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1. LITERATURE REVIEW 

 

1.1 Dysphagia 

 The word dysphagia originates from the Greek roots dys (with difficulty) and phagia 

(to eat) referring to the subjective sensation of difficulty in swallowing. Dysphagia can be 

caused by stroke, head and neck cancer, neurodegenerative diseases such as Parkinson’s 

disease, Alzheimer’s disease, and multiple sclerosis, or simply from age-related muscular 

atrophy. Dysphagia can occur at any age but is most prevalent in elderly individuals and is a 

growing healthcare concern as the geriatric population expands (Emergency Care Research 

Institute (ECRI), 1999; Feinberg, Knebl, Tully, & Segall, 1990). An estimated 16.5 million 

individuals will require care for dysphagia in the year 2010 (U.S. Census Bureau, 2000 Jan.). 

Without effective diagnosis and treatment, dysphagia can lead to dehydration, malnutrition, 

reduced rehabilitative potential after injury or illness, pulmonary complications related to 

chronic aspiration, and associated reductions in quality of life  (Adeleye & Rachal, 2007; 

Lotong et al, 2000; Macqueen et al, 2003; Matta et al, 2006).  

 Dysphagia can result in choking or aspiration when swallowing thin liquids or semi-

solid foods. Because of the risk of aspiration, fluid intake may be curtailed, leading to 

inadequate hydration of patients with impaired swallowing (Pelletier & Lawless, 2003; 

Whelan, 2001).  Modifications to the texture of liquids, such as increases in the viscosity, 

have been used to promote safe swallowing (Mills, 1999; Pelletier, 1997; Stanek et al, 1992). 

By thickening liquids, oropharyngeal transit time is increased, and a more cohesive bolus is 
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created, thus compensating somewhat for the swallowing deficit (Crary & Groher, 2003; 

Huckabee & Pelletier, 1999). Commercial thickening agents often are used because of ease 

of preparation, convenience, reasonable cost, and the suspending ability of the thickened 

beverages (Pelletier, 1997; Stanek et al., 1992). These thickened beverages have commonly 

been described using instrumental viscosity ranges in centipoise (cP), as thin (1 to 50 cP), 

nectar-like/syrup-like (51 to 350 cP), thin honey-like (351 to 1750 cP), and pudding-

like/spoon-thick (> 1750 cP) (National Dysphagia Diet Task Force, 2002). 

It is possible that the swallowing biomechanics of these thickened treatment 

beverages may be related to instrumental parameters other than viscosity. The sensory 

textural attributes such as perceived thickness, adhesiveness, stickiness, slipperiness and 

mouthcoating may also contribute to the swallowing biomechanics. However, there is little 

literature relating these sensory textural attributes to the swallowing biomechanics 

 

 

1.2 Commercially Available Dysphagia Management Products 

Commercial products for managing dysphagia are available in the form of instant 

thickeners or packaged pre-thickened beverages. Instant Food Thickeners are sold in powder 

and/or gel form and need to be mixed into various beverages like water, juices or coffee 

depending on the manufacturers’ instructions.  Packaged pre-thickened beverages do not 

require any preparation, and come in different varieties such as pre-thickened milks, juices, 
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water, and coffee. Most of these beverages use a modified food starch or xanthan gum as the 

thickening agent.  Some examples of these products are tabulated in Table 1.1.  

 

Table 1.1: Examples of commercially available dysphagia management products 

Product Manufacturers’ details Thickening agent 
Instant thickeners 

Thick & Easy® Hormel Health Labs Inc., Austin, MN Modified corn starch 
ThickenUp® Nestlé HealthCare Nutrition, 

Minnetonka, MN 
Modified corn starch 

Thick-It® Precision Foods, Inc. Modified corn starch 
SimplyThick® SimplyThick, LLC, St Louis, MO Xanthan gum 
Hydra-AidTM Links Medical Products, Inc., Irvine, 

CA 
Xanthan gum 

Thick & Clear® Nutritional Focus, Carlsbad, CA Powdered cellulose 
gum 

Packaged pre-thickened beverages 
Resource® (pre-thickened 
milks, juices, water, and 
decaffeinated coffee) 

Nestlé HealthCare Nutrition, 
Minnetonka, MN 

Modified corn starch 

Thick & Easy® (milks, 
coffee, tea,  juices) 

Hormel Health Labs Inc., Austin, MN Modified corn starch 

 

 

1.3 Instrumental Rheological Parameters  

Viscosity, measured in centipoise (cP), is defined as the resistance encountered by a 

layer of fluid as it moves over the layer of another fluid. It is measured instrumentally as the 

ratio of shear stress over shear rate. The shear stress (𝜎𝜎) is the force applied per unit area 

which is parallel or tangential to a face of a material. The shear rate ( ) is the ratio of 

deformation of the material to original dimensions (in a plane perpendicular to applied stress) 

per unit time (Rao, 1977). 



 

 4 

 Simple food solutions such as sucrose syrups, ethanol solutions, broths, carbonated 

beverages and skim milk are examples of Newtonian fluids (for which shear stress increases 

linearly as a function of shear rate). At constant temperature, the viscosity of a Newtonian 

fluid is independent of shear rate. However, the majority of liquid and semi-solid foods, 

including thickened beverages, are non-Newtonian, and thus exhibit both viscous and elastic 

properties. The rheological behavior of these fluids depends on the shear rate. The viscosity 

of non-Newtonian fluids is expressed as apparent viscosity(𝜂𝜂𝑎𝑎). Most Non-Newtonian fluids 

obey the Herschel- Bulkley model, which is expressed by the following equation where 𝜎𝜎 is 

the shear stress, 𝜎𝜎𝑜𝑜  is the yield stress, K is the consistency coefficient, �̇�𝛾 is the shear rate and 

n is the flow index.  

𝜎𝜎 =  𝜎𝜎𝑜𝑜  + 𝐾𝐾�̇�𝛾n 

 The consistency coefficient (K), measured in cP or mPa·s, is an indication of the 

relationship between the shear stress and shear rate.  A higher consistency coefficient 

indicates that a greater shear stress must be applied to a fluid to effect the same change in 

shear rate  (Rao, 1977). 

 Flow index (n) indicates the closeness to Newtonian flow, i.e. for a Newtonian 

liquid, n = 1. The farther a liquid departs from 1.0, the greater is the deviation from 

Newtonian flow (Rao, 1977).  Fluids having lower flow index values show greater shear-

thinning properties. The apparent viscosity of shear-thinning liquids decreases when the 

shear rate increases if a constant shear stress is applied. This change in apparent viscosity is 

irreversible, that is the fluid stays in the thinner state even when the constant shear stress is 

removed (Rao, 1977). 
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 Yield stress (𝜎𝜎𝑜𝑜) is the minimum shear stress needed to be exerted on a fluid 

before it starts to flow. Liquids that possess a yield stress are called Bingham plastics. 

Liquids having a yield stress do not flow as easily as fluids without a yield stress (Rao, 

1977). 

 

1.4 Sensory evaluation of liquids 

 Bourne (1975) defined food texture as ‘the response of the tactile senses to physical 

stimuli that result from contact between some part of the body and the food.’ The sensory 

evaluation of texture perception is a highly dynamic process because the physical properties 

of foods change continuously when they are manipulated in the mouth. As a result, not even 

the most sophisticated piece of machinery, whether it be a texture analyzer or a viscometer, 

has been able to reproduce accurately and comprehensively all the events that take place in 

the mouth upon ingestion of a food or beverage (Bourne, 2002).  

 

 The Texture Profile Method was developed by scientists working for General Foods 

in the 1960s and was based on the Flavor Profile Method. Initially, Szczesniak (1963) 

developed a texture classification system which proposed to bridge the gap between expert 

and consumer texture terminology, classifying perceived texture into three groups, 

“mechanical”, “geometric” and “other” characteristics. The mechanical characteristics are 

defined in Table 1.1. The classic Texture Profile Method (Brandt et al, 1963) was then based 

on this classification and served to evaluate the textural characteristics of solid and semi-
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solid foods. Unlike flavor, where the order of appearance of notes cannot be anticipated, 

texture follows a definite pattern regarding the order in which characteristics are perceived.  

The authors proposed a temporal classification that divided textural attributes into initial 

(first bite), masticatory and residual (after swallowing) effects. Fig 1.1 details the procedure 

used by Brandt et al to evaluate texture. Attributes in the Texture Profile Method are rated on 

scales developed by Szczesniak (1963) to cover the range of sensations in foods, and scale 

points are anchored with specific food products. Screening procedures are conducted to 

eliminate candidates with dentures and those who are unable to discriminate between and 

describe texture differences (Civille & Szczesniak, 1973). The texture profile method has 

been modified by several authors to characterize liquid foods (Matta et al., 2006; A. 

Szczesniak, 1990). 

 

Table 1.1: Mechanical characteristics as defined by Szczesniak (1963) 

Hardness The force necessary to attain a given deformation. 
Cohesiveness The strength of the internal bonds making up the body of the product. 
Viscosity The rate of flow per unit force. 
Elasticity The rate at which a deformed material goes back to its undeformed 

condition after the deforming force is removed. 
Adhesiveness The work necessary to overcome the attractive forces between the surface 

of the food and the surface of other materials with which the food comes in 
contact (e.g., tongue, teeth, palate, etc.) 

Brittleness The force with which the material fractures. In brittle materials, 
cohesiveness is low and hardness can vary from low to high. Brittle 
materials, especially when possessing a substantial degree of hardness, 
often produce sound effects on mastication (e.g., celery, toasted bread) 

Chewiness The energy required to masticate a solid food product to a state ready for 
swallowing. It is related to the primary parameters of hardness, 
cohesiveness, and elasticity 

Gumminess The energy required to disintegrate a semisolid food product to a state 
ready for swallowing. It is related to the primary parameters of hardness 
and cohesiveness.  
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Fig 1.1 The texture profile method: procedure to evaluate texture Brandt et al 

.  

 

 Matta et al. (2006) used a modified texture profile method to describe the sensory 

characteristics of beverages prepared with commercial thickeners used for dysphagia diets. 

Base beverages of coffee, milk, apple juice, orange juice, Ensure (Abbott Laboratories, 

Abbott Park, IL), and water were thickened using two starch-based and two gum-based 

commercial thickeners according to manufacturers’ instructions to achieve nectar-like and 

honey-like consistencies. The lexicon development method was adapted from the texture 

profile method as vocabulary differences were discussed and a consensus was reached on the 

attributes, definitions, and references. The base beverages were used as references, and 

intensities were assigned for each attribute. In the lexicon development sessions, three 

sensory texture attributes were identified and defined- viscosity (the force required to draw a 

liquid from a spoon over the tongue), grainy (the amount of particles detected in the mouth 

and on the tongue while the sample dissolves or disintegrates) and slickness (the moist 
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slippery feel of the product in the mouth). Starch-based thickeners imparted a considerable 

grainy texture to all thickened beverages at both nectar-like and honey-like consistencies. 

Gum-based thickeners, on the other hand, imparted a significantly higher “slickness” in most 

of the beverages. Perceived thickness (viscosity) generally was significantly higher in 

beverages prepared with starch-based thickeners. All thickeners suppressed the main flavors 

of the base beverages and also imparted slight off-flavors (sour, bitter, metallic, or astringent) 

in some beverages.  

 Oral processing of a thickened beverage involves three different stages: initial 

introduction into the mouth; manipulation in the mouth; and swallowing. When a thickened 

beverage is introduced into the mouth, it is first positioned and pressed against the palate by 

the tongue. The filiform papillae, which coat the dorsal surface of the tongue but do not 

contain any taste buds, are responsible for keeping the food in place on the tongue. Foods are 

moistened by saliva and hence subjected to changes in texture. Saliva mixes with the 

thickened beverage, acting as a lubricant, and the tongue muscles move the food towards the 

epiglottis. Finally the bolus is monitored for its readiness for swallowing by evaluating its 

texture and swallowed, with the help of muscles in the throat (Szczesniak, 1990).  

 The texture of liquids has been evaluated using oral (tactile/kinesthetic) and nonoral 

(visual and tactile/kinesthetic) modes of sensory evaluation. Christensen and Caper (1987)  

made subjects evaluate the thickness of sodium alginate solutions at 3, 9, 27, 81, 243, 729, 

1093, and 2187 cps by three different methods. The Oral Task involved orally judging the 

viscosity of 10 ml quantities of each solution delivered thorough a plastic tube so as to 

minimize non-oral cues. The nonoral tactile task (Rod Task) instructed blindfolded subjects 

to determine solution thickness by stirring each test solution with a glass stirring rod. For the 
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Visual Task, subjects were instructed to determine solution thickness by observing the 

motion of solutions that they tilted. The Fingers Task required blindfolded subjects to stir 

each solution with their index finger and then rub the solutions between their thumb and 

index finger. The solutions were perceived to be more viscous when evaluated orally than 

nonorally, especially for thinner liquids.  

 Budke et al (2008) examined the line spread test to determine reproducibility of the 

measurements and whether specific line spread measurements can differentiate nectar- and 

honey-like thickness levels in the National Dysphagia Diet.  The line spread test measured 

the distance of beverage flow across a flat surface. Two commercially available thickened 

beverages - Thicken Up (Novartis Nutrition, Minneapolis, MN) and Thick & Easy (Hormel 

HealthLabs, Austin, MN) – were used in water, 2% milk and orange juice. A cylinder, resting 

on a clear plastic surface marked with concentric circles, was filled with the thickened 

sample. The cylinder was lifted and the beverage was allowed to flow on the flat plastic for 

60 sec. The mean distance, averaged across bisecting lines at the four quadrants, was noted as 

the line spread measurement. These measurements were compared with instrumental 

viscosity measurements taken on a RVDV-II+ viscometer (Brookfield Engineering, 

Middleboro, MA). A moderate inverse correlation (r=−0.77, P<0.01) was noted for nectar-

thick consistency, and a high inverse correlation (r=−0.93, P<0.01) was noted for honey-like 

consistency. As viscosity measured with a viscometer increased (higher cP), a decrease in 

line spread flow (less distance in cm) occurred. 

 Jowitt (1974) defined mouthfeel as "those textural attributes of a food or beverage 

responsible for producing characteristic tactile sensations on the surfaces of the oral cavity." 



 

 10 

While mouthcoating is an important characteristic of liquids, it has not received the same 

academic interest as thickness. 

 

 

1.5 Relationships between rheological sensory and instrumental 

measurements  

The rheological properties are important determinants in the sensory assessment of 

fluid and semi-solid foods. Szczesniak (1963) determined that sensory attributes such as 

thickness and adhesiveness are positively correlated with instrumental parameters for 

viscosity. This is because the viscosity of fluids depends on the rate of flow over the surface 

of the mechanoreceptors in the mouth and also by the amount of force required to manipulate 

the fluid in the mouth. Another study (Aime et al, 2001) found that mouthcoating was 

positively correlated with apparent viscosity and the consistency coefficient. 

Using engineering principles, Kokini and Cussler (1983), Dickie and Kokini (1983) 

and Kokini et al (1977) developed a physical theory for tactile perception in the mouth and 

solved constitutive equations relating specific sensory attributes to specific forces. The highly 

significant correlations obtained were used to explain what is being sensed on the mouth and 

during the sensory assessment of texture. Working with liquid foods, Kokini found that 

sensory thickness was detected as the viscous force between the tongue and the roof of the 

mouth and that sensory slipperiness was related to the reciprocal of the average of viscous 

and frictional forces (Kokini et al, 1977).  Viscous forces are the result of relative motion 

between elements of the fluid, measured as a function of the rate at which the fluid velocity is 
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changing over distance. Frictional forces act on the interface between the liquid and the 

surface, and resist the relative motion of the objects that are in contact with each other. 

Szczesniak (1963) developed scales to rate the sensory adhesiveness, defined as ‘the 

work necessary to overcome the attractive forces between the surface of the food and the 

surface of other materials with which the food comes in contact (e.g., tongue, teeth, palate, 

etc.)’, and sensory viscosity of foods defined as ‘the rate of flow per unit force’, using 

commercially available products as reference standards to anchor the scale. The sensory 

viscosity showed a curvilinear relation with the instrumental viscosity - the sensory viscosity 

increased more per unit of instrumental viscosity at high levels of instrumental viscosity than 

at low levels of instrumental viscosity. Adhesiveness increased linearly with an in increase in 

instrumental adhesiveness measured on the texturometer.  

A study conducted in Netherlands (de Wijk et al, 2003) on the texture of vanilla 

custard desserts used a trained panel to develop a set of sensory attributes describing flavor, 

odor, mouth feel sensations (thickness and fattiness) and after feel sensations (fatty coating 

and absence of roughness) elicited by commercially available vanilla custard desserts. 

Principal component analysis was conducted; two main sensory dimensions, one running 

from “Melting” to “Thick” and another one running from “Rough” to “Creamy/Soft” could 

be recognized in the resulting sensory space. The end anchors were defined as noted in Table 

1.2. The instrumental viscosity, measured with the Brookfield Rheometer at shear rate of 10 

s-1 was associated (R = 0.96) positively with the “thickness” side of the melting-thickness 

dimension and negatively with the melting side.  The instrumental viscosity measured by the 

Posthumus funnel was also associated (but not as strongly, R = 0.89) positively with the 
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“thickness” side of the melting-thickness dimension and negatively with the melting side.  

Ratings of melting were negatively associated with physical stimulus breakdown that was 

calculated as the slope of instrumental viscosity v/s time between 0.5 and 1 min.  

