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ABSTRACT 

 
Producing In-house Pureed Food in Long-term Care 

Nila Ilhamto                                                                  Advisor: 

University of Guelph, 2012 Dr. Lisa Duizer 

 

 
 There is limited knowledge on provisions used to ensure swallowing safety, nutritional adequacy 

and sensory acceptability of pureed foods in long-term care homes (LTCHs). The overall aim for this 

research was to expand knowledge of pureed food production in LTCHs, to study the impact of varying 

ingredients and preparation on sensory and nutrition and to model perceived oral textures in pureed food. 

Qualitative interviews with dietary staff (n=53) in 25 LTCHs showed a variety of challenges and practices 

in production, affecting overall quality. Pureed turkey varying in added liquid, meat muscle and seasoning 

method and pureed carrots varying in thickener type were evaluated by a descriptive sensory panel 

(n=10). Results indicate that small formulation changes can have a significant impact on the nutrition and 

sensory properties of pureed food. Instrumental tests using a viscometer, line-spread test and texture 

analyzer showed different strengths in predicting variation in orally-perceived textures.  
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CHAPTER 1: INTRODUCTION 

 Dysphagia, or difficulty swallowing, is a serious condition that arises most commonly, as 

a co-morbidity of diseases associated with aging, such as stroke or neurodegeneration. A 

reported 60% of older adults residing in an institutionalized setting (e.g. long-term care facility) 

are suffering from some form of swallowing difficulty (Houjaij, Dufresne, Lachance, & 

Ramaswamy, 2009). Dysphagia can lead to complications such as malnutrition, choking, 

dehydration, aspiration, and aspiration pneumonia (Easterling & Robbins, 2008; Robbins, Kays, 

& McCallum, 2008). Aspiration pneumonia is one of the leading causes of death in older adults 

(>65 years age) and its treatment contributes greatly to healthcare costs (Marik & Kaplan, 2003).   

 Pureed food is often prescribed to individuals with dysphagia, especially in the long-term 

care setting (Stahlman, Garcia, Hakel, & Chambers, 2000; Dunne & Dahl, 2007).  Individuals 

with significant oral motor impairments, pharyngeal weakness and/or poor airway protection, 

may benefit from this diet prescription (Stahlman et al., 2000). The purpose for providing this 

texture is to facilitate oral consumption, provide adequate nutrient intake, and reduce the risk of 

choking and aspiration.  

 In-house preparation of pureed food is common in long-term care homes (Hotaling, 1992; 

Dahl, Whiting, & Tyler, 2007). There is little understanding, however, of baseline practices for 

preparing pureed food products. To develop good quality pureed food that would meet the 

nutritional, sensory and textural needs of older adults with dsyphagia, a greater understanding of 

the challenges involved with the production of these foods is needed. This information can be 

used to formulate strategies and techniques to make pureed food better in long-term care homes. 

With respect to health care, improved pureed food could translate to lower incidences of 
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aspiration pneumonia, preventing hospitalization and costs attributed to this condition. Research 

in this area is of importance, since the aging population is growing and by year 2030, the 

population of older adults (>65 years) in North America is projected to increase to about a 

quarter of the population (Mackenzie, Pagura, & Sareen, 2010). 

 There are a variety of challenges with pureed food preparation in long-term care. To 

obtain a pureed consistency, some regular food items (e.g. meats, bread) are processed with 

liquid to ensure complete break-down of solid food into a smooth, cohesive consistency 

(National Dysphagia Task Force, 2002; Keller, Chambers, Niezgoda, & Duizer, 2012).  With the 

added liquid, there is concern over decreased nutrient density of the product (Dahl et al., 2007; 

Keller et al., 2012). A study conducted by Dahl et al. (2007), determined that individuals in long-

term care who are consuming a pureed diet may not be getting sufficient protein. Since older 

adults show a general decline in appetite and food intake (Hays & Roberts, 2006), large volumes 

of food are unlikely to be consumed by residents (Dahl et al., 2007) and therefore nutrient 

intakes will be low.  To avoid risk of inadequacy, there is interest in formulating pureed food 

products that are nutrient dense.  Individuals with dysphagia who receive a pureed diet may also 

be deficient in essential micro-nutrients, due to challenges in preparation of some pureed foods. 

For example, many fibre and folate/ folic acid rich foods, including grains and stringy green 

vegetables may be difficult to process into a pureed consistency and are therefore excluded from 

the diet (Adolphe, Whiting, & Dahl, 2009).  

 Food items naturally containing more liquid (e.g. fruits, some vegetables), may require 

the addition of thickeners, to increase the consistency of the products, to avoid the risk of 

aspiration and to produce a more cohesive bolus for swallowing (Stahlman et al., 2001; 

Kennewell & Kokkinakos, 2007). More work to investigate the types of added thickeners, which 
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can maximize the nutrient content of pureed foods is needed (Philip & Greenwood, 2000; 

Kennewell & Kokkinakos, 2007), while minimizing other concerns such as excess refined 

carbohydrates. Additionally, older adults have been shown to have chemosensory deficits (i.e. 

diminished smell and taste), which may affect food consumption and appetite (Hays & Roberts, 

2006). Since diminished smell and taste are common, the use of flavor-enhancing ingredients in 

pureed food products may improve food and nutrient intake of older adults with dysphagia 

(Kaufmann, 2005; Best & Appleton, 2011). 

 Given the lack of knowledge about current provisions being used in long-term care for 

the preparation of pureed foods and the impact that varying ingredients and preparation methods 

have on the sensory and nutritional properties of the products, more work is required in this area. 

Textural properties are also essential for swallowing safety and limited research has been 

conducted on the ability of common instrumental tests to predict intra-oral texture of pureed 

food. Correlating instrumental measures with perceived texture could be done to develop a 

quality control instrument and this is an area of development that is lacking for therapeutic 

pureed foods. The overall aim of this work was to expand the knowledge in the area of in-house 

pureed food production. Specific objectives of this work were to: 

1) Determine current practices and challenges with pureed food production in long-term 

care. 

2) Study the effect of altering liquid, meat muscle colour and seasoning application 

methods on the sensory and nutritional properties of a pureed meat product. 

3) Study the effect of varying thickener composition on the sensory and nutritional 

properties of a pureed vegetable product. 
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4) Measure the predictive ability of various instrumental texture measurements as they 

relate to oral textures in pureed meat and vegetable products. 

 

 This thesis is divided into three parts. Work to determine current practices and challenges 

for pureed food production in long-term care is outlined in Chapter 3. The information acquired 

from Chapter 3 then formed the basis of pureed formulations in Chapter 4, which investigated 

the effects of varying ingredients and preparation methods on the sensory and nutritional 

properties of a pureed meat and a pureed vegetable system. Lastly, instrumental analysis was 

performed on the pureed products to generate predictive equations for oral perception of texture, 

as outlined in Chapter 5.  
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CHAPTER 2: LITERATURE REVIEW 

2.1. An overview of swallowing and dysphagia 

 Dysphagia describes any impairment in the process of deglutition (swallowing) and has 

numerous underlying causes. Swallowing involves a complex co-ordination of motor, sensory 

and psychological processes and dysphagia can be caused by abnormalities occurring in any of 

the processes (Ney, Weiss, Kind, & Robbins, 2009). The impairment may stem from 

abnormalities of the muscles or nerves that co-ordinate swallowing or it may stem from 

behavioural problems, where the individual is unable to voluntarily prepare the food bolus or 

execute oral functions required to safely swallow. This is extremely common in older adults 

suffering from end-stage dementia.  

Figure 2-1: The three stages of swallowing (Garcia, 2010) 

PHARYNGEAL ESOPHAGEAL ORAL 
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 There are three stages of swallowing: oral, pharyngeal and esophageal phase (Fig 2-1). 

The oral stage is subdivided into two phases: oral-preparatory and oral-transport. In the oral-

preparatory stages, food is consumed, the oral cavity is sealed and the soft palate makes contact 

with the tongue to initiate mastication. Food is then mixed with saliva and equilibrated to body 

temperature (37°C) before being swallowed (Chen & Engelen, 2012). The oral-preparatory phase 

also marks the stage in which flavors and tastes of food are perceived. In the oral-transport 

phase, the tongue propels the food bolus to the back of the oral cavity (Houjaij et al., 2009; 

Garcia & Chambers, 2010) (Fig 2-1). The oral phases constitute voluntary stages of swallowing. 

 In contrast, pharyngeal and esophageal stages are reflexive and are irreversible once 

initiated (Jean, 2001). Food travels from the oral cavity into the pharynx and breathing halts 

momentarily in the pharyngeal stage. At this stage, the laryngeal inlet, by the action of the 

epiglottis, vocal folds and true vocal folds, seals the airway to prevent food from entering the 

trachea (Garcia & Chambers, 2010). The soft palate also blocks food from entering the 

nasopharynx, ensuring that food does not travel up into the nasal cavity (Garcia & Chambers, 

2010). The esophageal stage is marked by peristalisis, which is the relaxation and contraction of 

muscles to move the bolus into the stomach (Houjaij et al., 2009). Although the three stages of 

swallowing are distinct from one another, many events overlap in time and occur simultaneously.  

In older adults, many oral and pharyngeal events can become highly uncoupled, increasing the 

risk of dysphagia. 

The prevalence of dysphagia increases with age (Garcia & Chambers, 2010), with a 

reported two-thirds of all individuals diagnosed being over the age of 65 (Prasse & Kikano, 

2004). One reason for this association is because dysphagia is a common secondary consequence 

of age-related diseases, such as stroke and neurodegenerative conditions (e.g. Alzheimer’s, 
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Parkinsons disease). Some other examples of conditions in older adults that may lead to impaired 

swallowing are shown in Table 2-1. Approximately 50% of first-time acute stroke patients 

develop dysphagia (Mann, Hankey, & Cameron, 2000). Impairments in the nerves or muscles 

that co-ordinate swallowing in these individuals can lead to reduced airway protection and 

increased risk of aspiration, when food or liquid is consumed.  Additionally, individuals with 

poor dentition or reduced tongue strength can have reduced ability to sufficiently masticate foods 

to form a cohesive food bolus, increasing the risk of choking on solid foods.   

The increased prevalence of dysphagia in older adults may also be exacerbated by 

general senescence, where a decline in physiological function can lead to reduced swallowing 

capacity (Robbins et al., 2008). Older adults who do not have dysphagia but exhibit changes to 

swallowing function as a result of normal aging, is described to have presbyphagia (Robbins et 

al., 2008). There are a few identifying characteristics of presbyphagia. The first defining trait is 

that it is significantly delayed, when compared to the swallow of younger adults (Robbins et al., 

2009; Easterling & Robbins, 2008; Garcia, 2010). A delay in the initiation of laryngeal and 

pharyngeal events can result in the food bolus spending more time adjacent to open airways and 

increasing the risk of aspiration (Marik & Kaplan, 2003; Robbins et al., 2008). Additionally, 

older adults have been reported to have lower tongue strengths and reach maximum lingual 

pressure at slower rates than younger adults, which can affect mastication and the voluntary 

stages of a swallow (Robbins et al., 2008; Easterling & Robbins, 2008). Although older adults 

are at an increased risk for developing dysphagia, the swallowing mechanism may not 

necessarily be impaired (Marik & Kaplan, 2003). Clinicians are often faced with the difficult 

task of having to distinguish between presbyphagia and dysphagia.  
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Table 2-1: Non-exhaustive list of conditions associated with dysphagia in older adults 

(Wright, Cotter, Hickson & Frost, 2005; Robbins et al., 2008; CASLPO, 2010) 

 

2.2.  Complications associated with dysphagia 

 

 In Canada an estimated 400, 000 people are suffering from dysphagia (Houjaij, 2009). 

Dysphagia is most prevalent among older adults, especially among long-term care residents 

(Houjaij et al., 2009). Some of the complications associated with dysphagia include decreased 

Factors affecting swallowing Examples         Affected stages 

1. Poor dentition 

 

 

 

2. Age related changes to 

swallowing structures or function  

 

 

 

 

 

 

 

 

 

 

 

3. Age associated diseases  

 as direct side effect 

 as consequence of treatment 

(i.e. medication or surgery) 

 Dentures, poor oral health 

 

 

 

 Lower tongue strength 

 Increase delay in reaching maximum tongue 

pressure to elicit swallow 

 Delayed airway closure 

 Uncoupling of simultaneous processes in 

swallowing 

 Xerostomia (i.e. dry-mouth) 

 Sensory changes (e.g. changes to taste, 

temperature, tactile, discrimination & 

detection threshold) 

 Sarcopenia (i.e. muscle wasting) 

 

 

 Stroke 

 Neurodegenerative & dementia-causing 

diseases (e.g. Alzheimer’s) 

 Movement disorders (e.g. Parkinsons) 

 Head/neck cancer 

 Head-trauma 

 Post-surgical dysphagia 

(e.g. cervical spine, thoracic or jaw surgery) 

 Medication side effect (i.e. producing 

xerostomia, altering cognitive 

function/alertness, associated with 

esophagitis) 

Oral preparatory 

phase 

 

 

 

Oral and pharyngeal 

phases 

 

 

 

 

 

 

 

 

 

 

 

Oral, pharyngeal and 

esophageal stages 
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food and fluid intake, unintentional weight loss, decreased quality of life, malnutrition, and 

dehydration (Marik & Kaplan, 2003; Wright et al., 2005; Dunne & Dahl, 2007). Malnutrition can 

occur as an underlying cause of dysphagia or it may be due to some of the food restrictions and 

dietary alterations used to treat the condition (Dunne & Dahl, 2007).   

