2 daily for six weeks in overweight adults. 

 Reduced fat mass, increased lean body mass, and improved body composition patterns 

will result 

 Increased subjective satiety will occur 

 Improved iAUC for PYY, GLP-1, CCK, and leptin, but depressed iAUC for insulin and 

glucose will result 

 Subjective satiety will positively correlate with mediators of satiety 

 Indicators of adiposity will inversely correlate with PYY, GLP-1, and CCK, and leptin, 

but positively correlate with insulin and blood glucose  
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CHAPTER II 

REVIEW OF LITERATURE 

Adiposity and its Adversity 

The prevalence of the overweight in the United States (U.S.) has steadily increased since 

the early 1980’s and is most likely due to a combination of the following changes over time: 

excessive caloric intake, decreases in physical activity, and an environment promoting sedentary 

behaviors.  While a recent report suggests that the rates of overweight in the U.S. have become 

stagnant over the past 10 years among adults aged 20-59, levels remain exceptionally high 

(Ogden, Carroll, Kit, & Flegal, 2014).  The most common method used to determine overweight, 

which can be an indicator of excessive body fat, is by measuring body weight adjusted by height 

(kg/m2), or body mass index (BMI).  The Dietary Guidelines for Americans 2010 adopted the 

following BMI categories for adults: underweight (< 18.5), healthy weight (18.5 to 24.9), 

overweight (25.0 to 29.9), and obese (≥ 30) (U.S.Department of Agriculture and U.S. Department 

of Health and Human Services, 2010).   Other agencies, such as the National Heart, Lung, and 

Blood Institute and World Health Organization (WHO) have further divided BMI categories to 

indicate specific levels of obesity, such as obese Class 1 (30 - 34.9), obese Class 2 (35 - 39.9), 

and obese Class 3 (≥ 40) (NHLBI Obesity Education, 1998; World Health Organization, 1998).   

Being overweight can result in comorbidities and chronic diseases, such as cardiovascular 

disease (CVD) (Wormser et al., 2011), Type 2 Diabetes Mellitus (T2DM) (Mokdad et al., 2003), 

myocardial infarction (Yusuf et al., 2005), hypertension (HTN) (Mokdad et al., 2003), and overall 

suboptimal health (Mokdad et al., 2003).  All-cause mortality, as determined by a meta-analysis, 

is 13% higher among individuals with a BMI ≥ 30 when compared to those with a normal BMI 
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between 18.5 and < 25 (Flegal, Kit, Orpana, & Graubard, 2013).  Individuals in class 2 and 3 

obesity categories have the highest all-cause mortality, and have a 37% increased risk of dying 

than those who are normal weight (Flegal et al., 2013).    

One research team studied the impact of excessive adiposity on medical spending and 

determined that it is a major contributor to health care costs (Finkelstein, Trogdon, Cohen, & 

Dietz, 2009).  Obese individuals spend an average of $1,429 more on health care costs, which is 

41% higher than those of normal weight.  Obese individuals also spend 80.4% more on 

prescription drugs than those with a normal BMI.   Eight-and-a-half percent of Medicare, 11.8% 

of Medicaid, and 12.9% of private payer costs are associated with obesity-related care. These 

costs are likely connected to the treatment of obesity-related comorbidities, such as HTN and 

T2DM (Finkelstein et al., 2009).    

According to measured height and weight data from the 2009-2010 U.S. National Health 

and Nutrition Examination Survey (NHANES), 73.9% of adult men and 63.7% of adult women 

are overweight; however, the prevalence of obesity was 35.5% and 35.8% for adult men and 

women, respectively (Flegal, Carroll, Kit, & Ogden, 2012) .  Mexican American men and non-

Hispanic black women are the racial groups most likely to be overweight, while non-Hispanic 

white men and women are more likely to have a healthy weight.  Non-Hispanic blacks had the 

highest prevalence of obesity and Non-Hispanic whites had the lowest.   

While BMI is commonly used in the clinical setting to classify whether or not an adult is 

overweight, it may not correctly determine percent body fat.  For instance, a very lean 

professional athlete may be categorized as overweight due to high body weight, not excessive 

body fat (Kuczmarski & Flegal, 2000).  Data from NHANES suggest that waist circumference 

correlates more significantly to body fat in men, while BMI most closely determines body fat in 

women (Flegal et al., 2009).  Excessive visceral fat in the abdominal region increases CVD and 

metabolic syndrome risk independent of BMI (Janssen, Katzmarzyk, & Ross, 2004).  Thus, it is 
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beneficial to measure both BMI and waist circumference when assessing body fat and chronic 

disease risk, although dual-energy x-ray absorptiometry (DXA) can also be used to accurately 

measure total body composition, as well as abdominal fat.  The trunk region DXA scan predicts 

abdominal adiposity more (r = 0.83) than waist circumference (r = 0.77) (Park, Heymsfield, & 

Gallagher, 2002). 

A small reduction in body fat (5 - 10%) in overweight adults can improve physiological 

and biochemical abnormalities, such as decreased blood glucose, blood pressure, and triglycerides 

(Wing et al., 2011).  Increased high-density lipoprotein can also result from modest weight loss.  

A 10 - 15% reduction in body weight improves clinical outcomes even more substantially (Wing 

et al., 2011).   One of the easiest and simplest ways to achieve this reduction is through dietary 

modification, which can include the partial or complete replacement of fully digestible starch 

with high-amylose maize resistant starch type 2 (HAM-RS2).  

 The focus of this literature review is to examine the mechanisms associated with the 

consumption of HAM-RS2 in animals and humans on overall body weight, fat mass (FM) and 

lean body mass (LBM) distribution patterns, and satiety.  In addition, the impact of HAM-RS2 on 

blood glucose and insulin, the hormones glucagon-like peptide 1 (GLP-1), peptide tyrosine 

tyrosine (PYY), and cholesystekinin (CCK), and the adipokine leptin will be reviewed.  

Resistant Starch: Definition and Classification 

Starch is a polysaccharide that consists of amylose, α-D-1,4 linear glucose linkages, and 

amylopectin, branched chains that undergo complete hydrolysis in the small intestine of humans 

to produce glucose (Leszczyñski, 2004; Sharma et al., 2008).  The portion of starch that is not 

hydrolyzed in the small intestine 120 minutes after consumption and enters the large intestine 

intact to be fermented by bacteria is known as resistant starch (RS) (Englyst et al., 1992; 

Leszczyñski, 2004).  RS is a linear α-1,4-D-glucan molecule with a molecular weight of 1.2 x 105 

Da, has low water-holding capacity, is white in color, and has a bland flavor (Sharma et al., 2008; 
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Tharanathan, 2002).  Four types of RS have been classified: RS1 is the physically inaccessible 

starch trapped inside of cell walls, which are found in whole or partially milled seeds and grains, 

legumes, and pasta; RS2 is a raw starch granule found in unripe bananas and potatoes, some 

legumes, as well as high-amylose maize; RS3 is retrograded starch, formed from heating and 

cooling foods like potatoes, corn flakes, and bread; RS4 is a chemically or physically modified 

starch (Englyst et al., 1992; Fuentes-Zaragoza, Riquelme-Navarrete, Sánchez-Zapata, & Pérez-

Álvarez, 2010; Nugent, 2005; Sharma et al., 2008).  

In the U.S., individuals over the age of one consume approximately 4.9 g of RS each day 

(M. M. Murphy, Douglass, & Birkett, 2008).  Of the dietary sources of RS, breads contribute the 

most (20.7%), followed by cooked cereals and pasta (18.9%), vegetables other than legumes 

(18.9%), bananas and plantains (14.0%), and legumes (9.2%).  Other dietary sources of RS 

include baked goods, such as cakes and muffins, chips or snack foods, ready-to-eat breakfast 

cereals, cookies, and crackers.   

By definition, RS can be either a dietary (inherent to food) or functional (added to food) 

fiber.  According to the Dietary Reference Intakes: Proposed Definition of Dietary Fiber (2001) 

report, dietary fiber is described as “nondigestible carbohydrates and lignin that are intrinsic and 

intact in plants,” (p. 22), while functional fibers are those carbohydrates that are isolated and 

provide a physiological benefit due to their non-digestible nature (Institute of Medicine, Food and 

Nutrition Board, 2002; National Research Council, 2001).  Total fiber is the sum of dietary and 

functional fibers.  More recently, the Codex Alimentarius Commission, which includes members 

from the Food and Agriculture Organization and WHO, defined dietary fiber as carbohydrate 

polymers with ≥ 10 monomeric units that are not hydrolyzed in the small intestine (Codex 

Alimentarius, 2008).  The carbohydrate polymers can be broken down into three categories: those 

that are edible and naturally occurring in food; those obtained from raw food by physical, 
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enzymatic, or chemical means to provide physiological health benefits; and those that are 

synthetic and have scientifically proven physiological benefits.    

Hi-Maize® is a natural corn starch bred to have a high amylose, or RS2, content and can 

be added to many types of foods, such as casseroles, smoothies, cereals, or baked goods.  The 

partial or complete replacement of fully digestible (glycemic) carbohydrates with Hi-Maize® can 

lower the overall caloric value and increase the fiber content of foods without altering taste, 

texture, or overall acceptability (M. Maziarz et al., 2012; M. P. Maziarz, 2013).   Hi-Maize® is 

made of approximately 60% total dietary fiber from HAM-RS2 and 40% slowly digestible fiber.  

The HAM-RS2 structure is not altered during food processing and preparation making it an ideal 

ingredient for the food manufacturing industry (Nugent, 2005).    

The importance of RS on health has been the focus among researchers over the past three 

decades.  Studies have shown that RS may provide many benefits on large bowel function, such 

as laxation, enhanced mineral absorption, and reduced diarrheal incidence and duration 

(Brownawell et al., 2012; M. M. Murphy et al., 2008; Topping & Clifton, 2001).  In addition, 

research teams classified RS as a prebiotic, defined as nondigestible food components that 

improve the growth of beneficial bacterial, such as bifidobacteria and lactobacilli, in the colon to 

provide health benefits to the host (I. Brown, Wang, Topping, Playne, & Conway, 1998; 

Roberfroid et al., 2010).  

Overall, HAM-RS2 appears to be well tolerated in amounts up to 30 to 40 g/day.  In 

acute ingestion studies, healthy participants have reported mild diarrhea, flatulence, and more 

frequent defecation 12 - 36 hours after consuming an average of 59.1 g of HAM-RS2, along with 

other RS-rich foods, over a 24-hour period (Muir et al., 1995).  When similar RS-rich study foods 

were administered for three weeks to provide an average of 36.8 g RS/day, increases in flatulence 

and ease of defecation have also been reported (Phillips et al., 1995).  Another study found that 

33.3% of overweight individuals reported “more than usual” or “much more than usual” 
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flatulence when consuming 30 g HAM-RS2/day for four weeks; however, GI symptoms did not 

impact compliance with the study protocol (Maki et al., 2012).  Long-term studies examining 

intakes of 40 g HAM-RS2/day for eight weeks (M. D. Robertson, 2012) and 12 weeks (Johnston, 

Thomas, Bell, Frost, & Robertson, 2010)  reported that the fiber-rich ingredient was well 

tolerated.       

The energy contribution of HAM-RS2 has intra-individual variation but is lower than the 

average 4.2 kcal/g fully digestible carbohydrates provide (Sharma et al., 2008).  According to the 

food manufacturing company that produces Hi-Maize®, HAM-RS2 contributes 1.34 kcal/g, 

based on the insoluble fiber being non-caloric (Ingredion, 2012) .   However, when more than 20 

g of RS is ingested daily, the amount of metabolizable energy from bacterial fermentation can 

contribute a substantial amount of energy (K. M. Behall & Howe, 1995).  Behall and Howe 

(1996) found that administering 27.9 g of high-amylose cornstarch to healthy adults for 14 weeks 

contributed 3.4 kcal/g (K. Behall & Howe, 1996).  Interestingly, adults with hyperinsulinemia, 

whom were age-and-weight matched with the healthy adults, received 2.2 kcal/g from RS 

fermentation.  The healthy and hyperinsulinemic adults metabolized 53.2% and 81.8% of the 

HAM-RS2, respectively.  This indicates that a metabolic imbalance, or even excessive body fat, 

could impact the fermentation of HAM-RS2, and thus the energy overall contribution.  In 

contrast, one research team found that only lean, not obese, rats fermented HAM-RS2 which 

could be related to different microorganism profiles in the large intestine between the two groups 

(J. Zhou et al., 2009).  

Does HAM-RS2 Impact Adiposity? 

Over time, a positive energy balance encourages the storage of triglycerol in the 

metabolically active adipose tissue (Bjørndal et al., 2011).  During the obese state, enlarged 

adipocytes have reduced capacity to store energy, thus releasing free-fatty acids, reactive oxygen 

species, and adipokines into the circulation, which contribute to the development of chronic 
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diseases (Bjørndal et al., 2011).  The free-fatty acids can increase disease incidence by impairing 

glucose uptake and oxidation in tissues, and promoting insulin resistance often observed in 

conjunction with adiposity (Saltiel & Pessin, 2002).  Thus, the importance of reducing body fat as 

a function of overall body weight is crucial for the prevention and reduction of disease. 

Many animal studies have suggested a positive relationship between HAM-RS2 

consumption and the reduction of adiposity, but these findings have failed to translate to human 

trials.  A key study found a 30% decrease in white adipose tissue lipogenesis in male Wistar rats 

two hours after consuming a meal with 19.3% HAM-RS2 (Higgins, Brown, & Storlien, 2006).  

This intriguing finding prompted other research groups to determine if long-term consumption of 

HAM-RS2 affects adiposity in various murine models.   

Keenen et al. (2006) sought to determine the impact of a fermentable (HAM-RS2) and 

non-fermentable (methylcellulose) fiber on FM and LBM distribution patterns using two different 

types of study procedures (Keenan et al., 2006).  In study one, seven month old female rats 

consumed 33% HAM-RS2 (60% of total dietary weight) or 37.5% fiber from methylcellulose 

(37.5% of total dietary weight).  A significant reduction in abdominal fat resulted in both groups 

when compared to the control.  Interestingly, the HAM-RS2 contributed higher amounts of 

energy (3.2 kcal/g) than the methylcellulose (2.5 kcal/g).  In study two, eight week old male rats 

received similar amounts of metabolizable energy (3.3 kcal/g) from either HAM-RS2 or 

methylcellulose, and the HAM-RS2 group had significantly lower percent abdominal fat than the 

methylcellulose groups, especially at week five, indicating fermentation is likely responsible for 

these results.    

Another study by the same lead author published similar findings in overiectomized and 

sham rats consuming either 29.7% HAM-RS2 by weight or an energy control diet for 12 weeks 

(Keenan et al., 2013).  The overiectomized rats served as an obese murine model.  Both HAM-

RS2 groups had lower abdominal fat and body weight than their subsequent control group.  In 
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addition, the HAM-RS2 groups increased colon bacteria concentrations demonstrating the 

metabolic response is likely due to fermentation.   

The association between HAM-RS2 and the reduction of weight and adiposity is an 

important finding; however, a decrease in the rate of weight gain is equally relevant in the fight to 

combat obesity.    Aziz et al. (2009) found that obese male rats fed approximately 50% high-

amylose cornstarch by weight for four weeks, significantly attenuated overall weight and visceral 

fat gain (Aziz, Kenney, Goulet, & Abdel-Aal, 2009).  The rats consuming the high-amylose diet 

had lower total energy intakes than the waxy cornstarch (control) diet and when the mass of the 

large intestine was accounted for the high-amylose cornstarch group lost the most weight.  

Potential mechanisms responsible for the observed weight loss include dietary energy dilution or 

elevated satiety hormones, PYY and/or GLP-1.  Increased heat dissipated through uncoupling 

protein-1 in brown adipose tissue could also be responsible since a reduction in energy efficiency 

was observed in conjunction with fat loss.  

Similarly, diet-induced obese male rats consuming different concentrations of HAM-RS2 

for four weeks also resulted in the slowing of weight gain (Belobrajdic, King, Christophersen, & 

Bird, 2012).  For every 4% increase in dietary HAM-RS2 intake, energy consumption decreased 

by 9.8 kJ/day (2.34 kcal/day) and the obese-prone rats who consumed 4%, 12%, or 16% HAM-

RS2 attenuated weight gain.  As little as 8% dietary HAM-RS2 reduced total body fat at week 

three.  By week four, the rats receiving ≥8% HAM-RS2 had a reduction in visceral fat.  However, 

HAM-RS2 did not impact the amount of LBM.   

Pawlak, Kushner, and Ludwig (2004) had similar findings after examining adiposity in 

male rats with a partial pancreatoectomy fed either amylopectin (control) or HAM-RS2.  The rats 

who consumed the control diet had 71% more FM and 8% less LBM than the HAM-RS2 diet 

despite similar body weights in both groups. The same study also found that in obesity-prone rats 

with an intact pancreas, FM increased almost two-fold in the control group.  The authors believe 
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the increases in body fat were related to hyperinsulinemia, which promotes fat storage in adipose 

tissue instead of metabolic consequences related to the fermentation of HAM-RS2 (Pawlak, 

Kushner, & Ludwig, 2004) .   

Another study using a similar dietary protocol as Pawlak, Kushner, & Ludwig (2004) 

measured body composition changes in mice (So et al., 2007).  The HAM-RS2 and control 

groups gained similar amounts of body weight after eight weeks; however, the control gained 

significantly more adipose tissue in lieu of LBM.  Both subcutaneous and visceral adipose tissue 

depots, as well as adipocyte diameter, were significantly lower in the HAM-RS2 group than 

control.  Why these changes occurred is not clear, but the interaction between SCFA and the G-

protein receptor (GPR) 43 on adipocytes to promote cell differentiation and proliferation could be 

responsible (A. Brown et al., 2003).    

 Another study examined the impact of dietary fat and HAM-RS2 in male rats fed one of 

eight diets for 12 weeks using a factorial design: 27% or 0% HAM-RS2; 20% or 6% fat; 4% or 

0% tuna oil (Charrier et al., 2013). The low-fat HAM-RS2 group consumed more energy, but had 

lower abdominal fat, than the high fat HAM-RS2 group.  Thus, the inclusion of a high fat diet 

with HAM-RS2 may diminish the effects of HAM-RS2 on adiposity.   

Male rats fed a diet with 30% HAM-RS2 for 65 days also showed significant reductions 

in total body fat than the control diet that had similar energy concentrations (Shen et al., 2008).  

Interestingly, food intake was not different between the HAM-RS2 and control groups.  Increases 

in the gut satiety hormones GLP-1 and PYY, as well as the reduction in metabolizable energy and 

the bulking effect of HAM-RS2, likely contributed to these findings. 

Higgins et al. (2011) found that 5.9% dietary HAM-RS2 attenuated weight regain in rats 

who lost weight due to caloric restriction.  During the weight regain phase, rats consumed a high 

carbohydrate/high fat diet with or without HAM-RS2.  The rats were further divided into two 

groups: exercise or sedentary.  Both dietary HAM-RS2 only and dietary HAM-RS2 plus exercise 
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groups slowed weight regain, and mesenteric and subcutaneous fat depots decreased.  

Interestingly, LBM was higher in both HAM-RS2 groups when compared to the control diet plus 

exercise (459 ± 29 g) and control diet only (514 ± 24 g), and did not differ between the dietary 

HAM-RS2 only (525 ± 23 g) and dietary HAM-RS2 plus exercise (524 ± 17.7 g) groups (Higgins 

et al., 2011).  

Zhou et al. (2009) conducted two separate studies to examine the effect of 30% dietary 

HAM-RS2 or Novelose® 330 (RS3) in normal weight (study one) and obese and normal weight 

(study two) male mice.  In study one, a significant reduction in body weight, abdominal fat, and 

overall FM resulted after consuming either HAM-RS2 or the RS3 diets for 12 weeks when 

compared to the control.  Both treatment diets had a metabolizable energy value of 3.2 kcal/g, 

while the control diet provided 3.7 kcal/g.  However, when the metabolizable energy was similar 

(3.3 kcal/g), only the RS3 rats had significant reductions probably due to the low sample size in 

the HAM-RS2 group (n = 5).  In study two, normal weight rats fed HAM-RS2 had significantly 

lower FM than the control; the researchers observed no differences in the obese model.   

Supporting these findings, the obese rats did not ferment the HAM-RS2; therefore, a metabolic 

response and reduction in body fat did not occur (J. Zhou et al., 2009).  These outcomes are 

surprising considering other research groups reported that obese murine models can ferment 

HAM-RS2, which can lead to the reduction of body weight (Keenan et al., 2006; Keenan et al., 

2013).  

One other study indicated that HAM-RS2 does not induce weight loss in male rats; 

however, insufficient amounts of HAM-RS2 (1.24%) and short duration (six weeks) of intake 

may not have elicited a significant response (Schroeder, Marquart, & Gallaher, 2013).  In 

addition, the inclusion of short-chain fructooligosaccharides in the HAM-RS2 diet most likely 

confounded the results.     
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Despite the favorable results associated with HAM-RS2 and the reduction of adiposity in 

murine models, data from human studies have not replicated the same response, especially with 

the long-term consumption of the functional fiber.  Higgins et al. (2004) did not publish changes 

in body weight or fat mass; however, the results provided a framework for potential findings 

associated with the consumption of HAM-RS2 and body composition in humans (Higgins et al., 

2004).  This study measured post-prandial fat oxidation in healthy men and women (n = 12) after 

the acute consumption of HAM-RS2.  HAM-RS2 replaced varying amounts of fully-digestible 

carbohydrate (0%, 2.7%, 5.4%, and 10.7%) in a breakfast meal administered on four different 

occasions, approximately four weeks apart.  All meals were isocaloric; fat and fiber were equal.  

Interestingly, only the 5.4% HAM-RS2 diet increased fat oxidation, as measured by indirect 

calorimetry and 14CO2 from a 14C-triglyceride tracer, suggesting a dose-dependent response did 

not occur.  The amount of available carbohydrate presented to the liver unlikely caused an 

increase in fat oxidation since the 10.7% HAM-RS2 did not produce a response.  However, the 

fermentation of HAM-RS2 and SCFA production from the large bowel may be responsible for 

improved lipid oxidation.  Another reason why the highest percentage of dietary HAM-RS2 did 

not produce a favorable effect could be due to the increased laxation and bowel activity.  

Therefore, higher percentages of dietary HAM-RS2 may cause increased excretion, rendering 

lower amounts available for fermentation.   

Another study measured fat oxidation in adipose tissue in healthy adults (n = 10) who 

consumed 30 g HAM-RS2/d for four weeks (M. D. Robertson et al., 2005).  The participants 

consuming HAM-RS2 had a significant reduction in adipose tissue hormone-sensitive lipase 

(HSL) activity than the placebo.   Decreased enzyme activity could result from SCFA binding to 

GPR41 and GPR43 receptors on adipose tissue to inhibit lipolysis.  Body weight, BMI, and fat 

mass did not change after HAM-RS2 supplementation; however, the participants had a significant 

increase of 1.1 kg of lean mass.   
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Robertson et al. (2012) also studied the impact of consuming 40 g HAM-RS2/day for 

eight weeks in adults with metabolic syndrome (n = 15) and found no changes in body weight, 

BMI, fat mass, or fat-free mass.  However, increases in fatty acid flux into skeletal muscle (16%) 

and triglyceride lipolysis (24%), but decreases in non-esterified fatty acids (-20%), resulted after 

HAM-RS2 ingestion.  Interestingly, according to adipose tissue biopsies, after HAM-RS2 

treatment a two-fold increase in the gene expression of lipoprotein lipase and HSL occurred (M. 