Table 1.2: Definition of the end anchors of the two main sensory dimensions for the 
resultant Principal Component Analysis space in the study of vanilla custard desserts as 
noted by de Wjik et al (2002) 

End Anchor Definition 
Melting Food becomes thin in the mouth and spreads throughout the mouth at 

different rates 
Thick Represents the thickness of the food in the mouth after the food is 

compressed via up and down motions of tongue against palate 
Rough Roughness sensed on teeth, palate and tongue typically caused by products 

like walnut, spinach and wine  
Creamy/Soft Range of sensation typically associated with fat content such as full and 

sweet taste, compact, smooth, not rough, not dry, with a velvety (not oily) 
coating 

 

Germain et al. (2006) defined the mouthfeel impression of a product or its ‘body’ as 

the Bostwick consistency. The Bostwick consistometer is used to determine sample 

consistency by measuring the distance in centimeters that a material flows under its own 

weight during a given time interval, which in this case was 30 sec at 25°C. The authors found 

that mouthfeel might conceal the presence of other rheological parameters. For example, as 

the product flows on the apparatus, the adhesiveness might slow it down and result in a less 

flowable product that was rated to have a lower mouthfeel. Similarly, an important 

cohesiveness level could also prevent the product from running easily and reduce the 

flowability accordingly. 

  Prinz et al (2006) quantified the mouthcoating i.e. the oral coating retained after 

swallowing custards by two methods. In the first method, a trained quantitative descriptive 
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analysis panel (N = 8) was instructed to take single mouthfuls of semi-solid foods, swallow 

and then rinse twice for 5 s with water and spit out. The turbidity of the rinse water was then 

measured. During the same session, sensory assessments of the products were obtained. In 

the second method, the thickness of the coating on the anterior and middle one-third of the 

tongue was quantified using a pair of opto-electronic reflectance sensors mounted on a probe 

which was placed on the tongue, one sensor measuring the anterior part of the tongue,  the 

other the posterior (middle third) of the tongue. Turbidity of the first rinse was closely related 

to attributes associated with relatively high fat levels, such as creamy and fatty mouth and 

afterfeel, and to high viscosity, such as thick mouthfeel. Turbidity measurements of the 

second rinse, as well as the reflectance measurements related primarily to fat content. 

 

1.6 Swallowing biomechanics 

 The normal swallow occurs in four distinct phases. First, the ingested food is held in 

the mouth by closure of the lips and tension of the cheeks. In the mouth, the food is 

manipulated by teeth and tongue to produce a mixture of saliva and food called the bolus. 

This is recognized as the oral preparatory phase. Next, the oral transport phase takes place 

with the bolus propelled by the tongue towards the back of the mouth into the pharynx. The 

soft palate is retracted upwards to seal the nasal cavity to avoid nasal regurgitation. Peristaltic 

waves begin to transport the bolus downwards. During the pharyngeal phase, several 

protective reflexes occur in the laryngo-pharynx to prevent the bolus to move towards the 

airways. The hyoid bone is moved upward and front. The epiglottis descends and the vocals 
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cords contract and close. Finally, the bolus passes through the crico-pharyngeal sphincter and 

descends in the esophagus to the stomach with the help of peristaltic waves and gravity 

(Logemann, 1994). 

 Tongue activity plays a crucial role in both oral and pharyngeal phases of swallowing. 

This tongue activity has traditionally been quantified by recording swallowing pressures at 

three lingual sites (tip, blade, and dorsum) as the tongue hits the palate of the mouth during 

swallowing (Hind et al, 2005). This was done by attaching a three pressure-bulb array to the 

palate that measures the pressure exerted by the tongue on each bulb.  

 There is evidence that a strong, unpalatable, sour bolus improves swallowing in 

neurogenic dysphagia. Pelletier & Dhanraj (2006) showed that moderate sucrose, high salt, 

and high citric acid elicited significantly higher lingual swallowing pressures compared with 

the pressures generated by water. Pressures in the anterior bulb were significantly higher than 

those recorded from the middle or posterior bulb.  

 Increased bolus viscosity has consistently increased lingual swallowing pressure 

(Miller & Watkin, 1996; Pouderoux & Kahrilas, 1995; Shaker et al, 1988). Nicosia et al. 

(2000) reported that lingual pressure was higher in response to a semisolid bolus than a liquid 

bolus. They also reported that the duration to reach peak pressure was higher in response to 

the semisolid. 
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2. HYPOTHESES 

 

This thesis is driven by three main objectives, as stated below. The hypotheses driving each 

objective are listed below: 

Objective 1: To determine the relationship between sensory and instrumental measures 
of rheology 

The following relationships were expected to be observed based on previous literature:  

1. The sensory perception of thickness, adhesiveness and stickiness would increase with 
an increase in viscosity 

2. The sensory perception of slipperiness would decrease with an increase in viscosity or 
yield stress 

3. The sensory perception of mouthcoating would increase with an increase in viscosity, 
flow index, or yield stress 

4. The number of swallows required to cleanse the palate would increase with an 
increase in viscosity, flow index or yield stress 
 

  

Objective 2: To determine the effect of sensory parameters on swallowing pressures. 

A greater swallowing pressure was expected to be exerted for beverages that were rated 
higher in thickness, adhesiveness or mouthcoating.   

 

Objective 3: To develop an instrumental method for predicting the sensory perception 
of mouthcoating. 

The amount of residual riboflavin left in the mouth after swallowing a beverage was expected 
to predict the sensory perception of mouthcoating. 
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3. MATERIALS AND METHODS 

 

3.1 Subjects 

Twenty-four subjects (6 males, 18 females) aged 19- 58 with a median age of 26, 

were recruited from the University of Minnesota using an email screener. Subjects having a 

swallowing disorder and/or any food allergies were excluded. All subjects were paid a cash 

incentive for their participation during this study. The University of Minnesota Institutional 

Review Board approved this study. 

  

 

 

3.2 Samples 

The 15 thickeners listed below in Table 3.1 were used to prepare 30 thickened 

beverages at nectar and thin honey viscosities. These beverages adhered to National 

Dysphagia Diet guidelines for nectar- and thin honey-like viscosities i.e. η = 300 ± 30 cP for 

nectars and η = 1500 ± 100 cP for thin honeys. All beverages were prepared by Carrie 

Grummer, a graduate student at the University of Wisconsin- Madison, and shipped to the 

University of Minnesota in insulated cold boxes. Sections 3.2.1 and 3.3 detailing the 

formulae and manufacturing methods and rheological profiling respectively were written by 

Carrie Grummer.  
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Table 3.1  Thickeners used for beverage development. 

Hydrocolloid Variation Trade Name Supplier Supplier 
Location 

Agar Gelidium/Gracilaria 
blend 

Food Quick Soluble 
Agar - Quick Gelagar 

- QT30 
Setexam Kenitra, 

Morroco 

Alginates Sodium alginate SatialgineTM S 1100 Cargill Wayzata, MN 

Carrageenans Iota (ι) carrageenan Viscarin® SD 389 FMC 
BioPolymer Philadelphia, PA 

Cellulosics 

Cellulose gum 
TIC Pretested® 

Ticaloid®  EZ-1900 
Powder 

TIC Gums Belcamp, MD 

Methylcellulose TIC Pretested® 
Ticacel® LV Powder TIC Gums Belcamp, MD 

Microcrystalline 
cellulose Avicel® AC 4125 FMC 

BioPolymer Philadelphia, PA 

Gums 

Guar gum Guar Gum FG6070 P.L. Thomas & 
Co., Inc. Morristown, NJ 

Konjac gum 
TIC Pretested® 

Ticagel® Konjac HV-
D 

TIC Gums Belcamp, MD 

Tara gum TIC Pretested® Tara 
Gum 100 TIC Gums Belcamp, MD 

Xanthan gum 
TIC Pretested® Pre-

Hydrated® Ticaxan® 
Rapid-3 Powder 

TIC Gums Belcamp, MD 

Proteins Calcium caseinate Ca. cas Spray DMV 
International Onalaska, WI 

Pectins 

High methoxyl 
pectin 

UnipectineTM AYD 
258 Cargill Wayzata, MN 

Low methoxyl 
pectin 

Coyote Brand Pectin 
LM 0929 

Gum Technology 
Corporation Tucson, AZ 

Starches 

Waxy rice starch 
Remyline XS-B - 

Extra stable waxy rice 
starch 

A&B 
Ingredients, Inc. Fairfield, NJ 

Acetylated waxy 
maize distarch 

phosphate 

Stabitex - InstantTM 
12625 Cargill Wayzata, MN 
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Individual samples of 1-oz (28ml) were removed from the refrigerator an hour before 

serving, and served at room temperature in 2-oz (56 ml) Solo® cups labeled with random, 3-

digit codes.  New codes were generated for each test session.   

 

Table 3.2: List of thickened beverages served during training and test sessions 
Chemical 

categories of 
hydrocolloids 

Thickened beverages prepared 

Thin Honey viscosity Nectar viscosity 
Agar  Agar thin honey1 Agar nectar 
Alginates  Sodium alginate thin honey1 Sodium alginate nectar 
Carrageenans  Iota carrageenan thin honey Iota carrageenan nectar 
Cellulosics  Cellulose gum thin honey Cellulose gum nectar 
 Methyl cellulose thin honey1 Methyl cellulose nectar 
 Microcrystalline cellulose thin honey Microcrystalline cellulose nectar1 
Gums Guar gum thin honey Guar gum nectar 
 Konjac gum thin honey1 Konjac gum nectar 
 Tara gum thin honey Tara gum nectar1 
 Xanthan gum thin honey Xanthan gum nectar1 
Proteins  Calcium caseinate thin honey1 

 

Calcium caseinate nectar1 
 

Pectins  High methoxyl pectin thin honey High methoxyl pectin nectar 
 Low methoxyl pectin thin honey Low methoxyl pectin nectar 
Starches  Acetylated distarch phosphate thin 

honey 
Acetylated distarch phosphate nectar 

 Extra stable waxy rice starch thin honey Extra stable waxy rice starch nectar1 
1: Used in training session 
 

 

 

3.2.1 Formulas and Manufacturing Methods  

All beverages were water based and made with a base liquid of approximately pH 

4.45 ± 0.03, shown in Table 3.3. This pH was selected for optimal performance of most 

thickeners, except proteins, and with the consideration of elderly patients who may suffer 

from acid reflux disease if they consume low acid food and beverages. The materials used to 
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formulate the base liquid included sodium citrate (Tate & Lyle, Decatur, IL), citric acid (Tate 

& Lyle), sugar (United Sugars Corporation, Crookston, MN), and lemonade type flavor 

645081 (Guividan Flavors Corp., Cincinnati, OH). Each beverage was made with 100 g of 

the base liquid.   

Thickeners were mixed into the liquid using a rotational mixer (Controller: Master 

Servodyne Controller, Cole Palmer Instrument Co., Chicago, IL; Rotational head:  Model 

E650, 1/16 – 3/8 in CAP, 3/8 – 24 THD, Robbins Meyers Electro-craft, Hopkins, MN) 

equipped with a 12 × 5/16 in diameter stainless steel impeller shaft (Model A712, Caframo, 

Wiarton ON. Canada) and a 1.5 in stainless steel blade (Caframo). 

 

Table 3.3  Base liquid formula. 

Ingredient Batch Formula Weights  
(g) 

%  
(w/w) 

Water 2,000.0 96.9 
Sugar 60.0 2.9 

Citric acid 1.8 0.1 
Sodium citrate1 2.4 0.1 

Total 2,064.2 100.0 
1Weight of sodium citrate is approximate.  It was added to raise the pH of the base liquid to 
approximately pH 4.45, so depending on the water conditions the weight varied. 
 

 

Table 3.4 details the beverage formulas and Table 3.5 the manufacturing methods for 

the beverages.  The thickener and lemon flavor amounts were averaged from all sensory, 

swallowing, and mouth coating sessions.  The lemon flavor was added at 0.24 ± 0.01% (v/w) 

of the final beverage to account for the differences in amount of thickener in each beverage. 

Some beverages had more complex manufacturing steps beyond thickener addition and 
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mixing, such as extra ingredient addition or heating.  For most beverages, the lemon flavor 

was added to the base liquid before the thickener, except the ones that were heated.  A 

Corning stirrer-hot plate (Model PC-420, Corning Incorporated Life Sciences, Lowell, MA) 

was used for heating beverages.  All beverages were stored in the refrigerator after they were 

made and for at least 24 hours before testing the rheological properties.   

 

3.2.1.1 pH 

The pH of base liquid and beverages was measured using an Accument Basic pH 

Meter with an Accument glass AgCl pH electrode (Fisher Scientific, Pittsburg, PA).  The pH 

of all 30 beverages was measured in duplicate. 

 

3.2.1.2 Density 

Density of all 30 beverages used in the sensory and swallowing tests was measured at 

22°C using a 100 mL Pyrex® graduated cylinder (No. 3025, Fisher Scientific).  The weight 

at 20, 40, 60, and 80 mL of three samples of each beverage was measured in duplicate.  

Volume and weight data were plotted, density was calculated as the slope of the resulting 

line, and the densities were averaged. 
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Table 3.4 Beverage formulas (using 100.00 g base liquid). 

Hydrocolloid Thickener Consistency 
Thickener 

Weight  
(g) 

Thickener 
Concentration 

(%) 

Lemon 
Flavor 
(mL) 

Lemon Flavor 
Concentration 

(%) 

Agar Agar 
Nectar 0.877 0.87 0.248 0.245 

Thin Honey 1.758 1.72 0.250 0.245 

Alginates Sodium alginate 
Nectar 1.008 1.00 0.248 0.245 

Thin Honey 1.736 1.70 0.250 0.245 

Carrageenans Iota carrageenan 
Nectar 1.105 1.09 0.248 0.245 

Thin Honey 1.804 1.77 0.250 0.245 

Cellulosics 

Cellulose gum 
Nectar 3.030 2.93 0.254 0.245 

Thin Honey 5.683 5.36 0.260 0.245 

Methylcellulose 
Nectar 1.877 1.84 0.250 0.244 

Thin Honey 3.032 2.94 0.252 0.244 

Microcrystalline cellulose 
Nectar 5.029 4.78 0.257 0.244 

Thin Honey 7.071 6.59 0.263 0.245 

Gums 

Guar gum 
Nectar 0.565 0.56 0.246 0.244 

Thin Honey 1.053 1.04 0.248 0.245 

Konjac gum 
Nectar 0.326 0.32 0.246 0.245 

Thin Honey 0.597 0.59 0.246 0.244 

Tara gum 
Nectar 0.559 0.55 0.246 0.244 

Thin Honey 0.984 0.97 0.248 0.245 

Xanthan gum 
Nectar 0.530 0.53 0.246 0.244 

Thin Honey 2.216 2.16 0.250 0.243 
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Table 3.4 continued 

Hydrocolloid Thickener Consistency 
Thickener 

Weight  
(g) 

Thickener 
Concentration 

(%) 

Lemon 
Flavor 
(mL) 

Lemon Flavor 
Concentration 

(%) 

Proteins Calcium caseinate 
Nectar 13.038 11.51 0.269 0.237 

Thin Honey 15.115 13.10 0.282 0.244 

Pectins 
High methoxyl pectin 

Nectar 3.364 3.25 0.254 0.245 
Thin Honey 5.235 4.96 0.258 0.245 

Low methoxyl pectin 
Nectar 6.794 6.35 0.262 0.244 

Thin Honey 10.853 9.77 0.271 0.244 

Starches 
Rice starch 

Nectar 3.751 3.61 0.254 0.244 
Thin Honey 5.568 5.26 0.258 0.244 

Acetylated distarch phosphate (ADP) 
Nectar 4.534 4.33 0.256 0.244 

Thin Honey 5.759 5.43 0.258 0.244 
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Table 3.5   Beverage manufacturing methods. 