 Dysphagia can also increase the risk of choking, airway penetration and aspiration, which 

can further lead to aspiration-pneumonia and even death (Penman & Thomson, 1998; Marik & 

Kaplan, 2003; Wright et al., 2005; Dunne & Dahl, 2007; Robbins et al., 2008). Aspiration can be 

described as the inhalation of oropharyngeal material (food, liquid, saliva) or gastric contents 

into the respiratory system. Aspiration pneumonia occurs when aspirated oropharyngeal 

materials are colonized by pathogenic bacteria, causing infection in the lungs (Marik, 2001). 

Pneumonia is the leading cause of death among nursing home residents (El-Solh, 2011); with 

oropharyngeal aspiration being one of the most important risk factors among this group of older 

adults (Marik & Kaplan, 2003). The cause of aspiration pneumonia is multi-factorial and can be 

a combined contribution of poor oral hygiene, dysphagia as well as the severity and frequency of 

aspirated liquids & fluids (Yoneyama et al., 2002; Marik & Kaplan, 2003; Robbins et al., 2008).  

 Choking on aspirated food products is another common risk factor associated with 

dysphagia (Samue ls & Chadwick, 2006). When the oral preparatory stage of a swallow is 

impaired, solid foods may not be completely masticated and food particles can obstruct the 

airways, causing asphyxiation. In autopsy studies involving 200 older adults, semi-solid foods 

was reported to be the cause of a large number of asphyxiations, where 61% of all choking cases 

were caused by semi-solid foods (Berzlanovich, Fazeny-Dorner, Waldhoer, Fasching, & Keil, 

2005). This study emphasizes the importance of providing modified textured food that not only 

offer nutritional adequacy but also swallowing safety for older adults with dysphagia. 



10 

 

 

2.3.  Modified textured food in long-term care 

 

 The Ontario Speech Language Pathologists Association outlines rehabilitative and 

compensatory methods for the management of dysphagia. Rehabilitative methods are intended to 

fix the swallowing impairment and include active and rigorous muscle strength-building 

exercises (Ney, 2009). These methods may be demanding and could potentially exacerbate 

swallowing impairments in this population of older adults (Ney, 2009; CASLPO, 2007). For 

individuals residing in long-term care, especially those suffering from dementia, a more non-

invasive approach is usually taken. The approach of most relevance to this project is 

compensatory methods (CASLPO, 2007). Compensatory methods are designed to provide 

immediate swallowing efficiency and safety, but are not intended to remediate the swallowing 

impairment (CASLPO, 2007; Ney et al., 2009). These methods include postural control, the use 

of adaptive equipment, and modifying the texture of foods and liquids when eating and drinking.  

 Although multiple intervention methods may be utilized for the management of 

dysphagia, a modified textured diet is the most common compensatory treatment used in long-

term care (Stahlman et al., 2000; Wright et al., 2005; Ney, 2009). Liquids are often thickened to 

alter the flow rate, allowing sufficient time for individuals with disordered swallowing to protect 

the airway from penetration and aspiration. Modified textured foods are often comminuted to a 

soft, minced or pureed consistency (Dunne & Dahl, 2007; Garcia, 2010). Individuals with 

dysphagia may have impaired oral preparatory abilities and solid foods are processed to 

minimize the risk of choking. The processing of high moisture food items can also lead to non-

cohesive and runny pureed textures, increasing the risk of airway penetration and aspiration. 
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Thus the goal for providing modified textured food is to minimize the risk of aspiration and 

choking, while maximizing nutrient intakes. The recommendation and level of dietary 

modification is dependent upon the individuals’ swallowing capacity and must regularly be 

monitored and adjusted (Garcia, 2010).  

In long-term care, pureed food served may be procured commercially or it may be 

prepared in-house (Keller et al., 2012). In Ontario long-term care homes, it is common for 

pureed food to be prepared in-house (Hotaling, 1992; Dahl et al., 2007; Anciado, Ilhamto, Keller, 

& Duizer, 2012). Some reasons as to why homes choose to prepare pureed food over purchasing 

commercially may be due to cost and availability of equipment. In a study conducted in 2011, 

Nutrition Managers in Ontario long-term care homes were allocated a raw food budget of 

$7.33/resident/day, which did not provide extra money to purchase specialized pureed foods 

(Anciado et al., 2012). Moreover, powerful food processors are now readily available in 

foodservice departments, making it easier to process solids into smoother pureed consistencies 

(Hotaling, 1992). However, there may still be issues with preparation of these products that may 

lead to inconsistent nutrition, appearance, and textural outcomes (Keller et al., 2012).    

 

2.4. Providing pureed food- nutritional and sensory issues 

 

 The pureed diet has been reported as a safe consistency to provide to individuals with 

dysphagia. Compared to liquids, pureed food is intended to travel as a cohesive bolus at slower 

rates into the pharynx, thereby reducing the risk of aspiration (Langmore, 1999). The increased 

viscosity of pureed food, when compared to a liquid, contributes to a slower oral transit time, 

decreased pharyngeal delay time and slower pharyngeal transit time, essentially improving the 



12 

 

efficiency and safety of swallowing (Bisch, Logemann, Rademaker, Kahrilas, & Lazarus, 1994; 

Clave et al., 2006). Fiberoptic endoscopic evaluation of swallowing (FEES) conducted on 

individuals with dysphagia also supports pureed food being safer to swallow than many other 

food and liquid consistencies (Aviv, 2000). This test involves the use of an endoscope and a 

camera to view muscles of the pharynx and larynx during swallowing (CASLPO, 2007) and is 

used on individuals with dysphagia to provide a more accurate dietary management prescription 

(Aviv, 2000; CASLPO, 2007). According to FEES evaluations, pureed foods are regarded as the 

food texture most easily tolerated by individuals with dysphagia. 

 Although pureed foods are considered the safest texture for consumption, one of the main 

consequences of dysphagia is malnutrition. According to Durant (2008) and Dahl et al. (2007), 

individuals residing in Canadian long-term care homes who are on a pureed diet have 

significantly lower macro-nutrient and energy intakes, compared to individuals on a regular-

textured diet. One reason for this may be the altered sensory properties of the food. Appearance, 

taste, and texture are all important determinants of food acceptance (Hotaling, 1992). Although 

texture modification of food to a pureed consistency is an important treatment strategy for 

dysphagia, residents may find them unappealing or unrecognizable (Stahlman et al., 2000; 

Houjaij et al., 2009). Decreased liking for the appearance of pureed food can lead to reduced 

food intake and subsequently, malnutrition (Stahlman et al., 2001). 

 Some researchers have observed that altering food served to an individual with dysphagia 

leads to nutritional improvements. For instance, when a pureed food was offered as a 

replacement to a chopped or blended diet, energy and protein intakes were shown to increase 

(Beck & Oveseen, 2004). Shaping pureed food has also been shown to increase energy intake 

and increase body weight (Cassens, Johnson, & Keelan, 1996; Germain, Dufresne, & Gray-
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Donald, 2006). It is not clear, whether these improvements are due solely to shaping of the 

pureed food or whether they are due to other confounding factors. For example, research showed 

that, as a result of finding the shaped foods more appealing and recognizable, staff made positive 

comments while feeding residents and offered entire portions rather than small bites (Germain et 

al., 2006). Therefore, staff members’ positive perceptions towards the treated products may have 

affected residents’ food intake. 

 Molded foods, however, are not always as well liked in comparison to their unmolded 

counterparts. A consumer liking study involving older adults with impaired swallowing revealed 

that molded purees were not as well liked in taste and overall liking, when compared to non-

molded peaches (Stahlman et al., 2001).  This may be due to the thickeners used to form the 

molded food. Thickening agents are needed to maintain the shape of the food through subsequent 

steps of freezing and re-heating the products (Heeps, 1994; Stahlman et al., 2001). Commercial 

thickeners have been shown to suppress the base flavours in food served to individuals with 

dysphagia (Stahlman et al., 2001; Matta, Chambers, Garcia, & Helverson, 2006). For example, 

the addition of a modified corn starch to a pureed peach product diminished peach and sweet 

flavours, while introducing starchier notes associated with the thickener (Stahlman et al., 2001). 

These flavour changes in the molded puree may have contributed to the lower liking of taste, 

when compared to the non-molded puree. 

 The preparation methods, equipment, and ingredient choices used to make pureed food in 

long-term care homes, may also play a large role in determining the nutrient outcomes of a 

resident on a pureed diet (Hotaling, 1992; Rothenberg et al., 2007). Due to the nature of some 

solid food items (e.g. meat, bread), the addition of liquid may be required to break down solid 

food particles into a pureed consistency (Keller et al., 2012). This could result in nutrient dilution 



14 

 

which means that greater volumes of food must be consumed to obtain the same nutrient density 

as the regular textured diet (Hotaling, 1992). Nutrient density is important to maintain in pureed 

products because large portions are not likely to be consumed by older adults with dysphagia 

(Dahl et al., 2007; Ney et al., 2009).  

 For food items, such as fruits that have high water content, the addition of thickeners may 

be required to increase the viscosity of the product. There is a need to investigate the efficacy of 

different thickeners to improve the texture and nutrition of pureed foods.  A common infant 

cereal has been previously added to  pureed vegetables and  has been found to significantly 

improve the texture and micro-nutrient content of the vegetables without discernibly altering 

their flavour (Kennewell & Kokkinakos, 2007). 

  There is also the issue of restricted foods in the pureed diet, which may lead to reduced 

intake of essential nutrients. Restricted foods are those which present a swallowing hazard and 

are therefore, not offered in the diet. Food items rich in fibre and folate/folic-acid (e.g. stringy 

green vegetables, beans with thick skins and grain-type food products) fall into this category. 

Older adults may be deficient in a variety of micro-nutrients, due to such dietary restrictions 

(Adolphe et al., 2009). Much more research is still needed to investigate the physical textural 

properties of pureed food that are important for swallowing and to ensure they are liked from a 

sensory perspective and are also nutritionally adequate. To assist with this, the development of 

standards is necessary. These standards would ensure swallowing safety for individuals with 

dysphagia and will also identify appropriate food substitutions for difficult to puree foods. 
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2.5.  Current pureed food standards 

In Canada, no harmonized national guidelines exist to guide the preparation of modified 

textured food for individuals with dysphagia. Standardized food texture terminology guidelines 

have been developed in other countries, such as the UK, USA, Australia, and Ireland (Jukes et 

al., 2012). Among these national descriptors, there is discrepancy over how many levels should 

be prescribed for the pureed diet. Both the Irish and UK dysphagia diet guidelines outline two 

different pureed levels, while the USA and Australia outline one. The Irish have adopted the 

Australian dysphagia diet guidelines and have modified them to include an added liquidized 

level for the pureed consistency. A study conducted in a hospital setting in the UK, to monitor 

food intake of individuals on a modified textured diet, suggests that although two descriptor 

levels of pureed food are indicated in the UK guidelines, only one pureed level is usually made 

in practice; this is the thicker pureed level (Wright et al., 2005). Specific details about pureed 

food provided by National dysphagia diet guidelines are shown in Appendix A: Table A-1.  

 Each of the national dysphagia diet guidelines also contain consistency descriptors and a 

list of food allowances/avoidances that can be used by facilities when making pureed food. In an 

Australian study where the uptake of the national dysphagia diet guidelines were investigated, 

the most common barriers for implementation of the guidelines included the lack of knowledge 

and time, as well as resistance to change (Jukes et al., 2012). Additionally, foodservice workers 

have been shown to lack knowledge about the risks and nutritional needs of individuals with 

dysphagia (Broz, 2009). This emphasizes the need to increase education about dysphagia and 

modified textured food standards to all staff involved with preparation, serving, and feeding. 
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  A compilation of characteristics from all national dysphagia diet guidelines, for any 

pureed food item made, are outlined in Table 2-2. The descriptors used are subjective and 

provide no quantitative guidelines for making purees. These national dysphagia guidelines also 

provide suggestions to achieve the right pureed food texture as listed in Table 2-3. Although 

facilities may choose to produce the thicker pureed consistency to minimize the risk of 

aspiration, some individuals may benefit from being put on a thinner/liquidized pureed food 

consistency. Recommendations of appropriate pureed texture for individuals with dysphagia may 

need to be done on a case-to-case basis. It has been reported that individuals with reduced 

pharyngeal peristalisis may show stasis or pooling of swallowed materials worsening when more 

viscous materials are swallowed (Logemann, 1998; National Dysphagia Task Force, 2002). 