D. Robertson, 2012) .  This finding regarding HSL, which causes the hydrolysis and release of 

free fatty acids and glycerol from adipocytes, differs from what was previously reported by this 

group (M. D. Robertson et al., 2005).   Robertson et al. (2005) found a decrease in enzyme 

activity after healthy adults consumed 30 g HAM-RS2/d for four weeks.   The discrepancy in the 

findings associated with HSL suggests that the participant’s metabolic state (healthy verses 

overweight) may impact degree of HAM-RS2’s effect on adipocytes.  Obese individuals have 

lower HSL expression in mature adipocytes, as well as defective catecholamine-induced lipolysis 

during increased energy demands, which may be an adaptation to prevent the release of FFA and 

the development of insulin resistance (Langin et al., 2005).   The increased gene expression of 

HSL in adults with metabolic syndrome observed by Robertson et al. (2005) may indicate 

adipocyte differentiation, which may be indicative of adipogenesis.  Despite increased HSL gene 

expression, the decrease in blood FFA observed by Robertson et al. (2005) could suggest that the 

insulin suppression on adipose tissue lipolysis is heightened, which may translate to improved 

insulin sensitivity.   

The same research team found no change in body weight, BMI, or total adipose tissue 

after 20 healthy individuals with metabolic syndrome consumed 40 g HAM-RS2/d for 12 weeks 

(Johnston et al., 2010).  Another study also found no differences in body weight, weight 

circumference, or FFA concentrations in overweight and obese individuals (n = 33) after 

consuming either 15 g or 30 g HAM-RS2/d for four weeks (Maki et al., 2012).    
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Relationship between HAM-RS2 and Satiety 

Satiety is defined as a state of being fed or fullness.  A longer length of time between 

meals suggests improved satiety. Both satiety and satiation, which involves the steps that cause 

meal cessation, are two components that comprise appetite and the regulation of energy (Geraedts 

et al., 2011).  In fact, satiation is an inherent response to prevent overconsumption and deleterious 

effects of excessive nutrients in the blood (Cummings & Overduin, 2007).   

Two synergistic regulatory mechanisms are involved in satiation:  neural and hormonal 

(Cummings & Overduin, 2007).  Neural responses via the vagal afferent and spinal neurons 

generate from gastric distention and are relayed to the hindbrain, which can function to provide 

multiple feedback mechanisms in the response to food intake by controlling GI motility and 

secretion to aid digestion (Cummings & Overduin, 2007; Dockray, 2013; Ritter, 2004).  The 

presence of food, including the physical and chemical composition of food, elicits an 

enteroendocrine release of gut peptides that can also act on the hindbrain (Cummings & 

Overduin, 2007; Ritter, 2004).  The presence of these peptides in the blood can also be detected 

by the hindbrain, which communicates to the forebrain and hypothalamus to potentiate satiety.   

The volume and nutrient composition of meals, not necessarily the caloric density, can 

slow gastric emptying through distention and can cause a sensation of fullness (Chambers et al., 

2013; Ritter, 2004).  In turn, gastric emptying mediates the caloric density of the meal and assists 

in the regulation and delivery of nutrients to tissues (Chambers et al., 2013).  One study found 

that a high fiber (20 g), low fat (18 g) meal provided the highest feeling of fullness, followed by a 

low fiber (8 g), high fat (31 g) meal in healthy adults (n = 16) using a visual analogue scale 

(VAS) (Burton-Freeman et al., 2002).  The low fiber, (7 g) low fat (16 g) meal delivered the 

lowest suppression of hunger and the desire to eat the next meal occurred ≥ one hour earlier than 

the other two meals.     
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Very few human studies have measured the impact of HAM-RS2 on satiety.   The VAS 

tool reliably measures subjective satiety (Flint, Raben, Blundell, & Astrup, 2000).  However, 

other methods of appetite assessment are also utilized, such as a 7-point bipolar scale.  A study by 

Jenkins et al. (1998) administered 21.5 g HAM-RS2/d to healthy men and women (n = 24) over a 

two week period (Jenkins et al., 1998).   On day 10, using a 7-point bipolar scale (-3 extra hungry, 

0 neutral, +3 fully satiated), the HAM-RS2 group had a significantly higher satiety score of 1.4 ± 

0.2 than the low fiber control (Jenkins 1998).  Another study used a VAS to measure satiety after 

healthy adults (n = 20) consumed isocaloric muffins of similar macronutrient composition 

containing different types of fiber (Willis et al., 2009).  The muffins with HAM-RS2 (8 g) 

produced the highest satiation score, and fullness was sustained for three hours.  Other 

researchers did not find differences in subjective appetite, measured by VAS, after healthy men 

consumed a total of 48 g HAM-RS2 at breakfast and lunch when compared to control (Bodinham 

et al., 2010).  However, the HAM-RS2 group consumed a significantly lower amount of energy 

during the subsequent ad libitum meal and over the next 24 hours.   

Effect of HAM-RS2 on Blood Glucose, Insulin, and Insulin Sensitivity  

 HAM-RS2 does not contribute directly to blood glucose.  The commercial ingredient Hi-

Maize® contains approximately 60% HAM-RS2.  The remaining chemical composition of Hi-

Maize®, ~40% rapidly digestible starch, can impact the post-prandial glycemia although the 

response is often attenuated when compared to food products containing fully digestible 

carbohydrates.   

Studies examining the impact of HAM-RS2 on glucose and insulin levels in murine 

models show varied results.  The characteristics of the animals (type, gender, age, adiposity level, 

metabolic profile), and the amount and duration of dietary HAM-RS2 administration may 

contribute to the mixed findings.   
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Aziz et al. (2009) studied the effects of an ad libitum HAM-RS2 (70%) diet in obese rats 

for four weeks.  The rats consuming HAM-RS2 had significantly lower total area under the curve 

(tAUC) blood glucose concentrations, but not total tAUC insulin, than the rats given waxy 

cornstarch after a 2.5 g starch/kg body weight challenge.  The amount of available starch, as well 

as the upregulation of the proglucagon gene, and thus GLP-1, which promotes insulin secretion, 

may explain why a decrease in blood glucose occurred (Aziz et al., 2009).  

Other researchers observed a significant decrease in fasting blood glucose at week six in 

lean mice, but not obese mice, after the consumption of 30% HAM-RS2 (J. Zhou et al., 2009).  

Fasting insulin decreased in the lean mice and a significant improvement in insulin resistance 

occurred.  Interestingly, HAM-RS2 did not impact insulin levels in the obese mice.  Potential 

mechanisms associated with these results include the lack of fermentation, as measured by fecal 

pH, of HAM-RS2 in the obese mice model.  The same research team previously found that 

diabetic mice fed a 30% HAM-RS2 diet for 10 days showed more significant improvements in 

blood glucose tolerance than the control (J. Zhou et al., 2008).  

However, a similarly designed study to Zhou et al. (2009) found that blood glucose, 

insulin, or insulin sensitivity in obese-resistant or obese-prone rats did not significantly change 

after the administration of 16% HAM-RS2 for eight weeks (Belobrajdic et al., 2012).  Despite the 

rat’s phenotype, improvements in insulin sensitivity did not transpire.  The lack of improvements 

in insulin sensitivity after consuming the HAM-RS2 diet indicates that either the duration of the 

diet that promoted weight gain was too short so the rats did not become insulin resistant or fasting 

glucose and insulin concentrations did not change enough to elicit a metabolic response at the 

tissue level.   

Pawlak et al. (2004) examined the effect of a HAM-RS2 or control diet on blood glucose 

and insulin in rats who had a partial pancreatectomy using two study designs: parallel and cross-

over.  According to the parallel study, the blood glucose AUC increased significantly at week five 
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and remained higher in the control compared to the HAM-RS2 group until the end of the study.  

Furthermore, when the rats changed from a control to HAM-RS2 diet, a greater impact on blood 

glucose AUC and insulin AUC resulted than the observed dietary change from HAM-RS2 to the 

control diet without any pronounced cross-over effects (Pawlak et al., 2004).  A study with a 

similar dietary intervention to Pawlak et al. (2004) found significantly higher insulin-stimulated 

glucose uptake in adipocytes isolated from adipose tissue after male mice consumed HAM-RS2 

for eight weeks when compared to the control (So et al., 2007).  While So et al. (2007) did not 

find differences in glucose or insulin concentrations in either group, the HAM-RS2 diet produced 

a significant increase in the glucose:insulin ratio.         

 In adults, several studies have indicated that the short-term or acute consumption of 

HAM-RS2 significantly reduces blood glucose or insulin.  One study found a 26% reduction in 

the AUC blood glucose after consuming an evening test meal with 10.3 g HAM-RS2 plus 8.8 g 

barley fiber and a standardized breakfast the following day in 15 healthy participants (Nilsson, 

Östman, Holst, & Björck, 2008).   Researchers also found a significant 32% post-prandial 

reduction in blood glucose and 11% reduction in insulin increments above baseline in 10 

individuals with T2DM after consuming a meal with 16 g HAM-RS2 (Giacco et al., 1998).  

However, the effects of HAM-RS2 did not persist with a subsequent meal; therefore, differences 

in carbohydrate load or elevated, but not sustained, gut peptide concentrations immediately 

following HAM-RS2 consumption may explain the findings.  Another short-term study also 

found significant reductions in plasma glucose and insulin after a meal tolerance test following 

the 24-hour consumption of 60 g HAM-RS2 in 10 healthy adults (M. Robertson et al., 2003). 

In contrast, other research teams failed to find a significant impact on either blood 

glucose or insulin (or both) after the acute consumption of HAM-RS2.  One study administered 

control and test meals at breakfast on four different occasions, approximately four weeks apart, to 

healthy adults (n = 12) (Higgins et al., 2004). All meals had equal amounts of fat and fiber; the 
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test meals had different concentrations of HAM-RS2.  Blood glucose and insulin AUC 

concentrations did not significantly change between the breakfast meals (Higgins et al., 2004).  

The findings of this study suggest that total dietary fiber, not necessarily HAM-RS2, caused 

reductions in blood glucose and insulin.  Bodinham et al. (2010) also found no change in blood 

glucose after consuming 48 g HAM-RS2, divided equally between breakfast and lunch in healthy 

men (n = 20) using a randomized, single blind, cross over design with a one week washout 

period.  The HAM-RS2 and control meals contained equal amounts of energy and available 

carbohydrate.  Despite no change in glucose, HAM-RS2 consumption produced significantly 

lower insulin responses after breakfast and lunch than the control (Bodinham et al., 2010).  The 

same investigator using the same study protocol also found no differences in plasma glucose; 

however, a significant decrease in the AUC insulin occurred after HAM-RS2 consumption at 

lunch in 30 healthy men when compared to the control (Bodinham, Al-Mana, Smith, & 

Robertson, 2013).  In this study, the HAM-RS2 and control meals also provided equal amounts of 

available carbohydrate and energy.  The investigators could not understand why a decrease in 

insulin without the subsequent lowering of blood glucose occurred.   

A few long-term studies examined the relationship between HAM-RS2 consumption, 

blood glucose, and insulin.  A research team from the United Kingdom published three studies of 

similar study design (single-blind, cross over) and administered different amounts of HAM-RS2 

over different lengths of time ranging from four to eight weeks.  The investigators provided either 

HAM-RS2 or a carbohydrate and energy matched control in a sachet that was added to 

participant’s normal daily food intake.  In the first study, Robertson et al. (2005) found no 

difference in the glucose AUC after supplementing the diet with 30 g HAM-RS2 per day for four 

weeks with four-week washout periods, despite significant increases in muscle (43.9%) and 

adipose (200%) glucose clearance.  In addition, the results showed significant lower postprandial 

plasma insulin concentrations after the HAM-RS2 intervention (M. D. Robertson et al., 2005).  
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The second study examined the impact of 40 g HAM-RS2 per day for four weeks on blood 

glucose and insulin in overweight, insulin resistant adults (n = 12) (Bodinham, Smith, Wright, 

Frost, & Robertson, 2012).  This study also had a four-week wash out period.  Fasting blood 

glucose significantly declined after the HAM-RS2 intervention with no change in fasting insulin.  

However, in contrast to the first study by this research team, during the insulin-modified 

frequently sampled intravenous glucose tolerance test, a significant increase in insulin and 

postprandial insulin spike in the HAM-RS2 group was observed when compared to the placebo 

group.  No difference in glucose between groups was found.  The investigators believe the 

increase in insulin observed after the HAM-RS2 intervention could be one of the initial steps in 

overcoming insulin resistance (Bodinham et al., 2012).  Lastly, the investigators found significant 

decreases in fasting blood glucose and insulin in 15 individuals with metabolic syndrome 

consuming 40 g HAM-RS2/d for eight weeks (M. D. Robertson, 2012).  This study had an eight-

week washout period.  A significant 65 ± 15% increase in forearm muscle glucose uptake 

occurred after the HAM-RS2 treatment.    

In contrast to the single blind cross over study, a randomized, placebo-controlled trial 

conducted by the same United Kingdom research team, found no effect on fasting glucose or 

insulin concentrations in 20 individuals with metabolic syndrome (n = 20) after consuming 40 g 

HAM-RS2/d for 12 weeks (Johnston et al., 2010).  Likewise, homeostasis model assessments 

(HOMA) that utilize fasting blood glucose and insulin concentrations in an equation, did not 

change in this study.      

A recent review highlighted the importance of evaluating study protocols in determining 

the effect of HAM-RS2 on blood glucose and insulin (M. D. Robertson, 2012).  Often, study 

design does not control for the amount of digestible, or glycemic, carbohydrate in the study foods 

(M. D. Robertson, 2012).  Replacing fully digestible carbohydrates with HAM-RS2 in a food 

product lowers the amount of glucose contributing to the blood.  In addition, the timing of post-
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prandial blood collection is important, but complex, thus making comparisons across studies 

difficult.  Only a few studies examined the impact of long-term HAM-RS2 consumption in adults, 

many of which have different baseline metabolic profiles.   

Often, the positive results associated with HAM-RS2 consumption in rat studies 

regarding glucose, insulin, and other biomarkers results have not been replicated in human trials.  

When compared to humans, rats have a large colon size in relation to body weight; therefore, 

fermentation patterns of HAM-RS2 may differ between species (M. D. Robertson, 2012).  In 

addition, many rat studies administered very high amounts of dietary HAM-RS2 to the animals.  

Humans could not physiologically consume similar amounts of dietary HAM-RS2, given as a 

percentage of diet, when compared to the animals.  Moreover, many investigators initiate the 

dietary HAM-RS2 in rats when tissues have not fully developed, in contrast to adults (Johnston et 

al., 2010).      

Despite the mixed evidence on blood glucose and insulin changes, several human studies 

by the same research team showed improvements in insulin sensitivity with acute and chronic 

HAM-RS2 consumption.  Robertson et al. (2005)  found increased skeletal muscle insulin 

sensitivity in healthy individuals (n = 10) ingesting 30 g HAM-RS2 daily for four weeks using 

the gold standard method, euglycemic-hyperinsulinemic clamp.   Next, using a minimal model 

approach, they also found a 98% significant improvement in insulin sensitivity 24 hours after 

healthy participants (n = 10) consumed 60 g HAM-RS2, even though basal insulin resistance or 

beta-cell function did not change (M. Robertson et al., 2003).  They also found a 10.4 ± 7.5% 

average improvement in fasting insulin resistance among individuals with metabolic syndrome (n 

= 15) after the consumption of 40 g HAM-RS2/d for eight weeks (M. D. Robertson et al., 2012).  

Lastly, when healthy individuals with metabolic syndrome (n = 20) consumed 40 g/d HAM-RS2 

for 12 weeks, a 19% improvement in insulin sensitivity occurred (Johnston et al., 2010).  The 
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hyperinsulinaemic-euglycaemic clamp and homeostasis model assessment (HOMA) measured 

insulin sensitivity in this study.   

A different research team found a 56.5% and 72.8% significant improvement in insulin 

sensitivity in relatively healthy, overweight men (n = 11), but not women (n = 22), after 

consuming 15 g or 30 g HAM-RS2, respectively (Maki et al., 2012).  Each intervention, 15 g 

HAM-RS2, 30 g HAM-RS2, or control, lasted four weeks with wash-out periods of three weeks.   

The caloric contribution of the control matched the 15 g HAM-RS2 intervention.  Fasting blood 

glucose and insulin did not significantly differ between the groups and the HOMA equation 

measured insulin sensitivity from the variables.  Interestingly, at baseline, 36% of the men and 

32% of the women had abnormal blood glucose concentrations, while 64% of the men and 50% 

of the women had metabolic syndrome.  Two reasons may explain the differences in insulin 

sensitivity between men and women.  First, the women had approximately 26% higher baseline 

insulin sensitivity than men, although post hoc analysis did not confirm a significant difference.  

Second, free fatty acids may fluctuate more, thus detecting changes, in men when compared to 

women.  SCFA produced from HAM-RS2 fermentation may lower plasma free fatty acids; a 

sustained decrease in free fatty acids over time may improve insulin sensitivity (Kashyap et al., 

2003).     

The research indicates that long-term HAM-RS2 consumption may lower post-prandial 

glucose or insulin; however, HAM-RS2 improves insulin sensitivity.  The individuals with a 

baseline diagnosis of insulin resistance or metabolic syndrome demonstrate the greatest 

improvement in insulin sensitivity, so the addition of this fermentable fiber may assist with the 

improvement of blood glucose control in this population.     
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Short-Term Mediators of Satiety: Gut Peptides  

In response to food and/or nutrients, peptides released from enterocytes can stimulate 

neuronal (vagal afferent) signals from the GI tract or travel to the blood and enter the hindbrain to 

assist in the regulation of appetite (Cummings & Overduin, 2007).  GLP-1, PYY, and CCK are 

such peptides.  Upon entering the brain, the activation of the orexigenic neuropeptide Y (NPY) 

and agouti-related peptides (AgRP) or anorexic pro-opiomelanocortin (POMC) neurons in the 

hypothalamus evoke either hunger or satiation.(Chambers et al., 2013; Morton et al., 2006; K. G. 

Murphy & Bloom, 2006).  Because these peptides respond to food ingestion and regulate in-

between meal duration, they can be considered short-term mediators of satiety (Cummings & 

Overduin, 2007).   

Peptide YY  

Peptide tyrosine tyrosine (PYY), a hormone synthesized by the enteroendocrine L cells of 

the GI tract and released in response to food, correlates positively with total calories ingested 

(Adrian et al., 1985; Karra & Batterham, 2010; K. G. Murphy & Bloom, 2006).  The distal small 

intestine and colon primarily house the L cells.  Total PYY is elevated within 15 minutes post-

prandially, and peaks at approximately one hour for up to six hours (Adrian et al., 1985).  Two 

endogenous forms of the peptide exist: PYY1-36 and PYY3-36.  PYY3-36 comprises approximately 

65% of the total post-prandial circulating peptide; however, under fasting conditions, PYY1-36 

dominates (Batterham et al., 2006; Grandt et al., 1994).  The enzyme dipeptidyl-peptidase IV 

(DDP-IV) cleaves PYY to form the more potent peptide, PYY3-36, which binds to the neuropeptide 

Y2 receptor in the arcuate nucleus of the hypothalamus, as well as the brainstem, to produce an 

anorectic response.  Upon binding to the Y2 receptor, PYY3-36 inhibits the NPY/AgRP neurons to 

suppress food intake (Cummings & Overduin, 2007).  In fact, PYY3-36 infusion decreases caloric 

intake by approximately 30% over a 24-hour period in non-obese and obese men and women 
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(Batterham et al., 2002; Batterham et al., 2003).  Post-prandial PYY also positively correlates 

with satiety (r = 0.47) (Guo et al., 2006). 

Apparent differences in PYY concentrations exist between obese and normal weight 

individuals.   Obese individuals have significantly lower fasting and postprandial PYY levels 

compared to those who are normal weight (Batterham et al., 2006).  Fasting PYY correlates 

negatively with BMI, percent body fat, and waist circumference (Batterham et al., 2003; Guo et 

al., 2006).   

The nutrient composition of food can regulate PYY concentrations.  In obese individuals, 

a low carbohydrate, high fat diet caused the PYY AUC to be 55% higher than a high 

carbohydrate, low fat diet (Essah, Levy, Sistrun, Kelly, & Nestler, 2007). Another study found 

contrasting results, where only a high protein, not high fat or carbohydrate, meal caused PYY 

levels to increase in obese individuals (Batterham et al., 2006).   However, all macronutrients in 

meals caused PYY release in normal weigh individuals, with protein causing the largest release, 

followed by fat and carbohydrate.  Two questions regarding the relationship between obesity, 

nutrient composition of meals, and PYY remain unanswered.  Does obesity effect PYY 

synthesis?   Do obese individuals have defective L cells of the GI tract that can alter PYY’s 

secretory response to specific nutrients?      

Glucagon-like Peptide-1  

Glucagon-like peptide-1 (GLP-1) is a hormone formed from the precursor 

preproglucagon, and made by the same L cells in the GI tract as PYY (Chambers et al., 2013; K. 

G. Murphy & Bloom, 2006).  Interestingly, roughly 50% of GLP-1’s 36 amino acid sequence is 

similar to glucagon (Burcelin, Serino, & Cabou, 2009).  Approximately 10-15% of newly 

produced GLP-1 reaches the systemic circulation because of its rapid degradation by the same 

enzyme that degrades PYY, DDP-IV (Holst, 2007).  Due to the rapid degradation of GLP-1 by 

DPP-IV, the half-life of the peptide in plasma is only 1-2 minutes.  However, if the addition of 
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DDP-IV does not occur immediately following blood collection, antibodies can measure total 

GLP-1 by detecting the C-terminus, which would reflect intestinal secretion rather than the 

biologically active form (Karhunen, Juvonen, Huotari, Purhonen, & Herzig, 2008).      

 The presence of food in the distal intestinal tract can stimulate the release of GLP-1, 

which diffuses into capillaries and enters the portal circulation (Holst, 2007).  GLP-1 secretion 

can occur before nutrients directly contact the enteroendocrine L cells in the proximal duodenum, 

indicating involvement of the neuroendocrine loop and vagus nerve (Rocca & Brubaker, 1999).   

Elliott et al. (2003) determined that GLP-1 concentrations can increase 4-20 fold post-

prandially and correlate when nutrients are present in the intestinal tract.  While each 

macronutrient caused GLP-1 to increase 14-17 pmol/L, maximum concentrations of GLP-1 

resulted 30 minutes after carbohydrate and 150 minutes after fat consumption in normal weight 

individuals (Elliott et al., 1993).  Glucose and fat are sensed via receptors and proteins located on 

the enteroendocrine L cells to cause GLP-1 release.  Glucose activates the g-protein, alpha-

gustducin, and the T1R2-T1T3 receptors, while fats bind to another g-protein, GPR 120, both of 

which stimulate the release of GLP-1 (Ichimura et al., 2012; Jang et al., 2007). 

Researchers have proposed several mechanisms involved in the relationship between 

GLP-1 and satiety.  The postprandial release of this peptide stimulates insulin release, and 

therefore designated as an “incretin” (Holst, 2007; K. G. Murphy & Bloom, 2006).  The binding 

of GLP-1 on the pancreatic beta-cell membrane from the hepatic portal vein activates the G-

protein cascade sequence to cause insulin secretion, which promotes long-term satiation (Burcelin 

et al., 2009; Holst, 2007).  Another mechanism involves GLP-1 binding to the GLP-1 receptor in 

the hypothalamus and central nucleus of amygdala to inhibit food intake (Turton et al., 1996).  

While GLP-1 can cross the blood-brain barrier when high concentrations are available in the 

blood, and neurons in the brain are able to produce the peptide, the exact anorexic mechanism is 

not fully elucidated (Cummings & Overduin, 2007).  Lastly, GLP-1, along with PYY, activate the 
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“ileal brake” to cause satiety (Maljaars et al., 2008).  The ileal brake occurs when nutrients reach 

the ileum to inhibit gastric mobility and emptying.  