Hydrocolloid Thickener Consistency 

Thickener 
Addition 

Time 
(min:ss) 

Thickener 
Addition 
Speeds  
(rpm) 

Mix Time After 
Thickener 

Addition (min:ss) 

Mix Speeds 
After 

Thickener 
Addition 

 
Agar Agar1 

Nectar 0:30 700 13:00/10:001 700 
Thin Honey 0:30 700 13:00/10:00 700 

Alginates Sodium alginate 
Nectar 2:00–2:30 800–1,300 5:30–6:00 1,700 

Thin Honey 4:00 800–2,300 6:00 2,300 

Carrageenans Iota carrageenan 
Nectar 3:00 800–1,000 6:00 1,100 

Thin Honey 5:00 800–2,100 5:30 2,300 

Cellulosics 

Cellulose gum 
Nectar 0:20 900 4:00 1,700 

Thin Honey 0:40 900–1,000 6:20 2,300 

Methylcellulose 
Nectar 3:30 900–1,200 6:30 1,900 

Thin Honey 5:00–6:00 900–2,000 5:00–6:00 2,300 

Microcrystalline cellulose 
Nectar 2:30 800 5:00 950–1,100 

Thin Honey 2:30 800–1,100 6:00 1,300–1,900 

Gums 

Guar gum 
Nectar 2:30–3:30 900 5:30–6:30 1,200 

Thin Honey 4:00 1000–1,500 12:00 2,300 

Konjac gum 
Nectar 0:30 800 8:30 1,100 

Thin Honey 0:30 800 9:15 2,300 

Tara gum 
Nectar 1:30–1:45 850 7:15–7:30 1,200 

Thin Honey 2:30 900–1,300 7:30 2,300 

Xanthan gum 
Nectar 0:15 850 8:45 1,300 

Thin Honey 0:30 850 10:00 2,300 
1Agar beverages were heated at approximately 95°C (heat setting 4.7) during thickener addition and mixed for 13 min, and then 
were removed from heat and mixed for 10 min.  Lemon flavor was added in the last 30 s of unheated mixing. 
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Table 3.5 continued 

Hydrocolloid Thickener Consistency 

Thickener 
Addition 

Time  
(min:ss) 

Thickener 
Addition 
Speeds  
(rpm) 

Mix Time 
After 

Thickener 
Addition 
(min:ss) 

Mix Speeds 
After 

Thickener 
Addition 

(rpm) 

Proteins Calcium caseinate 
Nectar2 1:30  700–1,300 1:40 1,700 

Thin Honey3 2:30 700–1,800 1:00 2,200 

Pectins 
High methoxyl pectin 

Nectar 3:30–4:00 700–1,200 5:30–6:00 2,000 
Thin Honey 6:30–7:00 850–2,300 5:00–5:30 2,300 

Low methoxyl pectin 
Nectar 4:45 700–1,500 4:15 1,800 

Thin Honey 6:30–7:00 700–2,300 4:00–4:30 2,300 

Starches 
Rice starch4 Nectar 1:00 700 30:00 700 

Thin Honey 1:00 700 40:00 700–2,000 

Acetylated distarch phosphate (ADP) 
Nectar 7:00–8:00 850–900 4:00–5:00 1,000 

Thin Honey 12:00–13:00 800–2,200 6:00–7:00 1,800 
2Sodium citrate was added to nectar calcium caseinate beverages after 1:30 min, which then were mixed for an additional 1:40 
min. 
3Sodium citrate was added to thin honey calcium caseinate beverages after 2:30 min, which then were mixed for an additional 1:00 
min. 
4Nectar and thin honey beverages were heated at approximately 80°C (Heat setting 3.7).  Lemon flavor was mixed in by hand after 
beverages had been cooled in the refrigerator.
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3.3  Rheological Profiling  

The flow behavior (flow index, consistency coefficient, and yield stress) of each beverage 

was measured using a concentric cylinder configuration.   A Paar Physica UDS 200 controlled 

stress rheometer  (Paar Physica USA Inc., Ashland, VA) was used to determine the apparent 

viscosity (50 s-1, 22°C ), flow index (n), consistency coefficient (K), and yield stress (σ0) of all 

beverages.  The instrument was connected to PCs and operated in external control mode using 

Physica RheoPlus software.   

Beverages, which were stored in the refrigerator, were first warmed up in the water bath.  

Once they reached bath temperature, the samples were stirred for 15 seconds at two stirs per 

second to ensure the samples were homogeneous, and then 7.1 ml were transferred to the small 

sample adapter cup.  The sample was slowly poured into the small sample adapter gradually to 

minimize sample deformation and then leveled if necessary. 

Once the sample was loaded, a preprogrammed test was initiated through the Physica 

RheoPlus software.  The test included a 10-minute rest period to allow any damaged structures 

that may have resulted from sample loading to reform and the temperature to readjust to 22°C 

before beginning data collection.  Then the sample was presheared for three minutes to 

uniformly deform any structures that may have formed while at rest, as well as to ensure the 

dynamic yield stress was represented.  The samples were then subjected to a shear sweep from 1 

s-1 to 1000 s-1. At each shear rate the spindle was allowed to rotate approximately 10 times before 

collecting a data point.  Shear rate ( ) was calculated from the operating speed (N) and the shear 

stress (𝜎𝜎). 

�̇�𝛾 =  2𝜔𝜔𝑅𝑅𝑐𝑐2

(𝑅𝑅𝑐𝑐2− 𝑅𝑅𝑏𝑏2)
     (3.1) 
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angular velocity =  ω = 2𝛱𝛱𝛱𝛱
𝜎𝜎

    (3.2) 

Equation 3.1 calculates shear rate using the radius of the cup, Rc, and the radius of the 

bob/spindle, Rb. 

 The torque (M) experienced by the bob as a result of the drag from the fluid was 

measured and shear stress was calculated. 

𝜎𝜎 =  𝑀𝑀
2𝜋𝜋𝑅𝑅𝑏𝑏2𝐿𝐿

      (3.3) 

M = (Spring Torque Constant) × (% Torque)     (3.4) 

Equation 3.3 calculates shear stress using the length of the spindle (L). 

The RV and HA models were used to ensure that most of the torque values at each shear 

rate fell within this range for the nectar and thin honey beverages respectively. The apparent 

viscosity of the sample at each shear rate was calculated. 

      𝜂𝜂𝑎𝑎 =  𝜎𝜎
�̇�𝛾
      (3.5) 

The shear rate and shear stress data found with this method were used to generate the 

rheological parameters of each fluid.  The flow index, consistency coefficient, and yield stress 

were determined using linear and non-linear regression for Equations 2.3 and 2.5, respectively, 

with the Physica RheoPlus program for either the Power Law or Herschel-Bulkley models, 

respectively. 
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3.4 Training Session 

Panelists attended one training session during the first week of the study.  A total of four 

training sessions were run over the course of three days, with 3 to 8 panelists attending each 

session. These sessions were held at the Sensory Center Testing Facilities located on the St. Paul 

campus of the University.  At the beginning of the session, they were required to sign a consent 

form and were provided with a lexicon, which was based on the texture lexicon by Hootman, 

1992. This was modified to describe relevant differences among the 30 products.  The modified 

version of the texture lexicon is shown in Table 3.8. 

 

 
Table 3.6: Thickened beverage texture lexicon: Description used by panelists after putting 
a level spoonful in their mouth 

Attribute   Description 
Thickness The force required to push the liquid against the roof of the mouth. 
Adhesiveness The amount of work needed to remove the liquid from the palate. 
Stickiness The amount of force needed to pull the tongue away from the roof of the 

mouth.  Touch the tongue to the roof of the mouth, then pull it directly down. 
Slipperiness The enhanced lubricating or friction-reducing qualities at the back of the 

throat as you swallow – such as that produced by raw egg whites  
Mouthcoating The degree to which the product coats the inside of the mouth after 

swallowing 
 

 

During the training session, each panelist was provided with a subset of ten different 

thickened beverages as indicated in Table 3.2. These ten beverages were chosen as they best 

represented the entire set of 30 beverages in terms of thickness and mouthcoating, and included 

all chemical categories of thickeners. The different sensory attributes were illustrated by 

selecting samples from this set that varied perceivably in each sensory attribute as indicated in 

Table 3.9. Calcium caseinate nectar, xanthan gum nectar and methyl cellulose honey were 
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similar in sour taste, but differed in lemon flavor.  Hence, these 3 samples were used to ensure 

panelists did not confuse sour taste with lemon flavor.  

 

Panelists were asked to plug their nose using nose clips while rating taste to avoid 

aromas. The remaining sensory attributes had to be rated without the nose clips. All flavors 

besides lemon flavor were to be clubbed together and rated on a scale for ‘Other Flavor’. 

Panelists were also given instruction on how to rate the different textural attributes i.e. thickness, 

adhesiveness, stickiness, slipperiness and mouthcoating (Table 3.8). 

 

 
Table 3.7: Samples used to illustrate sensory attributes during the training session 
Sensory Attribute Sample with a higher level of 

sensory attribute  
Sample with a lower level of sensory 
attribute   

Sweet 
Bitter  
Lemon Flavor 
Thickness 
Adhesiveness 
Stickiness 
Slipperiness 
Mouthcoating 

Calcium caseinate nectar 
Calcium caseinate nectar  
Xanthan gum nectar  
Agar thin honey 
Methyl cellulose thin honey 
Sodium alginate thin honey 
Xanthan gum nectar 
Methyl cellulose thin honey 

Methyl cellulose thin honey 
Xanthan gum nectar  
Methyl cellulose thin honey 
Calcium caseinate nectar 
Konjac gum thin honey 
Iota carrageenan thin honey 
Microcrystalline cellulose nectar 
Xanthan gum nectar 

 
 

The panelists also learned a standardized sampling method to minimize variability in 

delivery as well as perception of the sensory attributes. The standardized sampling method 

ensured that each panelist evaluated the same amount of each sample. The standardized method 

required that they first gently stir the sample 30 times with a plastic spoon (Bakers and Chefs™ 

Plastic Spoons, Bentonville, Arkansas) in order to mimic the stirring done before instrumental 

measurements were taken. Panelists were prompted to do this for each beverage during the 

training and test sessions by computerized instructions. Panelists then had to fill the spoon full 
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with the sample, level it off if necessary with a plastic coffee stirrer (Propak™ Coffee/ Bar 

Stirrers), put the spoonful of sample in their mouth and evaluate the sample for sweet, sour and 

bitter taste and lemon and other flavor in the first spoonful. Panelists were allowed to expectorate 

this first spoonful of sample after evaluating it. Then, they had to consume a second spoonful of 

the same sample and evaluate thickness, adhesiveness, stickiness and slipperiness before 

swallowing. Mouthcoating and number of swallows required to cleanse the palate was to be 

evaluated after the second spoonful was swallowed. The panelists were asked to use a fresh 

spoon and coffee stirrer for each sample to prevent any mixing between samples. Ratings for all 

the sensory attributes were collected on 15-point category scales.   

 

Although panelists were instructed during the training session to swallow the samples 

while evaluating texture, the computer instructions asked the panelists to swallow or expectorate 

the sample. Panelists were asked to fill out a questionnaire at the end of the test sessions to 

determine if they ‘always swallowed’ ‘always spit’ or ‘sometimes swallowed and sometimes 

spit’ when evaluating the texture of the beverages. While most panelists (14) always swallowed 

the sample, it was found that 3 panelists always expectorated the sample and 5 panelists 

sometimes swallowed and sometimes expectorated. 

 

Panelists practiced the sampling procedures further while interfacing with the Sensory 

Information Management Systems 2000 (Sensory Computer Systems, Morristown, New Jersey, 

USA) computerized data collection system. Panelists practiced the sampling technique and rating 

using thickened beverages at both nectar and thin honey consistencies. Three thickened 
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beverages (tara gum nectar, extra stable rice starch nectar and methyl cellulose thin honey) were 

served in a balanced order in the training session.  

 

 

 

3.5 Test Sessions 

 The 7 test sessions were divided into 4 sensory evaluation sessions, 1 lingual pressure 

measurement session and 2 residual mouthcoating measurement sessions.  

 

3.5.1 Sensory Evaluation Sessions 

 Panelists typically attended four sensory evaluation sessions during two consecutive 

weeks. The set of 30 thickened beverages was randomly divided into 2 groups of 15 beverages.  

The same 15 beverages were served to all panelists at each session. The position in which each 

of these 15 beverages was served at each session was determined by a design for 15 treatments in 

2 blocks balanced for the effect of order of presentation and first-order carry-over effects (Macfie 

et al., 1989).  Panelists sampled the complete set of 30 beverages in the first week i.e. 15 

beverages during session 1 and the remaining 15 during session 2. Similarly, all 30 beverages 

were sampled again through the second week.  

 

 The panelists tasted each beverage using the standardized sampling method described in 

the training session. At each session, the panelists rated each beverage for taste- sweet, sour and 

bitter; flavor - lemon and other; and texture- thickness, adhesiveness, stickiness, slipperiness, 

mouthcoating, and the number of swallows required to clear the palate. Ratings for all these 
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sensory attributes were collected on 15-point numerical category scale, with end-points of 0 and 

15. The scale had tick marks labeled with numbers at regular intervals of 1 unit. Panelists could 

choose any point on the scale from 0 to 15, with end anchors “none” and “intense”. Panelists also 

noted the number of swallows required to cleanse the palate after the thickened beverage was 

swallowed. The first swallow was not included in this rating. Twenty- two panelists completed 

all 4 sensory evaluation sessions.  

 

 

3.5.2 Lingual Pressure Measurement Session 

 Panelists attended one swallowing pressure measurement session. A 3-bulb array was 

inserted into their buccal cavity and stuck to their palate using Stomahesive™ (ConvaTec, USA) 

as shown in Fig 3.1. This bulb array was connected to a KayPentax Swallowing Workstation that 

recorded the pressure (mm Hg) exerted by the tongue on each pressure bulb as the panelist 

swallowed the sample. The panelists were fed a leveled spoonful of each of the complete set of 

30 thickened beverages and asked to swallow the sample in a single swallow. The order in which 

each panelist was served these 30 beverages was determined by a 30x30 Latin square design 

balanced for order and carry-over effects, generated using DesignExpress® (Product Perceptions 

Ltd, Horley, Surrey, UK). Twenty-two panelists attended the swallowing pressure measurement 

session, but the data collected from two panelists were not used due to discomfort caused by the 

lingual pressure array. 
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Fig 3.1: 3-Bulb pressure array stuck to the palate at midline 

  

 

 

3.5.3 Residual Mouthcoating Measurement Session 

 Panelists attended two residual mouthcoating measurement sessions during two 

consecutive weeks, i.e. an hour long session per week. We incorporated 1 g/l of riboflavin 

(Sigma-Aldrich Co., St. Louis, MI) into the base liquid of all the thickened beverages during 

preparation. The complete set of 30 thickened beverages was randomly divided into 2 groups of 

15 beverages. At each session, all panelists were served the same set of 15 thickened beverages. 

The positions in which these 15 beverages were served was determined by a design for 15 

treatments in 2 balanced blocks of 30 consumers each so as to balance the effect of order of 

presentation and first-order carry-over effects (Macfie et al., 1989).  

 

 A rinse-and-spit protocol was developed which involved the following steps: panelists 

gently stirred the sample 30 times with a plastic spoon (Bakers and Chefs™ Plastic Spoons, 

Bentonville, Arkansas), filled the spoon full with the sample, leveled it off if necessary with a 

plastic coffee stirrer (Propak™ Coffee/Bar Stirrers), and swallowed this spoonful. Panelists then 

rinsed their mouth with 10 ml of water and spit this rinse water into a 16 oz spit cups (Dart® 

Foam Cups, Mason, Michigan) labeled with the same code number as the sample. This rinse-
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and-spit protocol was repeated 5 times after swallowing each sample. It consisted of rinsing their 

mouth with 10 ml water by swishing it thrice inside the mouth and then spitting the rinse water 

into a spit cup.   

 

 At the start of each session, panelists swallowed a spoonful of water instead of the 

thickened beverage sample, to familiarize them with the protocol as well as to remove food 

particles from their mouth. The rinse-and-spit protocol, as described above, was then repeated for 

each of the 15 thickened beverages. The riboflavin concentration of the rinse water from each 

judge for each sample was determined using a chemical analysis and fluorescent spectroscopy 

method (Scott et al, 1946).  The volume of rinse water expectorated by each judge for each 

sample was measured. The total riboflavin content in the rinse water was calculated by 

multiplying this riboflavin concentration and volume of rinse water. The total riboflavin content 

was considered to be a measure of residual mouthcoating.  

 

 

 

3.6 Data Analysis 

3.6.1 Data Recording 

 The raw data from the tests above were compiled on Microsoft Excel sheets. Statistical 

analyses were carried out using SAS computer software (The SAS System for WindowsTM, 

Version 9.2, The SAS Institute Inc., Cary, NC) and XLSTAT TM 2010 (Addinsoft SARL, New 

York, NY).  



34 
 

 34 

 Means and standard errors of sensory measurements, instrumental measurements, 

swallowing pressures and the amount of residual riboflavin were calculated for each product.  

 

3.6.2 Objective 1: To determine the relationship between sensory measures and 

instrumental measures of rheology.  

 Pearson’s correlations between mean sensory ratings over all judges and instrumental 

parameters, for all the thin honey and nectar beverages together and separately within the thin 

honey and nectar classes, were calculated to determine which parameters were significantly 

correlated (p < 0.05). Further data analysis was done separately for thin honey beverages and 

nectar beverages in order to visualize any differences within the two viscosity ranges.  

 

 The effects of the instrumental parameters on each sensory parameter were predicted 

using linear regression in SAS with Proc Reg. The initial model statement for each sensory 

parameter included as predictors all the instrumental parameters and all possible 2-way 

interactions between these instrumental parameters as continuous effects. Each judge was 

included in the model as a dummy variable. These models were reduced by eliminating any 

predictors, other than the judge dummy variables, with a p-value >0.10 using backward selection 

in SAS.  

 

 In order to visualize the significant interactions affecting the reduced models for nectar 

and thin honey beverages respectively scatter plots were plotted in Excel as detailed below. For 

instance, the thickness of nectar beverages was significantly affected by an interaction between 

viscosity and flow index values. The 15 nectar beverages were arranged in decreasing order of 
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viscosity and then divided into 3 groups of 5 nectar beverages each. The first group having the 

highest values of viscosity was called ‘high viscosity’, the middle group was called ‘medium 

viscosity’ and the last group having the lowest viscosities was called ‘low viscosity’. A scatter 

plot of thickness vs flow index for all 15 nectar beverages was created using Excel. A color was 

assigned to each viscosity group and a trend line was plotted for each viscosity group. The 

direction of the different trend lines explained the interaction. A similar strategy was used for all 

significant 2-way interactions between viscosity, flow index, consistency coefficient and yield 

stress.  

 

3.6.3 Objective 2: To determine the relationship of sensory parameters and swallowing 

pressures.   

 Pearson’s correlations between mean swallowing pressures and mean sensory parameters 

over all judges, for all the thin honey and nectar beverages together, were calculated to determine 

which parameters were significantly correlated (p < 0.05).  