These individuals have been reported to benefit from being fed semi-solids and liquids, in an 

alternating fashion, to aid with pharyngeal clearance (Logemann, 1998) and therefore may 

benefit from being fed a thinner pureed consistency. To ensure that a product is sufficiently made 

to reduce the risk of aspiration when serving thinner liquidized purees, the UK standards suggest 

that a disposable plastic spoon must be able to stand upright in a mound of puree (Table 2-3). 

Although the suggestions made by national dysphagia guidelines can provide some form of 

quality control, no objective texture benchmarking instrument has been suggested that accurately 

measures intra-oral textural properties important for swallowing.   
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Table 2-2: Compilation of descriptors for any pureed food texture made and special notes
1
 

 

Table 2-3: Testing methods suggested by national dysphagia diet standards for pureed 

texture
1
 

Description & Characteristics  Special Notes 

• Moist 

• Smooth throughout 

• Does not require chewing 

• Cohesive 

• Lump-free (no fibres, skins, shells, 

husks, bones/gristle)  

• Pudding-like 

• Homogenous  

• May have a slightly grainy quality but does 

not contain lumps 

• Any fluid on or in food must be as thick as 

the puree itself 

• Some may benefit from being on liquidized/ 

thin puree 

 

1 
Descriptors and special notes compiled from American, United Kingdom, Irish and Australian 

dysphagia diet standards 

Smooth / thick puree 

• Can be eaten with a fork 

• Hold shape on spoon or when scooped 

• Maintain position on plate without ‘bleeding’ into one another 

• Can be molded, layered or piped 

 

Liquidized / thin puree 

• Can’t be eaten with a fork 

• Does not hold shape on plate or when scooped 

• Spreads out if spilled 

• Can’t be piped, layered or moulded 

• Disposable plastic teaspoon must stand upright when head fully covered. If it does not do 

this, the texture is too thin. 

• Can be taken through a wide bore straw 

1
Testing methods compiled from American, United Kingdom, Irish and Australian dysphagia 

diet standards 
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2.6. Textural measures of pureed foods 

 

Although qualitative descriptors of pureed food are useful in a clinical setting, much 

more research is needed to characterize the physical and perceived textural properties of pureed 

food (Wendin et al., 2010). The National Dypshagia Diet Task Force (2002) has identified 

textural characteristics that are important for swallowing. Five of these terms can explain 

characteristics in semi-solids with a pureed consistency and these are shown in Table 2-4.  

 

 

Table 2-4: Textural properties of pureed food important for swallowing (National 

Dysphagia Task Force, 2002; Garcia, 2010) 

Food Texture Description  Example 

Adhesiveness The work required to overcome attractive 

forces between the surface of a food and 

another surface to which it has in contact 

Removing peanut butter 

from the palate requires 

more effort than removing 

marshmallow fluff 

Cohesiveness The degree to which the food deforms rather 

than shears when compressed 

Pudding is more cohesive 

than gelatin dessert 

Firmness The force needed to compress a semisolid 

food 

Cream cheese requires 

greater forces to compress 

than whipped cream 

Viscosity The rate of flow per unit force Harder to draw up 

milkshake than water, 

through a straw by suction  

Yield Stress The minimum amount of shear stress that 

must be applied to a food before flow begins 

Effort of ketchup to flow 

from of bottle vs. water 
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One of the most important characteristics is bolus viscosity as this can affect swallowing 

efficiency and safety in older adults (Bisch et al., 1994; National Dysphagia Task Force, 2002). 

In various studies, it has been shown that increasing the viscosity of food to a paste, pudding or 

pureed consistency improves swallowing (Bisch et al,, 1994; Bhattacharyya, Kotz, & Shapiro, 

2003; Clave et al., 2006). Increasing bolus viscosity was also shown to improve bolus wave 

amplitude and increased clearing contraction in the pharynx (Raut, McKee, & Johnston, 2001). 

In other studies however, highly viscous foods (e.g. peanut butter, honey, hazelnut spread, cream 

fraiche) resided longer in the mouth, which was related to an increase in the perceived difficulty 

of swallowing (Chen & Lolivret, 2011). The increase in oral residence time may require more 

saliva to be incorporated into the food bolus to increase flowability of the food (Chen & Lolivret, 

2011).  

 Different foods of different viscosities have been shown to travel at different velocities in 

the pharynx during swallowing (Chen & Engelen, 2012). For example, boluses of semi-solid 

foods travelled at a speed of 0.1m/s, whereas an increase in speed was observed with fluid 

yoghurt (0.2 m/s) and maximum velocity was seen for water (0.5 m/s) (Hasagawa et al., 2005). 

Although instrumental measures of viscosity are important for understanding how safe a food is 

for swallowing, few instrumental measures accurately predict dynamic intra-oral conditions 

(Funami, 2011). Paik, (2004) measured viscosities using a viscometer set at a constant shear rate 

of 50/s and 37°C temperature. The lubricative effect of saliva, however, was not included in the 

study, making viscosity measurements not indicative of real bolus viscosities during swallowing. 

When pureed food is subjected to α- amylase in saliva and various shear rates  in the mouth, the 

viscosity of the food bolus may be altered (de Wijk, Prinz, Engelen, & Weenen, 2004; de Wijk, 
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Janssen, & Prinz, 2011; Chen & Engelen, 2012). Shear rate is another factor which needs to be 

considered. One of the underlying factors is the effect of oral shear rates on the food bolus during 

swallowing (Casanovas, Hernandez, Marti-Bonmati, & Dolz, 2011). In-mouth shear rates have 

been heavily debated but the most used and agreed upon value is 50/s (National Dysphagia Task 

Force, 2002; Paik et al., 2004; Casanovas et al., 2011). Intra-oral shear rates, however, have been 

reported to be anywhere between 1/s-1000/s in a normal swallow (Shama, Parkinson, & 

Sherman, 1973; Payne, Methven, Fairfield, & Bell, 2011). The food bolus is likely subjected to 

various shear rates in the mouth, depending upon the viscosity of the food bolus (Casanovas, 

2011). More research is needed to investigate oral shear rates between individuals with and 

without swallowing impairments.   

 In addition to measuring viscosity, a number of other instrumental approaches have been 

used to characterize texture and flow of pureed foods. These tests range from texture profile 

analysis to back extrusion (Stahlman, 2001; Wendin et al., 2010). In each of these studies, 

different equipment types and testing parameters were used, making it impractical to cross-

reference results. This problem has been reported in industry, where viscometers and set shear 

rates of the viscometers varied from one laboratory to another, producing different viscosity 

measurements of the same sample (National Dysphagia Task Force, 2002).  

 The texture profile analysis (TPA) is a type of imitative test, meant to simulate the 

mastication process, where food with a standard size and shape is placed on a base plate and a 

moving platen above the sample, descends onto it, compressing the sample to approximately 

10% of its original height (Bourne, 2002). The two-cycle process of the moving platen is meant 

to represent the first and second bite of the teeth during eating (Bourne, 2002). Many older adults 

with dysphagia who require pureed food, may have impaired oral preparatory abilities and are 
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not able to masticate the food. This limits the ability of TPA to imitate the consumption of 

pureed food, under the conditions that it would normally be consumed by individuals with 

swallowing impairments. Although the TPA may be ideal to quantify the texture of solid foods, 

it is not as easily applied to liquid foods (Pollen, 2002).  

 However, there have been studies where TPA has been conducted on formed pureed food 

products (Dufresne & Germain, 2009; Houjaij et al., 2009). The texture parameters extracted 

from the TPA curves of the re-shaped purees used in these studies were very small (Dufresne & 

Germain, 2009; Houjaij et al., 2009). For example, in some of the re-shaped pureed vegetables 

and cakes, adhesiveness values were small, indicating that the tested products were not sticky 

(Dufresne & Germain, 2009). It is not clear how well some of the texture values measured from 

the TPA were able to discriminate between these pureed products.  

 Other methods, such as back extrusion may be better suited to measure viscosity and 

other textural properties in semi-solid foods (Osorio & Steffe, 1987). In this method, the product 

would be inserted into a container and a probe or a platen descends down into the sample, 

displacing the product upwards. The benefit of the back extrusion is that it is a relatively simple 

test, in which the force is independent of the sample weight used. Therefore, the sample size has 

little effect on the force to begin extrusion (Bourne, 2002). Many studies have combined the use 

of the back extrusion and TPA analysis in semi-solid foods (Rawson & Marshall, 1997; 

Tymchuk, 1999; Bourne, 2002; Groher, Crary, Carnaby Mann, Vickers, & Aguilar, 2006; James 

et al., 2011; Oroian, Escriche & Gutt, 2011; Nasaruddin, Chin & Yusof, 2012). The idea is that a 

back extrusion cell is used to effectively measure texture parameters typically obtained in TPA 

analysis (e.g. firmness, consistency, cohesiveness, adhesive force and adhesiveness) (Rawson & 

Marshall, 1997; Bourne, 2002; James et al., 2011). These parameters are obtained from a Force-
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Time (F-T) curve, resulting from the downstroke (positive curve) and upstroke (negative curve) 

of the back extrusion probe. An example of this is shown in Figure 2-2.  

 

 

Figure 2- 2: An example of a force-time curve obtained from the back extrusion (Adapted 

from Nasaruddin et al., 2012) 

 

 

Varied texture parameters have been defined for the maximum negative force and negative area 

obtained from the F-T curve (Fiszman & Damasio, 2000). In most studies on semi-solid foods, 

the area of the negative curve from the first upstroke is defined as adhesiveness and the 

maximum negative force on this curve is defined as adhesive force (Fiszman & Damasio, 2000). 

 Viscometers and texture analyzers are impractical for use in a long-term care setting 

(Broz, 2009). Therefore, other simple table-top tests are needed to provide quick, accurate and 

reliable standardization for the serving of pureed foods to individuals with dysphagia. The line 
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spread test has been trialled with pureed foods and correlates well with both perceived sensory 

measures (Mann & Wong, 1996; Mann et al., 2000) and the log of viscosity from instrumental 

tests (Paik et al., 2004). Other studies however found that the line spread test did not correlate 

well with the viscosity of liquids and pureed foods that were served to individuals with 

dysphagia (Dahl, 2005; Nicosia & Robbins, 2007). These types of simple tests may provide an 

objective and cost-efficient method for use in institutionalized settings.  

 In the year 2030, Canadian older adults (≥ 65 years of age) will make up about 20-25% of 

the population (Mackenzie et al., 2010). This statistic will likely mean a rise in the prevalence of 

old-age associated diseases, leading to an increase in number of individuals with dysphagia. 

Much more research is required to improve the efficacy of modified textured food served to 

individuals with dysphagia and both qualitative and quantitative standards are needed to 

guarantee swallowing safety and maximize food intake. 
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CHAPTER 3: PRODUCTION OF PUREED FOOD IN LONG-TERM CARE: 

CHALLENGES & PREFERRED PRACTICES 

3.1. Abstract 

Texture modification of foods to a pureed consistency is a common management 

approach for older adults with dysphagia. Many long-term care homes (LTCHs) commonly 

produce pureed food in-house. This study investigated challenges and preferred practices 

associated with the production of pureed food in LTCH. Nutrition Managers (n=27) and cooks 

(n=26) from 25 Ontario LTCH were recruited for one-on-one, semi-structured interviews. 

Interviews were digitally recorded, transcribed and analyzed using qualitative content analysis. 

Five challenges in production, included: 1) deviating from using standardized recipes, 2) varied 

interpretation of Ministry guidelines, 3) lack of a common language to describe pureed food, 4) 

finding/defining an acceptable end-point texture, and 5) lacking visual appeal. These challenges 

were reported to reduce the quality of pureed food. Preferred practices to overcome these 

challenge involved having cooks involved in pureed recipe improvements and tailoring recipes to 

the specific needs of residents. Understanding the processes and challenges involved with in-

house production is the first step towards improving practice.  
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3.2. Introduction  

 Although few studies have investigated the clinical effectiveness of modified textured 

food (Germain et al., 2006), it remains the most common compensatory technique prescribed by 

clinicians (Steele et al., 2003; Ney, 2009: Garcia & Chambers, 2010). A pureed food and 

thickened liquid diet is often the first precautionary recommendation given to individuals with 

suspected dysphagia (Steele et al., 2003). In LTCHs, approximately 15-26% are on some form of 

a pureed diet (Hotaling, 1992; Cormier et al., 1994). 