Together, PYY and GLP-1 may work synergistically to significantly decrease food intake 

versus individually (Neary et al., 2005).  Caloric intake of a buffet meal decreased by 27% 

following the co-administration of a PYY and GLP-1 infusion, while PYY resulted in only a 15% 

reduction and GLP-1 had no effect.  A sustained reduction in calories throughout a 24-hour 

period resulted with the infusion of PYY plus GLP-1; however, this study included lean healthy 

men.   The calorie reduction that occurred may not extrapolate to women and overweight 

individuals.     

Cholecystokinin  

The discovery of CCK’s suppression in appetite with both solid and liquid meals 

occurred in 1973, and sparked decades of research involving hormones, satiety, and energy 

expenditure (Gibbs, Young, & Smith, 1973).  CCK is an anorectic hormone housed within the I-

cells of the duodenum.  Long-chain fatty acids, aromatic amino acids, and partially hydrolyzed 

proteins stimulate CCK release via the GPR40 and calcium-sensing receptor, respectively 

(Dockray, 2012; Ritter, 2004; Wang et al., 2011).  CCK mediates nutrient metabolism by: 

regulating the stomach, gallbladder, and pancreatic secretions; inducing satiety through the 

central nervous system; and nutrient dissemination by controlling gut motility (Dockray, 2012).  

The gastric effects associated with CCK are refereed by CCK1 receptors in the stomach, small 

intestine, and vagal afferents, which elicit the hormone’s effect on satiety (Chambers et al., 2013; 

Cummings & Overduin, 2007; K. G. Murphy & Bloom, 2006). This receptor is also located in the 

hindbrain and hypothalamus, indicating CCK causes satiety via neuronal and hormonal 

mechanisms (Cummings & Overduin, 2007).  Several active forms of CCK are formed from 

proCCK; however, CCK-33 is the most abundant in plasma and small intestine (Rehfeld, Sun, 

Christensen, & Hillingsø, 2001).  
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In humans, CCK has a dose-dependent suppression on food intake when administered 

intravenously.  MacIntosh et al. (2001) administered CCK-8 to young adults with a mean age of 

22.6 (n = 12) and older adults with a mean age of 71.2 (n = 12).  Upon CCK-8 delivery, appetite 

was suppressed by 15.5% and 32% among the younger and older adults, respectively, suggesting 

the actions of CCK on satiety may be dependent on age (MacIntosh et al., 2001).  In contrast to 

age, no differences in food intake resulted between age-matched lean (n = 10) and obese (n = 8) 

women after a CCK-33 infusion (Lieverse, Jansen, Masclee, & Lamers, 1995).   The CCK-33 

produced less hunger and food intake when compared to saline in both groups; however, the lean 

women had a decreased craving for fatty foods than the obese women.  

Certain nutrients produce a higher CCK response than others, which can correlate to 

improved satiety.  The administration of a dietary preload consisting of protein resulted in 

significantly higher concentrations of CCK than a glucose preload in overweight men (n = 19) 

(Bowen, Noakes, Trenerry, & Clifton, 2006).  Subsequent caloric intake also decreased 

significantly after the protein preload than the glucose preload.  Another study examined the 

impact of fat and fiber on CCK levels in adults (n = 16) (Burton-Freeman et al., 2002).  The high 

fiber, low fat meal produced the highest plasma CCK and satiety than the low fiber, high fat meal.  

A VAS measured subjective satiety in this study and for every 1% increase in CCK, satiety 

increased by 0.50.  Fiber may decrease gastric emptying, thus prolonging fat availability in the 

small intestine to enhance CCK release (Burton-Freeman et al., 2002).     

Long-term Mediators of Satiety: Insulin and Leptin 

Two hormones that circulate in direct proportion to body fat mass and promote long-term 

mediation of satiety and energy regulation include insulin and leptin (Guyenet & Schwartz, 2012; 

Schwartz et al., 2000).  Leptin is an adipokine released primarily by adipocytes in white adipose 

tissue; insulin is secreted from the pancreatic β-cells.  Other tissues that encode leptin include 

brown adipose tissue, skeletal muscle, stomach, ovaries, and the brain (Margetic, Gazzola, Pegg, 
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& Hill, 2002).  The most potent stimulator of insulin release includes glucose, as well as other 

small molecules, like free fatty acids (short-term) and amino acids (Karhunen et al., 2008).   

Leptin, along with insulin, inhibit food intake by entering the hypothalamus and blocking 

the orexigenic NPY and AgRP neurons, but exciting the POMC neurons, in the hypothalamus 

(Morton et al., 2006).  Both POMC and AgRP express insulin and leptin receptors (Könner & 

Brüning, 2012).  POMC is a precursor to α-mealnocyte-stimulating hormone (α-MSH), which 

binds to the α-melanocortin-3 and 4 receptors to reduce adiposity (Y. Zhou & Rui, 2013).  AgRP 

antagonizes α-MSH, but because leptin and insulin block this action, sustained effects of α-MSH 

result.  However, researchers have not discovered all of the mechanisms associated with leptin 

and satiety in the brain.   

Excessive adipose tissue can cause the actions of insulin- and leptin-mediated satiety to 

malfunction.  As body fat increases, adipocytes become less responsive to insulin, thus a 

hyperglycemic state persists (Schwartz et al., 2000).  In turn, the body becomes resistant to the 

physiological actions of insulin.  A similar scenario occurs with leptin.  Leptin resistance can 

result from either a defect in the adipokine entering the hypothalamus, inefficient binding of 

leptin to its receptor, or altered or dysfunctional neuronal signaling (Schwartz et al., 2000).  

Furthermore, in the hypothalamus, cytokines and other mediators of inflammation, as well as 

intracellular deposits of fatty acids, can cause dysfunction (Guyenet & Schwartz, 2012).  

Hyperleptinemia may also correlate with leptin resistance (Y. Zhou & Rui, 2013).  Leptin 

resistance – or decreased levels of leptin as in the reduction of fat - can promote hunger, food 

intake, and weight gain (Guyenet & Schwartz, 2012; Morton et al., 2006).  In fact, substantially 

lower leptin concentrations resulted from individuals who lose 10% body weight when compared 

to leptin levels prior to weight loss (Rosenbaum et al., 2005).  Restoring leptin levels to pre-

weight loss levels can also promote further fat mass reductions while maintaining skeletal muscle 

and energy expenditure.       
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Leptin also regulates short-term appetite.  After fasting for 18 to 24 hours, leptin 

concentrations decrease dramatically to increase food consumption in an effort to maintain body 

fat homeostasis (Leibel, 2002).  One reason why overweight individuals have a difficult time 

maintaining weight loss may correspond to reduced leptin concentrations.  

Interestingly, leptin may also potentiate the actions of other satiety hormones and signals.  

Leptin increases the sensitivity of CCK in the brainstem and hypothalamus, and prolongs the 

postprandial satiation effects of the CCK through the vagal afferent neurons (de Lartigue et al., 

2010).  Furthermore, leptin deficiency lessens the impact of CCK on satiety (McMinn, Sindelar, 

Havel, & Schwartz, 2000).  Similarly, three to four hours after an injection of leptin + GLP-1, a 

significant reduction in food intake occurred, in contrast to either leptin or GLP-1 administration 

alone (Williams, Baskin, & Schwartz, 2006).  Thus, the synergistic actions of the gut hormones to 

substantiate satiety provides additional layers of mechanistic complexity. 

HAM-RS2 Fermentation: Additional Mechanisms?   

The fermentation of RS in the large bowel produces short-chain fatty acids (SCFA), such 

as butyrate, propionate, and acetate, and gases such as carbon dioxide, hydrogen, and methane 

(Nugent, 2005).  SCFA can lower the pH of the large bowel environment and provide local 

benefits; however, SCFA can also travel through the body to act systemically (Topping & Clifton, 

2001; Wong, de Souza, Kendall, Emam, & Jenkins, 2006).  More than 90% of SCFA are 

absorbed across the epithelial lining of the colon, and the unabsorbed SCFA are excreted in the 

feces (Wong et al., 2006).  The amount, type, and rate of SCFA produced varies according to an 

individual’s age, diet, microflora composition and pH of the colon, as well as the amount and 

specific type of substrate(s) present (Krajmalnik-Brown, Ilhan, Kang, & DiBaise, 2012; Wong et 

al., 2006).  Reduced gut transit time improves colonic fermentation as evidenced by increased 

fecal weight and SCFA with declines in pH (El Oufir et al., 1996).  The presence of other 

nutrients may also affect fermentation.  In rats, a high fat diet attenuated the production of 
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propionate and butyrate when administered with HAM-RS2 for 12 weeks (Charrier et al., 2013).   

Approximately 10% of an individual’s energy needs come from SCFA produced by fermentation 

in the colon (Krajmalnik-Brown et al., 2012).  

Studies have indicated that SCFA production in the feces consists of approximately 60% 

acetate, 20% butyrate, and 20% propionate, but modifying the diet can alter the amounts 

(Topping & Clifton, 2001).  The mechanisms and functions associated with of each SCFA differs 

in-vivo.  Butyrate is the primary energy source for colonocytes and promotes cell differentiation 

(Wong et al., 2006).  While tissues can metabolize acetate from the peripheral circulation, the 

liver digests propionate, which can inhibit cholesterol synthesis.  Acetate can be lipogenic in 

adipose tissue with the upregulation of acetyl-CoA synthetase, which often happens during a 

positive energy balance (Sone et al., 2002).  

How do SCFA cause the release of gut peptides?  SCFA can bind to the free fatty acid 

receptors (FFAR) 2 and 3 endogenously to cause a signaling response (Lin et al., 2012).  FFAR2, 

also known as G protein-coupled receptor 43 (GPR43) expression occurs primarily in immune 

cells; FFAR3, or GPR41, expression occurs in adipocytes in low amounts (A. Brown et al., 

2003).  GPRs are transmembrane receptors that upon ligand binding, activate G proteins and 

signaling cascades (Xiong et al., 2004).  Acetate preferentially binds to FFAR2, butyrate binds to 

FFAR3, while propionate binds to both receptors (A. Brown et al., 2003; Lin et al., 2012).  

Interestingly, the enteroendocrine L cells of the intestine that express PYY and GLP-1 also 

express FFAR2 and FFAR3 (Lin et al., 2012; Tolhurst et al., 2012).   

The binding of SCFA to the FFAR could upregulate the release of PYY and GLP-1.  In a 

murine colonic cell culture study, SCFA concentrations mimicking the human colon (acetate (80 

mmol/L), propionate (40 mmol/L), and butyrate (20 mmol/L)) significantly increased GLP-1 by 

1.3-fold (Tolhurst et al., 2012).  Tolhurst et al. (2012) also examined GLP-1 release in FFAR2 

and FFAR3 knockout mice.  A 70% reduction in GLP-1 resulted from the addition of propionate 



35 

 

in FFAR2 knockout mice; acetate did not elicit a response.  The addition of propionate and 

acetate to FFAR3 knockout mice also produced a similar GLP-1 response, but to a lesser extent 

(Tolhurst et al., 2012).  Another study found that dietary butyrate blunted the secretion of GLP-1 

in FFAR3 knockout mice, despite normal fasting GLP-1 levels, suggesting another mechanism 

may be responsible for basal release (Lin et al., 2012).    

SCFA may also stimulate leptin production in adipocytes upon binding to GPR41 in both 

cultured adipocytes and animals (Xiong et al., 2004).  The researchers found that the oral 

administration of propionate in mice resulted in a two-fold increase in plasma leptin levels.     

Several studies have measured SCFA response in humans after HAM-RS2 ingestion by 

analyzing serum and/or fecal concentrations.  Bacteria in the colon ferments approximately 78-

82% of RS from food sources, which includes types 1-3; the remaining unfermented RS is 

removed from the body in the excrement (Phillips et al., 1995).  One research team observed 

significant increases in fecal butyrate and acetate after healthy participants consumed an average 

of 38.6 g of RS from high-amylose maize, green banana flour, and wheat seed daily for three 

weeks; however, this cross-over study did not have a wash out period and carry over effects could 

have impacted the results (Phillips et al., 1995).  Another study found that although all SCFAs 

increased among individuals with ileostomies 24 hours after consuming a high RS diet (34.8 

grams), a significant increase in the molar ratio of butyrate resulted, even though acetate 

decreased (Silvester, Englyst, & Cummings, 1995).  Jenkins et al. (1998) examined the 

consumption of 30 g fiber from RS type 2 in healthy participants for two weeks and found a 45% 

significant increase in fecal butyrate concentrations when compared to the low fiber control.  A 

significant increase in the butyrate:total SCFA ratio occurred when both RS type 2 and RS type 3 

groups were pooled together (Jenkins et al., 1998).  Butyrate production likely correlates with the 

type of RS, amount, and length of time the substrate is available for fermentation (Silvester et al., 
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1995).  In summary, all SCFA concentrations increase after the consumption of a RS-rich diet; 

however, butyrate shows the greatest improvement.     

While levels of SCFA in fecal matter correlate with production, serum concentrations 

may not because of the amount transported and metabolized by the liver and peripheral tissues 

(Sharma et al., 2008).  Nonetheless, the physiological actions of SCFA can depend on serum 

levels.  Muir et al. (1995) found that healthy individuals consuming an average of 59.1 g of 

HAM-RS2 over three meals had significantly higher serum acetate concentrations (169.1 µmol/L) 

than the diet averaging 5.2 g HAM-RS2.  Serum butyrate levels were also higher after the HAM-

RS2 diet (Muir et al., 1995). 

Impact of HAM-RS2 on Satiety Peptides  

In animals, the effect of HAM-RS2 on satiety-related gut peptides demonstrate notable 

results.  Zhou et al. (2008) administered a HAM-RS2-rich diet to rats for 10 days and found 

significant increases in total GLP-1 and PYY, as well as proglucagon and PYY gene expression 

in the cecum and colon (J. Zhou et al., 2008).  Gene expression of the hormones did not increase 

in the upper areas of the intestinal tract, suggesting the by-products of fermentation (pH, SCFA) 

may have caused GLP-1 and PYY upregulation.   Another study found increased neuronal 

excitement in the POMC region of the hypothalamus after rats consumed 30% HAM-RS2 for 65 

days (Shen et al., 2008).  Interestingly, a significant increase in PYY and GLP-1 occurred without 

a concomitant decrease in food intake, despite reduced body fat.  These results indicate that 

increased energy expenditure from the excitement of POMC neurons by GLP-1 and PYY caused 

weight loss.  Leptin significantly decreased, and probably did not impact the satiety center of the 

hypothalamus and contribute to the observed weight loss (Shen et al., 2008).   

Keenan et al. (2006) compared the impact of a fermentable fiber (HAM-RS2), a non-

fermentable fiber (methylcellulose), and a control diet on gut peptide expression in female rats.    

Each diet, except the control, had similar amounts of fiber, but only the HAM-RS2 contributed to 
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the metabolizable energy.  HAM-RS2 significantly increased serum PYY and GLP-1, cecum and 

large intestine proglucagon gene expression, and PYY large intestine gene expression than the 

methylcellulose and control groups.  Neither serum concentrations nor gene expression of CCK 

changed with HAM-RS2 consumption.  However, serum leptin decreased in the HAM-RS2 group 

(Keenan et al., 2006).  Another study examined plasma leptin concentrations in mice after 

administering either HAM-RS2 or a control diet for eight weeks (So et al., 2007).  The HAM-

RS2 group had significantly lower leptin levels, which corresponded with reduced adipose tissue.   

The literature suggests that neither acute- nor long-term consumption of HAM-RS2 in 

adults positively impacts gut peptides.   Two studies provided results on the correlation between 

HAM-RS2 and gut peptides.  Robertson et al. (2003) found that GLP-1 concentrations did not 

differ between healthy individuals consuming either 60 g HAM-RS2 or placebo the proceeding 

24 hours (M. Robertson et al., 2003).  Another study measured GLP-1 concentrations in healthy 

males (n = 30) with an average BMI of 26.2 ± 0.9 after consuming 24 g HAM-RS2 at breakfast 

and 24 g HAM-RS2 at lunch (Bodinham et al., 2013).  The HAM-RS2 and control meals had 

similar energy and glycemic load amounts.  The AUC for GLP-1 significantly decreased in the 

HAM-RS2 group after breakfast and no differences resulted after lunch when compared to 

control.  The timing of HAM-RS2 fermentation may have impacted these results (Bodinham et 

al., 2013).   

Two human studies by the same research team examined the relationship between the 

long-term consumption of HAM-RS2 and the concentrations of gut peptides and leptin.  

Robertson et al. (2005) did not find significant changes in GLP-1, leptin, or leptin RNA 

expression after healthy individuals (n = 10) consumed 30 g HAM-RS2/day for four weeks.  

Similar findings for leptin resulted when individuals with metabolic syndrome ingested 40 g 

HAM-RS2/day for eight weeks (M. D. Robertson, 2012).  No change in fat mass occurred in the 

studies conducted by Robertson et al.   
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In conclusion, consuming adequate amounts (15-60 g) of HAM-RS2 for ≥ 4 weeks has 

been shown to improve glucose handling and insulin resistance in adults at risk for T2DM.  

However, the true mechanism associated with these improvements have not been identified, but 

are likely due to the fermentation properties of HAM-RS2.  Many animal studies have shown that 

SCFA produced from HAM-RS2 consumption upregulates short-term satiety peptides PYY and 

GLP-1, which promote a reduction in adiposity.  According to the results of the few human 

studies measuring short-term satiety peptides, these findings have not been replicated.  Likewise, 

a reduction in adiposity was not observed in the human studies reporting improvements in insulin 

resistance. Thus, more research is needed to determine the additional mechanisms corresponding 

to the improvements in the metabolic profile after the inclusion of dietary HAM-RS2. 
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CHAPTER III 

METHODOLOGY 

This study was approved by the Texas Woman’s University Institutional Review Board 

Human Subjects Review Committee (Appendix A).  All participants signed the Informed Consent 

(Appendix B) prior to participating in any study related procedures.      

Participants 

 Overweight (BMI ≥ 27), but otherwise healthy, men and women of any ethnicity or racial 

group between the ages of 18 and 50 were recruited from the Texas Woman’s University (TWU) 

campus in Denton, Texas and surrounding community.   

Methods of recruitment included posting flyers on campus bulletin boards and businesses 

located near the campus, such as doctor’s offices and restaurants.  Flyers were also distributed to 

students walking on campus or eating in the cafeteria.  Advertisements for the study were printed 

in the following media: the TWU campus newspaper, “The Lasso”; the community newspaper, 

“The Denton Record Chronicle”; and a magazine targeting homes in Denton County, “Lifestyles 

of Denton County”.  A twenty minute interview aired on the University of North Texas campus 

television station and local cable network entitled “Successful Aging” promoted the research 

study.  Recruitment advertisements were also disseminated through campus-wide emails to the 

entire student and faculty population once each semester.  Announcements were posted on 

Blackboard in select courses and the Pioneer Portal home page for faculty, students, and staff.  

Examples of a recruitment flyer and advertisement can be found in Appendix C.   
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Despite recruitment efforts over approximately two years, a final sample size of 20 was 

attained.  The difficulties associated with recruitment were likely due to individual’s lack of 

interest in receiving multiple blood draws over a two-hour time period.  Several individuals were 

concerned about consuming the same type of food daily for six weeks, or fear of receiving the 

control, which “would make them gain weight.”   

Interested participants contacted the investigators by either phone or email.  The 

interested participant’s contact information was forwarded by the investigators to the study 

coordinators.  The potential participants were contacted by phone or in person by the study 

coordinators, and the 10 minute screening tool was used to evaluate if the potential study 

participant met the inclusion criteria (Appendix C).  The study coordinator briefly explained the 

study purpose and methods, then obtained self-reported age, weight, and height.    The potential 

participants met the inclusion criteria if they were not diagnosed or taking medication(s) for a 

chronic condition(s), such as heart, liver, or lung disease, diabetes, hypertension, cancer, 

gastrointestinal or metabolic disease.  They were included if they were sedentary with less than 

20 minutes of self-reported exercise on no more than two days per week, at least six weeks prior 

to study enrollment.  Exclusion criteria included: excessive antioxidant or vitamin usage, 

significant weight loss or gain over the previous three months, and smoking.  Those on a special 

diet or with food allergies were also excluded.  Women who were pregnant, lactating, or 

interested in becoming pregnant were also excluded.  If the potential participant qualified for the 

study, an electronic copy of the informed consent was sent for review.  If verbal agreement was 

obtained, the potential participant was scheduled to come for a baseline visit to the study site and 

be randomized to a treatment.   The screening questionnaire and an example of the detailed study 

procedures emailed to the participants prior to study initiation can be found in Appendices D and 

E, respectively.   
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Diet and Bowel Habit Instruments 

Before being scheduled for a baseline visit, dietary intake and bowel habits were assessed 

using a food journal (Appendix F) and bowel habit log (Appendix G).  These were completed for 

three days immediately prior to the baseline visit.  The dietary and bowel habit data were also 

collected at mid-point (week 3), and immediately prior to the end of study (week 6).   

Anthropometrics, DXA, Blood Collection, and Study Protocol 

 Anthropometric, body composition via dual-energy x-ray absorptiometry (DXA), and 

blood samples were collected at baseline and the end of the study (week 6).  No more than five 

participants were scheduled to begin the study on the same day due to the multiple timings of the 

blood collection.  During the baseline visit, the informed consent was reviewed and signed by all 

participants after reporting to the study location and before any study procedure was performed.  

The study was conducted at the Institute of Women’s Health on the TWU campus.   No food or 

beverages, other than water, were consumed by each participant for ≥ eight hours prior to 

beginning the study protocol.   

All anthropometric measurements were collected in triplicate and all participants wore 

light clothing without shoes.  Weight was determined using a digital scale to the nearest 0.5 

pound and height was measured using a portable stadiometer to the nearest 0.25 inches.  Body 

mass index (BMI) was calculated by converting height and weight measurements and using the 

formula kg/m2.  A plastic tape measure placed at the top of the iliac crest and across the naval 

measured waist circumference to the nearest 0.5 centimeter.  Hip circumference was determined 

by moving the tape around the largest portion of the hip and buttocks to the nearest 0.5 cm.  The 

waist-to-hip ratio was calculated by dividing the waist circumference by the hip circumference.  

The anthropometric data sheet can be found in Appendix H.    

 Five blood samples were collected during the study.  A trained phlebotomist collected 

approximately 12 ml of blood into EDTA vacutainers at each time point.  The blood collection 
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time points included one fasting (T0) and four post-prandial.   After collecting the fasting blood 

sample, the participants were instructed to consume the entire portion of their study foods 

(muffins) and six ounces of orange juice.  After meal consumption, post-prandial blood was 

collected at 15 minutes (T1), 30 minutes (T2), 1 hour (T3), and 2 hours (T4).  Immediately 

following blood collection, the blood in the vacutainers was mixed gently and placed on ice for 

30 minutes, then centrifuged at 3,200 rpm for 12 minutes.  The plasma was alliquotted into 1.5 ml 

microcentrifuge tubes and stored at -80° C until analyzed.    

 Fat mass and lean mass were measured between blood collection time points T3 and T4 

using a DXA total body assessment scan.  The participant’s name, date of birth, gender, and 

measured height and weight were entered into the DXA software.  A certified DXA operator 

instructed the participant to lie supine according to guided lines on the DXA table.  With palms 

facing down next to the participant’s hips and feet tied together, the 8-10 minute scan occurred 

without any bodily movement.  

Study Foods and Subjective Satiety 

 Participants were randomized according to a randomization chart, prepared by a TWU 

statistician, to receive one of two types of study foods:  muffins with HAM-RS2 (treatment) or 

without (placebo).   Dietetics and culinary science students (chefs) prepared all study muffins in 

the food laboratory located on TWU campus.  Upon participant enrollment, the chefs assigned the 

participants to either the treatment or control group using the randomization chart.  The chefs 

notified the investigators of the number of participants in each group.  Recipes were created and 

adjusted by the investigators. The investigators involved in data collection and analysis, as well as 

the participants, were blinded.   Muffins were prepared weekly, and recipes were adjusted 

accordingly by the investigators without knowledge of the participant’s assigned group.   