 

 The effects of the sensory parameters on each swallowing pressure measurement for all 

nectar and thin honey beverages considered together were predicted using linear regression with 

Proc Reg. The initial model statement for each swallowing pressure included as predictors all the 

sensory parameters and all possible 2-way interactions between these sensory parameters as 

continuous effects. Each judge was included in the model as a dummy variable. These models 

were reduced by eliminating any predictors, other than the judge dummy variables, with a p-

value >0.10 using backward selection in SAS 
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 In order to visualize the significant interactions affecting the reduced models for nectar 

and thin honey beverages together, scatter plots were plotted in Excel as detailed below. For 

instance, the anterior swallowing pressure was significantly affected by an interaction between 

thickness and adhesiveness ratings. The 30 beverages were arranged in decreasing order of 

thickness and then divided into 3 groups of 10 beverages each. The first group having the highest 

ratings of thickness was called ‘high thickness’, the middle group was called ‘medium thickness’ 

and the last group having the lowest ratings of thickness was called ‘low thickness’. The 

swallowing pressures of all 30 nectar and thin honey beverages were plotted against 

adhesiveness using Excel. A color was assigned to each thickness group and a trend line was 

plotted for each thickness group. The direction of the different trend lines explained the 

interaction. A similar strategy was used to all possible 2-way interactions between thickness, 

adhesiveness, stickiness, slipperiness, mouthcoating and number of swallows.  

 

 

 

3.6.4 Objective 3: To develop an instrumental method for predicting the sensory perception 

of mouthcoating. 

 It was hypothesized that the residual riboflavin coating the inside of the mouth will 

predict the sensory measures of mouthcoating.  

 

 Pearson’s correlation between the amount of riboflavin left in the mouth and sensory 

mouthcoating scores, for all the thin honey and nectar beverages, was calculated to determine 

whether the two variables were significantly correlated (p < 0.05).  
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 The relationship between the sensory perception of mouthcoating and the instrumental 

measurement for predicting mouthcoating was studied using linear regression with Proc Reg, 

The initial model statement for the sensory perception of mouthcoating included the instrumental 

measurement of residual riboflavin for predicting mouthcoating as a continuous parameter. Each 

judge was included in the model as a dummy variable.   



38 
 

 38 

4.   RESULTS  

4.1 Objective 1: To determine the relationships between sensory measures and 

instrumental measures of rheology.  

 

4.1.1 Thickness of both nectar and thin honey beverages: 

When both nectar and thin honey beverages were studied together (Table 4.1), an 

increase in the sensory perception of thickness was associated with increases in instrumental 

viscosity, consistency coefficient and yield stress, as well as a decrease in flow index. However, 

on examining the nectar and thin honey beverages separately, the following trends were 

observed.  

 

Table 4.1: Pearson’s correlation coefficients between mean sensory ratings over all judges 

and instrumental parameters, for both thin honey and nectar beverages together.  

Sensory 

parameter 

Viscosity Flow index  

(n-value) 

Consistency 

coefficient (k-value) 

Yield stress 

Thickness 0.63* -0.03 0.39* 0.37 

Adhesiveness 0.48* 0.25* 0.13* 0.18* 

Stickiness 0.43* 0.20* 0.09* 0.08*  

Mouthcoating 0.38* 0.36* -0.05 -0.08* 

Slipperiness -0.27* -0.11* -0.11 -0.08* 

No of swallows 0.39* 0.31* -0.04 0.08* 

*indicate significant correlations (p<0.05) 
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4.1.1.1 Thickness of nectar beverages:  

  The thickness ratings of nectar beverages generally increased with an increase in 

flow index (Table 4.2, Fflow index = 5.65, p = 0.02). The thickness ratings of nectar beverages with 

lower apparent viscosities increased more with an increase in the flow index values than did 

ratings of nectar beverages with higher apparent viscosities (Fviscosity x flow index = 7.58, p = 0.01). A 

unit increase in flow index caused a large increase in thickness ratings for the nectar beverages 

having a low viscosity, a lesser increase in thickness ratings for the nectar beverages having a 

medium viscosity, and the least increase in thickness ratings for the nectar beverages having a 

high viscosity (Fig 4.1). 

Fig 4.1 The effect of viscosity x flow index on the thickness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively.  
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 An increase in the thickness ratings of nectar beverages was associated with an increase 

in the consistency coefficient, only for nectar beverages having high apparent viscosities (Table 

4.2, F viscosity x consistency coefficient = 7.23, p = 0.01).  For the nectar beverages having low and medium 

apparent viscosities, an increase in the thickness ratings was associated with a decrease in the 

consistency coefficient (Fig 4.2). 

Fig 4.2 The effect of viscosity x consistency on the thickness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively.  
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flow index, an increase in the thickness ratings of nectar beverages was associated with an 

increase in the consistency coefficient (Fig 4.3). 

Fig 4.3 The effect of flow index x consistency coefficient on the thickness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their flow index values. The points and lines represent mean 
values for each nectar beverage and linear trend lines for each flow index group 
respectively.  

 

 

 Most nectar beverages i.e. 11 out of 15 had a yield stress of 0. The interactions between 

yield stress and viscosity (Fig 4.4, Table 4.2, Fviscosity x yield stress  = 11.33, p < 0.01), as well as yield 

stress and flow index (Fig 4.5, Table 4.2, Fflow index x yield stress = 10.99, p < 0.01) significantly 

affected thickness, but these effects were dictated solely by the 4 beverages with a yield stress.  
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Fig 4.4 The effect of viscosity x yield stress on the thickness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively.  

 

Fig 4.5 The effect of flow index x yield stress on the thickness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their flow index values. The points and lines represent mean values for each 
nectar beverage and linear trend lines for each flow index group respectively.  
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4.1.1.2 Thickness of thin honey beverages:  

 An increase in the thickness ratings of thin honey beverages was associated with a 

decrease in the flow indices for thin honey beverages having high and low viscosities. For the 

thin honey beverages having a medium viscosity however, an increase in the thickness ratings 

was associated with an increase in the flow index (Fig 4.6, Table 4.3, Fviscosity x flow index = 30.81, p 

< 0.01). 

Fig 4.6 The effect of viscosity x flow index on the thickness of thin honey beverages. The 
different colors represent the division of thin honey beverages in high, medium and low 
groups based on their viscosity values. The points and lines represent mean values for each 
thin honey beverage and linear trend lines for each viscosity group respectively.  
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the thin honey beverages having medium or low viscosities, however, an increase in the 

thickness ratings was associated with a decrease in the consistency coefficient (Fig 4.7, Table 

4.3, Fviscosity x consistency coefficient = 52.18, p < 0.01). 

Fig 4.7 The effect of viscosity x consistency coefficient on the thickness of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their viscosity values. The points and lines represent 
mean values for each thin honey beverage and linear trend lines for each viscosity group 
respectively.  

 

 

 An increase in the thickness ratings of thin honey beverages was associated with an 
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thickness ratings was associated with a decrease in the consistency coefficient (Fig 4.8, Table 
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Fig 4.8 The effect of flow index x consistency coefficient on the thickness of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their flow index values. The points and lines represent 
mean values for each thin honey beverage and linear trend lines for each flow index group 
respectively.  

 

 

 Most thin honey beverages, i.e. 11 out of 15, had a yield stress of 0. The interactions 

between yield stress and flow index (Fig 4.9, Table 4.3, Fflow index x yield stress = 50.28, p < 0.01), as 
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beverages with a yield stress.  
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Fig 4.9 The effect of flow index x yield stress on the thickness of thin honey beverages. The 
different colors represent the division of thin honey beverages in high, medium and low 
groups based on their flow index values. The points and lines represent mean values for 
each thin honey beverage and linear trend lines for each flow index group respectively.  

 

 

Fig 4.10 The effect of consistency coefficient x yield stress on the thickness of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their consistency coefficient values. The points and lines 
represent mean values for each thin honey beverage and linear trend lines for each 
consistency coefficient group respectively.  
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4.1.2 Adhesiveness of both nectar and thin honey beverages: 

When both nectar and thin honey beverages were studied together (Table 4.1), an 

increase in the sensory perception of adhesiveness was associated with increases in instrumental 

viscosity, flow index, consistency coefficient and yield stress. However, on examining the nectar 

and thin honey beverages separately, the following trends were observed.  

 

4.1.2.1 Adhesiveness of nectar beverages:  

 The adhesiveness ratings of nectar beverages generally increased with an increase in flow 

index values (Table 4.2, Fflow index = 5.08, p = 0.03). The adhesiveness ratings of nectar beverages 

with a low viscosity increased more with an increase in the flow index values than did those 

rated higher for viscosity (Fviscosity x flow index = 7.08, p = 0.01). A unit increase in flow index 

caused a large increase in adhesiveness ratings for the nectar beverages having a low viscosity, a 

lesser increase in adhesiveness ratings for the nectar beverages having a medium viscosity, and 

the least increase in adhesiveness ratings for the nectar beverages having a high viscosity (Fig 

4.11). 

Fig 4.11 The effect of viscosity x flow index on the adhesiveness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively.  
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 An increase in the adhesiveness ratings of nectar beverages was associated with a 

decrease in the consistency coefficient, only for nectar beverages having a low viscosity (Table 

4.2, Fviscosity x consistency coefficient = 5.24, p = 0.02). For the nectar beverages having medium or high 

viscosities, however, an increase in the adhesiveness ratings was associated with an increase in 

the consistency coefficient (Fig 4.12). 

Fig 4.12 The effect of viscosity x consistency coefficient on the adhesiveness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their viscosity values. The points and lines represent mean values 
for each nectar beverage and linear trend lines for each viscosity group respectively.  
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= 4.31, p = 0.04). For the nectar beverages having a low flow index, an increase in the 

adhesiveness ratings was associated with an increase in the consistency coefficient (Fig 4.13). 

Fig 4.13 The effect of flow index x consistency coefficient on the adhesiveness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their flow index values. The points and lines represent mean 
values for each nectar beverage and linear trend lines for each flow index group 
respectively.  
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a yield stress 
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Fig 4.14 The effect of viscosity x yield stress on the adhesiveness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively.  

 

 

Fig 4.15 The effect of flow index x yield stress on the adhesiveness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their flow index values. The points and lines represent mean values for each 
nectar beverage and linear trend lines for each flow index group respectively.  
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Fig 4.16 The effect of consistency coefficient x yield stress on the adhesiveness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their consistency coefficient values. The points and lines represent 
mean values for each nectar beverage and linear trend lines for each consistency coefficient 
group respectively.   
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adhesiveness ratings was associated with a decrease in the flow index (Fig 4.17, Table 4.3, 

Fviscosity x flow index   = 13.17, p < 0.01). 

Fig 4.17 The effect of viscosity x flow index on the adhesiveness of thin honey beverages. 
The different colors represent the division of thin honey beverages in high, medium and 
low groups based on their flow index values. The points and lines represent mean values 
for each thin honey beverage and linear trend lines for each flow index group respectively.  

 

 

 The adhesiveness ratings of thin honey beverages generally increased with a decrease in 

consistency coefficients (Table 4.3, Fconsistency coefficient = 18.3, p < 0.01) . A unit increase in 
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Fig 4.18 The effect of viscosity x consistency coefficient on the adhesiveness of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their flow index values. The points and lines represent 
mean values for each thin honey beverage and linear trend lines for each flow index group 
respectively.  
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Fig 4.19 The effect of viscosity x yield stress on the adhesiveness of thin honey beverages. 
The different colors represent the division of thin honey beverages in high, medium and 
low groups based on their viscosity values. The points and lines represent mean values for 
each thin honey beverage and linear trend lines for each viscosity group respectively. 
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with a low viscosity increased more with an increase in the flow index values than those rated 

higher for viscosity (Fviscosity x flow index  = 11.65, p < 0.01). A unit increase in flow index caused a 

large increase in stickiness ratings for the nectar beverages having a low viscosity, a lesser 

increase in stickiness ratings for the nectar beverages having a medium viscosity, and the least 

increase in stickiness ratings for the nectar beverages having a high viscosity (Fig 4.20). 

Fig 4.20 The effect of viscosity x flow index on the stickiness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively. 
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coefficient (Fig 4.21). 
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Fig 4.21 The effect of viscosity x consistency coefficient on the stickiness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their viscosity values. The points and lines represent mean values 
for each nectar beverage and linear trend lines for each viscosity group respectively. 

 

 The stickiness ratings of nectar beverages generally increased with a decrease in 

consistency coefficients. An increase in the stickiness ratings of nectar beverages was associated 

with a decrease in the consistency coefficient for nectar beverages having medium or high flow 
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was associated with an increase in the consistency coefficient (Fig 4.22, Table 4.2, Fflow index x 

consistency coefficient = 6.93, p = 0.01). 
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Fig 4.22 The effect of flow index x consistency coefficient on the stickiness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their flow index values. The points and lines represent mean 
values for each nectar beverage and linear trend lines for each flow index group 
respectively. 

 

 

 Most nectar beverages i.e. 11 out of 15 had a yield stress of 0. The interactions between 

yield stress and viscosity (Fig 4.23, Table 4.2, F viscosity x yield stress   = 9.96, p < 0.01), yield stress 
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Fig 4.23 The effect of viscosity x yield stress on the stickiness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively. 

 

 

Fig 4.24 The effect of flow index x yield stress on the stickiness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their flow index values. The points and lines represent mean values for each 
nectar beverage and linear trend lines for each flow index group respectively. 
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Fig 4.25 The effect of consistency coefficient x yield stress on the stickiness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their consistency coefficient values. The points and lines represent 
mean values for each nectar beverage and linear trend lines for each consistency coefficient 
group respectively. 
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Fig 4.26 The effect of viscosity x flow index on the stickiness of thin honey beverages. The 
different colors represent the division of thin honey beverages in high, medium and low 
groups based on their viscosity values. The points and lines represent mean values for each 
thin honey beverage and linear trend lines for each viscosity group respectively. 

 

 

 The stickiness ratings of thin honey beverages generally increased with a decrease in 
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Fig 4.27 The effect of viscosity x consistency coefficient on the stickiness of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their viscosity values. The points and lines represent 
mean values for each thin honey beverage and linear trend lines for each viscosity group 
respectively. 

 

 

 Most thin honey beverages i.e. 11 out of 15 had a yield stress of 0. The interactions 

between yield stress and viscosity (Fig 4.28, Table 4.3, Fviscosity x yield stress= 23.64, p < 0.01) 

significantly affected stickiness, but these effects were dictated solely by the 4 beverages with a 

yield stress.  
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Fig 4.28 The effect of viscosity x yield stress on the stickiness of thin honey beverages. The 
different colors represent the division of thin honey beverages in high, medium and low 
groups based on their viscosity values. The points and lines represent mean values for each 
thin honey beverage and linear trend lines for each viscosity group respectively. 

 

 

 

4.1.4 Mouthcoating of both nectar and thin honey beverages: 

When both nectar and thin honey beverages were studied together (Table 4.1), an 

increase in the sensory perception of mouthcoating was strongly associated with increases in 

instrumental viscosity and flow index. An increase in the sensory perception of mouthcoating 

was also associated with decreases in yield stress. However, on examining the nectar and thin 

honey beverages separately, the following trends were observed.  
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beverages with a low viscosity increased more with an increase in the flow index values than did 

the ratings of beverages with medium and high viscosities (F viscosity x flow index = 8.69, p < 0.01). A 

unit increase in flow index caused a large increase in mouthcoating ratings for the nectar 

beverages having a low viscosity, a lesser increase in mouthcoating ratings for the nectar 

beverages having a medium viscosity, and the least increase in mouthcoating ratings for the 

nectar beverages having a high viscosity (Fig 4.29). 

Fig 4.29 The effect of viscosity x flow index on the mouthcoating of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively. 

 

 An increase in the mouthcoating ratings of nectar beverages was associated with a 

decrease in the consistency coefficient only for nectar beverages having a low viscosity. For the 

nectar beverages having medium or high viscosities, however, an increase in the mouthcoating 

ratings was associated with an increase in the consistency coefficient (Fig 4.30, Table 4.2, 

Fviscosity x consistency coefficient = 8.53, p < 0.01). 

0

1

2

3

4

5

6

7

0 0.5 1 1.5

M
ou

th
co

at
in

g

Flow index

Interaction plot : 
mouthcoating = viscosity x flow index

High Viscosity

Medium Viscosity

Low Viscosity

Linear (High Viscosity)

Linear (Medium Viscosity)

Linear (Low Viscosity)



64 
 

 64 

Fig 4.30 The effect of viscosity x consistency coefficient on the mouthcoating of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their viscosity values. The points and lines represent mean values 
for each nectar beverage and linear trend lines for each viscosity group respectively. 

 

 The mouthcoating ratings of nectar beverages generally increased with a decrease in 

consistency coefficients. An increase in the mouthcoating ratings of nectar beverages was 

associated with a decrease in the consistency coefficient for nectar beverages having medium or 

high flow indices. For the nectar beverages having a low flow index, an increase in the 

mouthcoating ratings was associated with an increase in the consistency coefficient (Fig 4.31 

Table 4.2, F flow index x consistency coefficient = 5.47, p = 0.02). 
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Fig 4.31 The effect of flow index x consistency coefficient on the mouthcoating of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their viscosity values. The points and lines represent mean values 
for each nectar beverage and linear trend lines for each viscosity group respectively. 

 

 Most nectar beverages i.e. 11 out of 15 had a yield stress of 0. The interactions between 

yield stress and viscosity (Fig 4.32, Table 4.2, Fviscosity x yield stress = 9, p < 0.01), yield stress and 

flow index (Fig 4.33, Table 4.2, Fflow index x yield stress = 8.57, p < 0.01) as well as yield stress and 

consistency (Fig 4.34, Table 4.2, Fconsistency coefficient x yield stress = 8.04, p < 0.01)) significantly 

affected mouthcoating, but these effects were dictated solely by the 4 beverages with a yield 

stress. 
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Fig 4.32 The effect of viscosity x yield stress on the mouthcoating of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively. 