 The quality of pureed food can exacerbate complications associated with dysphagia. For 

example, many foods require the addition of liquid to prepare a smooth, ready-to-swallow pureed 

consistency. Adding fluid can negatively alter the nutritional density and visual appeal of the 

food product. A nutritionally deplete pureed product would require greater volumes to be 

consumed to meet nutritional needs, which is often not a viable option for older adults with 

swallowing difficulties (Hotaling, 1992; Dahl et al., 2007).   

 Pureed foods in LTCHs have also negatively been described as unrecognizable or lacking 

visual appeal (Hotaling, 1992; Stahlman et al., 2001). Low interest and consumption of pureed 

food may heighten the risk of malnutrition and dehydration, decreasing the QOL for older adults 

with dysphagia (CASLPO, 2007). Since appearance, taste and texture all play a crucial role in 

food acceptance (Cormier et al., 1994; Easterling & Robbins, 2008), it is important to provide 

food that will meet both the nutritional and sensory needs of this population of older adults.  

 In LTCHs, pureed food can be commercially outsourced or prepared in-house (Anciado 

et al., 2012). The cost and lack of variety to match the regular-textured menu are some of the 
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barriers that prevent dietary staff from purchasing pureed foods (Anciado et al., 2012). It is 

therefore common for therapeutic pureed foods to be prepared in-house in LTCHs (Hotaling, 

1992; Dahl, 2005; Houjaij et al., 2009; Keller et al., 2012).  

Little is known about LTCH production processes for pureed food to ensure that dishes 

are safe, palatable and nutritionally adequate. Research is needed to identify the current practices 

and challenges for in-house production of this texture, to determine commonalities in practice, 

which can aid in shaping improvements in production. The study was conducted to begin to 

address this gap. Specifically, the objectives of this work were: 1) to obtain an in-depth 

understanding of practices that are currently being used for facility-produced pureed food and 

challenges faced in the production of this food, and 2) to identify current preferred practices to 

overcome these challenges.  

 

3.3. Methodology 

 Qualitative methods are preferred when there is limited research and literature upon the 

subject being studied (Hsieh & Shannon, 2005). Qualitative research can provide background 

knowledge over a particular problem area, to further understand a specific phenomenon in a 

naturalistic, context-specific setting (Hoepfl, 1997). Since the primary focus of this study is to 

understand the issues and preferred practices with pureed food production in a long-term care 

setting, semi-structured interviews with Nutrition Managers (NMs) and cooks in LTCH were 

deemed best suited to answer the research objectives. An interview guide with closed and open-

ended questions, was used for all interviews; one specific to each group of staff. This guide went 
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through several drafts and was modified after the first few interviews to ensure that a full 

exploration of the research questions was attained. The open-ended questions allowed for 

participants to express their thoughts and unique experiences.  The NM interview included more 

planning and procurement-type questions, whereas the cooks were asked more preparation-

related questions. Additional questions were asked by researchers if responses required further 

exploration. A tour of the kitchen was also provided, to observe production of pureed food in the 

kitchen and provide context to the interviews. Recruitment and data analysis methods are shown 

in Figure 3-1. 
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Figure 3-1: Recruitment & data analysis 

RECRUITMENT AREA 

RECRUITMENT POOL 

VOLUNTARY 

PARTICIPANTS 

DATA COLLECTION 

DATA ANALYSIS 
Qualitative content analysis 

1. Transcription of audio 

recordings 

2. Code book & coding by two 

researchers 

3. Identification of main themes 

Nutrition Managers  

(n = 27) 

Cooks 

(n = 26) 

 

Long-term care homes in Ontario (n = 25) 

One-on-one interviews 

(with NMs and Cooks)
1 

10 Local Health Integration Networks (LHINs) 

Kitchen tour 

observations
2 

ELIGIBILITY CRITERIA 

Dissemination of study via website postings and member 

e-mails (i.e. OSNM, CSNM, OLTCA and A-HA) 

 

RECRUITMENT METHOD 

LTCH where participants work must prepare 

ALL or SOME pureed food in-house 

1
Face-to-face interviews conducted for 22 LTCHs within two-hour driving distance from the University of 

Guelph. Participants from three LTCHs conducted interviews via phone and kitchen observations were not 

included. Semi-structured interviews with guiding questionnaires were used for all interviews 

2
Interviews with Cooks coincided with the tour of the kitchen. Notes on kitchen tour observations were written 

to provide context to interview data 
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Recruitment 

Clearance for the research was obtained from the University of Guelph Research Ethics 

Board (#10NV009); all participants signed a consent form prior to the interview. The Ontario 

Society of Nutrition Management (OSNM), Canadian Society of Nutrition Management 

(CSNM), Ontario Long Term Care Association (OLTCA) and the research group, Agri-Food for 

Healthy Aging (A-HA), assisted in recruitment.  Posters and short information notices of the 

study were disseminated electronically via website postings and member e-mails. Various NMs 

contacted researchers to indicate their voluntary interest in participating in the study.  A form 

which included background information (location, LTCH size, profit status and number of 

people on pureed food) and demographics was sent via e-mail for completion before interviews 

were conducted; this ensured that participants met eligibility criteria. To be eligible, both the 

perspectives of NMs and cooks were required, and the home had to prepare some or all of their 

pureed food in-house. Participants from 22 LTCHs within a two-hour driving distance from the 

University of Guelph were interviewed in-person and their kitchens toured.  Participants from 

three LTCHs outside a two-hour driving distance had interviews completed by telephone and no 

kitchen tour. Dietary staff from one home was interested in participating in the interviews but 

were not eligible as they did not produce any pureed food in-house and staff from two LTCHs 

were eligible but did not participate as they were unable to be contacted. 

Participant demographics 

NMs (n=27) and cooks (n=26) from 25 LTCHs were interviewed. In three cases, NMs 

who had previously worked as cooks completed both questionnaires, as Cooks who were 
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preparing meals for the day were unavailable to complete interviews. All NMs who answered the 

Cook’s questionnaires gave detailed answers and were knowledgeable about current food 

production in the kitchen. Additionally, in six homes more than one cook or more than one NM 

was interviewed. Two NMs, from two different homes were Regional Managers or Menu 

Support Specialists and were involved in creating standardized pureed recipes for seven of the 

homes. The convenience sample was diverse. NMs and cooks were recruited from a range of 

homes varying in ownership status, size, and geographical area (Table 3-1). 
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Table 3-1: Location, bed size, profit status and pureed food diet status by homes 

 

 

 

  

  

  

 

  

  

 

  

 

 

 

 

 

 

 

 

 

 

Home demographic 

*Distribution of 

recruited homes 

by Local Health 

Integration 

Network (LHIN) 

Location* n % 

Central  

Waterloo/Wellington 

South West 

Hamilton/Niagara/Haldimand/Brantford 

Central West 

North Simcoe Muskoka 

Toronto Central 

Central East 

North East 

North West 

2 

3 

6 

3 

1 

2 

2 

4 

1 

1 

8 

12 

24 

12 

4 

8 

8 

16 

4 

4 

 
Bed Size n % 

 <75 

75-149 

150-224 

225-300 

300+ 

4 

8 

10 

2 

1 

16 

32 

4 

8 

4 

 
Profit status n % 

 For-profit 

Non-profit, municipal & charitable 

 

16 

9 

64 

36 

 
# of Residents on a pureed diet n % 

 0-10% 

11-20% 

21%-30% 

5 

17 

3 

20 

68 

12 

 
Pureed food procurement n % 

 All pureed food prepared in-house 

Commercially purchase & in-house 

preparation  

22 

3 

88 

12 
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Data Collection 

Interviews, completed by two trained researchers, took approximately 45-60 minutes to 

complete, were audio recorded and supplemented by hand written notes used to provide further 

context; one interviewer completed all face-to-face interviews, while the second completed the 

telephone interviews near the end of the data collection period. The cooks and NMs were 

interviewed separately, with NMs completed first to provide background on planning of pureed 

diets. Interviews with cooks coincided with the tour of the kitchen.  The tour of the kitchen also 

included observation of one or more pureed item being made. Notes on these observations were 

written at the time of the tour and elaborated upon, after leaving the field to provide context to 

interview data.  

Data analysis 

 Interview recordings were transcribed and checked for accuracy. Closed-ended questions 

related to demographics of the home, individuals on modified textured food or specific products 

or equipment used to prepare modified texturs, were counted to quantify frequency of responses. 

This data was then tabulated in an excel sheet. To minimize bias and promote correspondence of 

findings, the rest of the data were analyzed by the two interviewers with minimal interpretation 

using methods of qualitative content analysis. This analysis involves systematically classifying 

interview data into codes for the purpose of organizing large quantities of text into smaller 

categories (Hsieh & Shannon, 2005). Each researcher read several transcripts, identifying 

potential codes.  The researchers met with the second author to review their draft codebooks and 

identify how codes could be collapsed and refined. Since this method of analysis is highly data-
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driven, researchers were not biased towards their own theoretical interests (Hsieh & Shannon, 

2005). The interviewers then equally split the data set (53 interviews) and independently coded 

their half with the revised code-book. The first author then clustered codes by systematically 

examining, re-arranging, eliminating, adding or sub-categorizing to finalize the qualitative 

content analysis (Braun & Clarke, 2006). The first author took early drafts of this qualitative 

description to the other authors for review and refinement. Reflexivity was practiced by 

researchers throughout this process by sharing experiences and avoiding preconceived categories 

(Kondracki, Wellman, & Amundson, 2002).  

3.4. Results 

Challenges 

There were a variety of challenges, reported by dietary staff, with in-house pureed food 

production. Challenges could be categorized under five headings: 1) deviating from using 

standardized recipes, 2) varied interpretation of Ministry guidelines, 3) lack of a common 

language to describe therapeutic pureed food, 4) finding an acceptable end-point texture and 5) 

lacking visual appeal. These challenges were reported to affect the quality of pureed food. 

 

Deviating from standardized recipes 

 

Standardized recipes for all food textures, including pureed, in LTCH is a Ministry of 

Health and Long Term Care (MOHLTC) requirement. Participants described using standardized 

recipes from a recipe database, often provided by large foodservice suppliers (e.g. Sysco and 
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Gordon Food Service). A binder/book of standardized recipes was observed to be readily 

accessible to cooks in the kitchens. However, these recipes were not consistently followed by 

cooks. Many NMs and cooks reported using recipes only as a starting/ reference point for 

production and as many cooks had worked over 10 years in their current jobs (Appendix B: 

Table B-2), pureed food were often produced from memory. For example: 

 

I think it’s very useful for new staff, like for new cooks. Okay, what do we do with this apple 

pie? It would give a guideline what to do. The cooks have worked for X number of years so 

are they going to open the book to apple pie to see how? No… so it’s a guideline it’s a 

reference tool… you want to make sure you’re getting the right consistent product but they 

don’t necessarily need to follow those recipes everyday, every minute. (NM#11) 

 

 

Based on comments from participants, recipes were most useful as this reference for the 

occasional preparation, or in the case of developing skill in new cooks. Pureed food preparation 

also required more trial-and-error, which necessitated deviating from the standardized recipes. 

For example, “You need to take into account that it’s going to have to be heated up again and 

could start gelling together and maybe getting thicker. It’s trial and error.... you just have to 

improvise. (NM #16)”  

As well, some NMs and cooks reported not trusting the instructions/ingredients in the 

standardized pureed recipes and described problems with attaining an appropriate texture and 

flavour when following them. As a result they had to rely more on their instinct and experience 

when preparing pureed foods: 

 

 I think when you first start that would be useful to follow but yeah they [recipes] are 

sometimes are a little bit off...I made teriyaki chicken and I followed the recipe to the pureed 

recipe it was so strong. When you are pureeing, some things you just know by experience. 

(C#21) 
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Participants questioned if standardized pureed recipes were fully tested as ingredients and 

amounts of spices, were often surprising. As well, the recipe did not always provide the 

consistency that was expected for this texture. As such, standardized recipes were not considered 

useful unless they were modified.  

 Seventeen (68%) homes reported altering the standardized recipes.  For example, 36% of 

cooks and NMs mentioned the use of bread, crackers, or flax flour and other natural thickeners as 

a better choice than the commercial modified corn starch specified in recipes.  Thickeners were 

reported to be required in high moisture food items such as vegetables, fruits, and soup purees. 