 Participants were required to consume three muffins each day for six weeks.  The muffins 

could be consumed at any time during the day.  To maintain quality, participants received their 
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muffins on the same day each week.  Two flavors of muffins were offered every other week to 

prevent monotony: pumpkin banana and cranberry spice.  Approximately 10 g HAM-RS2 was 

provided in each treatment muffin for a daily total of 30 g HAM-RS2.  The placebo muffin did 

not contain HAM-RS2.  See Appendix I for the muffin recipes and Appendix J for the calculated 

and actual (Pope Labs, Irving, Texas) nutrient composition of the muffins.          

 A visual analogue scale (VAS) (Appendix K) tool was used to determine subjective 

satiety.  The validity and reliability of assessing satiety in adults using a VAS has been previously 

reported (Flint et al., 2000).  At baseline and the end of the study, the participants completed the 

VAS immediately after consuming all three muffins and six ounces of orange juice.  This 

occurred between the fasting (T0) and post-prandial (T1) blood collections.  The participants 

were instructed to read each question, and assess how they were feeling at that moment.   

Compliance 

 Study compliance was measured using three methods.  First, the participants circled the 

number of muffins consumed daily on a calendar given at enrollment.  Second, the participants 

were asked to bring any muffins not consumed during the week to the study coordinator at muffin 

pick-up.  Third, muffin consumption was reconciled against the three-day food dairies at mid-

point (week 3) and end of the study (week 6).  Also, the bowel habit log assessed tolerance and 

monitored adverse effects of the study muffins.  In addition to the daily consumption calendar 

(Appendix L), a detailed calendar explaining what the participant should do each day (Appendix 

L) and a general information form were administered to improve compliance and understanding 

of study procedures.  A $50 gift card to Target was given to each participant who completed the 

study and returned all required study forms.   
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Nutrition Education and Lifestyle Behaviors 

 At baseline on the day of enrollment, the participants received nutrition education by a 

Registered Dietitian Nutritionist.  The participants were encouraged to follow a 2,000 calorie diet 

according to the Dietary Guidelines for Americans.  Sample 1,500 calorie menus from the 

Academy of Nutrition and Dietetics were given to the participants as a guide.  The caloric amount 

of the menus (1,500) accounted for the calories provided in the muffins.  The participants were 

instructed on how to use Supertracker (www.choosemyplate.gov) to track their daily food and 

beverage consumption.  The participants were also told to remain sedentary and not alter daily 

living patterns during the study.   

Biochemical Analysis 

Several biomarkers in plasma were analyzed using commercially available kits.  Blood 

glucose was determined using the colorimetric method (StanBio, Boerne, TX).  An enzyme-

linked immunosorbant (ELISA) method was used to analyze total insulin (Alpco, Salem, NH) and 

leptin (RayBiotech, Norcross, GA).   Total GLP-1 (RayBiotech, Norcross, GA) and total PYY 

(EMD Millipore, Billerica, MA) were analyzed according to an enzyme immunoassay protocol.  

The concentrations of PYY and leptin were calculated by plotting the standard concentration 

against the absorbances, then creating the best fit line (Microsoft Office Excel).  A four-parameter 

logistics model was utilized to determine the concentrations of GLP-1 and insulin (MasterPlex® 

Reader Fit 2010, Hitachi Solutions America, Ltd., USA). See Appendix M for laboratory methods 

associated with each biomarker.  

  

 

 

 

 

http://www.choosemyplate.gov/
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CHAPTER IV 

 

SENSORY CHARACTERISTICS OF HIGH-AMYLOSE MAIZE RESISTANT STARCH IN 

THREE FOOD PRODUCTS  

A Paper Accepted for Publication in  

Food Science and Nutrition 

Mindy P Maziarz 

ABSTRACT 

Type 2 resistant starch from high-amylose maize (HAM-RS2) is considered a functional 

ingredient due to its positive organoleptic and physiochemical modifications associated with food 

and physiological benefits related to human health.  The sensory characteristics of three types of 

food products (muffins, focaccia bread and chicken curry) with and without HAM-RS2 were 

evaluated using a 9-point hedonic scale. The HAM-RS2-enriched muffins, focaccia bread and 

chicken curry contained 5.50 g/100 g, 13.10 g/100 g, and 8.94 g/100 g RS, respectively, based on 

lyophilized dry weight.  The HAM-RS2-enriched muffin had higher moisture content and was 

perceived as being significantly moister than the control according to the sensory evaluation.  The 

addition of HAM-RS2 to muffins significantly enhanced all sensory characteristics and resulted 

in a higher mean overall likeability score.  The HAM-RS2-enriched focaccia bread appeared 

significantly darker in color, was more dense, and had the perception of a well-done crust versus 

the control.  A grainer texture was observed with the chicken curry containing HAM-RS2 which 

did not significantly affect overall likeability.    We concluded that the addition of HAM-RS2 

may not significantly alter consumer’s acceptability in most food products.   



46 

 

1. Introduction  

Resistant starch (RS) has physical and biological properties that may benefit human health.  RS is 

a functional fiber and is comprised of starch that is resistant to the digestive enzymes of the small 

intestine, therefore, entering the large intestine intact (Englyst, Kingman, & Cummings, 1992; 

Redgwell and Fischer, 2005).  Four types of RS have been classified: Type 1 is found in 

undamaged plant cell walls, such as seeds and legumes; Type 2 is a raw, native starch found in 

potatoes, green bananas and high amylose maize (HAM-RS2); Type 3 is retrograded starch 

formed during cooking mostly used as a food additive; Type 4 is chemically modified starch 

(Englyst, Kingman, & Cummings, 1992; Sharma, Yadav, & Ritika, 2008).   

In the United States, adults consume an average of 4.9 g of RS per day, mostly from bread, 

cooked cereals and pastas, and vegetable sources (Murphy et al., 2008).  A recommended daily 

intake of RS has not been established, but a minimum 14% of dietary starch as RS has been found 

to exert beneficial outcomes associated with gut health (Nugent, 2005). Approximately 30-90% 

of RS entering the colon is fermented by gut microbiota to produce short-chain fatty acids, while 

the remainder is excreted (Perera, Meda, & Tyler, 2010; Sharma, Yadav, & Ritika, 2008).  RS is 

also classified as a prebiotic due to its ability to act as a substrate for beneficial gut microbiota, 

such as Lactobacillaceae sp, while inhibiting the colonization and growth of pathogenic species 

(Maathuis et al., 2009). In comparison to other dietary fibers, the bacterial fermentation of RS 

produces a higher percentage of butyrate and provides nutritional support to the epithelial cells of 

the colon (Kritchevsky, 1995; Sharma, Yadav, & Ritika, 2008).    RS may also lower colon 

cancer risk.  Bacterial fermentation of red meat protein in the colon can produce toxic, 

unfavorable byproducts which may be involved in the development of cancer (Winter et al., 

2011).  Recently, Winter et al. found that adding 10% HAM-RS2 to a high protein diet from red 

meat (40.9%) altered the bacterial fermentation patterns in the colon (Winter et al., 2011).     This 
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study found that the fermentation of HAM-RS2 was favored over protein, thus lowering cancer-

causing byproducts associated with red meat.            

The physiological benefits of RS may have implications for the worldwide obesity epidemic.  

Partial replacement of flour with HAM-RS2 can lower the overall energy value of food products 

(Higgins, 2004).  Digestible starch provides approximately 4.2 kcal/g while HAM-RS2 provides 

only 2.2 – 2.8 kcal/g (Behall & Howe, 1996; Sharma, Yadav, & Ritika, 2008).  Ingesting HAM-

RS2 has resulted in lower post-prandial glucose concentrations and improvements in insulin 

sensitivity (Johnston et al., 2010; Ferrer-Mairal et al., 2011; Higgins, 2004; Maki et al., 2012; 

Robertson et al., 2003; Robertson et al., 2005; Yamada et al., 2005).  Moreover, increased satiety 

was observed in young men 120 minutes after ingesting 50 g of HAM-RS2 (Anderson et al., 

2010) and in men and women after consuming 48 g added to breakfast and lunch meals 

(Bodinham, Frost, & Robertson, 2010).        

The US Dietary Reference Intakes suggest an adequate intake (25-38 grams) of dietary fiber 

for disease prevention, however, only 15 grams of fiber is consumed each day (Institute of 

Medicine, 2002; American Dietetic Association, 2008).  HAM-RS2, unlike other dietary fiber, 

can be added to foods as a means of increasing total dietary fiber intake without significantly 

altering the physiochemical properties of the fortified food (Korous et al., 2009).  Certain types of 

fiber can produce a food product with undesirable characteristics and may appear dry, gritty, 

coarse, and negatively impact palatability (Fondroy, White, & Prusa, 1989; Fuentez-Zaragoza et 

al., 2010).   However, the addition of HAM-RS2 is often desirable and may enhance the textural 

and sensory aspects of food products.  HAM-RS2 is white and bland in flavor, consists of small-

sized granules, and typically has a low water holding but high water binding capabilities (Sajilata, 

Singhal, & Kulkarni, 2006).   A study by Korous and colleagues found that replacing up to 20% 

of starch content with HAM-RS2 did not significantly change the organoleptic properties of 

gluten-free bread (Korous et al., 2009).  Another study found no significant differences in the 
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sensory characteristics ‘taste’, ‘overall acceptance’ and ‘consumption intention’ in muffins when 

wheat starch was partially replaced with increasing percentages of HAM-RS2 (Bixauli et al., 

2008a).  The authors found that perceived sweetness and moisture were heightened with the 

addition of HAM-RS2 even though it has lower water-holding properties when compared to other 

dietary fibers.  RS can also replace wheat flour (10% and 20%) in fried foods without 

compromising consumer acceptability (Sanz, Salvador, & Fiszman, 2008a).   

The purpose of this research was to examine the sensory characteristics of three food 

products after the partial or complete replacement of all-purpose and/or whole wheat flour with 

HAM-RS2.  The type of RS ingredient used in our products (Hi-maize® 260) is desirable because 

of its process stability in baking and storage (Nugent, 2005). 

    2.  Materials and Methods 

2.1. Product and Sample Preparation 

 A type 2 RS product derived from high-amylose maize, containing approximately 60 

percent RS and 40 percent amylopectin (Hi-Maize® 260) was provided by Ingredion 

International, Bridgewater, NJ, USA. 

Two formulations of blueberry muffins, herbed focaccia bread, and spicy chicken curry 

were created: RS and control.  Each food formulation contained the same ingredients, as shown in 

Table 4.1, except Hi-maize fully or partially replaced the flour in the samples containing HAM-

RS2.  Sixty grams of Hi-maize replaced 98 g of all-purpose and 30 grams of whole-wheat flour in 

the muffin formulation to provide 4.73 g/100 g by total wet weight (tww), 36 g of Hi-maize 

replaced 36 g all-purpose flour in the focaccia bread formulation to provide 10.17 g/100 g by tww 

and 120 g of Hi-maize replaced 60 g of flour in the curry formulation to provide 5.77 g/100 g by 

tww. 
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All recipes were prepared by culinary science students in the food preparation laboratory 

kitchen at Texas Woman’s University.  The muffin batter was prepared by combining light sour 

cream, light brown sugar, unsweetened applesauce and eggs into a bowl and mixed using a hand 

mixer at maximum speed for 1 minute.  The bananas were mashed and added.  In a separate bowl, 

all-purpose and whole wheat flour, Hi-maize (RS muffins only) and other dry ingredients were 

combined and incrementally added to the wet mixture while mixing at medium speed for 2 min.  

Blueberries, thawed, were folded into the batter.  Muffin pans were coated with non-stick spray 

and 60 g of batter were added to each well and baked in a conventional oven on the same rack for 

23 minutes at 177° C.  The muffins were cooled for 5 min, cut into quarters, and prepared for the 

sensory evaluation the same day. The focaccia bread was prepared by mixing the all-purpose 

flour, Hi-maize (RS focaccia bread only), salt, sugar, yeast and spices in a large bowl with a 

spatula.  The canola oil and water were added and mixed with a spatula for 2 minutes.  The dough 

was kneaded by hand on a floured surface for 3 min, covered with a damp cloth and allowed to 

rise for 20 min at 32° C.   The dough was shaped into a ½ inch thick rectangle, brushed with olive 

oil, parmesan and mozzarella cheeses, and baked on a baking sheet at 230° C for 15 min. All 

focaccia bread formulations were cooked on the same oven rack and each loaf yielded 8 slices.  

The chicken curry was prepared by sautéing minced garlic, and canola oil in a sauté pan over 

medium heat for 1 min, then diced tomatoes and curry powder were added and sautéed for 10 

min.   Boneless, skinless, raw chicken cut into ¼ inch cubes were added and cooked for 7 min.  

Onions, diced, were added and the mixture cooked for 10 min over medium heat.  The mixture 

was poured into a bowl.  All-purpose flour or Hi-maize (RS chicken curry only) was added to the 

saucepan in which the chicken mixture was formulated, followed by low-fat, plain yogurt.  The 

roux was whisked for 5 min over medium heat.  The chicken mixture was added to the roux and 

cooked over low heat for 30 min.  The chicken curry was transferred to a crock pot at low setting 

to maintain temperature during the sensory evaluation.   
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 Five grams each of the muffin and focaccia bread batter and cooked chicken curry 

formulations were frozen at -4° C in polyethylene bags for analysis of non-resistant starch (NRS) 

and RS content.  The samples were coded randomly, which were blinded by the research analyst.  

The sensory evaluations occurred the same day the food products were cooked.  

2.2. Sensory Evaluation 

 Participants were recruited from the Texas Woman’s University campus and were 

between 18 and 60 years of age.  Approximately two-thirds of the participants were female.  The 

study was conducted in a sensory laboratory with individual testing booths.  The muffins (n = 37) 

and focaccia bread (n = 35) were evaluated on the same day and the chicken curry (n = 32) on a 

separate day.  Four-digit numbers were randomly assigned to each sample and the researchers 

conducting the sensory evaluation were blinded.  The participants evaluated the RS and control 

samples of the following: a one-quarter portion of a muffin; a one-third portion of a focaccia 

bread slice; a ¼ cup serving of chicken curry served with ⅛ cup steamed white rice.  The samples 

were placed on a tray in random order, along with water to rinse participant’s palates between 

tastings. 

 A 9-point hedonic scale was used to evaluate the sensory attributes of each sample as 

shown in Table 4.2.  The attributes used to describe the muffins and focaccia bread was color, 

moisture/dryness, mouthfeel, density, crust (focaccia bread only) and overall likability.  

Appearance, aroma, mouthfeel, flavor, and overall likeability were the attributes used to describe 

the chicken curry. 

2.3. Quantification of Resistant Starch and Non-Resistant Starch  

The frozen food samples were thawed overnight at 4° C, halved, and transferred to a 

mixing bowl and blended for 5 minutes at maximum speed using a hand mixer, then poured into 

125 ml flasks.  The flasks were placed horizontally at -4° C and rotated 90 degrees every 15 
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minutes to create a ⅛ inch shell along the sides.  The samples were frozen (-80° C) for 2 hours, 

then freeze-dried (LabCono Corporation, Kansas City, MO), for 23 hours and ground to a fine 

powder consistency.  Water content was determined indirectly (AACC, 2000).   

The samples were analyzed in triplicate using a commercially-available RS assay kit 

(Magazyme International Ireland Ltd., Wicklow, Ireland).  NRS was determined by adding 

amyloglucosidase (AMG) (3 U/ml) and pancreatic α-amylase (10 mg/ml) enzyme solutions to 

each sample (100 mg) in a glass tube.  The samples were shaken horizontally (200 rpm) for 16 

hours in a 37° C water bath.  The samples were removed and pellets of RS were formed by 

triplicate additions of 50% ethanol followed by vortexing for 30 s and centrifugation (4000 rpm) 

for 10 min.  The supernatants from each wash were collected and analyzed for soluble starch after 

adjusting the volume with 100 micromoles/liter sodium acetate buffer (pH 4.5).  The RS pellet 

was resuspended in 2 moles/liter KOH.  D-glucose content was determined by adding glucose 

oxidase/peroxidase reagent to the samples and absorbances were measured at 510 nm (Tecan 

Infinite® M200, Austria) against the reagent blank.  Total starch content is the sum of NRS and 

RS.   

2.4. Statistical Analysis 

 Mean sensory attributes for each food sample were determined.  Two tailed t-tests 

compared the differences in mean sensory attribute scores between same food samples with and 

without HAM-RS2.  Statistical significance was achieved at P ≤ 0.05.   The analysis was 

performed using SPSS for Windows GradPack 18 (SPSS Inc, Chicago, IL). 

3.  Results 

 3.1  Resistant Starch Content 

 As shown in the recipe formulations (per 100 g of tww),  4.73 g of the HAM-RS2 

ingredient was added to the RS muffins providing 2.84 g RS, 10.17 g HAM-RS2 was added to 

the RS focaccia bread providing 6.10 g RS, and 5.77 g HAM-RS2 was added to the RS chicken 
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curry providing 3.46 g of RS (Table 4.1).  Based on average serving sizes of 113 g for the muffin, 

64 g for the focaccia bread, and 255 g for the chicken curry, these HAM-RS2-enriched foods 

would contain 3.21 g, 3.90 g, and 8.82 g of RS, respectively per serving.   

Based on lyophilized dry weight (ldw, Table 4.3), the RS muffins, focaccia bread, and 

chicken curry contained 5.50 g, 13.10 g, and 8.94 g RS per 100 g, respectively.  Of the food items 

without HAM-RS2 (control), the focaccia bread had the highest amount of RS, 4.17 g/100 g ldw.   

The chicken curry contained 0.85 g RS/100 g ldw and the muffins had the lowest amount, 0.51 g 

RS/100 g ldw.   

3.2 Moisture Content 

 The RS muffins and focaccia bread had 1.85% and 3.86% higher moisture content, 

respectively, than the samples without HAM-RS2.  In contrast, the moisture content of the 

chicken curry without HAM-RS2 contained 8.62% more moisture than the RS chicken curry. 

3.3 Sensory Evaluation 

 A comparison of mean sensory attributes between food products with HAM-RS2 and the 

control is shown in Figures 1-3.  The RS muffins were significantly lighter in color (P = 0.001), 

higher in moisture (P < 0.001), more brittle (P = 0.023), and less dense (P = 0.048) than the 

control, as shown in Figure 4.1.  The overall likeability was higher for the RS muffins.  The RS 

focaccia bread was significantly darker (P < 0.001), drier (P = 0.025), denser (P < 0.001), and 

had a more well-done crust (P = 0.032) than the control, as shown in Figure 4.2.  The RS focaccia 

bread had a significantly lower score for overall likeability (P = 0.030).  Mouthfeel was the only 

significantly different sensory characteristic between the RS chicken curry and control, where the 

sample enriched with RS appeared grainier (P = 0.001, Figure 4.3).  

4.  Discussion   

The results from our study indicate that the addition of HAM-RS2 can enhance the 

sensory properties of foods, especially muffins.  All sensory characteristics were significantly 
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improved in the RS muffins when compared to the control, with the exception of overall 

likeability.  Although overall likeability increased by 11.7%, it did not reach statistical 

significance.  The RS muffins appeared significantly lighter in color than the control due to the 

white color of the HAM-RS2.  Similar results were also observed in a study by Sanz et al. who 

compared the quality characteristics of muffins when wheat flour was replaced with different 

types of RS, including HAM-RS2 (Sanz, Salvador, & Baixauli, 2009).  The HAM-RS2 muffin, 

which is the same type of RS used in this study, was significantly lighter in color than both RS 

Type 3 and control muffins.  In addition, Baixauli et al. reported that as the concentration of RS 

increased (0%, 5%, 10%, 15%, and 20%) in muffins, yellow and red hues were blunted (Baixauli, 

Salvador, & Fiszman, 2008b).  However, the human eye was not able to observe this effect until 

the concentration of RS in the muffins reached 15% or higher.  The increased white appearance 

that can occur with the addition of HAM-RS2 has also been shown in other types of food 

products.  Aigster et al. reported that granola bars and cereals containing 10% and 15% 

respectively, of HAM-RS2 also had significantly higher L-value (whiteness) scores when 

compared to samples without RS (Aigster et al., 2011).  

 The RS muffins in our study also scored significantly higher for density, appearing 

fluffier than the muffins without RS.  The fluffiness of muffins correlates with the amount and 

size of air bubbles produced in the product during the baking process.  Fluffier muffins can be 

perceived as a lighter, fresher product by consumers (Sanz, Salvador, & Baixauli, 2009).  In 

addition, no significant differences in the ‘springiness’ of HAM-RS2 muffins were found in the 

study by Sanz et al.  Therefore HAM-RS2 does not modify the overall fluffiness of baked product 

when compared to baked products without RS enrichment.   

Many studies have shown the HAM-RS2 muffin did not result in significant differences 

in the sensory attributes ‘taste’, ‘overall acceptance’, or ‘consumption intention’ when compared 

to a control (Sanz, Salvador, & Baixauli, 2009 and Baixauli et al., 2008a), while our results 
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implicate enhanced sensory characteristics of HAM-RS2-enriched muffins with no significant 

differences in overall likeability.  

In our study the RS focaccia bread was significantly darker in color, more dense, had a 

more well done crust, and was less liked overall when compared to the control.  Korus et al. also 

observed that increasing concentrations of HAM-RS2 in gluten-free bread produced a denser 

product, which could be explained by a reduction of yeast fermentation (Korus et al., 2009).  The 

HAM-RS2 may act as ‘filler’ and impact the production of CO2, resulting in a denser, less fluffy 

bread product.  The authors concluded that HAM-RS2 in gluten-free bread did not significantly 

alter the organoleptic qualities, including ‘springiness’, ‘crumb hardness’ or ‘gumminess’.  The 

significant difference in overall likeability of our focaccia bread is most likely due to the density 

and perception of a more well-done, or firmer, crust.    

Our study found that the RS muffin had more moisture and scored significantly higher in 

the sensory attribute ‘moisture’ than the control.  This finding is in contrast to a study by Baixauli 

et al., who compared the moisture content of muffins with increasing concentrations of HAM-

RS2 (5%, 10%, 15% and 20%) (Baixauli et al., 2008a).  The authors found that high 

concentrations of HAM-RS2 resulted in significantly lower moisture content when compared to 

control muffins. Interestingly, the 10% HAM-RS2 muffins in their study had the lowest amount 

of moisture.  The higher water content observed in our muffins could be due to the addition of 

whole wheat fiber in the recipe.  Other dietary fibers, especially wheat, have been found to have 

higher water holding capacities (Rosell, Santos, & Collar, 2009).  Our study showed that the RS 

chicken curry had considerably less moisture than the control due to the complete substitution of 

flour with HAM-RS2.  This indicates that the HAM-RS2 has lower water holding capacity and 

higher evaporation capability than all-purpose flour.   

The sensory characteristics, including overall likeability of RS chicken curry did not 

differ significantly from the control.  The consumers rated the mouthfeel characteristic of the RS 
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chicken curry as “grainier” with a mean sensory score of 5.23, lower than the control which had a 

mean score of 6.77.  Similar results were found in a study examining the sensory attributes of 

HAM-RS2 in milk pudding.  Our chicken curry recipe contained yogurt, a milk product with 

similar consistency to pudding.  According to Ares et al, adding HAM-RS2 to milk pudding 

produced a significantly less acceptable product due to increased thickness and granular 

roughness (Ares et al., 2009). As the percentage of HAM-RS2 in the milk puddings increased 

above 1.4%, the acceptability of the product was hindered.    Our RS chicken curry had a much 

higher concentration of HAM-RS2 (5.77% based on tww).  The HAM-RS2 particle size averages 

10 – 15 μm and it has been reported that particles as small as 10 μm have been perceived in the 

mouth (Imai, Hatae, & Shimada, 1995).  Adding HAM-RS2 to roux or milk products may not be 

suitable for consumer acceptability, particularly when flour is completely replaced by HAM-RS2.    