 

 
Fig 4.33 The effect of flow index x yield stress on the mouthcoating of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively. 
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Fig 4.34 The effect of consistency coefficient x yield stress on the mouthcoating of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their consistency coefficient values. The points and lines represent 
mean values for each nectar beverage and linear trend lines for each consistency coefficient 
group respectively. 

 

 

 

4.1.4.2 Mouthcoating of thin honey beverages:  

 A unit increase in flow index caused a large increase in mouthcoating ratings for the thin 

honey beverages having a medium viscosity, but a lesser increase in mouthcoating ratings for the 

thin honey beverages having a high and low viscosities (Fig 4.35, Table 4.3, Fviscosity x flow index = 

17.92, p < 0.01). 
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Fig 4.35 The effect of viscosity x consistency coefficient on the mouthcoating of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their viscosity values. The points and lines represent 
mean values for each thin honey beverage and linear trend lines for each viscosity group 
respectively. 

 

 

 A unit increase in consistency coefficient caused a relatively large decrease in 

mouthcoating ratings for the thin honey beverages having a medium viscosity, a lesser decrease 

in mouthcoating ratings for the thin honey beverages having a high viscosity, and the least 

decrease in mouthcoating ratings for the thin honey beverages having a low viscosity (Fig 4.36, 

Table 4.3, Fviscosity x consistency coefficient = 11.08, p < 0.01). 
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Fig 4.36 The effect of viscosity x consistency coefficient on the mouthcoating of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their viscosity values. The points and lines represent 
mean values for each thin honey beverage and linear trend lines for each viscosity group 
respectively. 

 

 Most thin honey beverages i.e. 11 out of 15 had a yield stress of 0. The interactions 

between yield stress and viscosity (Fig 4.37, Table 4.3, Fviscosity x yield stress = 16.89, p < 0.01) 

significantly affected mouthcoating, but these effects were dictated solely by the 4 beverages 

with a yield stress 
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Fig 4.37 The effect of viscosity x yield stress on the mouthcoating of thin honey beverages. 
The different colors represent the division of thin honey beverages in high, medium and 
low groups based on their viscosity values. The points and lines represent mean values for 
each thin honey beverage and linear trend lines for each viscosity group respectively. 

 

 

 

 

4.1.5 Slipperiness of both nectar and thin honey beverages: 

When both nectar and thin honey beverages were studied together (Table 4.1), an 

increase in the sensory perception of slipperiness was strongly associated with decreases in 

instrumental viscosity and flow index. An increase in the sensory perception of slipperiness was 

also associated with decreases in yield stress (Table 4.1), when all the beverages were considered 

together. However, on examining the nectar and thin honey beverages separately, the following 

trends were observed.  
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4.1.5.1 Slipperiness of nectar beverages:  

 The slipperiness ratings of nectar beverages with a high viscosity decreased more with an 

increase in the flow index values than did those rated lower for viscosity (Table 4.2, F viscosity x flow 

index    = 31.52, p < 0.01). A unit increase in flow index caused a large decrease in slipperiness 

ratings for the nectar beverages having a high viscosity, a lesser decrease in slipperiness ratings 

for the nectar beverages having a medium viscosity, and the least decrease in slipperiness ratings 

for the nectar beverages having a low viscosity (Fig 4.38). 

Fig 4.38 The effect of viscosity x flow index on the slipperiness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
based on their viscosity values. The points and lines represent mean values for each nectar 
beverage and linear trend lines for each viscosity group respectively. 
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4.2, F viscosity x consistency coefficient = 15.74, p < 0.01). For the nectar beverages having medium or high 

flow indices,  however, an increase in the slipperiness ratings was associated with a decrease in 

the consistency coefficient (Fig 4.39). 

Fig 4.39 The effect of viscosity x consistency coefficient on the slipperiness of nectar 
beverages. The different colors represent the division of nectar beverages in high, medium 
and low groups based on their viscosity values. The points and lines represent mean values 
for each nectar beverage and linear trend lines for each viscosity group respectively. 

 

 

 Most nectar beverages i.e. 11 out of 15 had a yield stress of 0. The interactions between 

yield stress and flow index (Fig 4.40, Table 4.2, Fflow index x yield stress= 7.16, p = 0.01) significantly 

affected slipperiness, but these effects were dictated solely by the 4 beverages with a yield stress 

 
 
 
 
 
Fig 4.40 The effect of flow index x yield stress on the slipperiness of nectar beverages. The 
different colors represent the division of nectar beverages in high, medium and low groups 
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based on their flow index values. The points and lines represent mean values for each 
nectar beverage and linear trend lines for each flow index group respectively. 

 

 

 

 

4.1.5.2 Slipperiness of thin honey beverages:  

The various interactions that were associated with the slipperiness of thin honey 

beverages are noted below. 

 The slipperiness ratings of thin honey beverages with a low viscosity were influenced 

more by the flow index values than those rated higher for viscosity. A unit increase in flow index 

caused a relatively large decrease in slipperiness ratings for the thin honey beverages having a 

low viscosity, and a lesser decrease in slipperiness ratings for the thin honey beverages having 

medium and high viscosities (Fig 4.41, Table 4.3, Fviscosity x flow index = 6.42, p = 0.01). 
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Fig 4.41 The effect of viscosity x flow index on the slipperiness of thin honey beverages. The 
different colors represent the division of thin honey beverages in high, medium and low 
groups based on their viscosity values. The points and lines represent mean values for each 
thin honey beverage and linear trend lines for each viscosity group respectively. 

 

` The slipperiness ratings of thin honey beverages generally increased with an increase in 

flow index values (Table 4.3, Fflow index = 12.31, p < 0.01).The slipperiness ratings of thin honey 

beverages with a high flow index increased more with the consistency coefficient values than did 

those rated lower for flow index. A unit increase in consistency coefficient caused a large 

increase in slipperiness ratings for the thin honey beverages having a high flow index, a lesser 

increase in slipperiness ratings for the thin honey beverages having a medium flow index, and no 

increase in slipperiness ratings for the thin honey beverages having a low flow index (Fig 4.42, 

Table 4.3, Fflow index x consistency coefficient = 20.49, p < 0.01). 
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Fig 4.42 The effect of flow index x consistency coefficient on the slipperiness of thin honey 
beverages. The different colors represent the division of thin honey beverages in high, 
medium and low groups based on their flow index values. The points and lines represent 
mean values for each thin honey beverage and linear trend lines for each flow index group 
respectively. 

 

 Most thin honey beverages i.e. 11 out of 15 had a yield stress of 0. The interactions 

between yield stress and flow index (Fig 4.43, Table 4.3, Fflow index x yield stress = 9.9, p < 0.01) 

significantly affected slipperiness, but these effects were dictated solely by the 4 beverages with 

a yield stress 
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Fig 4.43 The effect of flow index x yield stress on the slipperiness of thin honey beverages. 
The different colors represent the division of thin honey beverages in high, medium and 
low groups based on their flow index values. The points and lines represent mean values 
for each thin honey beverage and linear trend lines for each flow index group respectively. 

 

 

 

 

 

 

4.1.6 Number of swallows of both nectar and thin honey beverages: 

When both nectar and thin honey beverages were studied together (Table 4.1), an 

increase in the number of swallows required to cleanse the palate was strongly associated with 

increases in instrumental viscosity and flow index. An increase in the number of swallows 

required to cleanse the palate was also associated with an increase in yield stress. However, on 

examining the nectar and thin honey beverages separately, the following trends were observed.  
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4.1.6.1 Number of swallows required to cleanse the palate of nectar beverages:  

The various interactions that were associated with the number of swallows required to 

cleanse the palate of nectar beverages are noted below. 

 The number of swallows required to cleanse the palate of nectar beverages with a high 

viscosity decreased more with an increase in the flow index values than did those rated lower for 

viscosity (Table 4.2, Fviscosity x flow index= 5.49, p = 0.02). A unit increase in flow index caused a 

greater decrease in number of swallows required to cleanse the palate for the nectar beverages 

having a high viscosity, a lesser increase in number of swallows required to cleanse the palate for 

the nectar beverages having a medium viscosity, and the least increase in number of swallows 

required to cleanse the palate for the nectar beverages having a low viscosity (Fig 4.44). 

Fig 4.44 The effect of viscosity x flow index on the number of swallows required to cleanse 
the palate of nectar beverages. The different colors represent the division of nectar 
beverages in high, medium and low groups based on their viscosity values. The points and 
lines represent mean values for each nectar beverage and linear trend lines for each 
viscosity group respectively. 
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 An increase in the number of swallows required to cleanse the palate of nectar beverages 

was associated with a decrease in the consistency coefficient only for nectar beverages having a 

low viscosity. For the nectar beverages having medium or high viscosities, however, an increase 

in the number of swallows required to cleanse the palate was associated with an increase in the 

consistency coefficient (Fig 4.45, Table 4.2, Fviscosity x consistency coefficient = 8.35, p < 0.01). 

Fig 4.45 The effect of viscosity x consistency coefficient on the number of swallows required 
to cleanse the palate of nectar beverages. The different colors represent the division of 
nectar beverages in high, medium and low groups based on their viscosity values. The 
points and lines represent mean values for each nectar beverage and linear trend lines for 
each viscosity group respectively. 

 

 The number of swallows required to cleanse the palate of nectar beverages generally 

increased with a decrease in consistency coefficients. An increase in the number of swallows 

required to cleanse the palate of nectar beverages was associated with an increase in the 

consistency coefficient only for nectar beverages having a low flow index. For the nectar 

beverages having medium or high flow indices, an increase in the number of swallows required 
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to cleanse the palate was associated with a decrease in the consistency coefficient (Fig 4.46, 

Table 4.2, Fflow index x consistency coefficient = 6.21, p = 0.01). 

Fig 4.46 The effect of flow index x consistency coefficient on the number of swallows 
required to cleanse the palate of nectar beverages. The different colors represent the 
division of nectar beverages in high, medium and low groups based on their flow index 
values. The points and lines represent mean values for each nectar beverage and linear 
trend lines for each flow index group respectively.  

 
 Most nectar beverages i.e. 11 out of 15 had a yield stress of 0. The interactions between 

yield stress and viscosity (Fig 4.47, Table 4.2, Fviscosity x yield stress = 8.13, p < 0.01), yield stress and 

flow index (Fig 4.48, Table 4.2, Fflow index x yield stress = 9.04, p < 0.01) as well as yield stress and 

consistency (Fig 4.49, Table 4.2, Fflow index x consistency coefficient = 9.63, p < 0.01) significantly 

affected the number of swallows required to cleanse the palate, but these effects were dictated 

solely by the 4 beverages with a yield stress. 
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Fig 4.47 The effect of viscosity x yield stress on the number of swallows required to cleanse 
the palate of nectar beverages. The different colors represent the division of nectar 
beverages in high, medium and low groups based on their viscosity values. The points and 
lines represent mean values for each nectar beverage and linear trend lines for each 
viscosity group respectively. 

 

Fig 4.48 The effect of flow index x yield stress on the number of swallows required to 
cleanse the palate of nectar beverages. The different colors represent the division of nectar 
beverages in high, medium and low groups based on their viscosity values. The points and 
lines represent mean values for each nectar beverage and linear trend lines for each 
viscosity group respectively. 
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Fig 4.49 The effect of consistency coefficient x yield stress on the number of swallows 
required to cleanse the palate of nectar beverages. The different colors represent the 
division of nectar beverages in high, medium and low groups based on their viscosity 
values. The points and lines represent mean values for each nectar beverage and linear 
trend lines for each viscosity group respectively. 
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in the number of swallows required to cleanse the palate was associated with a decrease in the 

consistency coefficient (Fig 4.50, Table 4.3, Fviscosity x flow index = 10.19, p < 0.01). 

Fig 4.50 The effect of viscosity x flow index on the number of swallows required to cleanse 
the palate of thin honey beverages. The different colors represent the division of thin honey 
beverages in high, medium and low groups based on their viscosity values. The points and 
lines represent mean values for each thin honey beverage and linear trend lines for each 
viscosity group respectively. 

 

 A unit increase in consistency coefficient caused a relatively large decrease in the number 

of swallows required to cleanse the palate for the thin honey beverages having a medium 

viscosity, a lesser decrease in the number of swallows required to cleanse the palate for the thin 

honey beverages having a high viscosity, and the least decrease in the number of swallows 

required to cleanse the palate for the thin honey beverages having a low viscosity (Fig 4.51, 

Table 4.3, Fviscosity x consistency coefficient   = 5.52, p =  0.02). 
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Fig 4.51 The effect of viscosity x consistency coefficient on the number of swallows required 
to cleanse the palate of thin honey beverages. The different colors represent the division of 
thin honey beverages in high, medium and low groups based on their viscosity values. The 
points and lines represent mean values for each thin honey beverage and linear trend lines 
for each viscosity group respectively. 

 

 Most thin honey beverages i.e. 11 out of 15 had a yield stress of 0. The interactions 

between yield stress and viscosity (Fig 4.52, Table 4.3, Fviscosity x yield stress = 5.53, p = 0.02) 

significantly affected the number of swallows required to cleanse the palate but these effects 

were dictated solely by the 4 beverages with a yield stress 
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Fig 4.52 The effect of viscosity x yield stress on the number of swallows required to cleanse 
the palate of thin honey beverages. The different colors represent the division of thin honey 
beverages in high, medium and low groups based on their viscosity values. The points and 
lines represent mean values for each thin honey beverage and linear trend lines for each 
viscosity group respectively. 
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Table 4.2 Parameter estimates from modeling sensory parameters of nectar beverages.  
Sensory 

parameter 
Viscosity Flow 

index 
Consistency 
coefficient 

Yield 
stress 

Viscosity x 
Flow index 

Viscosity x 
Consistency  
coefficient 
(x10-5) 

Viscosity x 
Yield 
stress 

Flow index x 
Consistency 
coefficient 

Flow 
index x 
Yield 
stress 

Consistency 
coefficient x 
Yield stress 
(x10-3) 

Model 
R2 

Model 
C(p) 

Thickness -0.14 -40.66 5.27x10-3 † 0.18 3.49 -0.02 -0.01 16.21 † 0.92 25.38 
Adhesiveness -0.19 -55.20 -9.28x10-3 † 0.24 4.85 -0.03 -0.01 16.66 0.48 0.84 27.29 

Stickiness -0.10 -38.85 † 10.94 0.16 2.70 -0.02 -0.02 36.33 1.24 0.82 28.19 
Mouthcoating -0.11 -32.40 † -14.3 0.15 2.77 -0.03 -0.02 41.76 1.89 0.89 27.45 
Slipperiness 0.05 † † 2.15 -0.04 -0.77 † † -4.88 † 0.91 21.89 

No of swallows -0.04 -13.32 † -7.72 0.05 1.35 -0.01 -0.01 21.02 1.01 0.96 29.08 
†: Non-significant terms; hence removed from model 

 

 

 

Table 4.3 Parameter estimates from modeling sensory parameters of thin honey beverages.   

Sensory 
parameter 

Viscosity Flow 
index 

Consistency 
coefficient 

Yield 
stress 

Viscosity 
x Flow 
index 

Viscosity x 
Consistency  
coefficient 

Viscosity 
x Yield 
stress 

Flow index x 
Consistency 
coefficient 

Flow 
index x 
Yield 
stress 

Consistency 
coefficient x 
Yield stress 

Model 
R2 

Model 
C(p) 

Thickness † 56.18 -1.7x10-3 † -0.03 2.28x10-6 † -5.55x10-3 1.31 2.05x10-5 0.97 25.41 
Adhesiveness 0.05 163.61 5.07x10-3 -1.96 -0.10 3.22x10-6 1.37x10-3 † † † 0.92 23.60 
Stickiness 0.05 168.27 5.42x10-3 -1.94 -0.10 3.51x10-6 1.34x10-3 † † † 0.91 24.39 
Mouthcoating 0.05 189.06 4.5x10-3 -1.85 -0.11 2.68x10-6 1.25x10-3 † † † 0.92 26.69 
Slipperiness † -27.40 -1.85x10-4 † -0.01 † † -1.11x10-3 0.22 † 0.84 22.03 
No of swallows 0.03 88.53 2x10-3 -0.67 -0.05 1.21x10-6 4.46x10-4 † † † 0.93 24.46 
†: Non-significant terms; hence removed from model 
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4.2 Objective 2: To determine the effect of sensory parameters on swallowing 

pressures of thin honey and nectar beverages  

4.2.1. Anterior Swallowing Pressure: 

 An increase in the anterior swallowing pressures was associated with increases in 

thickness, adhesiveness, stickiness and mouthcoating (Table 4.4). However, after 

considering 2-way interactions between the sensory parameters, an increase in only 

thickness or slipperiness resulted in an increase in anterior swallowing pressure (Table 

4.5; Fthickness= 4.63, p = 0.03; Fslipperiness = 3.44, p = 0.01). 

 The anterior swallowing pressure for beverages rated higher for thickness were 

influenced more by adhesiveness than those rated lower for thickness, i.e. a unit increase 

in adhesiveness caused a greater increase in anterior swallowing pressure for beverages 

rated higher for thickness than for beverages rated lower in thickness (Fig 4.53, Table 

4.5, Fthickness x adhesiveness = 2.89, p = 0.09).  