The majority of dietary staff were in agreement that the use of commercial thickeners should be 

limited for pureed foods. Concerns were raised over thickeners displacing naturally occurring 

nutrients and diminishing flavours in the pureed products (Appendix B: Table B-1). Standardized 

pureed recipes were also reportedly altered to improve textural quality and taste. Specifically, 

dietary staff reported inaccurate amounts and poor choices, of liquid or ingredients.  As stated by 

this participant, “The recipe did call for bean sprouts and when you puree that it gets really 

watery …we kind of experimented and we didn’t end up putting the bean sprouts in the food 

processor and it worked. (NM#19)” Individualization of corporate recipes, integrating their own 

style of cooking or adding different flavours/spices to suit the preferences of residents at the 

home was a common practice: 

They are more than encouraged to change the recipe and all they need to do is write on the 

recipe book the changes, they’ve taken this spice out or added that spice or whatever and 

then the FSM [food service manager] initials it to say that it’s okay. And this passes through 

the Ministry. This is what they like to see happen. Because then you get it to more home-

specific. And standardized recipes are great but each home has their own little quirks as to 

how they like to eat so this is where they should play with their recipes more. (NM #20) 
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 Another issue observed related to the shortcomings of standardized recipes, was the 

tendency for many pureed recipes to not give detailed ingredients or amounts to be incorporated 

during processing. For example, different vegetables may require different amounts of liquid but 

instructions were found to be generic: “So for 500 ml of vegetables, you’re going to add 75 ml of 

water. Then they might say season to taste or something. Well, carrots say, puree differently than 

peas. Peas puree differently than broccoli or cauliflower. They’re sort of generic. (NM #25)” For 

pureed meat items, the type of meat to be used was not often specified in recipes but participants 

described developing their own formulation, such as the use of a combination of white and dark 

turkey meat, to process into a puree (Appendix B: Table B-2) 

 Finally, the number of servings indicated on standardized pureed recipes may not match 

daily production needs. Fluctuations in numbers occur often, as residents are switched on and off 

a pureed diet or residents are admitted to hospital. Cooks and NMs needed to adjust 

ingredients/liquid quantities in standardized recipes to respond to this fluctuating number. 

 

Varied interpretation of Ministry guidelines 

 

 Interviewees discussed the challenge of trying to match up to MOHLTC compliance 

officer’s expectations and their own standardized recipes for pureed food production. This 

‘misalignment’ made it difficult to determine how best to prepare and serve some pureed foods.  

Specifically, this involved the interpretation of regulations for the pureed menu. The LTC Act 

indicates that a menu plan must “include menus for regular, therapeutic and modified textured 

diets for both meals and snacks” Long-Term-Care Homes Act, 2007, Ontario Regulation 79/10, 
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s.71 (1b) (Ontario Regulation 79/10, 2010). From this statement, it is unclear whether or not a 

separate menu is allowed for pureed diets, or the modified textured menus must match the 

content of the regular menu. However, the LTC Occupancy Plan Requirements, a manual 

followed by operators of LTC facilities, states that, “texture modified menus must follow the 

regular menu as closely as possible”.   

 The Ministry conducts inspections at least once a year to monitor compliance with 

Ontario LTC program standards, policies and regulations and non-compliance with dietary 

standards may result in a citation.  For example, a participant reported that their home had been 

cited for providing pureed food items that were not similar to the regular-textured food: 

 

 I have to say too we never pureed our resident food in-house up until two and half years 

 ago so  everything was commercially bought and we were cited by compliance for the 

 menu not following. Even though we had made a separate menu they still didn’t feel it 

 was adequate they still wanted it to follow whatever the regulars were getting. (NM #12) 

 

 

Some participants reported attempting to literally puree the regular diet to meet the 

manual requirement. However, such a literal translation of this standard was also reported as a 

potential violation as a swallowing hazard could occur, when items not readily modified were 

included.   Another LTC Act regulation states that pureed food does not need to exactly match 

the regular-textured food, especially if swallowing safety will be compromised. In the Long 

Term Care Act, 2007, O. Reg. 79/10, s. 72 (2e), it is written that menu substitutions can be made 

as long as they are comparable to the planned menu (Ontario Regulation 79/10, 2010). 

Participants expressed frustration over these contradicting instructions: 

  Homes have gotten in trouble for having those little seeds in their strawberries, well 

 how do you get rid of them? And then if you offer the residents something different 

 then you get in trouble for not having, giving them the same thing. (NM#2) 
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Some participants reported that they were told by compliance officers that pureed berries 

were unsafe and as a result this item was substituted with applesauce. Overall, dietary staff 

reported requiring more alignment and consistency between instructions given by corporate 

menu planning systems, the Ministry, and the home.  

 

Lack of a common language to describe pureed food 

 

When NMs and cooks were asked to describe the ideal pureed food texture; responses 

varied greatly, as indicated in Table 3-2.  

 

Table 3-2: Descriptors used by dietary staff for the "ideal pureed texture" 

Descriptors
1
 #NMs/Cooks using descriptor 

Pudding-thick 15 

Holds shape on a plate / does not spread or run 13 

Soft, Smooth, mousse-like, lump-free 12 

Baby food 7 

Mashed potato 3 

Applesauce 2 

Nectar 2 

Honey 2 

1
Note: Some dietary staff used more than one descriptor to describe pureed food textures 



39 

 

The majority of dietary staff described pureed food texture to be of a pudding-like 

consistency, with a soft/smooth consistency. Of utmost concern however, are responses such as 

“baby-food” or descriptors used to describe thickened liquids (eg. honey, nectar consistency).  

Lack of consistency in terminology is a considerable challenge as this limits clear 

communication among facilities, NMs and cooks within the same facility, and when attempting 

to meet their goal of nourishing residents with dysphagia. 

 

Finding an acceptable end-point texture 

 

 No practical, objective measurement method was used to standardize texture/consistency 

in any of the LTCHs represented in this study (Table 3-3). As described by this participant, they 

“Eye-ball. They’ve been shown [that it] doesn’t ooze and doesn’t run on the plate. But there isn’t 

any mechanical means to see if they’ve reached a certain consistency. (NM #13)”.  In addition to 

unclear standards for consistency, lack of acceptable texture was also noted when foods with a 

high water content were pureed, resulting in a watery texture. Water and fat could also separate 

out of some products.  Pureed food that did not hold its shape when plated was undesirable and 

influenced visual appeal, as described below: 

 

  Texture and the consistency is always the biggest concern. The taste no, but the texture 

 and appearance will go hand in hand. If you don’t have the right texture, if its too watery, 

 or too soft, or not soft enough, it would also reflect the appearance of it. (NM #18) 

 

Participants also mentioned that little, to no guidance was provided by their head office 

or the Ministry for pureed food substitution ideas, particularly for difficult-to-puree items that 
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may present a swallowing hazard. Some reported being unsure about what changes or 

substitutions to make if a solid textured food item was not safely modified 

 

 

 

Table 3-3: Methods used by staff to determine the appropriate food texture 

 

Lacking visual appeal 

 

 Dietary staff was consistent in their perception that the area requiring the most 

improvement in the production of in-house pureed food was the visual appeal. Appearance was 

not only important for residents, but also for staff: “Presentation when you’re serving with 

pureed is very important. Even if the residents do not recognize it, still the people around them 

do. ‘I wouldn’t eat that because it’s gross.’ We try to do the best. It’s very important. (C #3)   

 

 

Method
1
  Frequency of use 

Visual 

 E.g. eyeballing, visual comparison to picture of commercial purees, holding a 

spoon vertically and watching flow rate 

 

 

10 

Tactile 

 Taste (i.e. feeling for flow and particles in the mouth 

 Finger-roll method (i.e. rub two fingers together, feeling for particles) 

 

5 

3 

  

Sound 

 E.g. listening for complete breakdown from sound of the food processor 

 

2 

 

No methods 

 

5 
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Garnishes and molding were seen as two ways to improve appearance. Dietary staff wanted to 

learn more garnishing ideas to enhance presentation on the plates:  

 

  It would be nice if we can garnish and again I know we garnish the normal like we 

use green onions a lot but then to puree green onions we might not get the look we 

were looking for. So we’re open to [the] idea. (NM #19) 

 

Thirteen (52%) homes expressed interest in piping or molding to increase appeal and 

consumption. There was a concern, however, that molding would take too much time:  

 

Shaped pureed foods in the molds are cool. So, you have these frozen pucks. You have all 

these nice moulds but you’re going to heat them up but how? You just have to do one by 

one! This is for hospital setting not for long-term care setting because we don’t have that 

much space. We have to have potato, vegetable and meat, and two options for each. So I 

wouldn’t use the molding method.  (NM #4) 

 

 

At one home that previously practiced piping of pureed food, weight gain and increased 

enjoyment for food was observed in residents. This practice, however, was terminated by 

MOHLTC officers, as it was found non-compliant with the regulated scoop sizes and concerns 

were raised over unknown amounts of volumes being plated.  

Towards Improving Pureed Food Preparation Practices 

Interviews with NMs and cooks revealed two current preferred practices that can be the 

basis for best practices for in-house pureed food production. These practices include involving 

cooks in pureed recipe formation and improvement and tailoring to the needs of residents on 

pureed food. 
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Involving cooks in pureed recipe formation & improvements 

 

The role of cooks in pureed recipe development and improvement varied considerably 

and was somewhat dependent upon management overseeing dietary services, home ownership 

status, and the experience of cooks. About 20% of cooks reported not having any type of input in 

the development or improvement of pureed foods, while others believed their input was only in 

following the recipes or ensuring the food was palatable and properly seasoned. A few cooks 

were much more involved, supported by NMs who trusted them to make the required changes to 

standardized recipes, ensuring they were properly formulated: 

  [Cook name undisclosed] is great for giving recipe suggestions as well. So instead of 

 this, why don’t we try this. So she’ll hunt for a proper recipe for us and then we’ll put it 

 into the system to adapt it for volume and she’ll make it for a couple of times, and then 

 adapt it for measurement, seasonings and things just to make sure that they’re 

 accurate. So there is a process to get it where it needs to be. And then we finalize it and 

 then we can put it in. So sometimes she has to adjust certain things, once we create a 

 new recipe. (NM #10) 

 

 

NMs that supported their cooks in this way recognized that the cooks were the true 

experts as they were the ones making puree everyday. Corporate NMs relied on the input of 

cooks to change standardized recipes, for example, identifying how much and the type of liquid 

to be added. This information was then translated into new standardized recipes.  

 

Tailoring to the needs of residents on pureed food 

 

 Flexibility and authority to tailor pureed foods to the needs of residents was seen as a 

preferred practice. A barrier to understanding preferences was the inability of residents who 
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consumed these foods to communicate; over three quarters of NMs stated that cognitive 

impairments influenced communication and thus understanding of preferences. Many individuals 

who were on a pureed diet were reported to require feeding assistance. Staff who were involved 

with feeding residents on pureed food were often relied upon to communicate residents’ food 

preferences. They were reported to observe residents’ non-verbal actions, such as which food 

items were looked at longer, as a means of understanding which foods were desired. Developing 

likes and dislikes specific to the resident with family as well as relying on Resident Council input 

was also noted as ways to determine preferences.  

About a third of participants reported that hot dishes were preferred by residents as 

compared to foods prepared at room temperature. Pureed salad was most often described as an 

item disliked by residents. Similarly, sandwiches, cold-cut meats, and wraps were not favoured: 

these items were usually served at tepid temperatures. Attempts to make these items often 

resulted from a desire to make the pureed food consistent with the regular menu. However, 

others tailored foods to meet the preferences of individuals on pureed food. For example, at 

Home #7, if a salad and beef sandwich were on the regular menu, hot parsnips and beef meat pie 

with gravy were offered for the pureed diets. In addition to hot foods, sweeter items, such as 

deserts, pureed bananas or sweet potatoes were prefer  red over meats and vegetables. As one 

NM explains, “sweet is the last thing that seems to go on the residents’ taste buds and they 

always go for sweet” (NM#6). 

The dynamic cultural background of residents living at the facility may dictate what type 

of foods NMs incorporate into the pureed menu. Residents at some rural community homes 

(n=4) were reported to prefer traditional-type pureed foods and generally tended to avoid novel 

foods that had unfamiliar names (e.g. Turkey chilli). Other facilities (12%) incorporated 
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culturally diverse pureed foods into their menus, reflecting the demographic of residents at the 

home. Some homes, where the majority of residents were from a specific ethnic group, prepared 

specialty dishes as pureed items (e.g. Chinese vegetables). Dietary staff strived to provide for 

cultural, religious and personal dietary needs as a best practice.   

Finally, the process of pureeing food resulted in changes to nutrition, flavour, and 

appearance of food.  Having the flexibility to adjust standardized recipes to result in the best 

quality product was noted as essential to compensate for these changes. It was generally agreed 

upon by participants that minimizing the use of thickener and liquid in pureed formulations, 

would result in a more nutrient-dense product. Although for many foods, flavour and smell were 

the same as for regular texture, some pureed food items were reported to have taste and odour 

that was diminished or enhanced. Specifically, pureed liver and brussel sprouts had enhanced 

tastes and smells that needed to be tempered with recipe adjustments. Cooks compensated for the 

enhanced smell in pureed liver by incorporating half of the meat as beef and half as liver.  For 

salads with a mild flavour, low-fat salad dressing was used to enhance taste. Cooks also outlined 

other tips for successful pureed food preparation. These collated tips are shown in Table 3-4. 