The amount of RS in the HAM-RS2-enriched food items (expressed as tww and ldw) 

varied due to differences in the moisture content for the muffins, focaccia bread, and chicken 

curry samples (56.33%, 45.79% and 67.85%, respectively).  According to the ldw analysis, the 

muffins and chicken curry had lower amounts of RS when compared to the tww calculation.  In 

contrast, the focaccia bread had higher RS content in the ldw sample than tww calculation.  The 

differences could be attributed to the lack of obtaining a homogenous product sample prior to RS 

determination.     

Results from this research can be extrapolated to food items prepared commercially or in 

the home that may be enriched with HAM-RS2.  A medium size muffin (113 g) could provide 

3.21 g of RS without significantly impacting the overall likeability.  In addition, HAM-RS2 can 

also be incorporated into chicken dishes with sauce or gravy without influencing the overall 

likeability and can deliver up to 8.82 g of RS per serving (255 g).    

Several limitations of this research should be reviewed.  The RS content of the muffins 

and focaccia bread was analyzed using the raw, uncooked dough instead of the cooked product.  
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The RS content of the chicken curry was analyzed using a cooked sample.  However, this should 

not have altered the RS content in the products because the type of RS (a heat-moisture treated 

form of HAM-RS2) used in our study is not changed during baking or storage (Nugent, 2005).  

The participants recruited for the sensory analysis were not trained in sensory evaluation 

techniques; however, the data presented is likely representative of everyday consumer’s 

acceptability of HAM-RS2-enriched products.   

5. Conclusions 

The partial replacement of flour with HAM-RS2 in muffins enhanced the sensory 

characteristics without affecting overall likeability.  HAM-RS2 in muffins created a product that 

appeared more moist than their respective control.  The addition of HAM-RS2 in roux or milk 

products could be desirable if other ingredients were able to mask the mouthfeel that can be 

attributed to RS.  Overall, the addition of HAM-RS2 in foods may not significantly alter 

consumer’s likeability and can be added as a functional fiber to promote physiological health-

related benefits.     
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Table 4.1 

Ingredient Analysis of RS and Control Formulations for Muffins, Focaccia Bread, and Chicken Curry 

 Ingredient (g/100 g)   

RS formulation 

Ingredient (g/100 g)  

Control 

Muffins 

   Hi-Maizea 

   Banana, ripe 

   Flour, all-purpose 

   Blueberries, frozen 

   Sour cream, light 

   Brown sugar, light 

   Eggs, raw 

   Applesauce 

   Flour, whole wheat 

   Baking powder 

   Salt 

   Baking soda 

   Cinnamon, ground 

   Nutmeg, ground 

 

Focaccia Bread 

   Hi-Maize 

   Water 

   Mozzarella cheese 

   Flour, all purpose 

   Olive oil 

   Vegetable oil 

   Active dry yeast 

   Salt 

   Parmesan cheese 

   Granulated sugar 

   Garlic powder 

   Oregano, dried 

   Thyme, dried 

   Basil, dried 

   Black pepper 

    

Chicken Curry 

   Hi-Maize 

   Yogurt, plain 

   Chicken breast, raw 

   Tomatoes, diced 

   Onion, chopped 

   Flour, all-purpose 

   Canola oil 

   Curry powder 

   Garlic, minced 

 

4.73 

27.93 

9.55 

14.79 

14.32 

12.84 

7.89 

4.38 

2.37 

0.59 

0.24 

0.18 

0.15 

0.04 

 

 

10.17 

33.39 

32.05 

13.56 

3.82 

1.98 

1.70 

0.85 

0.71 

0.59 

0.44 

0.25 

0.20 

0.10 

0.10 

 

 

5.77 

35.34 

32.71 

16.36 

7.93 

n/a 

1.01 

0.45 

0.43 

 

n/a 

26.51 

16.38 

14.04 

13.59 

12.19 

7.49 

4.16 

4.49 

0.56 

0.22 

0.17 

0.15 

0.04 

 

 

n/a 

37.28 

35.68 

15.10 

4.25 

2.20 

1.89 

0.94 

0.79 

0.66 

0.49 

0.28 

0.22 

0.11 

0.11 

 

 

n/a 

43.46 

30.04 

15.02 

7.28 

2.65 

0.93 

0.42 

0.40 
aHi-Maize® 260 (a heat-moisture treated form of high-amylose maize supplied by Ingredion International, 

Bridgewater, NJ). Amount is based on total wet weight (tww) of each food product 
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Table 4.2 

Description of Sensory Evaluation Attributes Based on a 9-point Hedonic Scale of Three Food Products: 

Muffins, Focaccia Bread, and Chicken Curry 

Food 

Product 

Attribute Description 

Muffins  

Color 

Moisture/Dryness 

Mouthfeel 

Density 

Overall 

likeability 

 

1 = Dark brown; 5 = Golden brown; 9 = Light brown 

1 = Dry; 5 = Moderately    moist; 9 = Very moist 

1 = Chewy; 5 = Neutral; 9 = Brittle 

1 = Dense; 5 = Neutral; 9 = Fluffy 

1 = Dislike extremely; 5 = Like moderately; 9 = Like extremely 

Focaccia 

bread 

 

Color 

Moisture/dryness 

Mouthfeel 

Density 

Crust 

Overall 

likeability 

 

1 = Dark brown; 5 = Just right; 9 = Too light 

1 = Dry; 5 = Moderately moist; 9 = Very moist 

1 = Chewy; 5 = Neutral; 9 = Brittle 

1 = Dense; 5 = Neutral; 9 = Fluffy 

1 = Under baked; 5 = Neutral; 9 = Well done 

1 = Dislike extremely; 5 = Like moderately; 9 = Like extremely 

Chicken 

curry 

 

Appearance 

Aroma 

Mouthfeel 

Flavor 

Overall 

likeability 

 

1 = Dislike extremely; 5 = Like moderately; 9 =  Like extremely 

1 = Unpleasant; 5 = Neutral; 9 = Pleasant 

1 = Grainy; 5 = Neutral; 9 =  Smooth 

1 = Dislike extremely; 5 = Like moderately; 9 = Like extremely 

1 = Dislike extremely; 5 = Like moderately; 9 =  Like extremely  

 

 

 

 

Table 4.3 

Resistant, Non-Resistant, and Total Starch Content in Food Products With and Without RS (control)a  

Food Product RS g/100 g Non-RS 

g/100 g 

Total Starch  Percent RS Percent Non-

RS 

Muffins 

   Control 

   RS 

 

0.51 

5.50 

 

43.18 

32.09 

 

43.69 

37.59 

 

1.16 

14.63 

 

98.84 

85.37 

Focaccia Bread 

   Control 

   RS 

 

4.17 

13.10 

 

48.08 

45.19 

 

52.24 

58.29 

 

8.67 

22.47 

 

92.02 

77.43 

Chicken Curry 

   Control 

   RS    

 

0.85 

8.94 

 

19.42 

15.21 

 

20.28 

24.15 

 

4.39 

63.00 

 

95.79 

37.00 
aData shown is based on lyophilized dry weight (ldw).  
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Fig. 4.1. Mean Sensory Scores ± SE for RS Muffins and Control. 

*Indicates significant differences (P < 0.05) between the RS muffin and control. 

 

 

 
Fig. 4.2. Mean Sensory Scores ± SE for RS Focaccia Bread and Control. 

*Indicates significant differences (P < 0.05) between the RS focaccia bread and control. 
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Fig. 4.3. Mean Sensory Scores ± SE for RS Chicken Curry and Control. 

*Indicates significant differences (P < 0.05) between the RS chicken curry and control. 
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CHAPTER V 

HIGH-AMYLOSE MAIZE RESISTANT STARCH TYPE 2 (HAM-RS2) INFLUENCES 

SATIETY PEPDTIDES AND BODY COMPOSITION  

IN OVERWEIGHT ADULTS  

A Paper to Be Submitted For Publication  

Abstract 

The fermentable fiber high-amylose maize resistant starch type 2 (HAM-RS2) can 

upregulate satiety peptides and reduce adiposity in animals.  This study evaluated the impact of 

HAM-RS2 consumption on satiety peptides, body composition, and subjective satiety in 

overweight adults.  Using a randomized-controlled, double-blind design, 20 participants (mean ± 

SEM) 30.3 ± 9.9 years old with a BMI of 34.5 ± 6.3 received muffins containing either 30 g 

HAM-RS2 or digestible starch daily for six weeks.  Non-parametric tests compared within and 

between group changes in plasma glucagon-like peptide-1 (GLP-1), peptide YY (PYY), leptin, 

and insulin, as well as subjective satiety measured by a visual analogue scale (VAS) and body 

composition assessed by anthropometrics and dual-energy x-ray absorptiometry (DXA).  No 

significant mean change in plasma biomarkers, body composition, or subjective satiety occurred 

between groups, although within group significance was achieved for several variables.   The 

satiety peptides, iAUC GLP-1 (P = 0.041) and fasting PYY (P = 0.023) increased after HAM-

RS2 consumption, while iAUC leptin (P = 0.012) decreased.  The iAUC glucose decreased in 

both groups (HAM-RS2, P = 0.034 and placebo, P = 0.018).  A non-significant 12.2% reduction 

in iAUC insulin resulted after HAM-RS2 consumption, while an 8.0% increase was observed in 
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the placebo group.  A pattern toward improved insulin sensitivity was also found in the HAM-

RS2 group.  Mean change in subjective satiety did not correlate with changes in objective satiety, 

or plasma iAUC in either group.  While overall reductions in total body fat did not occur, 

consuming HAM-RS2 altered body fat distribution patterns favorable for the reduction of chronic 

disease incidence.  The long-term consumption of HAM-RS2 improves satiety peptides and blood 

glucose concentrations without changes in overall body fat, and can assist overweight individuals 

in the management of chronic disease progression. 

Introduction 

Although the prevalence of overweight in the United States has stabilized over the past 

decade, approximately 70% of adults have a body mass index (BMI) that exceeds the level 

required for optimal health (Ogden, Carroll, Kit, & Flegal, 2014).  Being overweight contributes 

to the development of several diseases, such as hyperlipidemia, cardiovascular disease, and type 2 

diabetes (T2DM) (Field et al., 2001; Mokdad et al., 2003).  However, the presence of 

metabolically active abdominal fat increases the risk for metabolic syndrome independent of 

BMI, emphasizing the significance of body fat distribution patterns on the development of 

chronic disease (Janssen, Katzmarzyk, & Ross, 2004).  Several foods, such as those high in fat 

and refined carbohydrates, but low in fiber, have been implicated in the etiology of excessive 

body fat accumulation (Liu et al., 2003).   Improving dietary fiber intake may assist in the 

reduction of body fat through mechanisms involved with satiation (J. Slavin & Green, 2007; J. L. 

Slavin, 2005).    

Satiety involves a complex interplay between neuronal and humoral signals originating 

from the gastrointestinal (GI) tract upon meal initiation and traveling to the central nervous 

system to terminate intake utilizing a negative feedback system (Woods, 2004).  The signals 

regulate either short- or long-term satiety.  Glucagon-like peptide-1 (GLP-1) and peptide YY 

(PYY) are released from the enteroendocrine L-cells in the distal GI tract and regulate meal 
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termination, meal size, and the duration between meals, and are known as short-term mediators of 

satiety (Cummings & Overduin, 2007).   The most potent forms of the peptides, PYY3-36 and 

GLP-17-36, exert anorectic actions by binding to receptors in the arcuate nucleus, as well as the 

brainstem to regulate GI motility and emptying (Maljaars, Peters, Mela, & Masclee, 2008; 

Murphy & Bloom, 2006).   GLP-1 is also known as an incretin, a powerful stimulator of glucose-

mediated insulin release (Burcelin, Serino, & Cabou, 2009).   

Compared to normal weight adults, obese adults have lower concentrations of PYY 

(Batterham et al., 2006) and PYY infusions result in a 30% decrease in food intake  (Batterham et 

al., 2003).  Obese individuals also have lower GLP-1 postprandial release and increasing 

concentrations promote weight loss (Näslund et al., 2004; Ranganath et al., 1996).  The 

synergistic actions of PYY and GLP-1 reduce food intake substantially more than individual 

administration of each peptide, highlighting the importance of improving plasma levels of both 

peptides on weight control (Neary et al., 2005). 

Leptin, an adipokine released primarily from adipocytes, and insulin circulate 

proportionally to fat mass and provide signals via the hypothalamus that regulate energy reserves 

and energy expenditure, or long-term satiety (Guyenet & Schwartz, 2012; Schwartz, Woods, 

Porte, Seeley, & Baskin, 2000).  Overweight adults have higher leptin concentrations, but often 

do not respond to its effects, otherwise known as leptin resistance (Guyenet & Schwartz, 2012).  

The development of leptin resistance may be caused by a multitude of factors, all of which alter 

downstream cell signaling to block satiation: hyperleptinemia, inflammatory cytokines, 

intracellular lipid deposits, and organelle stress (Guyenet & Schwartz, 2012; Zhou & Rui, 2013).  

Insulin resistance may result from leptin resistance, as evidenced by improvement in hepatic 

steatosis and insulin sensitivity upon leptin administration (Unger, 2003).  

The impact of high-amylose maize resistant starch type 2 (HAM-RS2), an insoluble, 

nonviscous fiber on reducing total body weight (Aziz, Kenney, Goulet, & Abdel-Aal, 2009; Shen 
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et al., 2008) and abdominal adiposity (Aziz et al., 2009; Charrier et al., 2013; Keenan et al., 2006) 

related to increased PYY and GLP-1 is well documented in animal models.  The short-chain fatty 

acids (SCFA) produced by HAM-RS2 fermentation in the large intestine binds to G protein 

receptors (GPR) 41 and 43 located on the same enteroendocrine L-cells that house PYY and 

GLP-1 (Lin et al., 2012; Tolhurst et al., 2012).  Moreover, the expression of GPR 41 on 

adipocytes stimulate leptin production upon SCFA binding (Xiong et al., 2004).  Therefore, it 

would seem plausible that increasing concentrations of GLP-1, PYY, and leptin through HAM-

RS2 consumption would promote satiety. 

Very few human studies have examined the impact of HAM-RS2 on satiety, gut peptide 

concentrations, and body composition.   The acute ingestion of HAM-RS2 improves satiety 

(Nilsson, Östman, Holst, & Björck, 2008; Willis, Eldridge, Beiseigel, Thomas, & Slavin, 2009); 

however, the relationship between long-term consumption and satiety is unknown.  Although a 

few studies have shown improvements in insulin sensitivity in healthy adults (M. D. Robertson, 

Bickerton, Dennis, Vidal, & Frayn, 2005) and adults with metabolic syndrome (Johnston, 

Thomas, Bell, Frost, & Robertson, 2010; Maki et al., 2012; M. D. Robertson, 2012), changes in 

GLP-1, PYY, and leptin, or fat mass, have either not been reported or have not occurred 

following HAM-RS2 consumption for ≥ 4 weeks.   Therefore, in this study, we examined the 

impact of consuming muffins containing 30 g HAM-RS2 or placebo (0 g HAM-RS2) daily for six 

weeks on body composition, GLP-1, PYY, leptin, and subjective satiety measured by a visual 

analogue scale (VAS), in overweight adults.           
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Materials and Methods 

Study Design 

This randomized, double-blind, placebo-controlled trial was conducted at Texas 

Woman’s University (TWU; Denton, Texas).  The study protocol was approved by the TWU 

Institutional Review Board and all participants signed an Informed Consent prior to involvement 

in any study procedure.  Upon completion of the study, participants received a $50 gift card to a 

major retail store.  

Participants 

Overweight (BMI ≥ 27), but otherwise healthy, adults of any race/ethnicity between the 

ages of 18 and 50 were eligible to participate in the study.  Participants were sedentary (< 20 

minutes exercise no more than two days per week) at least six months prior to enrollment.  

Exclusion criteria included those diagnosed with or taking medication(s) for chronic diseases, 

such as diabetes, hypertension, cancer, liver, kidney, or heart disease, or other metabolic 

disorders.  Participants were also excluded if they gained or lost a significant amount of weight or 

followed a special diet over the prior three months, consumed excessive vitamins, minerals, 

antioxidants, or dietary supplements (herbs, protein shakes, or food additives) known to alter 

metabolism, had a food allergy or intolerance to an ingredient in the study foods, or smoked.  

Women who were pregnant, lactating, or interested in becoming pregnant were not eligible to 

participate.   

Study Foods and Protocol 

After the screening process, the participants were randomized to receive one of two types 

of study muffins containing either 50 g Hi-Maize® (~30 g HAM-RS2, ~20 g rapidly digestible 

starch), supplied by Ingredion, Bridgewater, IN, or placebo (0 g HAM-RS2).  Each participant 

consumed three muffins (60 g per muffin x 3 = 180 g pre-cooked weight) each day.  The muffins 

in both groups had slightly different amounts of available (digestible) carbohydrate.  Three HAM-
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RS2 muffins provided 57.2 g available carbohydrate, while three placebo muffins provided 64.6 

g, as determined by an independent lab (Pope Testing Laboratories, Inc., Irving, TX).  Due to 

efforts in matching the amount of available carbohydrate while maintaining quality, the HAM-

RS2 muffins contained higher amounts total carbohydrates (90.3 g) than the placebo (76.9 g). The 

fat and protein content of both muffins were similar, but the caloric value of the muffins differed 

417.6 kcal for placebo and 448.2 for HAM-RS2.  Two flavors of muffins were developed, 

pumpkin spice and cranberry spice, and were administered to the participants on alternating 

weeks to alleviate monotony and improve compliance.  The caloric value of the cranberry spice 

muffins increased by 7.2 when compared to the pumpkin spice muffins, with a difference of 21.6 

kcal/d.  Both HAM-RS2 and placebo groups received the same type of muffins each week during 

the intervention.      

All study muffins were prepared and packaged in the TWU food preparation laboratory 

by culinary and dietetics students.  Participants received their study foods weekly on the same day 

and were instructed to consume the muffins at any time during the day.  Based on a sensory 

analysis using a 9-point Hedonic scale, no significant difference in overall likeability between the 

HAM-RS2 and placebo muffins were found, suggesting sensory acceptability of study foods 

(Maziarz et al., 2012).   

Three days immediately preceding the collection of baseline and final measurements, as 

well as at midpoint (week 3), a bowel habit log and food journal were completed by each 

participant.  Compliance was assessed by reconciling the food journals against a muffin 

consumption calendar, in which the participant circled the number of study foods consumed each 

day.  Muffins not consumed were brought to the investigators each week and noted.  The bowel 

habit log evaluated tolerance and adverse events by asking the participants a series of questions, 

such as “describe the consistency of your stools,” “did you mark your underwear or pad,” and 

“provide other comments, such as the presence of blood or mucous” (Lewis & Heaton, 1997).  
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Participants were instructed at baseline by a Registered Dietitian Nutritionist to follow a 2,000 

calorie, balanced diet adjusted for the caloric value of the study foods, according to the Dietary 

Guidelines for Americans 2010.  During the study, the participants agreed to maintain their 

normal daily lifestyle and activity patterns.   

At baseline (week 0) and completion of the study (week 6), participants reported to the 

laboratory fasting (≥ 8 hours) wearing light clothing for body composition analysis, blood 

collection, and subjective satiety assessment.    Body composition was analyzed using 

anthropometric (weight, height, waist and hip circumference) measurements in triplicate and 

whole body dual-energy x-ray absorptiometry (DXA) scans.  Following the collection of fasting 

blood (T0) by a trained phlebotomist, participants consumed three study muffins and six ounces 

orange juice within a 15 minute time period.  Immediately following the ingestion of the study 

foods, participants completed a visual analogue scale (VAS) tool to measure subjective satiety 

(Flint, Raben, Blundell, & Astrup, 2000).  The VAS comprised of seven questions, such as “how 

hungry are you?”, “how satisfied do you feel?”, and “would you like to eat something sweet?”   

Four additional post-prandial blood samples were obtained at 15 (T1), 30 (T2), 60 (T3), and 120 

(T4) minutes.  The 12 ml of blood collected at each time point into EDTA vacutainers was 

allowed to clot then centrifuged at 3,200 rpm for 12 minutes at 4°C.  Plasma was aliquotted and 

immediately frozen at -80°C until analyzed.       

Laboratory Measurements  

Analysis of plasma was conducted using commercially available kits according to 

manufacturer’s protocol.  Glucose was measured using a hexokinase colorimetric method 

(Stanbio, Boerne, TX) with an intra-assay coefficient of variation (CV) of 5.6%.  Total insulin 

(Alpco, Salem, NH) and leptin (Raybiotech, Norcross, GA) concentrations were determined using 

an enzyme-linked immunosorbant (ELISA) method with an intra-assay CV of 7.96% and 5.52%, 

respectively.  An enzyme immunoassay protocol measured total GLP-1 (GLP-1(9-36) and GLP-1(7-
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36)) (Raybiotech, Norcross, GA).  Total PYY (PYY(1-36) and PYY(3-36)) concentrations with an 

intra- and inter-assay CV’s of 6.13% and 10.69%, respectively, were also analyzed using ELISA 

(EMD Millipore, Billerica, MA).  A four-parameter logistics model was used to determine the 

concentrations of insulin and GLP-1 (MasterPlex® Reader Fit 2010, Hitachi Solutions America, 

Ltd., USA).  Cholecystokinin (CCK) was also measured using a competitive enzyme 

immumoassay kit (Raybiotech, Norcross, GA).  However, due to consistent optical density (OD) 

readings above the highest standard curve OD, CCK concentrations were not detected.       

Statistical Analysis 

To assess differences between and within HAM-RS2 and placebo groups, change in 

mean baseline and final scores were calculated for anthropometric, DXA, VAS (after three 

questions were reverse coded), and individual blood collection time point (T0, T1, T2, T3, and 

T4) outcome variables.  Due to limited sample size and potential deviations from normality, 

primary analyses were conducted using non-parametric tests as these are not confined to the 

assumptions of sample size and normality.   For data sets that contained outliers or did not display 

normality, the Wilcoxon Signed Ranked test compared differences within groups, while the 

Mann-Whitney U test examined between group differences.  The incremental area under the 

curve (iAUC) was calculated for all plasma biomarkers according to the trapezium rule (J. N. 

Matthews, Altman, Campbell, & Royston, 1990) and compared using the non-parametric tests 

described above.  Correlations in variable differences from baseline to the end of the intervention 

were determined using the Pearson’s correlation coefficient.  Data is presented as mean ± SEM, 

unless otherwise noted.  SPSS version 19 performed all analysis and significance was identified 

when P < 0.05.      
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Results 

Twenty (17 female, 3 male) adults with ages ranging from 19 to 49 years of age (mean 

30.3 ± 9.91) completed the study.  Four participants randomized to receive the placebo withdrew 

from the study protocol after consenting due to the following reasons: death in the family, failure 

to take study foods on an extended trip, illness, and adverse GI event (diarrhea). One participant 

randomized to the HAM-RS2 group did not finish the study due to not consuming study foods 

while on vacation.  Thus, 13 (11 female, 2 male) participants received the HAM-RS2 muffins, 

while 7 (6 female, 1 male) received the placebo.   The large variations in final sample size 

between the HAM-RS2 and placebo groups may have contributed to significant findings at 

baseline. Differences in BMI at baseline between the placebo (30.59 ± 1.53) and HAM-RS2 

(36.65 ± 1.77) groups resulted (P = 0.019) (Table 5.1); therefore, mean change from baseline to 

the end of the intervention among variables within and between groups will be reported.   

Compliance to the study protocol, bowel habit changes, and the macronutrient content of the 

participant’s diet will be reported elsewhere.   