Fig 4.53 The effect of thickness x adhesiveness on anterior swallowing pressure. The 
different colors represent the division of nectar and thin honey beverages in high, 
medium and low groups based on their thickness ratings. The points and lines 
represent mean values for each beverage and linear trend lines for each thickness 
group respectively.   
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 An increase in the anterior swallowing pressures was associated with an increase 

in mouthcoating only for the beverages with high ratings of adhesiveness. For the 

beverages having medium or low adhesiveness, an increase in the anterior swallowing 

pressures was associated with a decrease in mouthcoating, (Fig 4.54, Table 4.5, 

Fadhesiveness x mouthcoating = 4.37, p = 0.04).  

Fig 4.54 The effect of adhesiveness x mouthcoating on anterior swallowing pressure. 
The different colors represent the division of nectar and thin honey beverages in 
high, medium and low groups based on their adhesiveness ratings. The points and 
lines represent mean values for each beverage and linear trend lines for each 
adhesiveness group respectively.  

 

 An increase in the anterior swallowing pressures was associated with an increase 

in the number of swallows required to cleanse the palate only for the beverages with high 

ratings of adhesiveness. For the beverages having medium adhesiveness, the anterior 

swallowing pressures were not associated with the number of swallows required to 

cleanse the palate. For the beverages having low adhesiveness, an increase in the anterior 

swallowing pressures was associated with a decrease in the number of swallows required 

to cleanse the palate (Fig 4.55, Table 4.5, Fadhesiveness x number of swallows = 4.65, p = 0.03).  
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Fig 4.55 The effect of adhesiveness x number of swallows on anterior swallowing 
pressure. The different colors represent the division of nectar and thin honey 
beverages in high, medium and low groups based on their adhesiveness ratings. The 
points and lines represent mean values for each beverage and linear trend lines for 
each adhesiveness group respectively. 

 

 The anterior swallowing pressure for beverages rated higher for stickiness were 

influenced more by slipperiness than those rated lower for stickiness. A unit increase in 

slipperiness caused the greatest decrease in anterior swallowing pressure for beverages 

having high stickiness, a lesser decrease in anterior swallowing pressure for beverages 

having medium stickiness, and the least decrease in anterior swallowing pressure for 

beverages having low stickiness (Fig 4.56, Table 4.5, Fstickiness x slipperiness= 5.82, p = 0.02).  
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Fig 4.56 The effect of stickiness x slipperiness on anterior swallowing pressure. The 
different colors represent the division of nectar and thin honey beverages in high, 
medium and low groups based on their stickiness ratings. The points and lines 
represent mean values for each beverage and linear trend lines for each stickiness 
group respectively. 

 

 An increase in the anterior swallowing pressures was associated with an increase 

in the number of swallows required to cleanse the palate, only for the beverages with high 

ratings of mouthcoating. For the beverages having medium mouthcoating, the anterior 

swallowing pressures were not associated with the number of swallows required to 

cleanse the palate. For the beverages having low mouthcoating, an increase in the anterior 

swallowing pressures was associated with a decrease in the number of swallows required 

to cleanse the palate (Fig 4.57 Table 4.5, Fmouthcoating x number of swallows = 4.62, p = 0.03). 
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Fig 4.57 The effect of mouthcoating x number of swallows on anterior swallowing 
pressure. The different colors represent the division of nectar and thin honey 
beverages in high, medium and low groups based on their mouthcoating ratings. 
The points and lines represent mean values for each beverage and linear trend lines 
for each mouthcoating group respectively. 

 

 

4.2.2 Middle Swallowing Pressure: 

 An increase in the middle swallowing pressures, bulb 2, showed significant 

negative correlations only with slipperiness and mouthcoating (Table 4.4). However, 

after considering 2-way interactions between the sensory parameters, none of the sensory 

parameters were independently associated with the middle swallowing pressure. The 

various interactions that were associated with middle swallowing pressures are noted 

below. 

 An increase in the middle swallowing pressure was associated with an increase in 

adhesiveness for beverages having high and medium thickness. For the beverages having 

low ratings of thickness, however, an increase in the middle swallowing pressures was 
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associated with a decrease in adhesiveness (Fig 4.58, Table 4.5, Fthickness x adhesiveness  = 

5.37, p = 0.02).  

Fig 4.58 The effect of thickness x adhesiveness on middle swallowing pressure. The 
different colors represent the division of nectar and thin honey beverages in high, 
medium and low groups based on their thickness ratings. The points and lines 
represent mean values for each beverage and linear trend lines for each thickness 
group respectively.  

 

 The middle swallowing pressure for beverages rated higher for thickness were 

influenced slightly more by stickiness than those rated lower for thickness (Table 4.5, 

Fthickness x stickiness = 3.94, p = 0.05). A unit increase in stickiness caused a larger decrease in 

middle swallowing pressure for beverages having high thickness, a lesser decrease in 

middle swallowing pressure for beverages having medium thickness, and the least 

decrease in middle swallowing pressure for beverages having low thickness (Fig 4.59).  
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Fig4.59 The effect of thickness x stickiness on middle swallowing pressure. The 
different colors represent the division of nectar and thin honey beverages in high, 
medium and low groups based on their thickness ratings. The points and lines 
represent mean values for each beverage and linear trend lines for each thickness 
group respectively.   

 

 An increase in the middle swallowing pressure was associated with an increase in 

the number of swallows required to cleanse the palate only for beverages having high 

ratings of thickness. For the beverages having medium or low ratings of thickness, 

however, an increase in the middle swallowing pressures was associated with a decrease 

in the number of swallows required to cleanse the palate (Fig 4.60, Table 4.5, Fthickness x 

number of swallows = 5.56, p = 0.02). 
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Fig 4.60 The effect of thickness x number of swallows on middle swallowing 
pressure. The different colors represent the division of nectar and thin honey 
beverages in high, medium and low groups based on their thickness ratings. The 
points and lines represent mean values for each beverage and linear trend lines for 
each thickness group respectively.   

 
 An increase in the middle swallowing pressure was associated with an increase in 

mouthcoating only for beverages having high ratings of adhesiveness. For the beverages 

having medium or low ratings of adhesiveness, however, an increase in the middle 

swallowing pressures was associated with a decrease in mouthcoating (Fig 4.61, Table 

4.5, Fadhesiveness x mouthcoating = 3.45, p = 0.06). 

Fig 4.61 The effect of adhesiveness x mouthcoating on middle swallowing pressure. 
The different colors represent the division of nectar and thin honey beverages in 
high, medium and low groups based on their adhesiveness ratings. The points and 
lines represent mean values for each beverage and linear trend lines for each 
adhesiveness group respectively.    
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 An increase in the middle swallowing pressure was associated with a decrease in 

slipperiness, for beverages having high and medium ratings of adhesiveness. For the 

beverages having low ratings of adhesiveness however, an increase in the middle 

swallowing pressures was associated with an increase in slipperiness (Fig 4.62, Table 4.5, 

Fadhesiveness x slipperiness = 4.69, p = 0.03). 

Fig 4.62 The effect of adhesiveness x slipperiness on middle swallowing pressure. 
The different colors represent the division of nectar and thin honey beverages in 
high, medium and low groups based on their adhesiveness ratings. The points and 
lines represent mean values for each beverage and linear trend lines for each 
adhesiveness group respectively.  

 

 
 An increase in the middle swallowing pressure was associated with a decrease in 

slipperiness for beverages having high and medium ratings of stickiness. For the 

beverages having low ratings of stickiness, however, an increase in the middle 

swallowing pressures was associated with an increase in slipperiness (Fig 4.63, Table 4.5, 

Fstickiness x slipperiness = 6.25, p = 0.01). 
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Fig 4.63 The effect of stickiness x slipperiness on middle swallowing pressure. The 
different colors represent the division of nectar and thin honey beverages in high, 
medium and low groups based on their stickiness ratings. The points and lines 
represent mean values for each beverage and linear trend lines for each stickiness 
group respectively. 

 

 An increase in the middle swallowing pressure was associated with an increase in 

the number of swallows required to cleanse the palate only for beverages having high 

ratings of mouthcoating. For the beverages having medium or low ratings of 

mouthcoating, however, an increase in the middle swallowing pressures was associated 

with a decrease in the number of swallows required to cleanse the palate (Fig 4.64, Table 

4.5, Fmouthcoating x number of swallows  = 5.16, p = 0.02). 
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Fig 4.64 The effect of mouthcoating x number of swallows on middle swallowing 
pressure. The different colors represent the division of nectar and thin honey 
beverages in high, medium and low groups based on their mouthcoating ratings. 
The points and lines represent mean values for each beverage and linear trend lines 
for each mouthcoating group respectively. 

 

 

Posterior Swallowing Pressure: 

 An increase in posterior swallowing pressures was associated with an increase in 

the thickness of the beverages (Pearson’s correlation coefficient = 0.12, Table 4.4). A 

unit increase in the thickness rating resulted in a 2.5 unit increase in the posterior 

swallowing pressure (Table 4.5, Fthickness= 13.68, p < 0.01). 

Table 4.4: Pearson’s correlation coefficients between mean swallowing pressures 
and mean sensory parameters over all judges, for all the thin honey and nectar 
beverages together 

Swallowing 
pressure 

Thickness Adhesiveness Stickiness Slipperiness Mouthcoating Number of 
swallows 

Anterior  0.08* 0.09* 0.09* 0.03 0.07* -0.03 
Middle  0.003 -0.02 -0.02 -0.0002* -0.03 -0.11* 
Posterior  0.12* 0.01 0.04 0.02 0.03 0.002 

*indicate significant correlations (p<0.05) 

 

120

140

160

180

200

2 3 4 5 6

A
nt

er
io

r s
w

al
lo

w
in

g 
pr

es
su

re

Number of swallows

Interaction plot : 
middle swallowing pressure= mouthcoating x number of swallows

High Mouthcoating

Medium Mouthcoating

Low Mouthcoating

Linear (High Mouthcoating)

Linear (Medium Mouthcoating)

Linear (Low Mouthcoating)



97 
 

 97 

Table 4.5. Parameter estimates from modeling swallowing pressures of thin honey 
and nectar beverages together.   

Main effects and interaction terms Anterior 
swallowing 
pressure 

Middle 
swallowing 
pressure 

Posterior 
swallowing 
pressure 

Thickness 4.14 - * 2.54 
Adhesiveness -  -  -  
Stickiness -  -  -  
Mouthcoating -  -  -  
Slipperiness 2.25 -  -  
No of swallows -  -  -  
Thickness x Adhesiveness -0.50 -0.72 -  
Thickness x Stickiness -  0.43 -  
Thickness x Mouthcoating -  -  -  
Thickness x Slipperiness -  -  -  
Thickness x No of swallows -  1.14 -  
Adhesiveness x Stickiness -  -  -  
Adhesiveness x Mouthcoating 0.49 0.56 -  
Adhesiveness x Slipperiness -  0.70 -  
Adhesiveness x No of swallows 1.06 -  -  
Stickiness x Mouthcoating -  -  -  
Stickiness x Slipperiness -0.57 -0.96 -  
Stickiness x No of swallows -  -  -  
Mouthcoating x Slipperiness -  -  -  
Mouthcoating x No of swallows -0.93 -1.11 -  
Slipperiness x No of swallows -  -  -  
Model R2 0.93 0.92 0.95 
Model C(p) 17.17 22.5 16.8 
- *: Non-significant terms; hence removed from model 

An increase in thickness led to an increase in the anterior and posterior 

swallowing pressures, but did not significantly influence the middle swallowing pressure 

bulb. Also, an increase in slipperiness led to a decrease in the anterior swallowing 

pressure alone.  
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Objective 3: To develop an instrumental method for predicting the sensory 

perception of mouthcoating. 

 The amount of riboflavin left in the mouth was positively correlated with the 

sensory mouthcoating scores. A 1 mg increase in riboflavin corresponded to a 4.1 unit 

increase in the sensory perception of mouthcoating (p<0.001, Fig 4.65).  The amount of 

riboflavin left in the mouth plotted against the sensory mouthcoating scores showed a 

linear relationship as seen in Fig 4.65. 

Fig 4.65: Linear relationship between the amount of riboflavin left in the mouth and 
the sensory perception of mouthcoating.  The points on the graph represent means 
for each nectar and thin honey beverage across all judges and all repetitions.  
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5. DISCUSSION 

 

5.1 Choice of shear rate 

  In order to mimic the sensory processes during the oral perception of texture, a 

shear rate lower than 50 s-1, should have been chosen to measure the instrumental 

rheological parameters. A shear rate of 50s-1 was chosen for this study because Wood 

(1968)  determined that swallowing occurs at a shear rate of 50s-1, which is also the shear 

rate used in the industrial manufacture of thickened beverages as well the medical field of 

swallowing diagnostics. Predicting sensory thickness from instrumental viscosity 

depends on the shear rate chosen, as demonstrated by various other studies (Cutler et a;, 

1983; Kokkini, et al, 1977; Shama and Sherman, 1973; Sherman, 1982).  Shama and 

Sherman (1973) proved that the sensory evaluation of thickness does not occur at 

constant shear rate. Cutler et al (1983) found similar results and predicted that the best 

correlation between sensory thickness and apparent viscosity of non-Newtonian fluid 

foods is calculated at a shear rate of 10 s-1.  Houska et al. (1998) showed that oral 

evaluation during swallowing of non-Newtonian fluids with an equivalent instrumental 

viscosity of thin honey beverages i.e. 1500 cP (mPa·s) occurred at a shear rate of 

approximately 12.7 s-1.  They also showed that oral evaluation during swallowing of non-

Newtonian fluids with an equivalent instrumental viscosity of nectar beverages i.e. 300 

cP (mPa·s) occurred at a shear rate of approximately 70 s-1.  Based on the results of 

Houska et al. (1998), if the beverages in this study were formulated to apparent 

viscosities of 300 and 1500 cP (mPa·s) at 70 and 12.7 s-1, respectively, better correlations 
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between the rheological properties of the beverages and their perceived thickness may 

have been found 

 

5.2 Swallowing pressures and adhesiveness and mouthcoating  

The sensory perception of adhesiveness did not affect swallowing pressures when 

a 3-bulb array used to measure the swallowing pressures was stuck to the subjects’ palate. 

The resultant adhesiveness of the bolus to the inserted plastic device was less than the 

adhesiveness of the bolus to the palate. The sensory perception of mouthcoating also did 

not affect swallowing pressures, as swallowing pressures were recorded only during the 

first swallow. If the swallowing pressures were measured for a second swallow, it is 

expected that an increased mouthcoating would require a greater swallowing pressure 

because people are unable to predict mouthcoating from the cues they would get from 

putting the product in their mouth.  

 

 

5.3 Objective measurement of mouthcoating  

 The objective measurement of mouthcoating resulted in significant inter-subject 

(F= 9.4, P <0.01) variability. Such differences depended on expectoration efficiency and 

availability of areas in the oral cavity that are favorable to the retention of the stimulus 

solutions. Mouth rinsing introduces such variables as the volume of the rinse in relation 

to the volume of the mouth, miscibility of residuals with the rinse, variation in oral 

movements during rinsing, the amount of rinse expectorated, and the number of rinses 
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taken. Subjects may have swallowed some water while rinsing, which would decrease the 

amount of riboflavin in the expectorate leading to inter-judge variability. Also, riboflavin 

is a light-sensitive chemical and is destroyed under light (Chloel, 2005). Although 

quantification of riboflavin was carried out in the dark, the uneven exposure to light 

during the rinse-and-spit protocol may have led to the unaccounted loss of some 

riboflavin. 

 If these losses can be avoided in future experiments by using a non-toxic, cheap 

chemical that is not sensitive to light and by monitoring the mouth rinsing more closely, 

better correlations between the objective measurement of mouthcoating and the sensory 

perception of mouthcoating may be found.  
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6. CONCLUSIONS 

 

6.1 Objective 1: To determine the relationship between sensory and instrumental 

measures of rheology 

The relationships between sensory and instrumental measures of rheology were not 

entirely linear, and were influenced significantly by interactions between different 

instrumental parameters as detailed below. 

 1. The sensory perception of thickness, adhesiveness and stickiness increased with 

an increase in viscosity as expected for both nectar and thin honey beverages. 

 2. The sensory perception of slipperiness decreased with an increase in viscosity 

as expected only for nectar beverages. In the case of thin honey beverages, viscosity had 

no effect on the sensory perception of slipperiness.  

 3. The sensory perception of mouthcoating increased with an increase in viscosity 

as expected for thin honey beverages. For nectar beverages, however, the sensory 

perception of mouthcoating decreased with an increase in viscosity. 

 The sensory perception of mouthcoating increased with an increase in flow index 

as expected for both nectar and thin honey beverages.  

 4. The number of swallows required to cleanse the palate increased with an 

increase in viscosity as expected for nectar beverages. For thin honey beverages, 

however, the number of swallows required to cleanse the palate decreased with an 

increase in viscosity. 
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 Contrary to expectations, the number of swallows required to cleanse the palate 

decreased with an increase in flow index for both nectar and thin honey beverages.  

 

 

6.2 Objective 2: To determine the effect of sensory parameters on swallowing 
pressures. 

 The swallowing pressures increased with an increase in the sensory perception of 

thickness as expected.  

 

 

6.3 Objective 3: To develop an instrumental method for predicting the sensory 

perception of mouthcoating 

 The instrumental method developed successfully predicted the sensory perception 

of mouthcoating.  
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8. APPENDIX  

8.1 Panelist Screener 

We are recruiting panelists for a study on the texture of thickened beverages. The study 
will be held in the Food Science and Nutrition building and McNeal Hall on the 
University of Minnesota St. Paul campus. 
 
We need people with the following qualifications: 

• Available to attend up to 2, 45 min sessions a week that will be scheduled 
Thursdays and Fridays. 

• Will be able to make a commitment to the study from the last week of February 
till the first week of April- NOT including spring break. 