Garnishing suggestions to improve visual appeal (Table 3-5) and specific alterations for difficult-

to-puree items (Table 3-6) were also provided by participants. 
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Table 3-4: Recommendations made by participants for pureed food production 

 

 

 

 

Table 3-5: Common garnishing items to put on pureed food to improve appeal 

 

 

 

 

 

 

 

 

 

 Mince first at low speed and then take out minced portion and puree the rest at high speed 

(prevents wear and tear on machine, is easier to break down to puree when already 

minced and the food also absorbs liquid better  

 Hot foods break down easier in the food processor 

 Process as close to point of service as possible 

 Offer colour variety to increase visual appeal 

 For a single scoop of puree, one colour is preferred over a mixture of colours 

 Enhance the flavour of pureed food by using appropriate seasonings (e.g. use savoury 

soups/broth/bouillon to process meats) 

Common garnishing items Food item applied on 

Jams Pureed bread 

Condiments (ketchup, relish, mustard) Pureed hot dogs, burgers 

Gravy Pureed meat and potatoes 

Salad dressing Pureed salad 

Puree cream of celery soup (to replace tartar sauce) Pureed fish 

Puree maraschino cherries Banana bread pudding 

Paprika Pureed tuna sandwich 
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Table 3-6: Ideas for difficult-to-puree food items 

 

Reasons for 

difficulty 

Example of 

“difficult-to-

puree” items 

Altered process, modification or substitutions 

Vegetables  

• Stringy 

• Skin, husks 

• Seeds 

• Liquidy  

Asparagus  

Corn 

Peas 

Beans  

Tomato 

Squash 

 Vegetables with strings, skin/husks may need to be 

cooked or pureed longer 

 Alternatively, can use softer, canned vegetables 

 Seeds may not get broken down in food processor.  

 Substitute seeds that don’t get broken down in food 

processor with seed-less vegetables, canned tomatoes, 

thickened tomato juice or V8 

 Liquidy vegetable purees may be thickened/ replaced 

with commercial puree 

Fruits  

• Liquidy  

• Skin, husks 

• Seeds 

Strawberries 

Grapes 

Watermelon 

Mandarin 

Apples 

Peaches 

Plums 

Blackberries 

 Use thickener when pureeing fruits;  

 Substitute with a fruit sauce (like applesauce);  

 Substitute with fruit cocktail (may need thickening) 

Meats 

• Casings, skins 

• Tough/coarse, 

Fibrous, dry  

• Bones 

• Clumpy 

Sausage 

Chicken wings 

Chicken breast 

Turkey 

bacon 

Liver  

Roast beef 

Leg meat (ping 

bones) 

 Use diced meat or meat rolls; processed meats are easier 

to puree 

 Liver can be clumpy when pureed; process longer or use 

½ beef and ½ liver 

Non-cohesive, crumbly, 

or nutty foods 

Cheese 

Coconuts 

Nuts 

Grains 

Dried herbs 

Raw salad mixtures 

Coleslaw 

 For vegetable mixtures (salad, coleslaw) process longer 

time 

 Use pureed cottage cheese or cheese sauce when cheese is 

offered in menu 

 Prohibit all other foods in this category 

Starches (gelatinous, 

thick, pasty, requiring 

more liquid)  

Rice 

Bread 

Pasta 

Pizza 

Lasagna  

Noodles 

Lima beans 

Pie crusts  

 Rice can puree to be like glue and often replaced with 

instant mashed potato, commercial bread or instant rice 

(limited variety for starch)  

 Substitute lasagna for cooked pasta + meat sauce + pureed 

cottage cheese 

 Cooks may make starches purposely thinner in the kitchen 

(more liquid), anticipating it becoming thicker with 

time/when in holding 

 Cook starches for long time until extremely soft and 

mushy (avoid making “al dente” pasta) 
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3.5. Discussion 

 In Canada, there are currently no harmonized guidelines for the preparation of modified 

texture foods (MTFs). The challenges described in the production of in-house pureed foods may 

stem from the lack of common language used to describe them (Penman & Thomson, 1998) as 

well as the lack of objective methods to ensure that this texture/consistency is met. Dysphagia 

diet guidelines presented by other countries provide qualitative descriptors and some simple and 

tangible methods to reach the appropriate texture.  For example, the British Dietetics Association 

suggests a “thick puree” should be able to be picked up by a fork without it falling through the 

prongs (Jukes et al., 2012). However, no objective table-top method has been established as the 

benchmark for standardizing texture outcomes. Participants indicate that non-objective methods 

are currently used to evaluate appropriateness of texture for pureed foods in LTCHs and 

inconsistencies exist among methods used. Some visually assessed the flow/viscosity of 

products, while others used two fingers or tasted products to feel for particle size. However, with 

these approaches, two different textural properties are being measured, viscosity and particle 

size. Secondly, the fingers and tongue have different sensitivity to detect particle sizes, with the 

tongue being more acute at detecting differences (Bourne, 2002). 

 The reported mistrust in using standardized recipes, resulting in pureed meals largely 

being prepared by memory and trial-and-error, suggest that little uniformity occurs in the 

preparation of in-house pureed food in LTCHs. In some of the participating homes, standardized 

recipes were formally altered to provide some uniformity. From a production perspective, 

negative implications for the lack of standardization in preparing pureed meals in LTCH may 

include increased cost of production, inadequate nutrients per serving, and decreased consumer 
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satisfaction (USDA Food and Nutrition Service & National Food Service Management Institute, 

2002). Swallowing safety is also of relevant concern with the lack of standardization for 

preparation of pureed foods.                                                     

 Many studies have suggested that the choice and quantity of ingredients used in a pureed 

recipe can greatly influence the nutritional and sensory qualities of the food (Philip & 

Greenwood, 2000; Kennewell & Kokkinakos, 2007; Hall & Wendin, 2008). Standardized recipes 

should be formulated taking into account the potential nutrient deficiencies (such as fiber, 

vitamin D, folate and vitamin B12) common in institutionalized older adults (Dahl, Whiting, 

Healey, Zello, & Hildebrandt, 2003; Dahl, et al., 2007; Adolphe et al., 2009). Moreover, careful 

consideration must be taken for the type and quantity of thickener and liquid to be used in pureed 

recipes (Keller et al., 2012). Excessive amounts of liquids and commercial starch-based 

thickeners have been implicated in reducing the nutrient density of pureed products (Hotaling, 

1992; Philip & Greenwood, 2000) and can alter the flavour profile (Garcia, 2010), while baby 

rice cereal can improve texture and nutritional content (Philip & Greenwood, 2000; Kennewell & 

Kokkinakos, 2007).  When recipes are not followed, ingredient quantities will vary.  Even small 

changes in the quantity of ingredients may have discernible effects on the sensory properties of 

pureed food (Hall & Wendin, 2008). Optimal formulations for pureed food need to have ideal 

sensory parameters, such as having a soft, smooth and creamy mouth-feel, without being sticky, 

grainy, or greasy (Hall & Wendin, 2008). Our participants report that inclusion of cooks in the 

development of standardized recipes is a preferred practice; it is proposed that this practice could 

lead to greater credibility and thus adherence to recipes, overcoming issues of uniformity of 

nutritional, texture and sensory properties. The majority of Cooks that were interviewed had 10+ 

years of experience working in their current role. It is important to gain insight about conditions 
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and outcomes for pureed food production in LTC from individuals who are involved in 

preparation on a day-to-day basis. 

  The frequent alteration to standardized recipes described by our participants suggests 

that pureed food preparation in LTCHs requires continuous process improvements. Although 

standardized recipes can only be considered as a starting point for production, they should be 

reviewed, in consultation with the cooks on a regular basis in an attempt to develop uniformity. 

The involvement of cooks in this process was described as a preferred process to determine if the 

method to puree, the choice of ingredients, and liquid amounts are appropriate/ reproducible in a 

LTCH kitchen. It may also have the effect of instilling pride and confidence in the cooks’ ability 

to produce pureed food, which in turn could benefit production and quality of pureed food to 

benefit residents.   

 It is unknown whether there are standardization processes, for the development of 

corporate pureed recipes, to ensure nutritional adequacy and consistency of textures. This 

stresses the importance of knowledge-sharing and increasing dialogue among NMs, Cooks, 

Dietitians, Corporate recipe developers and government compliance officers, to formulate better 

standardized recipes that meet the nutritional and sensory needs of older adults with dysphagia. 

There is also a need to improve communication between the front-end staff who are serving and 

feeding residents and Cooks who prepare pureed foods, to ensure preferences and liking are 

being communicated among food service staff in long-term care.    

MOHLTC regulations, instructions of compliance officers enforcing the regulations and 

the corporate groups involved in creating standardized recipes, were variably interpreted, 

influencing the preparation of pureed food. Requirements for pureed food production from 

various levels of authority need to be clarified and made clear to dietary staff at the home and 
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instructions must not contradict one another. Furthermore, some NMs expressed wanting to be 

provided with substitution ideas that could replace foods that were believed to be unsafe or 

difficult to puree. As well, some standardization of the end-result consistency and texture, 

whether objective and/or quantitative, would be ideal to minimize the risk of choking/aspiration 

for residents with dysphagia (Wendin et al., 2010).  

 Dietary and staff providing feeding assistance were reported to exhibit negative attitudes 

towards pureed food, potentially, influencing residents’ perception and food intake. Some dietary 

staff noted that providing more visually appealing products could improve the staff’s perception 

towards these foods items and consequently, improve food intake for residents. Molding and 

piping were suggested as a way of improving appearance. These strategies, however, increased 

labour and raised concerns of volume and safety, which were barriers to implementation. While 

some studies have showed that shaped pureed foods can lead to improved food consumption and 

weight gain (Cassens et al., 1996; Germain et al., 2006), others indicate that these purees are 

more difficult to chew and residents do not prefer them over non-molded purees (Stahlman et al., 

2001).  

 Tailoring to meet the needs and preferences of older adults on pureed food was seen as a 

preferred practice by our participants. Smell and taste impairments in the elderly have been 

shown to be associated with poor appetite and decreased energy consumption (Boyce & Shone, 

2006). The combination of chemosensory deficits and loss of regular food texture can result in a 

monotonous meal experience for LTCH residents on pureed food. Therefore, providing other 

methods of oral stimulation, such as providing hot-served meals may stimulate oral thermo-

receptors, as well as facilitate swallowing (Martin, 1991; Ebihara & Ebihara, 2011; Ebihara, 

Kohzuki, Sumi, & Ebihara, 2011). Preferences for hot-served foods in residents with dysphagia 
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may therefore have physiological significance and is an important aspect to tailoring to the needs 

and preferences of residents on a pureed diet. 

 Older individuals who have higher optimal preferred sweetness and savoury intensities 

compared to younger subjects may be compensating for decreased intensities in other sensory 

attributes (de Graaf et al., 1996). Although food items can be made to be more savoury, spicy or 

sweet to increase consumption in older adults, it may have negative effects on health (Easterling 

& Robbins, 2008). However, overly restricted diets (ie. low cholesterol, fat, salt and sugar) may 

take the enjoyment out of eating and can lead to malnourishment, commonly seen in a LTCH 

population (Niedert & American Dietetic Association, 2005). For those receiving a pureed diet, 

malnutrition may be further exacerbated by the loss of appeal due to texture. Strong flavours may 

compensate for this loss by stimulating salivation, mastication, and swallowing (Martin, 1991). 

Compensating for chemosensory losses in older adults by enhancing the flavour of pureed food 

is another way in which dietary staff tended to the needs of residents. Although caution must be 

taken and individual consultation must be made with the registered dietitian, the liberalization of 

overly restricted diets in LTCH may improve the overall quality of life and nutritional status of 

residents (Niedert & American Dietetic Association, 2005). As much as possible, NMs should 

also try to incorporate menu items that can be served to all diet textures (Hotaling, 1992). Dessert 

items that both residents on regular and modified texture diets can enjoy, such as mousse, 

custards, applesauce and pudding should be considered (Hotaling, 1992). Other tips provided by 

the participants to improve pureed food acceptability include offering colour variety on the plate 

and providing pureed foods that are distinct from each other and familiar to residents. The need 

to attend to the likes and dislikes of residents on modified textured food has been consistently 

reported (Chisholm, Jensen, & Field, 2011). However, certain challenges faced in an 
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institutionalized setting, specifically the diversity in residents’ cultural and ethnic preferences, 

influenced the capacity to tailor these food products to the individuals’ specific needs. 

Participants found it difficult to accommodate the needs of every resident, especially with labour 

and financial restrictions. 