An exclusion analysis was conducted to determine potential changes in the results when 

the two participants with Grade 3 obesity (BMI 48.74 and 44.92) randomized to the HAM-RS2 

group were removed so that no differences in BMI occurred at baseline (P = 0.077).  Upon 

excluding the two participants from the data analysis, the major findings associated with the study 

were sustained, except for GLP-1.  Significant increases in hip circumference (P = 0.021) and 

fasting PYY (P = 0.033), and decreases in iAUC glucose (P = 0.028), iAUC leptin (P = 0.022), 

120 minute postprandial leptin (P = 0.028), and waist-to-hip ratio (P = 0.041) were observed 

when the data analysis did not include the BMI outliers.  However, within the HAM-RS2 group 

neither the iAUC GLP-1 (P = 0.139), nor 30 minute postprandial GLP-1 (P = 0.074), differed at 

the end of the study when compared to baseline after removing the outliers.  Also, the significant 
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decrease in lean trunk mass within the HAM-RS2 group was eliminated.  Only three variables 

were significantly different between groups when the BMI outliers were removed from the data 

analysis: baseline leg mass (P = 0.013), final leg mass (P = 0.021), and baseline 120 minute 

postprandial PYY (P = 0.043).   

Body Composition 

At baseline, BMI, total body fat mass, leg fat and lean mass were significantly higher in 

the HAM-RS2 group than the placebo group (Table 5.1).  No significant change in BMI, waist 

and hip circumference, fat or lean body mass occurred between groups at the end of each 

intervention (Table 5.2).  After the consumption of HAM-RS2 for six weeks, a significant 

increase in mean hip circumference (3.51 ± 1.54, P = 0.033), but decrease in waist-to-hip ratio (-

0.03 ± 0.01, P = 0.019), and lean trunk mass (-1.88 ± 0.86, P = 0.046) was found.  A similar non-

significant decrease of -1.84 ± 1.22 (P = 0.063) in lean trunk mass was also observed in the 

placebo group.  Total trunk mass was reduced in the HAM-RS2 (-2.64 ± 2.32) and placebo (-3.21 

± 2.50) groups; however, only the placebo reached significance (P = 0.043).   

Visual Analogue Scale (VAS)  

Overall change in mean VAS score within and between HAM-RS2 and placebo groups 

did not differ, although a 24.2% percent increase in mean satiety score after consuming HAM-

RS2 resulted, compared to 0.59% in the placebo group.   
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Glucose, Insulin, and Insulin Sensitivity 

 Fasting glucose and insulin did not differ between groups at baseline (Table 5.3).  The 

iAUC glucose and iAUC insulin did not differ between groups after the intervention period 

(Figure 5.1).  However, the iAUC glucose decreased significantly in the HAM-RS2 (P = 0.034) 

and placebo (P = 0.018) groups, but comparisons across the fasting or postprandial time points 

did not differ.  Although significance was not achieved, consuming the placebo muffins resulted 

in an 8.03% higher iAUC insulin, while consuming HAM-RS2 muffins lowered iAUC insulin by 

12.20%.   

Three methods were used to assess the impact of HAM-RS2 on insulin sensitivity 

utilizing fasting plasma glucose and insulin: the inverse relationship of insulin (1/insulin), the 

qualitative insulin sensitivity check index (QUICKI), and the homeostasis model assessment of 

insulin resistance (HOMA-IR) (Table 5.4).  The 1/insulin, which identifies insulin resistance 

when normal blood glucose levels prevail, improved in the HAM-RS2 group by 17.64% 

(Muniyappa, Lee, Chen, & Quon, 2008).  The fasting blood glucose levels were normal among 

our study population, except one female participant; however, the results were not altered when 

the participant was excluded from the data analysis.  Interestingly, a 10.98% improvement in 

1/insulin also occurred in the placebo group.    HOMA-IR was calculated using the following 

equation: HOMA-IR = (fasting insulin (µU/ml) x fasting glucose (mmol/L) / 25) (D. Matthews et 

al., 1985).   An 8.70% improvement in HOMA-IR was observed in the HAM-RS2 group, while a 

2.78% decline was found in the control.  Similar results of a lesser magnitude were also found 

when using the qualitative insulin sensitivity check index (QUICKI), derived by the mathematical 

formula (1 / [log (fasting plasma insulin, µU/ml) + (log (fasting glucose, mg/dL)] that correlates 

strongly with the gold standard hyperinsulinemic euglycemic glucose clamp method to measure 

in vivo insulin sensitivity (Katz et al., 2000).   The HAM-RS2 and placebo groups showed small 

improvements of 1.86% and 1.53% in insulin sensitivity using the QUICKI method.  Although no 
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significant difference between or within groups were found among the insulin sensitivity 

measurements, a pattern toward an improvement in insulin sensitivity was observed in the HAM-

RS2 group.    

Near significant correlations between iAUC glucose and iAUC insulin at the end of each 

dietary intervention within HAM-RS2 (r = 0.570; P = 0.053) and placebo (r = 0.752; P = 0.051) 

groups were also found (data not shown).  In addition, change in iAUC insulin positively 

correlated with overall body fat (r = 0.751, P = 0.005), but inversely with overall lean body mass 

(r = -0.762, P = 0.004) in the HAM-RS2 group and inversely with trunk fat mass (r = -0.778, P = 

0.04) and trunk lean mass (r = -0.911, P = 0.004) in the placebo group (Table 5.5).         

Glucagon-Like Peptide-1 and Peptide YY 

 No significant difference in fasting GLP-1 or PYY was found between groups at baseline 

(Table 5.3).  The iAUC for the satiety peptides GLP-1 and PYY also did not differ between 

groups after treatment, although a significant increase in iAUC GLP-1 (P = 0.041) occurred in the 

HAM-RS2 group (Figure 5.1).  In this study, plasma biomarkers were measured at five time 

points at baseline and at the end of treatment: fasting, and postprandial time points at 15, 30, 60, 

and 120 minutes.  At the 30 minute postprandial time point, the HAM-RS2 group had higher 

iAUC GLP-1 plasma concentrations (P = 0.034) after treatment, while the placebo had no change 

in iAUC GLP-1 at any time point.  While the iAUC PYY was not significantly different between 

the groups, fasting PYY increased (P = 0.019) in the HAM-RS2 group by 21.65%.  No 

significant correlation between changes in iAUC PYY and iAUC GLP-1 resulted; however, an 

inverse correlation between the difference in fasting GLP-1 and fasting blood glucose approached 

significance (-0.550, P = 0.052) in the HAM-RS2 group (data not shown).  Hip circumference 

correlated with iAUC PYY (r = 0.671, P = 0.017) after consuming HAM-RS2 muffins (Table 

5.5).   
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Leptin 

 Of all biomarkers, leptin showed the greatest change after HAM-RS2 consumption.  The 

iAUC leptin decreased (P = 0.012), as well as the fasting (P = 0.046), and postprandial time 

points at 30 (P = 0.023), 60 (P = 0.019), and 120 (P = 0.10) minutes (Figure 5.1).  Fasting leptin 

concentrations did not differ between groups at baseline (Table 5.3), and no change in leptin was 

observed after the intervention between groups or within the placebo group.  The iAUC leptin did 

not correlate with any measurement of body composition (Table 5.5).  Interestingly, changes in 

iAUC leptin negatively correlated with iAUC PYY (r = -0.801; P = 0.030) at the completion of 

the study in the placebo group (data not shown).    

Correlations between Subjective and Objective Satiety 

 Mean change in subjective satiety determined by the VAS score did not correlate with 

changes in objective satiety, or plasma iAUC values in either group (data not shown).  In the 

HAM-RS2 group, the reduction in iAUC leptin correlated with a mean decrease in response to the 

question, “how much do you think you can eat?” (r = 0.845; P = 0.002).  An increase in the mean 

score to the question, “how full do you think you feel?” correlated with improvements in the 

iAUC GLP-1 (r = 0.752; P = 0.051) within the placebo group.    

Discussion 

 The results of this study found significant increases in the short-term mediators of satiety, 

iAUC GLP-1 and fasting PYY, after the daily consumption of 30 g HAM-RS2 for an extended 

period of time in overweight, but otherwise healthy, adults.  Despite repeated findings linking 

HAM-RS2 administration and GLP-1 and PYY upregulation in animals, neither acute nor long- 

term (≥ 4 weeks) studies examining HAM-RS2 consumption in adults have found positive 

association.  Acute studies show that GLP-1 decreased (Bodinham, Al-Mana, Smith, & 

Robertson, 2013) or did not change (M. Robertson, Currie, Morgan, Jewell, & Frayn, 2003) after 

consuming HAM-RS2 in healthy adults.  Studies of longer duration also found no change in 
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GLP-1 among healthy adults who consumed 30 g HAM-RS2 daily for 4 weeks (M. D. Robertson 

et al., 2005).  However, the duration of HAM-RS2 administration in these studies may not have 

been long enough to observe a significant improvements in GLP-1 concentrations.  One study 

examined the daily consumption of a fermentable wheat cereal fiber on GLP-1 concentrations in 

hyperinsulinemic adults and found that GLP-1 did not significantly increase until approximately 

12 months (Freeland, Wilson, & Wolever, 2010).  The human studies examining GLP-1 did not 

measure PYY, thus association between HAM-RS2 ingestion and PYY is unknown.   

One mechanism associated with increased short-term satiety peptides could be related to 

SCFA binding to GPRs on enteroendocrine L-cells in the distal intestine to promote GLP-1 and 

PYY release into circulation.  GLP-1, an incretin, stimulates β-cell mass and glucose-mediated 

insulin release (Brubaker & Drucker, 2004).  We did not find concomitant increases in iAUC 

insulin and iAUC GLP-1 that would suggest an incretin affect in the HAM-RS2 group.  However, 

a significant decrease in iAUC glucose was observed, which can be partially explained by GLP-1.  

We found a significant inverse correlation between iAUC GLP-1 and iAUC glucose in the HAM-

RS2 group.  GLP-1 slows GI motility and emptying so that the attenuation of blood glucose 

becomes evident (Drucker, 2006).  Also, the peripheral administration of GLP-1 in obese 

individuals has been found to reduce gastric emptying and glucose delivery to the blood (Flint, 

Raben, Ersbøll, Holst, & Astrup, 2001).   In this study, a significant thirty minute postprandial 

GLP-1 increase was also found in the HAM-RS2 group, which could be explained by the 

prolonged nutrient-stimulated peptide release resulting from slower GI motility.  Moreover, 

independent of insulin, GLP-1 may also lower blood glucose through peripheral sensors that 

assist with blood glucose control (Drucker, 2006). Current treatment options for individuals with 

T2DM include enzyme inhibitors of di-peptidyl peptidase-IV (DPP-IV), the enzyme that 

inactivates GLP-1.  The administration of DPP-IV inhibitors lowers blood glucose without 
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concomitant increases in weight among individuals with T2DM (DeFronzo et al., 2005), 

indicating the strong correlation between GLP-1 and blood glucose.      

Consuming HAM-RS2 muffins produced a 25% non-significant increase in overall mean 

subjective satiety score.  However, the lack of correlation between iAUC GLP-1, fasting PYY, 

and mean VAS suggests the short-term satiety peptides did not influence satiety.  PYY1-36 is the 

most predominant form of PYY during fasting conditions and is the least potent on suppressing 

food intake (Batterham et al., 2002; Grandt et al., 1994).  We found a significant increase in 

fasting PYY, or most likely PYY1-36, which may be one reason we did not observe a significant 

improvement in subjective satiety.   Also, postprandial, not fasting PYY, has been found to 

correlate with subjective satiety and changes in body weight (Guo et al., 2006).  It is not clear 

why GLP-1 did not impact satiety, as many trials have shown that peripherally administered 

DPP-IV inhibitors promote satiety (Drucker, 2006); however, GLP-1 plasma levels may not have 

been high enough to cross the blood brain barrier or activate vagal nerve responses.   

A significant decrease in the iAUC blood glucose after the intervention in the HAM-RS2 

group resulted, which, in addition to the impact of GLP-1, may be due to slightly decreased 

amounts of available carbohydrate in the HAM-RS2 muffins.  One study found no change in 

fasting or iAUC blood glucose when the amount of available carbohydrate in the HAM-RS2 and 

placebo interventions were matched (M. D. Robertson et al., 2005).  Administering similar 

amounts of available carbohydrate would show the true metabolic benefits of HAM-RS2.  

Likewise, the decrease in iAUC glucose could be due to changes in free fatty acid flux from 

adipocytes into circulation.  Elevated levels of free fatty acids contribute to insulin resistance, 

obesity, and T2DM (Boden & Shulman, 2002).  The consumption of HAM-RS2 has also been 

shown to reduce plasma free fatty acids (M. D. Robertson, 2012), as well as free fatty acid release 

from subcutaneous adipose tissue in the abdominal region (M. D. Robertson et al., 2005).  As a 

consequence of reduced free-fatty acids, improvements in glucose uptake in the muscle and 
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insulin sensitivity occurred (M. D. Robertson, 2012).  While SCFA were hypothesized to cause 

cellular changes among adipocytes that would alter lipolysis, a correlation between SCFA 

(acetate and propionate) and free-fatty acid release was not found (M. D. Robertson et al., 2005). 

We did not measure free-fatty acids or SCFA in this study; therefore, the contribution of plasma 

free-fatty acids and SCFAs to the observed improvements in iAUC glucose in the HAM-RS2 

group is not known.  Interestingly, we also observed an unexplained decrease in iAUC glucose in 

the placebo group; however, a non-significant increase in iAUC insulin was found, which may 

lead to hyperinsulinemia and altered glucose handling across the peripheral tissues.   

In contrast to the placebo group, we observed a non-significant 12.2% decrease in iAUC 

insulin after consuming HAM-RS2 muffins.  Many long-term studies have found improvements 

in insulin sensitivity after 15 – 40 g HAM-RS2 was consumed daily for 4 – 12 weeks (Johnston et 

al., 2010; Maki et al., 2012; M. D. Robertson et al., 2005; M. D. Robertson, 2012).  However, we 

did not find a significant change in insulin sensitivity using fasting glucose and insulin values, 

even though a pattern toward improvement after HAM-RS2 consumption resulted.  We observed 

an 8.7% improvement in HOMA-IR in the HAM-RS group, similar to the findings of other 

studies.  Robertson et al. (2012) observed a 10.4% improvement in HOMA-IR after individuals 

with metabolic syndrome consumed 40 g HAM-RS2 for eight weeks.  The same research team 

also found a 19% improvement in insulin sensitivity using the hyperinsulimaemic-euglycaemic 

clamp after adults with metabolic syndrome consumed 40 g HAM-RS2/d for 12 weeks without 

concurrent changes in HOMA (Johnston et al., 2010), suggesting fasting glucose and insulin 

concentrations may not have been sensitive enough to determine changes in insulin sensitivity in 

this study.    

Despite no change in total body fat mass, iAUC leptin decreased significantly after 

HAM-RS2 consumption.  Leptin circulates in the blood proportional to body fat mass, so a 

reduction in fat mass would likely produce lower concentrations, thus attenuating the satiation 
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response.  However, we did not observe a decrease in total adiposity and our results contrast with 

our hypothesis that increased SCFA’s in the circulation produced from HAM-RS2 fermentation 

would bind to GPR 41 on adipocytes and upregulate leptin release (Xiong et al., 2004).  However, 

our results suggest that a decrease in plasma leptin may improve leptin sensitivity.  While leptin 

induces satiation and increases energy expenditure by blocking the orexigenic NPY and AgRP 

neurons and upregulating the POMC neurons in the arcuate nucleus of the hypothalamus 

(Morton, Cummings, Baskin, Barsh, & Schwartz, 2006), sustained high leptin levels may 

promote leptin resistance (Knight, Hannan, Greenberg, & Friedman, 2010).  The HAM-RS2 

group baseline leptin levels (41.26 ± 27.73 ng/mL) were near adipose tissue saturation (~50 

ng/mL) (Moon et al., 2011), thus the iAUC leptin decrease may be important in reversing both 

peripheral and central nervous system leptin resistance and restoring the blunted downstream 

cellular signaling required for satiety.  More importantly, improving the downstream leptin 

signaling can also assist in the reversal of insulin resistance (Morton and Schwartz, 2012), 

especially due to the reported strong correlation between fasting leptin concentrations ≥ 15 ng/mL 

and decreased insulin sensitivity (Askari, Tykodi, Liu, & Dagogo-Jack, 2010).  One explanation 

associated with the observed reduction in leptin could be related to the macronutrient profile of 

the study muffins.  The HAM-RS2 muffins could have displaced the overall fat content in the 

diet, especially if the participants had a very high fat diet at baseline.  If a reduction in dietary fat 

occurred, the reversal of leptin resistance may be plausible.  One study found that the 

responsiveness of leptin to hypothalamic neurons improved, as well as insulin sensitivity, after 

the induction of a low fat diet in leptin resistant rats (Enriori et al., 2007).  Another reason the 

iAUC leptin decreased may be due to changes in adipocyte size, although this was not measured 

in this study.  In normal and diabetic rats, the administration of high-amylose resistant starch 

from mung beans produced smaller adipocytes that exhibited a reduction of intracellular glucose-

incorporated lipogenesis than waxy cornstarch (Kabir et al., 1998).  A decrease in the lipid 
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content from large adipocytes has been shown to improve insulin sensitivity despite lower leptin 

release (Skurk, Alberti-Huber, Herder, & Hauner, 2007; So et al., 2007).   In healthy adults, a 

23% increase in postprandial fat oxidation has also been observed after 5.4% HAM-RS2 

consumption (Higgins et al., 2004).   Increased fat oxidation would inhibit lipid accumulation 

within adipocytes and consequently alter leptin production.  In contrast to our findings, other 

long-term studies found no change in leptin or fat mass in healthy adults consuming 30 g HAM-

RS2 daily for four weeks (M. D. Robertson et al., 2005), or adults with metabolic syndrome 

consuming 40 g HAM-RS2 daily for eight weeks (M. D. Robertson, 2012).   

Changes in body fat distribution patterns favorable for the reduction of chronic disease 

risk were observed in the HAM-RS2 group.  Our participants’ mean waist circumference of 98.51 

± 12.44 cm at baseline suggests increased risk of cardiovascular disease and metabolic syndrome, 

and reducing waist circumference independent of BMI can improve comorbidities (Janssen et al., 

2004).  Hip circumference increased while and waist-to-hip ratio decreased, which could be 

suggestive of adipose tissue redistribution which may be explained by HAM-RS2 fermentation 

by-products.  SCFA can bind to GPR 41 and 43 on adipocytes to promote differentiation (Hong 

2005), and cause changes in fat distribution patterns, although this finding may not be favorable 

in reducing fat mass,  We also observed a significant decrease in lean trunk mass alongside non-

significant decreases in trunk and android fat mass within the HAM-RS2 group.  The reduction of 

metabolic syndrome requires improvements in visceral adipose tissue, relative to lean trunk mass 

(Bjørndal, Burri, Staalesen, Skorve, & Berge, 2011).  Fat trunk mass is highly correlated with 

visceral adipose tissue using DXA, one method used to determine body composition in this study 

(Park, Heymsfield, & Gallagher, 2002), suggesting HAM-RS2 may be a dietary component that 

may positively alter body composition to reduce disease risk.  Despite improvements in iAUC 

GLP-1 and fasting PYY in the HAM-RS2 group, we did not observe a reduction in total body fat.  

However, increases in gut peptides may occur prior to the reduction in adiposity, which has been 
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observed in patients receiving gastric bypass surgery (Ochner, Gibson, Shanik, Goel, & Geliebter, 

2011).  The duration of our study may be long enough to observe the true impact of GLP-1 and 

PYY on overall adiposity.  

Several limitations of the study must be considered.  First, only total concentrations of 

GLP-1 (GLP-17-36 + GLP-19-36) and PYY (PYY1-36 + PYY3-36) were measured.  GLP-17-36 and 

PYY3-36 are the most potent forms of the peptides that initiate meal cessation (Cummings & 

Overduin, 2007).  The assays utilized in this study were able to detect both forms of GLP-1 and 

PYY, but it is not clear if the most bioactive forms increased relative to the total amount.   In 

addition, immediately following blood collection, the addition of DPP-IV inhibitors were not 

added to plasma to preserve the active form of the peptides, although immediate preservation of 

plasma following blood collection likely sustained the active forms.  Also, the HAM-RS2 and 

placebo muffins had markedly different amounts of fiber, as well as total calories.   The HAM-

RS2 muffins provided approximately 30 kcal/d more than the placebo muffins, which could have 

contributed to the absence of fat reduction.  Finally, the participants consumed the study foods at 

any time during the day.  Consuming 30 g HAM-RS2 at one meal or over sporadically throughout 

the day may produce different metabolic responses.  Further studies are needed to examine this 

theory.  