• Have no food allergies 
 
If you agree to be in this study, we would ask you to do the following things: 

• Learn a vocabulary for describing the sensory attributes of thickened beverages and rate 
beverages for intensities of these attributes.  

• During one of the sessions, allow us to test the pressure of your tongue on the roof of 
your mouth when you are swallowing different samples. Three pressure-sensing bulbs 
will be attached to the roof of your mouth using a tasteless waxy type of glue called 
Stomahesive.  

• During another session, allow us to measure the amount of mouth coating left by 
these beverages. You will be required to swallow small amounts of each 
thickened beverage, then repeatedly rinse your mouth and spit the rinse liquid into 
a collection cup.  

 
People that participate in the study will participate in a series of 7 sessions. We will pay 
participants at the rate of $5.00 per session with a bonus of $20.00 for completing all the 
sessions. 
 
If you are interested in taking part in this study, please answer all the questions below and 
return to damod002@umn.edu.  Your response will be evaluated to see if you qualify to 
be part of the study.  Your responses to any questions on this form will be kept 
confidential.  If you qualify for this test we will contact you to schedule your 
participation.  You may choose not to participate, even if you have qualified.  
 
Please provide the following information about yourself.  All information you provide is 
strictly confidential. 
First Name:    Last Name: 
E-mail:  
    
 
Do you have any food allergies?   
Yes___                   No___ 

mailto:damod002@umn.edu�
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Please indicate the times that you would be able to attend the first session. (Please mark 
all applicable times)  
 
Thursday February 26th 
_____ 8:30 – 9:00am 
_____ 9:00 – 9:30am 
_____ 9:30 – 10:00 am 
_____ 10:00-10:30am 
_____ 10:30 – 11:00 am 
_____ 11:00 – 11:30am 
_____ 11:30am – 12:00 pm 
_____ 12:00 – 12:30pm 
_____ 12:30 – 1:00pm 
_____ 1:00 – 1:30pm 
_____ 1:30 – 2:00pm 
_____ 2:00 – 2:30pm 
_____ 2:30 – 3:00 pm 
_____ 3:00 – 3:30pm 
_____ 3:30 – 4:00 pm 
_____ 4:00 – 4:30pm 
_____ 4:30 – 5:00 pm 
_____ 5:00 – 5:30pm 
_____ 5:30 – 6:00pm 
 
 
Friday February 27th 
_____ 8:30 – 9:00am 
_____ 9:00 – 9:30am 
_____ 9:30 – 10:00 am 
_____ 10:00-10:30am 
_____ 10:30 – 11:00 am 
_____ 11:00 – 11:30am 
_____ 11:30am – 12:00 pm 
_____ 12:00 – 12:30pm 
_____ 12:30 – 1:00pm 
_____ 1:00 – 1:30pm 
_____ 1:30 – 2:00pm 
_____ 2:00 – 2:30pm 
_____ 2:30 – 3:00 pm 
_____ 3:00 – 3:30pm 
_____ 3:30 – 4:00 pm 
_____ 4:00 – 4:30pm 
_____ 4:30 – 5:00 pm 
_____ 5:00 – 5:30pm 
_____ 5:30 – 6:00pm 
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To get a feel for your availability during March and early April (NOT including spring 
break) please put an X by all the times you are available (Please mark all that apply): 
 
Thursdays: 
_____ 8:30 – 9:00am 
_____ 9:00 – 9:30am 
_____ 9:30 – 10:00 am 
_____ 10:00-10:30am 
_____ 10:30 – 11:00 am 
_____ 11:00 – 11:30am 
_____ 11:30am – 12:00 pm 
_____ 12:00 – 12:30pm 
_____ 12:30 – 1:00pm 
_____ 1:00 – 1:30pm 
_____ 1:30 – 2:00pm 
_____ 2:00 – 2:30pm 
_____ 2:30 – 3:00 pm 
_____ 3:00 – 3:30pm 
_____ 3:30 – 4:00 pm 
_____ 4:00 – 4:30pm 
_____ 4:30 – 5:00 pm 
_____ 5:00 – 5:30pm 
_____ 5:30 – 6:00pm 
 
Fridays: 
_____ 8:30 – 9:00am 
_____ 9:00 – 9:30am 
_____ 9:30 – 10:00 am 
_____ 10:00-10:30am 
_____ 10:30 – 11:00 am 
_____ 11:00 – 11:30am 
_____ 11:30am – 12:00 pm 
_____ 12:00 – 12:30pm 
_____ 12:30 – 1:00pm 
_____ 1:00 – 1:30pm 
_____ 1:30 – 2:00pm 
_____ 2:00 – 2:30pm 
_____ 2:30 – 3:00 pm 
_____ 3:00 – 3:30pm 
_____ 3:30 – 4:00 pm 
_____ 4:00 – 4:30pm 
_____ 4:30 – 5:00 pm 
_____ 5:00 – 5:30pm 
_____ 5:30 – 6:00pm 
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Return this questionnaire using the reply option to damod002@umn.edu.  We will get 
back to you to let you know if you have qualified for this study and to schedule your first 
session.   
 
If you have any questions about this study, please respond to damod002@umn.edu. 
  
Thank you! 
 
If you wish to be removed from this mailing list, reply to this message and place the word ‘remove’ in the 
subject heading. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:damod002@umn.edu�
mailto:damod002@umn.edu�
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8.2 Consent Form 

You are invited to participate in a study on beverage texture, tongue pressure and mouth coating. 
You were selected as a possible participant because of your interest, availability, lack of any 
swallowing disorders and food allergies. We ask that you read this form and ask any questions 
you may have before agreeing to be in the study. 
 
This study is being conducted by: Hetvi Damodhar and Zata Vickers, from the Department of 
Food Science and Nutrition at the University of Minnesota- Twin Cities. 
 
 
Background Information: 
The purpose of this study is to measure several sensory properties of beverages having different 
textures. (We are asking you to participate in this study because we want to learn more about the 
way healthy people perceive thickened beverages in order to help patients with swallowing 
disorders.) All products that we will ask you to eat as part of this study will be commercially 
available or prepared using FDA approved ingredients and sanitary preparation techniques. 
 

Procedures: 
If you agree to be in this study, we would ask you to do the following things: 
• Learn a vocabulary for describing the sensory attributes of thickened beverages and rate 

beverages for intensities of these attributes. This will be done during the training session. 
• Allow us to test the pressure of your tongue on the roof of your mouth when you are 

swallowing different samples. Three pressure-sensing bulbs will be attached to the roof of 
your mouth using a tasteless waxy type of glue called Stomahesive.  

• Allow us to measure the amount of mouth coating left by these beverages by 
repeatedly rinsing your mouth and spitting the rinse liquid into a collection cup. 

There will be one training session lasting 30 minutes. The four evaluation sessions that 
follow will last 1.5 hrs each. 

 
Risks and Benefits of being in the Study: 
The study has no risks beyond those involved in the tongue strength measurement. The pressure 
bulbs are attached to the roof of your mouth with a waxy strip of glue, which can be painlessly 
removed using your fingers. There is no danger of choking on the bulbs because they are attached 
to a thin plastic string, which is secured outside your mouth. You may gag a little when the bulbs 
are being positioned.   
The study has no benefits for you other than the compensation. 
 
 
Compensation: 
You will receive payment at the rate of $5.00 per session.  If you complete all 7 sessions you will 
receive a bonus of $20.00.  
 
Confidentiality: 
The records of this study will be kept private. In any sort of report we might publish, we will not 
include any information that will make it possible to identify a subject. Research records will be 
stored securely and only researchers will have access to the records.  
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Voluntary Nature of the Study: 
Participation in this study is voluntary. Your decision whether or not to participate will not affect 
your current or future relations with the University of Minnesota. If you decide to participate, you 
are free to not answer any question or withdraw at any time without affecting those relationships.  
 
Contacts and Questions: 
The researchers conducting this study are: Hetvi Damodhar and Zata Vickers. You may ask any 
questions you have now. If you have questions later, you are encouraged to contact them at 
Room 107 or 140, Food Science and Nutrition, 612 624 2257, damod002@umn.edu, or 
zvickers@umn.edu.  
 
If you have any questions or concerns regarding this study and would like to talk to someone 
other than the researcher(s), you are encouraged to contact the Research Subjects’ Advocate 
Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis, Minnesota 55455; (612) 625-1650. 
 
You will be given a copy of this information to keep for your records. 
 
 
Statement of Consent: 
I have read the above information. I have asked questions and have received answers. I consent to 
participate in the study. 
Signature: _____________________________________ Date: __________________ 
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8.3 Data Summary 
 
8.3.1 Rheological instrumental data: Means and standard deviations (SD) 

Sample Apparent 
Viscosity  

Flow Index  
 

Consistency 
Coefficient  

Yield Stress  

Mean SD Mean SD Mean SD Mean SD 
Acetylated 
distarch 
phosphate 
honey 

1563 97 0.39 0.01 12924 784 14.8 1.57 

Acetylated 
distarch 
phosphate 
nectar 

434 42 0.48 0.02 2548 371 2 0.21 

Agar honey 1368 76 0.3 0.01 15389 1226 20.3 1.99 

Agar nectar 282 13 0.31 0.01 3213 83 2.1 0.16 

Calcium 
caseinate honey 

1323 43 0.26 0 15797 669 14.2 0.4 

Calcium 
caseinate nectar 

273 6 0.46 0.01 1568 86 0 0 

Cellulose gum 
honey 

1547 111 0.87 0.01 2160 193 0 0 

Cellulose gum 
nectar 

246 62 0.94 0.01 289 77 0 0 

Extra stable 
waxy rice starch 
honey 

1503 15 0.28 0.01 22965 203 32.7 1.4 

Extra stable 
waxy rice starch 
nectar 

298 51 0.37 0.01 3616 494 2.6 0.15 

Guar gum 
honey 

1293 28 0.47 0 7120 219 12.1 2.86 

Guar gum 
nectar 

260 15 0.66 0.01 724 55 0 0 

High methoxyl 
pectin honey 

1217 34 0.43 0.01 9910 308 19.8 2.22 

High methoxyl 
pectin nectar 

271 16 0.42 0.01 2262 130 0 0.3 

Iota 
carrageenan 
honey 

1488 37 0.73 0 3117 86 2.4 0.16 

Iota 
carrageenan 
nectar 

263 20 0.88 0.01 359 33 0 0 
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 Konjac gum 
honey 

1448 70 0.27 0.01 17863 1137 42.6 1.3 

Konjac gum 
nectar 

336 12 0.46 0.01 2056 117 0 0 

Low methoxyl 
pectin honey 

1345 8 0.35 0 10569 100 7.3 0.21 

Low methoxyl 
pectin nectar 

301 10 0.55 0.01 1181 59 0 0 

Methyl 
cellulose honey 

1505 36 0.83 0 2309 72 0 0 

Methyl 
cellulose nectar 

245 12 0.94 0 281 15 0 0 

Microcrystalline 
cellulose honey 

258 7 0.89 0 338 8 0 0 

Microcrystalline 
cellulose nectar 

1498 20 0.79 0.01 2643 90 0 0 

Sodium alginate 
honey 

1338 31 0.59 0 4430 165 3 0.19 

Sodium alginate 
nectar 

283 24 0.74 0 526 59 0 0 

Tara gum honey 1403 22 0.39 0 9863 240 6.9 0.17 

Tara gum nectar 269 16 0.6 0.01 867 76 0 0 

Xanthan gum 
honey 

1398 56 0.16 0 26138 825 40 3.5 

Xanthan gum 
nectar 

260 2 0.22 0.01 4029 444 3 0.26 
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8.3.2 Sensory data for taste and flavor attributes: Means across judges and standard 
errors (SE) 

Sample Sweet Sour Bitter Lemon 
Flavor 

Other 
Flavor 

Mean SE Mean SE Mean SE Mean SE Mean SE 
Acetylated 
distarch 
phosphate honey 

2.7 0.7 3.4 0.7 1.9 0.7 3.7 0.8 4.3 0.8 

Acetylated 
distarch 
phosphate nectar 

2.9 0.6 3.2 0.7 1.7 0.7 3.5 0.7 3.5 0.8 

Agar honey 3.6 0.7 2.8 0.5 1.6 0.7 4.0 0.7 2.8 0.8 
Agar nectar 3.9 0.7 3.2 0.7 1.2 0.4 5.4 0.8 1.8 0.5 
Calcium 
caseinate honey 3.0 0.7 1.9 0.6 4.2 1.0 1.6 0.4 7.7 0.9 

Calcium 
caseinate nectar 4.0 0.9 2.4 0.6 3.9 0.9 2.3 0.6 7.1 0.9 

Cellulose gum 
honey 2.8 0.6 1.0 0.3 0.8 0.3 2.3 0.5 1.9 0.6 

Cellulose gum 
nectar 3.9 0.8 1.5 0.4 0.8 0.4 4.0 0.6 2.2 0.8 

Extra stable 
waxy rice starch 
honey 

3.1 0.7 3.3 0.7 2.7 0.8 3.3 0.7 4.7 0.8 

Extra stable 
waxy rice starch 
nectar 

3.4 0.7 4.0 0.7 1.9 0.7 4.7 0.7 3.0 0.7 

Guar gum honey 2.9 0.8 1.5 0.3 1.6 0.5 1.7 0.6 6.9 1.0 
Guar gum nectar 3.7 0.7 2.8 0.6 1.1 0.4 2.5 0.6 6.1 0.9 
High methoxyl 
pectin honey 2.9 0.7 7.8 0.8 2.4 0.8 6.1 0.9 3.0 0.6 

High methoxyl 
pectin nectar 

2.9 0.6 7.6 0.8 2.2 0.9 6.5 0.9 2.3 0.7 

Iota carrageenan 
honey 4.1 0.8 2.0 0.5 0.9 0.4 4.0 0.7 2.3 0.7 

Iota carrageenan 
nectar 4.8 0.9 2.5 0.5 0.7 0.3 5.4 0.7 1.3 0.5 

Konjac gum 
honey 2.7 0.6 2.5 0.7 1.0 0.4 4.1 0.8 1.9 0.5 

Konjac gum 
nectar 

3.7 0.7 3.0 0.7 1.1 0.4 5.0 0.7 1.4 0.4 

Low methoxyl 
pectin honey 7.6 1.0 2.8 0.6 1.1 0.5 3.1 0.7 6.0 0.9 
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Low methoxyl 
pectin nectar 6.9 0.9 4.1 0.8 1.1 0.4 4.7 0.8 5.0 0.8 

Methyl cellulose 
honey 

2.8 0.6 2.4 0.7 1.7 0.6 2.6 0.7 5.8 0.9 

Methyl cellulose 
nectar 3.1 0.6 2.9 0.6 1.9 0.7 3.4 0.7 4.8 1.0 

Microcrystalline 
cellulose honey 2.1 0.5 2.0 0.6 3.0 0.8 2.0 0.5 6.4 0.9 

Microcrystalline 
cellulose nectar 3.2 0.7 1.8 0.5 2.5 0.8 2.5 0.5 5.1 0.8 

Sodium alginate 
honey 3.5 0.7 1.7 0.5 1.3 0.4 3.2 0.6 3.4 0.8 

Sodium alginate 
nectar 4.8 0.7 2.4 0.4 1.1 0.4 4.9 0.7 2.5 0.7 

Tara gum honey 2.2 0.5 2.8 0.5 2.3 0.8 3.2 0.7 4.0 0.8 
Tara gum nectar 3.0 0.8 2.8 0.6 1.2 0.5 4.1 0.7 2.9 0.7 
Xanthan gum 
honey 2.4 0.5 1.7 0.5 0.8 0.3 1.7 0.4 4.6 1.0 

Xanthan gum 
nectar 3.9 0.8 2.1 0.6 0.7 0.3 4.5 0.7 2.3 0.8 
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8.3.3 Sensory data for texture attributes: Means across judges and standard errors (SE) 

Samples 
Thickness Adhesiveness Stickiness Slipperiness Mouthcoating 

Number of 
swallows 

Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE 
Acetylated distarch 
phosphate honey 7.5 0.7 4.3 0.8 3.1 0.7 4.0 0.8 4.1 0.8 3.8 1.2 

Acetylated distarch 
phosphate nectar 3.2 0.4 2.1 0.5 1.8 0.5 5.9 0.9 2.4 0.5 2.6 0.6 

Agar honey 7.1 0.7 3.8 0.7 3.0 0.7 4.8 0.7 3.3 0.5 3.0 0.5 
Agar nectar 2.8 0.4 1.5 0.3 1.4 0.3 7.1 1.0 2.0 0.5 2.2 0.4 
Calcium caseinate honey 7.4 0.7 7.0 0.9 5.4 0.8 3.5 0.7 7.0 0.8 4.7 0.6 
Calcium caseinate nectar 3.8 0.5 3.9 0.7 2.4 0.5 5.5 0.9 4.3 0.6 3.4 0.4 
Cellulose gum honey 9.9 0.8 6.6 0.8 5.9 0.8 4.9 0.9 5.7 0.7 3.8 0.6 
Cellulose gum nectar 3.2 0.5 2.9 0.5 2.1 0.5 6.7 0.9 3.6 0.5 3.0 0.4 
Extra stable waxy rice 
starch honey 6.9 0.7 4.5 0.7 3.2 0.7 4.3 0.8 4.2 0.7 3.1 0.5 

Extra stable waxy rice 
starch nectar 2.4 0.4 1.7 0.4 1.5 0.5 6.3 0.9 2.2 0.5 2.4 0.5 