 When data were analyzed, the presence of multiple investigators prevented researcher 

bias by allowing the dispute or supplementation of each other’s accounts of the interview 

experience (Malterud, 2001). Reflexivity was practiced, which involved researchers being 

reflective over the interview process, to avoid pre-conceived ideas about outcomes. Since 

researchers involved with interviews and data analysis do not have previous background or 

knowledge in this area of research, speculations about outcomes were minimized. Every effort 

was made to reduce error bias, by cross-checking data and counting the frequency for various 

responses were made.  One limitation of this study was that a convenience sample was used, 

which could lead to selection bias. For example, Nutrition Managers who were not enrolled in 

the OSNM or CSNM e-mail listserv or who did not use e-mail regularly may have not received 

news of the study. Secondly, NMs and Cooks from three LTCHs were interviewed via phone. 

Cooks may have given more information had the interviews been conducted in the kitchen, 

where pureed food was being prepared. Albeit, it has been previously reported that telephone 

interviews gave similar findings and were as effective as in-person interviews (Greenfield, 

Midanik, & Rogers, 2000). Results from the three homes interviewed by phone showed similar 

findings to interviews conducted in-person. 

 Since all interviews were conducted in Ontario, Canada, other provinces or countries may 

have different regulations or funding status that may affect food production. Therefore, the 

challenges reported in this study may be specific to this region. More than half of LTCHs in 
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Ontario are reported to have for-profit home ownership status (McGregor & Ronald, 2011). This 

ratio was well represented in this study (Apendix B: Table B-1). Despite these modest 

limitations, this study provides the first step into understanding current processes and challenges 

involved with production of in-house pureed food in the institutionalized setting. It also provides 

insight on necessary steps needed to improve pureed food production in LTCHs.  

3.6. Conclusion  

 The quality of in-house prepared pureed food can be variable and there is a need for 

standardization. Varied interpretation of guidelines and terms used to describe pureed food were 

important factors leading to variability in outcomes, suggesting that there is a need for 

harmonization among recommendations made about pureed food preparation in long-term care. 

Poor ingredient formulations and methods in standardized pureed recipes were also reported as 

barriers of production, which can greatly impact the texture, nutrition, and sensory acceptability 

of pureed products. Much more research is needed to determine the effect of varying ingredient 

formulations on the sensory and nutritional properties of pureed products. Objective methods to 

standardize texture outcomes are also needed, as no table-top method to standardize pureed food 

texture or consistency is currently available in long-term care. This research provides a greater 

understanding of the challenges in producing in-house pureed products and provides preferred 

practices to promote quality production, thus providing a basis for improving in-house pureed 

food practice.  
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CHAPTER 4- THE EFFECT OF VARYING INGREDIENT COMPOSITION ON 

THE SENSORY AND NUTRITIONAL PROPERTIES OF A PUREED MEAT 

AND VEGETABLE 

 

4.1. Abstract 

 

 Individuals residing in long-term care (LTC) who consume a pureed diet are at greater 

risk of malnutrition and dehydration. Therefore, to improve the nutrient status of individuals with 

dysphagia in LTC facilities, pureed products should be prepared with adequate sensory and 

nutritional properties. The objective of this research is to investigate the effect of varying 

ingredients and preparation methods on the sensory and nutritional properties of a pureed meat 

and a pureed vegetable product. Pureed turkey varied in added liquid (40%w/w & 45%w/w), 

meat muscle composition (100% breast & 60% breast / 40% thigh) and seasoning application 

methods (rubbed, non-rubbed). Pureed carrots were formulated with no added thickener (C), 

1.6% w/w added modified corn starch (MT), rice cereal (RC) or skim milk powder (SMP). A 

descriptive trained sensory panel (n=10) evaluated sensory attributes present in the pureed 

products. Macro-nutrient (fat, protein, carbohydrate) content were quantified using proximate 

analysis. Results of the descriptive panel indicate that small changes in added liquid content and 

seasoning application method can lead to significant changes in the perceived textural quality of 

a pureed meat product. Pureed carrots with added MT, was significantly more slippery and firm, 

when compared to other pureed carrot treatments. Moreover, the addition of 1.6% SMP or RC 

resulted in higher protein content, with no perceivable oral sensory differences, when compared 

to pureed carrots with no added thickener. Much higher levels likely need to be tested, to 

improve protein intake in the diet of older adults. Consumer hedonic ratings (n=7) and nutritional 
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content of the formulated products were also compared to commercially available pureed turkey 

(n=4) and pureed carrot (n=4) products. Consumers (n=7) evaluated the liking of appearance and 

flavour in both the formulated and commercial pureed products. The in-house formulations were 

found to be as well liked in appearance and flavour as commercially outsourced products. In-

house formulated pureed turkey had significantly higher protein, while pureed carrots had 

significantly lower carbohydrate content, compared to its commercially outsourced products.  

 

4.2. Introduction 

 

 Many challenges associated with pureed food consumption exist, including insufficient 

liquid and nutrient intakes (Durant, 2008; Vivanti, Campbell, Suter, Hannan-Jones, & Hulcombe, 

2009)  and poor texture and sensory acceptability of foods. Work in the previous chapter 

(Chapter 3) suggests that pureed foods are inconsistently prepared, which may exacerbate texture 

and sensory acceptability problems. Individuals who reside in a long-term care (LTC) setting and 

receive a pureed diet have been shown to have lower than required macro- and micro-nutrient 

intakes (Dahl et al., 2007; Durant, 2008; Adolphe et al., 2009). Since the process of modifying 

solid foods into a pureed consistency often involves the addition of liquids, nutritional dilution 

may occur. Poor appetite and food intake is common among older adults in LTC (Thomas et al., 

2000). Therefore, there is a need to develop acceptable and nutrient dense pureed food products, 

while maintaining regular portion sizes (Dahl et al., 2007). Ingredient choices and liquid quantity 

are important parameters to consider for maximizing nutrient density. The inclusion of baby rice-

cereal in pureed food may improve the micro-nutrient content, cohesion, and texture without 

discernibly changing the flavor (Kennewell & Kokkinakos, 2007). Vitamin-fortification may 
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also be necessary to improve the micro-nutrient status of older adults in LTC (Adolphe et al., 

2009).  

 Pureed foods must be safe to swallow and ingredient composition (quantity and type can 

influence both perceived and physical textural properties of these foods (Rothenberg et al., 2007; 

Wendin, 2010). Different processing methods have also been shown to alter the texture, colour, 

and flavor of pureed foods (Oey, Van der Plancken, Van Loey, & Hendrickx, 2008).  

 The National Dysphagia Diet (NDD), an American guideline for the preparation of 

modified textures, describes pureed food as having a homogenous, cohesive, and pudding-like 

consistency, requiring little to no mastication to safely swallow (Garcia & Chambers, 2010). It is 

also common for pureed meats to have greater perceived coarseness, graininess, and particle 

sizes compared to pureed vegetables (Wendin et al., 2010). Therefore, in pureed meats, the 

addition of liquid may be required to ensure a moist and cohesive product. Altering the fat 

composition of pureed meat products can greatly impact the physical appearance and mouth-feel 

of the product (Heeps, 1994). Breast and thigh meats vary in fat content (Daum-Thunberg, 

Foegeding & Ball, 1992) and thus can be used to optimize the sensory properties of pureed 

products. For pureed vegetables, liquid separation or syneresis commonly occurs upon standing, 

due to the high moisture content. Thickening agents are often added to pureed products to 

increase the viscosity and improve textural quality (Cassens et al., 1996; Mann & Wong, 1996). 

Water separation (i.e. syneresis) in foods may result in varying consistencies being consumed. A 

runny, non-homogenous food bolus can easily be aspirated by individuals with dysphagia, 

spilling into the pharynx and increasing the risk of food penetrating the airways (Speyer, Baijens, 

Heijnen, & Zwijnenberg, 2010). Therefore, syneresis of pureed vegetables is not only 

unfavorable from a visual appeal perspective (Downey, 2002) but also from a swallowing safety 
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perspective. A variety of thickeners may be used to improve cohesiveness and prevent syneresis 

in pureed vegetables.  

 Thickeners to be used in pureed food should take into account the nutrient contribution in 

the meal and it should ideally not displace any nutrients in the pureed item to which it is being 

added (Philip & Greenwood, 2000).To date, little is known about how varying formulations and 

processing methods in pureed meat and vegetable products, affect their overall sensory and 

nutritional properties. Moreover, consumer liking and nutrient content of freshly prepared in-

house pureed products have never been compared to commercially outsourced products.  

 The purpose of this research is to investigate: 1) the effect of varying added liquid, meat-

muscle type, and seasoning application method on the sensory and nutritional properties of a 

pureed meat, 2) the effect of varying added thickeners on the sensory and nutritional properties 

of a pureed vegetable, 3) consumer acceptance, and 4) nutritional content differences, if any, 

between in-house prepared and commercially outsourced pureed products. Findings may help to 

inform standardized production practices and generate ideas for optimizing pureed meat and 

vegetable products for the LTC setting.  

4.3. Methods 

Development of pureed turkey and carrot products 

Pureed turkey and carrots were experimentally formulated using a combination of 

knowledge from practice (from Chapter 3), literature review of requirements for swallowing 

safety/improved nutrition in pureed food and measured empirical values of commercially 

outsourced pureed turkey and carrots.  
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Turkey breast and thighs were procured from local supermarkets and from Hayter’s 

Farms (Dashwood, ON), a provincial turkey producer. All turkey meat were purchased and 

frozen in a household freezer (-20°C). Prior to use, turkey meat was removed from the freezer 

and stored in a refrigerator (3°C) until meat was defrosted. This meat was then used in the 

preparation of various puree formulations. Three variables were examined in pureed turkey, 

including, meat muscle combination (100% breast & 60% breast/40% thigh combination), 

amount of added bouillon (40% w/w added liquid & 45% w/w added liquid) and seasoning 

application method (rubbed & non-rubbed). The choice for added liquid levels was selected 

based on experimental moisture and texture data of four commercially available pureed turkey 

products that were regarded safe for consumption. The choice for meat muscle combinations and 

seasoning application methods were based on observations made in the kitchens during the 

interviews conducted in the LTC homes (Chapter 3). Six pureed turkey samples were prepared 

with these variables as follows:  

 100% breast + 40% liquid + rubbed
1,2

 

 100% breast + 40% liquid + non-rubbed
2
 

 100% breast + 45% liquid + rubbed
1
 

 60% breast/40% thigh + 40% liquid + rubbed
1,2

 

 60% breast/40% thigh + 40% liquid + non-rubbed
2
 

 60% breast/40% thigh + 45% liquid + rubbed
1
 

 

Four samples were prepared using the rubbed meat to investigate the effect of meat 

muscle composition and added liquid on the sensory and nutritional properties
1
. A second set of 
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samples was prepared to investigate the effect of varying seasoning application methods, using 

only the 40%w/w added liquid
2
.   

Specific methods of preparation for pureed turkey are shown in Appendix C: Table C-1. 

The rubbed seasoning application method involved tumbling raw turkey meat with seasonings 

prior to cooking and the non-rubbed treatment referred to seasonings being added post-cooking, 

in the food processor. The seasonings used for the pureed meat included 0.6% salt, 0.6% turkey 

seasonings (sage, thyme, savoury, coriander, marjoram), 0.3% pepper, 0.3% garlic, 0.3% cumin.  

Ontario-grown carrots were obtained from local supermarkets (Guelph, ON) and were 

stored in a refrigerator (3°C) until pureed carrot formulations were ready to be made. Pureed 

carrots were prepared with a variety of thickeners (rice cereal, skim milk powder) that have been 

shown in literature to have potential in improving the textural quality and/or nutrition of pureed 

vegetables. Modified corns starch was also a thickener that was readily available and frequently 

use in pureed food, at the LTC kitchens (Chapter 3). Four pureed carrot formulations were made: 

modified corn starch (MT), baby rice cereal (RC), skim milk powder (SMP) (each at 1.6% w/w) 

and a control pureed carrot (C) with no added thickener. Using 800g of boiled carrots, each 

treatment was seasoned with 0.18% salt, 0.15% sugar and 0.04% tsp of pepper, with no added 

liquids added to the formulations. Specific preparation methods of pureed carrots are shown in 

Appendix C: Table C-2.  

Portions and equipment used to prepare the pureed products simulated conditions of 

preparation in a LTC setting. A Robot-Coupe Blixer 3 food processor (Robot Coupe USA Inc., 

Jackson, MS, USA), was used to prepare all pureed food products. 

  



60 

 

Trained panel evaluations of pureed products 

 Ten experienced, trained panelists were recruited to quantify and describe the sensory 

attributes present in the samples. These panelists were recruited from University of Guelph’s 

food sensory e-mail list. They were pre-screened and selected based on their sensory acuity and 

ability to discriminate flavour and texture attributes (Appendix D-F). Two trained panels were 

conducted, one for pureed turkey and one for pureed carrots, respectively. The same participants 

(n=10) took part in both trained panels.  