Conclusion 

 The inclusion of HAM-RS2, a fermentable fiber, into the diet of overweight adults 

contributes to improved plasma gut satiety hormones, glucose control, while altering body 

composition patterns conducive to the reduction of disease.  Consuming HAM-RS2 may also 

assist in the reversal of leptin resistance demonstrated by a reduction in plasma leptin.  The 

mechanisms contributing to the observed metabolic changes are likely due to the fermentation by-

products of HAM-RS2.       
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Table 5.1   

Anthropometric and Dual-energy X-ray Absorptiometry (DXA) Baseline Measurements between 

HAM-RS2 and Placebo Groups1  

     Placebo      HAM-RS2   

BMI (kg/m2)                 30.59  ±  1.614       36.81  ±  1.84      

Waist circumference (cm)2                93.18  ±  5.33     101.99  ±  3.76   

Hip circumference (cm)2              107.42  ±   4.41               118.24  ±  3.86    

Waist-to-hip ratio      0.86  ±  0 .02          0.86  ±  0.02       

Total body fat mass (kg)3                 34.73 ±  2.834       47.69  ±  3.83      

Total body lean mass (kg)3                43.71  ±  2.89      47.82  ±  1.87     

Leg fat mass (kg)3   12.03  ±  0.964       18.13  ±  1.88      

Leg lean mass (kg)3   14.64  ±  0.994       16.84  ±  0.84      

Trunk total mass (kg)3   40.71  ±  3.74      48.10  ±  3.41     

Trunk fat mass (kg)3   34.73  ±  2.83      47.69  ±  3.83     

Trunk lean mass (kg)3   21.28  ±  1.93      23.38  ±  1.49     

Android fat mass (kg)3   50.83  ±  1.25       51.75  ±  1.78     

Gynoid fat mass (kg)3   49.66  ±  1.79       52.96  ±  2.27     

 
Note: 1 Data are mean ± SEM; BMI, body mass index. 2 Measurements taken in triplicate after participants fasted for ≥8 

hours.  3 Measured by using dual-energy x-ray absorptiometry (DXA) (Lunar DPX NT, General Electric Healthcare, 

Madison, WI). 4 Significant between group comparisons of mean ± SEM values at baseline determined by Mann-

Whitney test (P < 0.05) 
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Table 5.2   

Change in Anthropometric and Dual-energy X-ray Absorptiometry (DXA) Measurements after 

Consuming HAM-RS2 or Placebo for 6 Weeks1  

      Placebo  HAM-RS2  

BMI (kg/m2)    0.00  ±  0.17  0.16  ±  0.14 

Waist circumference (cm)2   1.55  ±  3.99              -0.23  ±  1.67 

Hip circumference (cm)2   3.26  ±  2.85   3.51  ±  1.54** 

Waist-to-hip ratio   -0.02  ±  0.02              -0.03  ±  0.01** 

Total body fat mass (kg)3   0.15  ±  0.49  1.10  ±  0.60 

Total body lean mass (kg)3               -0.03  ±  0.68              -0.90  ±  0.54 

Leg total mass (kg)3   1.78  ±  1.71   0.31  ±  0.65 

Leg fat mass (kg)3   0.81  ±  0.88   0.09  ±  0.41 

Leg lean mass (kg)3   0.96  ±  0.86  0.19  ±  0.38 

Trunk total mass (kg)3               -3.21  ±  2.50**              -2.65  ±  2.32 

Trunk fat mass (kg)3               -1.28  ±  1.30              -0.64  ±  1.53 

Trunk lean mass (kg)3               -1.84  ±  1.22              -1.88  ±  0.86** 

Android fat mass (kg)3   0.74  ±  0.84              -0.48  ±  0.99 

Gynoid fat mass (kg)3   0.14  ±  0.99              -0.57  ±  0.61 

 
Note: 1Data are mean ± SEM; BMI, body mass index. 2 Measurements taken in triplicate after participants fasted for ≥8 

hours.  3Measured by using dual-energy x-ray absorptiometry (DXA) (Lunar DPX NT, General Electric Healthcare, 

Madison, WI). **Change within group comparisons (mean ± SEM) from baseline to the end of the intervention 

determined by Wilcoxon Signed Ranked test (P < 0.05). 
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Table 5.3   

Fasting Plasma Biomarker Concentrations between the HAM-RS2 and Placebo Groups at 

Baseline 

 

Biomarker 

 

Placebo HAM-RS2 

 

Glucose (mg/dL) 

 

92.97 ± 4.9 

 

90.56 ± 6.3 

 

Insulin (µIU/mL) 

 

9.81 ± 1.8 

 

9.49 ± 1.6 

 

GLP-1 (pg/mL) 

 

11.91 ± 1.7 

 

10.62 ± 1.6 

 

PYY (pg/mL) 

 

53.37 ± 5.1 

 

57.65 ± 7.7 

 

Leptin (ng/mL) 

 

24.67 ± 4.9 

 

41.26 ± 8.2 

 

 

 

 

 

Table 5.4 

 

Comparison of Insulin Sensitivity (Si) Measurements between HAM-RS2 and Placebo Groups at 

the End of the Intervention 

 

Si Measurement   Mean ± SEM        Percent change1      P-value2 

1/Insulin  

     Placebo  0.135 ± 0.06  10.98  1.000 

     HAM-RS2                 0.156 ± 0.03       17.64            

  

HOMA-IR      

     Placebo  2.357 ± 0.78  2.78  0.757 

     HAM-RS2  2.105 ± 1.55             -8.70      

   

QUICKI 

     Placebo  0.350 ± 0.03  1.53  0.757 

     HAM-RS2  0.359 ± 0.04  1.86   

              
 

NOTE: 1From baseline to the end of the intervention. 2Between group comparisons at the end of the intervention 

determined by Mann-Whitney U test. 
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Table 5.5 

Correlations Between iAUC and Body Composition Change from Baseline to End of Intervention 

in the HAM-RS2 and Placebo Groups1  

 

Body 

Composition 

iAUC 

glucose 

iAUC  

insulin 

iAUC  

leptin 

iAUC  

PYY 

iAUC  

GLP-1 

Overall fat 

    Placebo 

    HAM-RS2 

 

0.304 

0.251 

 

 0.202 

 0.751* 

 

 0.016 

-0.292 

 

-0.224 

-0.008 

 

-0.084 

 0.045 

 

Overall lean 

    Placebo 

    HAM-RS2 

 

 0.255 

-0.405 

 

 0.082 

-0.762* 

 

-0.003 

 0.242 

 

 0.523 

 0.074 

 

 0.132 

-0.172 

 

Trunk fat 

    Placebo 

    HAM-RS2 

 

-0.562 

-0.188 

 

-0.778* 

 0.341 

 

-0.552 

 0.102 

 

 0.137 

-0.023 

 

-0.450 

 0.174 

 

Trunk lean 

    Placebo 

    HAM-RS2 

 

-0.654 

-0.530 

 

 

-0.911* 

-0.243 

 

-0.553 

 0.270 

 

 0.328 

 0.092 

 

-0.317 

-0.073 

WC 

    Placebo 

    HAM-RS2 

 

 0.374 

-0.174 

 

 0.135 

 0.079 

 

-0.166 

-0.157 

 

 0.686 

 0.174 

 

 0.122 

-0.402 

 

HC 

    Placebo 

    HAM-RS2 

 

-0.055 

-0.038 

 

-0.117 

 0.018 

 

-0.262 

-0.588 

 

 0.642 

 0.671* 

 

-0.021 

-0.414 

 

W to H 

    Placebo 

    HAM-RS2 

 

 0.676 

-0.164 

 

 0.355 

 0.108 

 

 0.003 

 0.359 

 

 0.467 

-0.502 

 

 0.523 

-0.113 

 
NOTE: 1Comparisons determined by Pearson’s correlation coefficient.  Abbreviations:  Waist circumference, WC; hip 

circumference, HC; W to H, waist to hip ratio. * P – value ≤ 0.05.   
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Figure 5.1. Comparison of plasma biomarkers between HAM-RS2 and placebo at the end of the 

intervention. 
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Seeking Participants for Body Weight Study  

 

A study being conducted at Texas Woman’s University in Denton, Texas is seeking participants 

for a research study.  Males and females (between the ages of 18 and 50) that are overweight, but 

otherwise healthy, are currently being recruited to examine the effects of resistant starch on body 

weight. Resistant starch is a natural ingredient derived from corn and is found in many types of 

foods.  The resistant starch used in this study, Hi-Maize®, can be classified as a type of dietary 

fiber. You may qualify if you are healthy and not taking weight reduction medication or engaging 

in strenuous activity. You will be required to eat 3 muffins every day for 6 weeks along with your 

normal food. The muffins may or may not contain resistant starch.  The benefits include body fat 

assessment, free study foods and blood analysis, and $50.00 compensation. Participants will also 

receive free nutrition education from a Registered Dietitian.  The study muffins are prepared fresh 

each week and will need to be picked up at the TWU campus.  Please contact Dr. Parakat 

Vijayagopal (pvijayagopal@twu.edu or 940-898-2709) or Dr. Shanil Juma (sjuma @twu.edu or 

940-898-2704) for more information 
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Script 

 

Thank you for your interest in this research project “Resistant Starch and Weight Control”. 

We are doing the study to find out if eating a meal containing resistant starch (starch not digested) 

will cause weight loss. Each participant in the study will fast overnight and go to the study site on 

two occasions separated by 6 weeks. During the first visit, the investigators will take the 

participant’s height and weight and waist and hip measurements and perform body fat analysis. A 

phlebotomist (person taking blood) will draw three tablespoons of your fasting blood. Each of 

you will then eat a meal and we will take four additional blood samples (3-table spoons each) at 

15, 30, 60, and 120 minutes after you eat the food. We will then ask you to eat three muffins 

every day for the next 6-weeks along with your normal meals. We will supply the muffins. 

During your last visit, we will again take your height, weight, and waist and hip measurements 

and perform body fat analysis. A phlebotomist will draw three table spoons of your fasting blood. 

Each of you will then eat a meal and we will take four additional blood samples (3-table spoons 

each) at 15, 30, 60, and 120 minutes after you eat the food. We will analyze the blood samples for 

several markers of obesity.    

Why are we doing the study? 

Obesity is a risk factor for many diseases. Starch is a major form of carbohydrates in our food. 

Certain types of starches are not digested in our body. These are called resistant starches. 

Resistant starch has many benefits for humans. There is very little research on the effect of 

resistant starch on body weight in humans. Our study will investigate the impact of resistant 

starch on weight and provide new information in this field.  

What are we going to do, and what your participation will be?             

Exclusion criteria 

Volunteers cannot participate if they are less than 18 years of age or above 50 years of age. They 

cannot also participate if they currently take or have taken antioxidant supplements (vitamin E 

and vitamin C) 3 months prior to enrolment in the study, or are pregnant or breastfeeding. You 

cannot also participate if you have any chronic diseases like high blood pressure, diabetes, heart 

disease, and liver disease or you are taking any weight reduction medication or doing daily 

strenuous exercise.  

Along with your regular meal you will eat 3 muffins every day for six weeks. These muffins may 

or may not contain resistant starch. We will provide the muffins. You have the right not to eat the 

study food supplied to you and there is no penalty for this. We will also ask you to keep a daily 

food journal and bowel habit journal at the beginning, middle, and end of the study. On two 
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separate occasions we will draw your fasting blood and you will eat a meal. We will again draw 

your blood at 15, 30, 60, and 120 minutes after the meal.  We will also take your height, weight, 

waist and hip measurements.                                                                                                                                  

Confidentiality:  

Issues of privacy and loss of confidentiality may cause concern to you. However, confidentiality 

will be protected to the extent that is allowed by law. Information regarding all participants will 

be kept confidential. All information collected from you will be stored in a locked cabinet. In 

addition, your name will not appear on any document. You will be assigned a code number that 

will be used at all times.                                                                                                       

Benefits: 

Free study food, $50.00 when you complete the study, and test results if you request. 

 

Thank you. 

 

Any questions? 
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APPENDIX D: 

Screening Questionnaire 
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Screening Questionnaire 

 
ID:                                                                 Sex:                                      Age: 

Telephone(s):                                                e-mail: 

Do you smoke?: ____ Yes   _____ No                   Cigarettes per day  _____ 

Medical condition you are taking medicine for: 

Hypertension ___ High cholesterol ___ Kidney disease ____ Lung disease ____ 

Diabetes ___          Heart disease ____     Liver disease ___ 

List any medications, drugs, prescription drugs, over the counter drugs, vitamins or food 

Supplements you are taking: List amount (mg) and times taken (daily, weekly etc.) 

  

  

  

  

Are you on a special diet? __No __weight loss __Medical condition __ Vegetarian  

                                             ___ Low salt ____ Low cholesterol ____ Weight gain 

 

Do you have any food allergies? ___ No ___Yes (list them) 

 

 

                                                                                                                                                     

Here is the list of items (drugs/foods) you, as the participant, will be exposed to during the 

study: Muffin either containing resistant starch or not containing resistant starch. 
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APPENDIX E: 

 

Study Procedure Email Script 
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Sample Email explaining first week study procedures. 

 

 

Dear Participants: 

  

Thank you for your interest the Resistant Starch and Body Weight research study.  You 

are receiving this email because you are scheduled to begin the study on Saturday at 8:00 

am. 

  

The purpose of the study is to examine the effects of Resistant Starch on body weight.  It 

is a double-blind, placebo controlled study, so you may or may not receive muffins with 

resistant starch.  You will be required to eat 3 muffins each day for 6 weeks. 

 

Baseline measurements include: anthropometrics, DXA body scan, and blood draws. 

 

Prior to beginning the study, you will need to complete a Food Journal and Bowel Habit 

Diary for 3 consecutive days immediately prior to attending your scheduled study start 

date.  The Food Journal and Bowel Habit Log are attached.  You may print the Food 

Journal and Bowel Log, complete the information, and bring it to the study site on 

Saturday morning.  Please be as detailed as possible when you complete the Food 

Journal.  The type/name brand of food and amount should be listed.  Also, be sure to 

include your beverages and amounts. 

 

The Informed Consent is also attached for you to review.  You will sign the Informed 

Consent when you come to the study site on Saturday morning. 
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APPENDIX F: 

 

Food Journal Form 
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Food Journal 

Resistant Starch and Body Weight Research Study 

 

 

 

Date & 

time 

Food, drink, snack, how prepared and amount.  Location (eg. 

Home, car, bar, 

restaurant) 
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APPENDIX G: 

 

Bowel Habit Form 
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Please record all of your bowel movements by completing the form below.

ID___________________________________________

Yes No Yes No Yes No

BOWEL HABIT DIARY

Did you reach 

the toilet in 

time?

Day/Date and 

Time

Consistency e.g. 

Pellets/soft/hard 

or watery

Did you use a 

lot of toilet 

paper?

Did you mark 

your 

underwear or 

pad?

Any other 

comments e.g. 

blood/mucus
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APPENDIX H: 

 

Anthropometric Data Collection Form 
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Anthropometric Data Sheet – Resistant Starch and Body Weight Study 

 

Participant ID _________________________ Date _____________________________ 

Participant age ________________________  Ethnicity __________________________ 

 

Height (inches) 

Measurement 1 Measurement 2 Measurement 3 Mean 

    

 

 

 

Weight (pounds) 

Measurement 1 Measurement 2 Measurement 3 Mean 

    

 

 

 

Waist Circumference (centimeters) 

Measurement 1 Measurement 2 Measurement 3 Mean 

    

 

 

 

Hip Circumference (centimeters) 

Measurement 1 Measurement 2 Measurement 3 Mean 

    

 

 

Waist to Hip Circumference (from mean values) ____________________________________ 

 

BMI (kg/m2) ____________________________ 
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APPENDIX I: 

 

Study Food (Muffin) Recipes 
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Pumpkin Muffins – Control 

Resistant Starch Research Study 

This recipe provides 3 muffins per day for 1 participant for 7 days   

The recipe makes 21 muffins.  The ingredients should be weighed to the nearest gram. 

 

Instructions: 

1. Preheat oven to 350 F.  Coat 21 muffin cups with cooking spray. 

2. Mash bananas. 

3. Whisk sour cream, brown sugar, applesauce, and eggs in a large bowl.  Stir in mashed 

bananas, pumpkin puree and vanilla. 

4. Whisk whole wheat flour, all-purpose flour, baking powder, cinnamon, baking soda, 

salt and nutmeg in a medium bowl.   

5. Weigh 60 grams of the raw batter.  Add this amount to each well in the muffin pan.  Be 

sure you scrape any excess off the spatula so you are as accurate as possible. 

6. Bake until the tops are golden brown and a wooden skewer inserted in the center of a 

muffin comes out clean, approximately 20-22 minutes.   Make sure muffins are 

completely cooked on the inside. 

7. Cool in the pan for 10 minutes, then remove and let cool on a wire rack for at least 5 

minutes more before bagging. 

 

 

 

 

Banana Pumpkin  21 muffins 1 muffin 

   

Light Sour Cream 211.2 9.58 

Light Brown Sugar, unpacked 199.3 9.04 

Natural applesauce 74.6 3.38 

Egg, raw, large 122.4 5.55 

Banana, mashed 275.6 12.5 

Pumpkin puree 150.0 6.8 

All purpose flour 282.3 12.8 

Whole wheat flour 73.4 3.33 

Baking powder 9.2 .417 

Cinnamon, ground 3.2 .143 

Baking soda 2.8 .127 

Salt 3.9 .177 

Nutmeg, ground 0.7 .031 

Vanilla extract 5.2 .233 

   

Total weight of recipe 1413.8  

Average weight / recipe (grams) 67  

Approximate weight / muffin (grams) 60.0  
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Pumpkin Muffins – Treatment (with RS) 

Resistant Starch Research Study 

This recipe provides 3 muffins per day for 1 participant for 7 days  

The recipe makes 21 muffins.  The ingredients should be weighed to the nearest gram. 

Banana Pumpkin RS Muffins 21 muffins 1 muffin 

Light Sour Cream 211.2 9.58 

Light Brown Sugar, unpacked 199.3 9.04 

Natural applesauce 74.6 3.38 

Egg, raw, large 122.4 5.55 

Banana, mashed 275.6 12.5 

Pumpkin puree 150.0 6.8 

All purpose flour 77.2 3.5 

Whole wheat flour 37.5 1.7 

Baking powder 9.2 .417 

Cinnamon, ground 3.2 .143 

Baking soda 2.8 .127 

Salt 3.9 .177 

Nutmeg, ground 0.7 .031 

Vanilla extract 5.2 .233 

Resistant Starch 368.2 16.7 

   
 Total weight of recipe                                                      1541                                                                  1413.8 

Average weight / recipe (grams)                                         73 67 
 

 

Approximate weight / muffin (grams) 60.0  

Instructions: 

1. Preheat oven to 350 F.  Coat 21 muffin cups with cooking spray. 

2. Mash bananas. 

3. Whisk sour cream, brown sugar, applesauce, and eggs in a large bowl.  Stir in mashed 

bananas, pumpkin puree and vanilla. 

4. Whisk whole wheat flour, all-purpose flour, Resistant Starch, baking powder, 

cinnamon, baking soda, salt and nutmeg in a medium bowl.   

5. Weigh 60 grams of the raw batter.  Add this amount to each well in the muffin pan.  Be 

sure you scrape any excess off the spatula so you are as accurate as possible. 

6. Bake until the tops are golden brown and a wooden skewer inserted in the center of a 

muffin comes out clean, approximately 20-22 minutes.   Make sure muffins are 

completely cooked on the inside. 

7. Cool in the pan for 10 minutes, then remove and let cool on a wire rack for at least 5 

minutes more before bagging. 
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Cranberry Muffins – Control 

Resistant Starch Research Study 

This recipe provides 3 muffins per day for 1 participant for 7 days  

The recipe makes 21 muffins.  The ingredients should be weighed to the nearest gram. 

 

Cranberry Control Muffins 21 muffins 1 muffin 

Light Sour Cream 211.2 9.58 

Light Brown Sugar, unpacked 199.3 9.04 

Natural applesauce 74.5 3.38 

Egg, raw, large 122.4 5.55 

Banana, mashed 275.6 12.5 

Dried Cranberries 94.8 4.3 

All purpose flour 282.2 12.8 

Whole wheat flour 73.4 3.33 

Baking powder 9.2 .417 

Cinnamon, ground 3.2 .143 

Baking soda 2.8 .127 

Salt 3.9 .177 

Nutmeg, ground 0.7 .031 

Vanilla extract 5.1 .233 

   

Total weight of recipe 2717  

Average weight / recipe (grams) 64.7  

Approximate weight / muffin 

(grams) 60.0 

 

Instructions: 

1. Preheat oven to 350 F.  Coat 21 muffin cups with cooking spray. 

2. Mash bananas. 

3. Whisk sour cream, brown sugar, applesauce, and eggs in a large bowl.  Stir in mashed 

bananas and vanilla. 

4. Whisk whole wheat flour, all-purpose flour, baking powder, cinnamon, baking soda, 

salt and nutmeg in a medium bowl.  Fold in cranberries. 

5. Weigh 60 grams of the raw batter.  Add this amount to each well in the muffin pan.  Be 

sure you scrape any excess off the spatula so you are as accurate as possible. 

6. Bake until the tops are golden brown and a wooden skewer inserted in the center of a 

muffin comes out clean, approximately 20-22 minutes.   Make sure muffins are 

completely cooked on the inside. 
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Cranberry Muffins – Treatment (with RS) 

Resistant Starch Research Study 
This recipe provides 3 muffins per day for 1 participant for 7 days  

The recipe makes 21 muffins.  The ingredients should be weighed to the nearest gram. 

Cranberry RS Muffins 21 muffins 1 muffin 

Light Sour Cream 211.2 9.58 

Light Brown Sugar, unpacked 199.3 9.04 

Natural applesauce 74.5 3.38 

Egg, raw, large 122.4 5.55 

Banana, mashed 275.6 12.5 

Dried Cranberries 94.8 4.3 

All purpose flour 77.2 3.5 

Whole wheat flour 37.5 1.7 

Baking powder 9.2 .417 

Cinnamon, ground 3.2 .143 

Baking soda 2.8 .127 

Salt 3.9 .177 

Nutmeg, ground 0.7 .031 

Vanilla extract 5.1 .233 

Resistant Starch 368.2 16.7 

   

Total weight of recipe 2800  

Average weight / recipe (grams) 66.6  

Approximate weight / muffin 

(grams) 60.0 

 

Instructions: 

1. Preheat oven to 350 F.  Coat 21 muffin cups with cooking spray. 

2. Mash bananas. 

3. Whisk sour cream, brown sugar, applesauce, and eggs in a large bowl.  Stir in mashed 

bananas and vanilla. 

4. Whisk whole wheat flour, all-purpose flour, Resistant Starch, baking powder, cinnamon, 

baking soda, salt and nutmeg in a medium bowl.  Fold in cranberries. 

5. Weigh 60 grams of the raw batter.  Add this amount to each well in the muffin pan.  Be 

sure you scrape any excess off the spatula so you are as accurate as possible. 

6. Bake until the tops are golden brown and a wooden skewer inserted in the center of a 

muffin comes out clean, approximately 20-22 minutes.   Make sure muffins are 

completely cooked on the inside. 

7. Cool in the pan for 10 minutes, then remove and let cool on a wire rack for at least 5 

minutes more before bagging. 
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APPENDIX J: 

 

Nutrient Analysis of Muffins 
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POPE TESTING LABORATORIES, INC. 
CONSULTING ANALYTICAL CHEMISTS 

Food, Nutritional, Water and Agricultural Analysis 
2220 Hinton Drive            
Irving, TX  75061           
  

 

March 7, 2014 
 

 
Texas Woman’s University 

 P.O. Box 425439 

 Denton, TX 76204 

  

 Attn: Mindy Maziarz 

 
Report of Tests on: Food 
 
Sample Identification: Muffin – Treatment  
 
          
 
 

   Moisture      40.71 % 
 
   Oil (AH)            3.66 % 
 
   Ash            1.57 % 
 
   Nitrogen           0.62 % 
 
   Carbohydrates    50.18 
 
   Calories     249 
 
   Total Dietary Fiber     21.99 % 
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POPE TESTING LABORATORIES, INC. 
CONSULTING ANALYTICAL CHEMISTS 

Food, Nutritional, Water and Agricultural Analysis 
2220 Hinton Drive            
Irving, TX  75061           
  

 

March 7, 2014 
 

 
Texas Woman’s University 

 P.O. Box 425439 

 Denton, TX 76204 

  

 Attn: Mindy Maziarz 

 
Report of Tests on: Food 
 
Sample Identification: Muffin – Control  
 
          
 
 

   Moisture      45.33 % 
 
   Oil (AH)            3.95 % 
 
   Ash            1.71 % 
 
   Nitrogen           1.01 % 
 
   Carbohydrates    42.70 
 
   Calories     232 
 
   Total Dietary Fiber     6.82 % 
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Comparison between Calculated and Independent Nutrient Analysis of HAM-RS2 and Placebo 

Muffins1 

 HAM-RS2 

180 g 

Placebo 

180 g 

 

Nutrient 

 

Calculated2 

 

Independent 

 

Calculated2 

 

Independent 

 

Carbohydrate (g) 

 

76.2 g 

 

90.3 g3 

 

72.6 g 

 

76.9 g3 

 

Protein (g) 

 

4.7 g 

 

7.0 g 

 

4.3 g 

 

11.4 g 

 

Fat (g) 

 

8.0 g 

 

6.6 g 

 

7.1 g 

 

4.5 g 

 

Fiber (g) 

 

33.2 g 

 

39.4 g 

 

4.5 g 

 

12.3 g 

 

Kilocalories 

 

368.4 

 

448.0 

 

376.7 

 

417.6 
 
NOTE: 1Calculated results based on 180 g pre-cooked weight; independent lab results based on 180 g post-cooked weight 
2Determined by USDA National Nutrient Database for Standard Reference (http://ndb.nal.usda.gov) 
3Includes fiber  
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APPENDIX K: 

 

Visual Analogue Scale 
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1.  How hungry are you?