Guar gum honey 6.3 0.7 5.0 0.8 4.2 0.8 5.0 0.7 4.7 0.7 3.6 0.6 
Guar gum nectar 2.2 0.4 1.8 0.4 1.8 0.5 7.0 1.0 2.6 0.6 2.6 0.5 
High methoxyl pectin 
honey 8.9 0.7 8.2 0.8 6.8 0.7 3.5 0.8 8.3 0.8 5.3 0.8 

High methoxyl pectin 
nectar 4.5 0.6 4.1 0.6 3.4 0.6 4.9 0.8 4.7 0.6 3.7 0.5 

Iota carrageenan honey 8.6 0.8 5.6 0.9 3.8 0.7 5.7 0.9 4.5 0.8 3.5 0.5 
Iota carrageenan nectar 3.0 0.5 2.2 0.5 2.0 0.5 7.0 0.9 2.3 0.5 2.5 0.5 
Konjac gum honey 5.9 0.7 5.0 0.7 4.2 0.7 5.1 0.8 4.6 0.7 3.5 0.5 
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Konjac gum nectar 2.2 0.4 1.8 0.4 1.7 0.5 7.2 1.0 2.2 0.5 2.3 0.4 
Low methoxyl pectin honey 9.2 0.7 10.2 0.7 8.5 0.7 3.0 0.8 10.6 0.7 6.2 0.8 
Low methoxyl pectin nectar 4.9 0.6 5.4 0.8 4.1 0.6 4.6 0.7 6.5 0.6 4.4 0.8 
Methyl cellulose honey 8.5 0.7 10.1 0.7 8.6 0.8 3.2 0.8 10.5 0.6 6.3 0.8 
Methyl cellulose nectar 4.8 0.7 5.9 0.8 4.6 0.8 3.8 0.6 6.7 0.8 4.3 0.6 
Microcrystalline cellulose 
honey 8.2 0.8 7.3 0.9 5.4 0.8 2.7 0.6 8.1 0.8 5.0 0.6 

Microcrystalline cellulose 
nectar 3.7 0.6 3.6 0.6 2.7 0.6 4.6 0.9 5.1 0.7 3.6 0.6 

Sodium alginate honey 7.2 0.7 7.1 0.8 6.1 0.7 3.5 0.7 7.6 0.7 4.9 0.5 
Sodium alginate nectar 3.8 0.5 3.7 0.6 3.0 0.5 6.1 0.8 4.5 0.6 3.2 0.4 
Tara gum honey 6.4 0.7 5.2 0.8 4.4 0.8 4.2 0.6 5.5 0.8 4.1 0.7 
Tara gum nectar 2.6 0.4 2.1 0.4 2.0 0.4 6.9 0.9 2.5 0.5 2.7 0.5 
Xanthan gum honey 8.7 0.7 5.9 0.9 4.5 0.8 4.8 0.8 5.0 0.8 3.8 0.6 
Xanthan gum nectar 2.1 0.4 1.5 0.4 1.2 0.4 7.6 1.0 1.8 0.5 2.1 0.4 



119 
 

 119 

8.3.4 Swallowing pressure data: Means across judges and standard errors (SE) 
Sample Anterior Swallowing 

Pressure (mm Hg) 
Middle Swallowing 
Pressure (mm Hg) 

Posterior Swallowing 
Pressure (mm Hg) 

Mean SE Mean SE Mean SE 
Acetylated 
distarch 
phosphate honey 

180.5 24.2 168.3 15.9 192.8 16.2 

Acetylated 
distarch 
phosphate nectar 

166.6 18.9 159.2 15.0 177.7 14.2 

Agar honey 176.5 19.6 176.5 14.4 193.9 17.5 

Agar nectar 160.2 20.2 167.0 17.0 180.7 18.3 

Calcium 
caseinate honey 

174.8 20.6 176.7 16.9 197.9 19.0 

Calcium 
caseinate nectar 

167.4 19.5 150.5 15.1 188.2 17.6 

Cellulose gum 
honey 

160.5 15.5 177.5 12.2 186.7 15.9 

Cellulose gum 
nectar 

139.4 19.6 146.2 15.8 186.3 17.3 

Extra stable 
waxy rice starch 
honey 

153.4 22.2 160.6 17.4 184.1 14.6 

Extra stable 
waxy rice starch 
nectar 

150.9 18.8 149.6 14.2 171.6 13.6 

Guar gum honey 174.6 19.5 171.6 18.4 176.1 19.5 

Guar gum nectar 147.5 15.5 153.1 12.2 163.1 14.7 

High methoxyl 
pectin honey 

158.0 17.9 166.5 16.2 189.1 17.3 

High methoxyl 
pectin nectar 

140.9 23.1 130.8 15.4 166.5 16.6 

Iota carrageenan 
honey 

155.9 21.5 168.2 15.2 197.4 18.3 

Iota carrageenan 
nectar 

171.4 22.1 163.9 18.4 177.9 15.1 

Konjac gum 
honey 

164.0 24.6 150.4 19.5 194.9 14.5 

Konjac gum 
nectar 

159.7 18.4 150.5 15.6 167.4 15.4 

Low methoxyl 
pectin honey 

216.1 22.9 181.6 21.7 186.4 17.4 
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Low methoxyl 
pectin nectar 

160.4 18.2 160.9 13.1 174.8 13.8 

Methyl cellulose 
honey 

165.8 18.0 171.5 14.2 179.6 21.4 

Methyl cellulose 
nectar 

145.5 20.6 142.1 15.7 160.4 16.3 

Microcrystalline 
cellulose honey 

160.0 18.0 141.6 15.4 195.1 17.1 

Microcrystalline 
cellulose nectar 

148.1 22.8 148.1 14.9 150.0 15.7 

Sodium alginate 
honey 

190.0 23.9 188.9 17.9 210.3 22.2 

Sodium alginate 
nectar 

159.7 20.4 165.9 16.6 172.1 13.9 

Tara gum honey 171.9 20.1 183.2 18.3 187.7 16.1 

Tara gum nectar 175.2 19.1 171.4 14.6 177.0 12.5 

Xanthan gum 
honey 

152.5 17.7 162.2 11.8 188.5 14.7 

Xanthan gum 
nectar 

160.3 22.3 150.2 13.9 168.1 14.6 
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8.3.5 Residual riboflavin data: Means across judges and standard errors (SE) 
Sample Amount of riboflavin remaining in the mouth 

(mg) 
Mean SE 

Acetylated distarch phosphate honey 0.75 0.12 

Acetylated distarch phosphate nectar 0.36 0.08 

Agar honey 0.54 0.10 

Agar nectar 0.35 0.09 

Calcium caseinate honey 1.28 0.11 

Calcium caseinate nectar 0.73 0.11 

Cellulose gum honey 1.08 0.13 

Cellulose gum nectar 0.56 0.08 

Extra stable waxy rice starch honey 0.80 0.12 

Extra stable waxy rice starch nectar 0.32 0.08 

Guar gum honey 0.86 0.11 

Guar gum nectar 0.34 0.13 

High methoxyl pectin honey 1.49 0.12 

High methoxyl pectin nectar 1.02 0.08 

Iota carrageenan honey 0.69 0.10 

Iota carrageenan nectar 0.35 0.08 

Konjac gum honey 0.71 0.05 

Konjac gum nectar 0.35 0.10 

Low methoxyl pectin honey 1.90 0.06 

Low methoxyl pectin nectar 1.36 0.11 

Methyl cellulose honey 1.82 0.10 

Methyl cellulose nectar 1.33 0.12 
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Microcrystalline cellulose honey 1.67 0.13 

Microcrystalline cellulose nectar 0.87 0.07 

Sodium alginate honey 1.50 0.11 

Sodium alginate nectar 0.89 0.12 

Tara gum honey 1.02 0.12 

Tara gum nectar 0.41 0.09 

Xanthan gum honey 1.03 0.13 

Xanthan gum nectar 0.23 0.05 
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8.4 Data Analyis: SAS Program Codes 

8.4.1: To calculate means across products and judges. 

Options ls=80 nodate nonumber; 
 
libname hetvi 'G:\FSCN\Vickers_Lab\Hetvi Damodhar\thesis\data'; 
run; 
 
/*rawdata: reduce 2 replicate ratings to 1 for each judge for each 
product*/ 
data hetvi.rawdata; 
set hetvi.rawdata; 
run; 
 
Proc means data = hetvi.rawdata noprint; 
VAR judge honey viscosity n_value k_value yield_stress sweet sour 
bitter lemon other thickness adhesiveness stickiness mouthcoating 
slipperiness no_of_swallows b1 b2 b3 riboflavin; 
by product judge; 
OUTPUT OUT=hetvi.rawdatameans; 
run; 
 
data hetvi.rawdatameans; 
set hetvi.rawdatameans; 
if (_stat_="N") THEN delete; 
if (_stat_="MIN") THEN delete; 
if (_stat_="MAX") THEN delete; 
if (_stat_="STD") THEN delete; 
drop _TYPE_ _FREQ_ _STAT_; 
run; 
 
/**round up the values**/ 
data hetvi.rawdatameans; 
set hetvi.rawdatameans; 
sweet= round(sweet, .1); 
sour= round(sour, .1); 
bitter= round(bitter, .1); 
lemon= round(lemon, .1); 
other= round(other, .1); 
thickness= round(thickness, .1); 
adhesiveness= round(adhesiveness, .1); 
stickiness= round(stickiness, .1); 
slipperiness= round(slipperiness, .1); 
mouthcoating= round(mouthcoating, .1); 
no_of_swallows= round(no_of_swallows, .1); 
b1= round(b1, .1); 
b2= round(b2, .1); 
b3= round(b3, .1); 
riboflavin= round(riboflavin, .01); 
run; 
 
 
/*nectar: reduce 2 replicate ratings to 1 for each judge for each 
product*/ 
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data hetvi.nectar; 
set hetvi.nectar; 
run; 
 
Proc means data = hetvi.nectar noprint; 
VAR judge honey viscosity n_value k_value yield_stress sweet sour 
bitter lemon other thickness adhesiveness stickiness mouthcoating 
slipperiness no_of_swallows b1 b2 b3 riboflavin; 
by product judge; 
OUTPUT OUT=hetvi.nectarmeans; 
run; 
 
data hetvi.nectarmeans; 
set hetvi.nectarmeans; 
if (_stat_="N") THEN delete; 
if (_stat_="MIN") THEN delete; 
if (_stat_="MAX") THEN delete; 
if (_stat_="STD") THEN delete; 
drop _TYPE_ _FREQ_ _STAT_; 
run; 
 
/**round up the values**/ 
data hetvi.nectarmeans; 
set hetvi.nectarmeans; 
sweet= round(sweet, .1); 
sour= round(sour, .1); 
bitter= round(bitter, .1); 
lemon= round(lemon, .1); 
other= round(other, .1); 
thickness= round(thickness, .1); 
adhesiveness= round(adhesiveness, .1); 
stickiness= round(stickiness, .1); 
slipperiness= round(slipperiness, .1); 
mouthcoating= round(mouthcoating, .1); 
no_of_swallows= round(no_of_swallows, .1); 
b1= round(b1, .1); 
b2= round(b2, .1); 
b3= round(b3, .1); 
riboflavin= round(riboflavin, .01); 
run; 
 
/*honey: reduce 2 replicate ratings to 1 for each judge for each 
product*/ 
data hetvi.honey; 
set hetvi.honey; 
run; 
 
Proc means data = hetvi.honey; 
VAR judge honey viscosity n_value k_value yield_stress sweet sour 
bitter lemon other thickness adhesiveness stickiness mouthcoating 
slipperiness no_of_swallows b1 b2 b3 riboflavin; 
by product judge; 
OUTPUT OUT=hetvi.honeymeans; 
run; 
 
data hetvi.honeymeans; 
set hetvi.honeymeans; 
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if (_stat_="N") THEN delete; 
if (_stat_="MIN") THEN delete; 
if (_stat_="MAX") THEN delete; 
if (_stat_="STD") THEN delete; 
drop _TYPE_ _FREQ_ _STAT_; 
run; 
 
/**round up the values**/ 
data hetvi.honeymeans; 
set hetvi.honeymeans; 
sweet= round(sweet, .1); 
sour= round(sour, .1); 
bitter= round(bitter, .1); 
lemon= round(lemon, .1); 
other= round(other, .1); 
thickness= round(thickness, .1); 
adhesiveness= round(adhesiveness, .1); 
stickiness= round(stickiness, .1); 
slipperiness= round(slipperiness, .1); 
mouthcoating= round(mouthcoating, .1); 
no_of_swallows= round(no_of_swallows, .1); 
b1= round(b1, .1); 
b2= round(b2, .1); 
b3= round(b3, .1); 
riboflavin= round(riboflavin, .01); 
run; 
quit; 
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8.4.2:  

Objective 1: To determine the relationship between sensory measures and 
instrumental measures of rheology  

Options ls=80 nodate nonumber; 

 
libname hetvi 'G:\FSCN\Vickers_Lab\Hetvi Damodhar\thesis\data'; 
run; 
 
/***NECTARS***/ 
/*create dummy variables for judges*/ 
data hetvi.nectarmeans; 
set hetvi.nectarmeans; 
array  dummys {*} 3.  j1 - j19; 
do i=1 TO 19;          
dummys(i) = 0; 
end; 
dummys( judge  ) = 1;   
RUN; 
 
/*create interaction terms*/ 
data hetvi.nectarmeans; 
set hetvi.nectarmeans; 
vn = viscosity*n_value;  
vk =  viscosity*k_value; 
vy = viscosity*yield_stress;  
nk = n_value*k_value; 
ny = n_value*yield_stress; 
ky = k_value*yield_stress; 
run;  
 
/*find relationship between sensory and instrumental measures  
using regression (proc reg) and selecting the significant terms 
(backwards selection)*/ 
Proc reg data= hetvi.nectarmeans; 
model thickness adhesiveness stickiness mouthcoating slipperiness 
no_of_swallows= j1 j2 j3 j4 j5 j6 j7 j8 j9 j10  
j11 j12 j13 j14 j15 j16 j17 j18 j19 
viscosity n_value k_value yield_stress  
vn vk vy nk ny ky  / include=19 selection = backward noint;  
run; 
 
 
/***THIN HONEYS***/ 
/*create dummy variables for judges*/ 
data hetvi.honeymeans; 
set hetvi.honeymeans; 
array  dummys {*} 3.  j1 - j19; 
do i=1 TO 19;          
dummys(i) = 0; 
end; 
dummys( judge  ) = 1;   
RUN; 
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/*create interaction terms*/ 
data hetvi.honeymeans; 
set hetvi.honeymeans; 
vn = viscosity*n_value;  
vk =  viscosity*k_value; 
vy = viscosity*yield_stress;  
nk = n_value*k_value; 
ny = n_value*yield_stress; 
ky = k_value*yield_stress; 
run;  
 
/*find relationship between sensory and instrumental measures  
using regression (proc reg) and selecting the significant terms 
(backwards selection)*/ 
Proc reg data= hetvi.honeymeans; 
model thickness adhesiveness stickiness mouthcoating slipperiness 
no_of_swallows= j1 j2 j3 j4 j5 j6 j7 j8 j9 j10  
j11 j12 j13 j14 j15 j16 j17 j18 j19 
viscosity n_value k_value yield_stress  
vn vk vy nk ny ky  / include=19 selection = backward noint;  
run; 
quit; 
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8.4.3:  

Objective 2: To determine the relationship between sensory parameters and 
swallowing pressures 

Objective 3: To develop an instrumental method for predicting the sensory 
perception of mouthcoating 

 

Options ls=80 nodate nonumber; 

 
libname hetvi 'G:\FSCN\Vickers_Lab\Hetvi Damodhar\thesis\data'; 
run; 
 
/*create dummy variables for judges*/ 
data hetvi.rawdatameans; 
set hetvi.rawdatameans; 
array  dummys {*} 3.  j1 - j19; 
do i=1 TO 19;          
dummys(i) = 0; 
end; 
dummys( judge  ) = 1;   
RUN; 
 
/*create interaction terms*/ 
data hetvi.rawdatameans; 
set hetvi.rawdatameans; 
ta = thickness*adhesiveness; 
tst =  thickness*stickiness; 
tm =  thickness*mouthcoating; 
tsl =  thickness*slipperiness; 
tn =  thickness*no_of_swallows; 
ast = adhesiveness*stickiness; 
am = adhesiveness*mouthcoating;  
asl = adhesiveness*slipperiness;  
an = adhesiveness*no_of_swallows;  
stm = stickiness*mouthcoating; 
stsl = stickiness*slipperiness; 
stn= stickiness*no_of_swallows; 
msl = mouthcoating*slipperiness; 
mn = mouthcoating*no_of_swallows; 
sln = slipperiness*no_of_swallows; 
run;  
 
 
/*find relationship between swallowing and sensory measures  
using regression (proc reg) and selecting the significant terms 
(backwards selection)*/ 
Proc reg data= hetvi.rawdatameans; 
model b1 b2 b3 = j1 j2 j3 j4 j5 j6 j7 j8 j9 j10  
j11 j12 j13 j14 j15 j16 j17 j18 j19 
thickness adhesiveness stickiness mouthcoating slipperiness 
no_of_swallows 
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ta tst tm tsl tn ast am asl an stm stsl stn msl mn sln 
/include=19 selection = backward noint;  
run; 
 
 
/*find relationship between swallowing and sensory measures  
using regression (proc reg) and selecting the significant terms 
(backwards selection)*/ 
Proc reg data= hetvi.rawdatameans; 
model mouthcoating = j1 j2 j3 j4 j5 j6 j7 j8 j9 j10  
j11 j12 j13 j14 j15 j16 j17 j18 j19 
riboflavin 
/include=19 selection = backward noint;  
run; 
quit; 
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