2.  How satisfied do you feel?

another bite

3. How full do you feel?

4. How much do you think you can eat?

5. How pleasant would you find eating another mouthful of this food?

6. Would you like to eat something sweet?

7. Would you like to eat something fatty?

Resistant Starch and Body Weight Satiety Questionnaire
Participant ____________________________________   Date ___________________________________

50 60 70 80 90 100

80 90 100

Yes, very much No, not at all

0 10 20 30 40

Yes, very much No, not at all

0 10 20 30 40 50 60 70

Very unpleasant

50 60 70 80

Very pleasant

0 10 20 30 40 10090

Nothing at all A lot

0 10 20 30 40 50 60 70 80 90 100

Not at all full

50 60 70 80

Totally full

0 10 20 30 40 10090

Not at all

I am completely empty I cannot eat

0 10 20 30 40 50 60 70 80 90 100

Extremely

0 10 20 30 40 50 60 70 80 90 100
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APPENDIX L: 

 

Daily Study Procedure and Muffin Consumption Calendars 
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Daily Study Procedure Calendar 

 

 

 

 

 

1 2

3 4 5 6 7 8 9

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30 END DATE

  BOWEL LOG  Bring uneaten 

muffins back

 Fill out FOOD DIARY and 

BOWEL LOG

Fill out FOOD DIARY and 

BOWEL LOG

Fill out FOOD DIARY and 

BOWEL LOG

 

 Pick up FOOD DIARY and      

 Pick up muffins     

8 AM-BLODD DRAW, 

DXA SCAN, 

ANTHROPOMETRICS, 

$50 Compensation 

given
Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Bring Food Diary  and Bow el 

Logs 

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

Bring uneaten muffins back      

Pick up muffins      

  

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

 

 Pick up muffins 

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

     

 Bring uneaten muffins back     

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

 

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

    

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

 

 Pick up FOOD DIARY and 

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

 BOWEL LOG     

Pick up muffins, 

bring uneaten muffins back

Fill out FOOD DIARY and 

BOWEL LOG

Fill out FOOD DIARY and 

BOWEL LOG

 

Circle muffin consumption on 

Calendar

   

Circle muffin consumption on 

Calendar

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

Fill out FOOD DIARY and 

BOWEL LOG

 

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

 

Calendar

 

Calendar

Circle muffin consumption on

  

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

Month/Year

EAT Three M UFFINS , 

DISPOSE OF WASTE IN 

BAG PROVIDED

Circle muffin consumption on

Sunday Monday Tuesday Wednesday Thursday Friday

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Circle muffin consumption on 

Calendar

Saturday
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Resistant Starch and Body Weight Composition Muffin Log

1 2

3 4 5 6 7 8 9

10 11 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30

       

I ATE One MUFFINS

I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS

I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS

I ATE Three MUFFINS

I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN

I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS

I ATE No MUFFINS

       

I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS

I ATE Two MUFFIN

I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS

I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN

 

I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS

      

I ATE One MUFFINS

I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS

I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS

I ATE Three MUFFINS

I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN

I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS

I ATE No MUFFINS

       

I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS I ATE No MUFFINS

I ATE Two MUFFIN

I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS I ATE One MUFFINS

I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN I ATE Two MUFFIN

 

I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS I ATE Three MUFFINS

 

I ATE One MUFFINS

I ATE No MUFFINS I ATE No MUFFINS

I ATE One MUFFINS

I ATE Three MUFFINS

I ATE Two MUFFIN I ATE Two MUFFIN

I ATE Three MUFFINS

Month/Year
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
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APPENDIX M: 

 

Biochemical Analysis Procedures 
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Glucose Procedure (Stanbio) 

 

Thaw samples 

1. Remove samples from -80 degree C freezer 

2. Allow to thaw at room temperature 

3. Place on ice 

Prepare samples 

1. Add 1 ml glucose reagent to labeled 1.5 ml microcentrifuge tubes 

2. Add 10 µL serum to respective tube 

3. Vortex 

4. Allow to sit at room temperature for 5 minutes 

Prepare standard 

1. Add 1 ml glucose reagent to 1.5 ml microcentrifuge tube 

2. Add 10 µl standard to tube 

3. Vortex 

4. Allow to sit at room temperature for 5 minutes 

Prepare control 

1. Add 1 ml glucose reagent to 1.5 ml microcentrifuge tube 

2. Add 10 µl di water to tube 

3. Vortex 

4. Allow to sit at room temperature for 5 minutes 

Transfer to 96 well plate 

1. Pipette 300 µl of each control, standard, and sample in duplicate. 

Read absorbance and calculate concentration 

1. Read absorbance using a spectrophotometer calibrated to 500 nm  

2. The absorbance (optical density) of the unknown is compared with the standard using the 

following formula 

 

Glucose (mg/dL) = Au/As x 100 

 

Where Au is the absorbance of the unknown and As is the absorbance of the standard 
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Insulin ELISA Procedure (ALPCO) 

 

Equilibrate the reagents to room temperature before beginning assay. 

Make Controls 

1. Reconstitute each control with 600 microliters di water.   

2. Close the vial, swirl and allow to stand for 30 minutes before using.   

 

Make Wash Buffer 

1. Fill graduated cylinder with 400 ml Di water.   

2. Add 20 ml buffer concentrate.  Vf = 420 ml.  Mix.  Add to plastic squirt bottle. 

 

Assay Procedure 

1.  Make sure the microplate is at room temperature before opening pouch. 

2.  Gently mix all standards and reagents. 

3.  Pipette 25 microliters of each standard, control, and sample into their respective wells. 

4.  Pipette 100 microliters of Detection Antibody into each well. 

5.  Cover microlplate with sealer and incubate for 1 hour at room temperature while shaking at 

700-900 rpm on shaker. 

6.  At the end of 1 hour, decant contents of the wells and wash the plate 6 times with 350 

microliters of 1x buffer per well using a wash bottle.  Between washes, invert the plate and firmly 

tap on paper towels. 

7.  Pipette 100 microliters TMB Substrate into each well 

8.  Cover plate and incubate for 15 minutes at room temperature shaking on shaker. 

9.  Pipette 100 microliters of Stop Solution into each well and shake on shaker to mix contents.  

Remove any bubbles before going to next step. 

10.  Read absorbance at 450 nm.   
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GLP-1 ELISA Procedure (RayBiotech) 

1. Remove microplate and one vial of each: standard GLP-1 peptide (item C), Anti-GLP-1 

antibody (item N), biotinylated GLP-1 (item F), and 1 x assay diluent E from freezer.  

Allow to thaw but keep on ice during procedure.  Remove 9 strips from the microplate 

once it reaches room temperature and close packet.   

 

Prepare Reagents 

 

1. A.   Centrifuge both Anti-GLP-1 vials (N) for 1.5 minutes at 3,000 rpm.   

B. Add 50 microliters of 1x assay diluent E to vial N, which contains 5 microliters – use 

both vials.  Vf in each vial should be 55 microliters.  Pipette up and down gently to 

mix. 

C. Prepare the anti-GLP-1 working solution.   Add 10,395 microliters of 1x assay 

diluent E to a 15 ml tube.   Add 105 microliters of the diluted vial N (52.5 microliters 

from each vial N), mix gently.  Vf = 10,500 microliters. 

[This is a 100-fold dilution.  For this trial, we are using 96 wells.  Therefore, we need 

9,600 microliters (100 microliters per well) of the anti-GLP-1 working solution.  We 

will make 10,500 microliters.]   

 

1st Step Assay Procedure    

 

1. Add 100 microliters antil-GLP-1 working solution to each well.  Incubate 1.5 hours at 

room temp. with gentle shaking at 1-2 cycles per second. 

 

Continue Preparing Reagents 

 

1. A.  Centrifuge biotinylated GLP-1 (item F) for 1.5 minutes at 3,000 rpm.  

B.   Add 5 ml of 1x assay diluent E to a 15 ml tube.  Add 5 microliters of biot. GLP-1 

(item F) to the tube.  Pipette up and down to mix gently.  This will be used to prepare the 

standards.  The concentration is 10 pg/ml. 

 

Prepare Standards 

 

1. Label 6 microcentrifuge tubes: 1000, 100, 10, 1, 0.1, and 0. 

2. Add 450 microliters of the biotinylated GLP-1 solution into each tube EXCEPT 1,000.  

The 1,000 should be empty. 

3. Make GLP-1 stock solution in the 1000 tube. 

a.  Centrifuge GLP-1 vial (item C) for 1.5 minutes at 3,000 rpm.   

b.  Add 792 microliters of the 10 pg/ml biotinylated GLP-1 solution (prepared under 

“continue preparing reagents”) to the 1,000 tube.  Add 8 microliters of Item C (GLP-

1).  Mix thoroughly.  This is the first standard. 

c. To make 100 pg/ml standard, add 50 microliters of the 1,000 stock solution to 100 

tube.   
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d. Continue by adding 50 microliters of the previous solution to the next tube.  Stop at 

0.1 pg/ml.  Do not add anything to 0 pg/ml tube, as this is the zero standard (or total 

binding). 

 

Dilute Item F 

 

1. Add 99 microliters of 1x assay diluent E to a microcentrifuge tube.  Add 11 microliters of 

Item F to the tube.  This is a 10-fold dilution; Vf = 110 microliters.  This is used to make 

the positive control and the samples.   

(Will need 2 microliters of dilute item F for the positive control and 2.5 microliters of 

dilute item F for each sample.  We have 40 samples x 2.5 micoliters = 100 micoliters plus 

2 microliters for the positive control.  Total volume of dilute item F needed is 102 

microliters; will make 100 microliters). 

 

Make Positive Control  

 

1. Centrifuge positive control (item M) for 1.5 minutes at 3,000 rpm.   

2. Add 101 microliters of 1x assay diluent E to the tube of item M. 

3. Add 2 microliters of the dilute item F to the tube.  Mix thoroughly. 

 

Make Wash Buffer  

 

1. If Item B, the 20x wash concentrate, has crystals, allow to thaw at room temperature and 

mix gently until dissolved.   

2. Add 380 di water to a graduated cylinder.  Add 20 ml of the 20x wash concentrate (item 

B) to the di water.  Vf = 400 ml.  Transfer to a 1,000 ml beaker so the multi-channel 

pipette can fit. 

 

Make Samples  

 

1. To make the samples, use 1x assay diluent E plus the dilute item F (biotinylated GLP-1 

that was made under “dilute item F”).  The final concentration of GLP-1 should be 10 

pg/ml in each sample.  Vf = 250 microliters 

 

Dilution Serum Volume  1x Assay Diluent E Dilute Item F (biot. 

GLP-1) 

2-fold 125.0 μl 122.5 μl 2.5 μl 

 

Continuation Assay Procedure 

 

1. Discard the well solution from the 1st step assay procedure – the anti-GLP-1 antibody. 

2. Wash wells 4 times with the 1x wash buffer using 300 microliters per well. 

3. Completely remove the wash buffer after each step.  After last wash step, blot on paper 

towels. 
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4. Add 100 microliters of each standard, the positive control, the blank (assay diluent E), 

and samples to each well in duplicate.  Cover wells with plastic and incubate for 2.5 

hours at room temperature will shaking at 1-2 shakes/second. 

 

Make HRP-Strep 

 

1. Centrifuge HRP-Strep vial (Item G) for 1.5 minutes at 3,000 rpm.   

2. Make a total of 15,000 microliters of HRP-strep.  Add 14,940 microliters of 1x assay 

diluent E to a 15 ml tube.  Add 60 microliters of the HRP-strep (item G) to the tube.  This 

is a 250-fold dilution.     

  

 

Continuation Assay Procedure 

 

1.  Discard solution from the above step (step 4) and wash 4 times. 

2.  Add 100 micoliters of the prepared HRP-strep solution to each well.  

3.  Incubate for 45 minutes EXACTLY at room temperature with gently shaking. 

4.  Discard solution from step 6 and wash 4 times. 

5.  Add 100 microliters of TMB one-step substrate reagent (Item H) to each well.  

6.  Cover plate with foil.  Incubate for 30 minutes at room temperature in the dark with gently 

shaking. 

7.  Add 50 microliters of Stop Solution (Item I) to each well.   

8.  Read absorbances immediately at 450 nm. 
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PYY ELISA Procedure (Millipore)  

1.  Remove all reagents and allow to reach room temperature. 

2.  Make buffer (Vf = 500 mL) 

 Add contents of one bottle of the 10x HRP wash buffer concentrate to a grad. Cylinder.  

Add 450 mL di water.  This is a 10-fold dilution. Vf = 1 liter 

3. Make standards 

 Label 6 standard tubes:  Tube 1, 2, 3, 4, 5, and 6. Concentrations are 1160, 580, 290, 145, 

72.5, 36.25, respectively. 

 Add 1 mL di water to the PYY standard to reconstitute.  Use care when opening the PYY 

standard vial.  Invert and mix gently.  Allow to sit for 5 minutes or until completely 

dissolved, then mix well. 

 Add 200 microliters Assay Buffer (which is ready to use) to each of the 6 standard tubes. 

 Add 200 microliters of reconstituted PYY standard to tube 1 (1160 pg/ml).  Mix well.  

Perform serial dilutions by adding 200 microliters from tube 1 to tube 2, mix well.  Add 

200 microliters of tube 2 to tube 3, mix, and so on until an addition to tube 6 has been 

made.   

 Leftover reconstituted standard should be stored at -80 degrees. 

4. Make Quality Control 1 and Quality Control 2 

 Pull from freezer and allow to thaw.  Reconstitute QC 1 and QC 2 with 500 microliters of 

di water (add 500 microliters to each vial).  Invert and mix gently.  Allow to sit for 5 

minutes or until completely dissolved, then mix well.   

 Unused portions of QC 1 (and 2) should be stored at -80 degrees C. 

5.  Begin Assay Procedure 

 Remove 12 strips from the microtiter assay plate.   

 Fill each well with 300 microliters HRP wash buffer. 

 Decant wash buffer and remove the residual amount from all wells by inverting the plate 

and tapping it smartly onto absorbent towels several times.   

 Wash the plate using this procedure 3 times.  Do Not Let Wells Dry Before Proceeding 

To Next Step. 

 Add 20 microliters Matrix Solution (a ready to use solution) to Blank, Standards, QC1, 

and QC2 wells.   

 Add 20 microliters of Assay Buffer (a ready to use solution) to the Blank well. 

 Add 20 microliters of each PYY standard to appropriate wells. 

 Add 20 microliters QC1 and QC2 to appropriate wells. 

 Add 20 microliters of unknown samples to appropriate wells. 
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 Add 20 microliters Blocking Solution (a ready to use solution) to each well.  Cover the 

plate with plate sealer and incubate at room temperature for 30 minutes on an orbital 

plate shaker set at moderate speed (400 – 500 rpm). 

6. Make antibodies immediately before 30 min incubation is over 

 Make immediately before use.  Need 50 microliters of 1:1 capture and detection 

antibodies for each well.  For 96 wells, need min. 4,800 microliters.  Will make 6,000 

microliters.  So, add 3,000 microliters of Human PYY (Total) Capture Antibody with 

3,000 microliters Human PYY Detection Antibody.  

 

 Do not decant at this step.  At the end of 30 minutes, add 50 microliters of the 1:1 

mixture of antibodies (using a multichannel pipette).   

 Cover with plate sealer and incubate at RT for 1.5 hours on an orbital microtiter plate 

shaker at moderate speed.   

 

 At the end of 1.5 hours, decant solution from plate.  Tap to remove any residual solution 

in the wells. 

 Wash wells 3 x with the 1x HRP Wash Buffer, 300 microliters per well.  Decant and tap 

firmly after each wash to remove residual buffer.   

 

 Add 100 microliters Enzyme Solution (a ready to use solution) to each will (using multi-

channel pipette).  Cover the plate and shake at RT for 30 minutes. 

 

 At the end of 30 minutes, decant the solution and tap to remove residual fluid.   

 Wash wells 6 times with HRP Wash Buffer, 300 microliters per well.  Decant and tap 

firmly after each wash to remove residual buffer.  

 

 Add 100 microliters of Substrate Solution (a ready to use solution) to each well.  Cover 

plate with sealer and shake on plate shaker for 5 – 20 minutes.  Blue color should be 

formed in wells of reference standards, with color proportional to increasing 

concentrations of PYY.   NOTE:  the color may develop more quickly or slowly than the 

recommended time depending on localized RT.  Visually monitor the color development 

to optimize the incubation time. 

 

 Remove sealer and add 100 microliters of Stop Solution (a ready to use solution) to each 

well.  Shake plate by hand to ensure complete mixing of solution in all wells.  The blue 

color turns yellow.   

 

 Read absorbance at 450 nm and 590 nm in a plate reader within 5 minutes and ensure 

there are no air bubbles in well.   
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Leptin ELISA Procedure (RayBiotech) 

1. Pull all reagents and samples from freezer and allow to reach room temp. 

2. Dilute Assay Diluent B 5-fold.  Need 30,000 microliters (20 mL).  Add 6 mL assay 

diluent B to 24 mL di water.   

3. Make wash buffer.  Vf = 400 mL.  20 fold-dilution.  Add 20 ml of wash buffer to 380 mL 

di water.   

 

 

4. Make standards:  Centrifuge Vial C at 3,000 rpm for 1.5 minutes.  Add 440 microliters of 

Assay Diluent A to the vial.  Invert vial, flick the side a few times, then centrifuge.  Do 

this 3-4 times to ensure the standard is mixed adequately without disrupting the protein. 

5. Add 1098 microliters of Assay diluent A to the 400 pg/ml standard.  Add 2 microliters of 

the prepared Item C (Leptin standard) to the tube.  Vortex. 

6. Add 300 microliters of Assay diluent A to the other standards (160, 64, etc.). 

7. Add 200 microliters of standard 400 to the standard 160 tube.  Continue adding 200 

microliters of the previous standard to the next standard.  Do not add anything to the 0 

standard. 

  

8.  Make samples.   

Dilution Vf 

 

Serum Assay diluent A 

250-fold 2500 microliters 10 microliters 2490 microliters 

400-fold 4000 microliters 10 microliters 3990 microliters 

 

9. Add 100 microliters of the standards and sample to each well in duplicates.  Incubate for 

2.5 hours at RT with gently shaking. 

 

 

10. Make Detection Antibody.  

a. Centrifuge Item F at 3,000 rpm for 1.5 minutes. 

b. Add 100 microliters of 1X assay diluent B to each Item F vial.  Pipette up and down 

to mix gently.   

c. Need 9,600 microliters (100 microliters for 96 wells) of dilute Item F.  Make 12,000 

microliters.  Add 75.0 microliters from EACH of Item F (150 microliters total) to 

11,850 microliters 1X assay diluent B.  This is an 80-fold dilution. 

 

 

11. When 2.5 hours have ended, wash 4x. 
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12. Add 100 microliters of detection antibody to each well.  Incubate 1 hour at RT with 

gentle shaking. 

 

13. Make HRP-Strep.  This is a 160-fold dilution.  Need at least 9,600 microliters, will make 

12,000 microliters.   

a. Centrifuge Item G HRP-Strep for 1.5 minutes at 3,000 rpm.   

b. Add 75 microliters of HRP to 11,925 microliters 1X assay diluent B.   

 

14. When the 1 hour incubation is complete, wash 4x. 

15.  Add 100 microliters of the HRP to each well.  Incubate at RT for 45 minutes with gentle 

shaking. 

16. Wash 4x.   

17. Add 100 microliters TMB.  Incubate for 30 minutes in dark. 

18. Add 50 microliters stop solution.  Read at 450 nm. 
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CCK EIA Procedure (RayBiotech) 

Remove wash buffer, microplate, Vial C (x1), Vial N (x1), assay diluent E, Vial F (x1), 

Vial M (x1), and plasma samples.  Allow the microplate to equilibrate to room temp 

before opening.  Remove 3 strips (24 wells) 

1.  Make Anti-CCK working solution 

a.  Centrifuge Anti-CCK antibody (Item N) at 3,000 rpm for 1.5 minutes.   

b.  Add 5 microliters of di water to the vial.  

c.  Add 50 microliters of the Assay diluent E to the vial.  Pipette up and down to mix 

gently. 

d.  Dilute the Anti-CCK 100-fold.  Vf = 3,000 microliters (we have 24 wells, 100 

microliters per well, but will make extra).  Add 2,970 microliters of 1x Assay Diluent B 

to a 15 ml tube.  Add 30 microliters of the Anti-CCk (Item N).  Pipette up and down to 

mix. 

e.  Add 100 microliters of the Anti-CCk working solution to each well.  Incubate for 1.5 

hours while gently shaking at room temperature. 

2.  Make Biotinylated CCK solution 

a.  Centrifuge Biotinylated CCK (Item F) for 1.5 minutes at 3,000 rpm.   Can also 

centrifuge Item C with Item F. 

b.  Add 20 microliters di water to Item F to reconstitute. 

c.  Add 5 ml of Assay diluent E to a 15 ml tube.  Add 10 microliters of Item F to the tube.  

Pipette up and down gently to mix. 

3.  Prepare Standards 

a.  Label 6 microtubes: 1,000, 100, 10, 1, 0.1, 0 

b.  Add 450 microliters of biotinylated CCK solution to each tube EXCEPT 1,000 (this 

should be empty).   

c.  Centrifuge CCK (Item C) for 1.5 minutes at 3,000 rpm (if did not do previously). 

d.  Add 10 microliters di water to the CCK (Item C) to reconstitute.   

e.  Add 792 microliters of the CCK solution into the 1,000 tube.  Add 8 microliters of the 

CCK (Item C) to the tube.  This is the stock solution and the first standard.  Mix 

thoroughly. 

f.  Add 50 microliters of the CCK stock (1,000 tube) into the 100 tube.  Mix. Repeat by 

adding 50 microliters of the prior tube to the new tube.  Stop at 0.1 – do not add anything 

to the 0 standard. 
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4.  Prepare Item F 

a.  Add 27 microliters of Assay Diluent E to a micro tube.  Add 3 microliters of Item F 

(the biotinylated CCK) to the tube and pipette up and down gently.  This is a 10-fold 

dilution. Vf=30 microliters 

5.  Make Positive Control 

a.  Centrifuge positive control for 1.5 minutes at 3,000 rpm. 

b.  Add 100 microliters di water to the positive control to reconstitute. 

c.  Add 101 microliters of assay diluent E to the positive control.  

d.  Add 4 microliters of the 10-fold Item F to the tube and mix gently. 

6.  Make Samples 

a.  Use assay diluent E, the 10-fold diluted Item F, and plasma for the samples.  Need 

appx. 510 microliters of plasma.  *Raybiotech recommended a 4-fold plasma dilution. 

Dilution Serum Volume Assay Diluent E Dilute Item F (biot. 

CCK) 

Undiluted 245 µL none 5 µL 

2-fold 125 µL 120 µL 5 µL 

4-fold 62.5 µL 182.5 µL 5 µL 

6-fold 41.7 µL 203.3 µL 5 µL 

8-fold 31.25 µL 213.8 µL 5 µL 

7.  Make Wash Buffer 

a.  Make sure all crystals have dissolved.  Add 380 ml of Di water to grad. Cylinder.  Add 

20 mL of wash buffer.  Mix. (Or can add 10 mL wash buffer to 190 mL di water.  Vf = 

200 mL).  This is a 20-fold dilution. 

8.  Discard Anti-CCK in wells 

a.  Discard anti-CCK solution.  Wash 4 times using 300 microliters of wash buffer. 

Completely remove liquid at each step.  After last wash, invert and blot on clean towels. 

9.  Add standards, samples, positive control to plate 

a.  Add 100 microliters of the following:  Blank (Assay Diluent E), standards, samples, 

and positive control.  b.  Cover wells and incubate at room temperature for 2.5 hours and 

gently shaking. 
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10.  Make HRP-Strep 

a.  Centrifuge HRP-Strep (Item G) for 1.5 minutes at 3,000 rpm.   

b.  Add 2962.5 microliters of Assay Diluent E to a microcentrifuge tube.  Add 37.5 

microliters of HRP-Strep (Item G).  Mix. This is an 80-fold dilution. 

 

11.  Continuation of Assay Procedure 

a.  After 2.5 hours, remove the liquid from the plate.  Wash 4 times as mentioned above. 

b.  Add 100 microliters of HRP prepared solution.  Incubate at RT for 45 minutes 

EXACTLY while oscillating.   

d.  After 45 minutes, discard solution and wash with buffer 4x. 

e.  Add 100 microliters TMB One-step Substrate Reagent (Item H) to each well. 

f.  Incubate for 30 minutes.. Add 50 microliters Stop solution (Item I).  Read absorbance 

at 450 nm. 
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