 For each trained panel, participants completed a total of 15 hours of training. Training 

sessions were conducted in a classroom with all participants in attendance. During the course of 

training, panellists collectively generated sensory attributes, definitions for each attribute, as well 

as methods to evaluate each attribute (e.g. how much sample to consume, how to manipulate it in 

the mouth and where/when/how long to evaluate the attribute). A standard method of evaluation 

for each attribute was followed. This was achieved by consensus through discussion and 

evaluating different products and references. A variety of references were used for each attribute 

and these references were quantified to aid panelists in developing a frame of reference for each 

attribute. Attribute intensities were rated on a 15cm line scale labelled with appropriate anchors. 

Three replicates of testing for each product was completed.  Panelists conducted testing in 

sensory testing booths, using red light to eliminate influence from visual differences among 

samples. All data were entered into a computer with Compusense 9.2 software. Panelists were 

compensated $15 per session attended.  

 During testing, pureed turkey and pureed carrot samples were served at ~55°C (serving 

temperature) and kept in 4oz. styrofoam cups with lids. Styrofoam cups were stored in slow 
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cookers with water and kept to serving temperature for testing. Each cup contained 

approximately two heaping spoonfuls of pureed product and were labelled with three digit 

blinding codes to avoid bias. Pureed samples were tested by each participant in a randomized 

order. Crackers and water were provided to cleanse the palate after each sample. Panelists were 

also instructed to drink 2% milk after each sample was consumed to eliminate the lingering 

sensation of pepper and other spices that may influence sensory ratings.  

 Sensory attributes in pureed turkey were evaluated in the order shown in Table 4-1. In 

pureed turkey samples, overall spice-blend flavour, saltiness and turkey flavour was perceived 

immediately after ingestion on the anterior portion the tongue. Peppery flavour was perceived 

two seconds after a swallow at the back of the mouth and throat. Thickness and graininess 

texture in pureed turkey was evaluated by pressing the tongue against the palate and moving the 

tongue laterally. Mouth-drying was perceived after swallowing.  

 In pureed carrots, sensory attributes were evaluated in the order presented in Table 4-2. 

For the evaluation of appearance attributes in pureed carrots, panelists were instructed to open 

the lid of Styrofoam cups, visually assess and rate the appearance attribute on a 15cm line scale 

without perturbation of the samples. Since appearance attributes cannot be assessed under red 

light in the booths, they were evaluated under white lighting at the beginning of the testing 

session. Saltiness was perceived immediately on the anterior sides of the tongue. Sweetness and 

boiled carrot flavour was also perceived immediately during ingestion. Bitterness was perceived 

at the back of the mouth, amidst a swallow. Spiciness was a sensation perceived 2-3 seconds 

after a swallow, at the back of the mouth and throat. In pureed carrots, slipperiness was 

perceived when the sample was consumed and the tongue was moved laterally for evaluation. 

Firmness was perceived with product pushed up by the tongue against the hard palate.  
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Consumer acceptability testing 

 Products for consumer testing were selected based on results from the trained panel. 

Pureed turkey (n=2) and carrot (n=2) formulations with the most different sensory profiles (as 

evaluated by the trained panel) were evaluated by consumers for acceptability testing. During 

testing, commercially produced pureed products from Apetito (Brampton, ON), Campbell’s 

(Toronto, ON) and HFS (Ottawa, ON) were used as a comparison to determine if liking of the 

formulated products was similar to commercial brands currently being offered in some LTC 

facilities. The ingredient list for commercial pureed products are shows in Appendix G. 

 Recruitment and consumer testing was conducted at the Elizabeth-Bruyere Hospital 

(Ottawa, ON). Eligibility criteria for participants of the consumer panel included:  i) consumer 

of pureed food or a combination of pureed and minced/soft for one week or more, ii) requiring 

only minimal assistance with feeding,  iii) cognitively well, with a Minimum Data Set- Cognitive 

Performance Scale (MDS-CPS) score of 0 or 1 (Appendix H). 

 Consumers (n= 7) were asked to evaluate the pureed turkey (n=2) and pureed carrot 

(n=2) formulations as well as different varieties of commercially prepared pureed turkey (n=4) 

and carrots (n=4). To prevent fatigue, testing of carrots and turkey were conducted at two 

separate times of the day. Pureed foods were prepared in a kitchen at Bruyere hospital and 

testing was conducted in participants’ rooms. In each session, consumers were presented with the 

pureed products of each type (turkey or carrots) in random order. All samples were contained in 

4oz Styrofoam cups with lids for testing. The samples were held at 55°C until testing. The cups 

were labeled with random three digit blinding codes.   
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 All responses were recorded on a 5-point hedonic visual analogue scale (Appendix I). 

Each diagram on the visual scale was accompanied by word descriptors along the bottom, 

ranging from (1- “I dislike it very much”) to (5- “I like it very much”). For each sample, 

participants were first asked to look at each product and rate their overall liking of the 

appearance. Some participants were able to verbally communicate their responses to researchers, 

while others who were unable to speak, pointed to a printed copy of the visual analogue scale. 

Participants were also asked to orally consume each product to rate overall liking of the flavor 

and were told to consume as much or as little as they needed to make their evaluation.  

Macro-nutrient Analysis of pureed foods 

 Proximate analysis was used to determine the macro-nutrient content of the formulated 

pureed food as well as to compare values with similar pureed products sold commercially. 

Values of macro-nutrients were calculated on a wet basis, in order to approximate the nutrient 

content of pureed food per-serving.  

 Crude protein was determined using the Dumas method. For this, approximately 0.2g of 

each pureed sample was weighed (wet) in tin foil cups and total Nitrogen was determined via 

nitrogen combustion method (FP-528, Leco Corp, St Joseph, MI, USA). Crude protein (g/100g) 

was then calculated by multiplying the total nitrogen (N) by a protein conversion factor (6.25), 

(AOAC method 968.06) (Simonne, Simonne, Eitenmiller, Mills, & Cresman, 1997; AOAC, 

2000).  Protein content was determined in triplicates. 

 Total lipid was determined using a semi-continuous solvent extraction method (Soxhlet) 

(AOAC method 960.39) (AOAC, 2000; Nielsen, 2010). Approximately 12g of the wet pureed 
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sample were put into cellulose thimbles and vacuum dried at ≤ 100mm Hg ~100°C for 24 hours 

(AOAC method 934.01) (AOAC, 2000). Glass wool was inserted to close off the top of thimbles 

and thimbles were put into Soxhlet extractors with a flat-bottomed boiling flask containing 

petroleum ether (solvent), placed on top of a heated plate.  The extraction procedure continued 

for 5 hours. The boiling flask with the extracted fat was dried and weighed to determine crude fat 

content (g/100g) on a wet basis. Samples were tested in duplicates. 

 Ash content was determined by weighing four grams of product into ceramic crucibles 

and incinerating the samples in a muffle furnace at 550°C for 5 hours (AOAC method 923.03) 

(AOAC, 2000). The disc was weighed before and after to determine total ash content.  Ash 

content was conducted in triplicate. 

 Moisture content was also conducted in triplicate and determined by oven-drying 

approximately four grams of sample at 100°C for 24 hours and determining the weight before 

and after drying (AOAC method 950.46) (AOAC, 2000).  

 Total carbohydrate was determined by the difference equation, in which the sum of 

protein, fat and moisture were subtracted from 100. This carbohydrate value includes total 

dietary fibre (FAO, 2003). 

Data Analysis 

 All data were analyzed using SAS 9.2 © 2002-2008 (SAS Institute, Cary, NC).  

 

Trained panel 
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 For the pureed turkey, two analyses were carried out. First, an ANOVA was completed to 

examine the effects of added liquid and meat muscle composition on the sensory properties. 

Judge, repetition and interaction effects between added liquid and meat muscle were also 

included in the same ANOVA table. Second, a three-way ANOVA was carried out to observe 

the effect of different seasoning application methods, repetition and judge on the sensory 

properties of pureed turkey. Where differences existed between the main effects (at a 

significance level of α= 0.05), a Tukey’s Honest Significant Difference (HSD) was conducted.   

 In the pureed carrots, an ANOVA was used to investigate the effect of the thickeners on 

perceived sensory attributes. Where differences existed between main effects (at a significance 

level of α= 0.05), a Tukey’s Honest Significant Difference (HSD) was conducted.  

 

 

Consumer Panel 

 To assess the effect of formulation on consumer liking, a one-way ANOVA was 

conducted for in-house pureed turkey (n=2) and in-house pureed carrots (n=2). A second 

ANOVA was made to determine if in-house pureed food formulations (n=2) were as well liked 

as their commercially prepared counterpart (n=4), where a numeric five point scale was used for 

evaluations.  

 

Macro-nutrient Analysis 

 For the turkey samples, to compare the effect of different treatments (added liquid, meat 

muscle composition, seasoning application methods) on the nutrient content of the products, an 

ANOVA was completed. In pureed carrots, an ANOVA table was also conducted to determine 
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the effect of different thickeners on the nutrient content. Where significant differences were 

observed, a Tukey’s HSD test was completed to identify which samples were different.  

4.4. Results 

Trained sensory panel 

 In the first two days of each trained panel session, panelists generated all sensory 

attributes present in pureed samples. Table 4-1 outlines the attributes, their definitions and 

references generated for turkey samples and Table 4-2 shows those developed for carrots. The 

sensory data collected for each attribute will be discussed in the following sections by product 

type, beginning with the turkey samples. 

Turkey 

 Table 4-3 shows mean scores for each sensory attribute evaluated by the trained sensory 

panel for pureed turkey. A summary of the ANOVA results are located in Appendix J: Table J-1. 

Findings from the descriptive trained panel suggest that, in pureed turkey, small changes in the 

liquid content may result in significant changes in textural attributes. Pureed turkey made with 

lower added liquid (40%w/w), had greater perceived thickness (F (1, 105) = 191.94, p<0.0001), 

graininess (F (1, 105) =18.93, p<0.0001) and mouth-drying qualities (F (1, 105) = 41.30, 

p<0.0001), compared to pureed turkey made with 45%w/w added liquid (Table 4-3). Decreasing 

the added liquid in pureed turkey by 5%w/w also increased the intensity of turkey odour (F (1, 

105) = 4.56, p= 0.035), spice-blend flavour (F (1, 105) = 9.58, p= 0.0025) and peppery flavour (F 

(1, 105) = 9.34, p= 0.0028). No significant differences in sensory perception were detected 
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between 100% breast and 60% breast-40% thigh formulations, indicating that muscle 

composition did not affect the sensory properties as much as added liquid amount (Table 4-3).  
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Table 4-1: Perceived sensory attributes in pureed turkey, as evaluated by panelists (n=10) 

 

 

Attribute
1 

Definition  References & intensity value
2 

Overall spice-blend 

odour  

the aromatic odour of a group of 

spices or herbs perceived in a 

product that cannot be 

individually identified 

Dried  ground seasonings (0.5g 

cumin, 0.5g garlic, 0.5g pepper, 1g 

turkey seasoning) in 500mL of 

boiled water (10) 

Turkey odour the sharp, metallic odour 

associated with white turkey 

muscle 

Cooked and diluted pureed turkey 

(200g meat + 500mL water) (2.0); 

Cooked breast turkey chunks (9.5) 

Peppery odour The spicy, aromatic, pungent 

odour associated with black 

peppers,  

30 mL ground black pepper filtrate 

in 150mL of water (2.5);   60 mL 

ground black pepper filtrate in 

150mL of water (12) 

filtrate = 0.5g pepper boiled in 

500mL water 

 Overall spice-blend 

flavour 

the aromatic flavour of a group 

of spices or herbs perceived in a 

product that cannot be 

individually identified 

Cooked pureed turkey (350g meat + 

232mL water) with 2.1g salt, 2.1g 

turkey seasoning, 1.05g pepper, 1.05 

garlic, 1.05 cumin (8)   

Saltiness the basic taste associated with 

sodium chloride (table salt),  

Cooked pureed turkey (350g meat + 

232mL water) with 2.1g of salt (2); 

Pureed turkey with 6.3g salt (11) 

Turkey flavour The sharp, metallic flavour 

associated with white turkey 

muscle  

Cooked and diluted pureed turkey 

(350g meat + 500mL water) (7.5); 

Cooked turkey chunks (15) 

Peppery flavour The spicy, aromatic, pungent 

flavour associated with black 

peppers 

Cooked pureed turkey (350g meat + 

232mL water) with 1.05g black 

pepper (3); Cooked pureed turkey 

(350g meat + 232mL water) with 

3.15g black pepper (13) 

Thickness  The amount of resistance to 

flow in the mouth 

Baby food with meat and vegetables  

(3) 

Graininess Amount of small particles 

present in the sample 

Mayonnaise and fine corn meal (6.0) 

Mouth-drying A chalky & drying sensation in 

the oral cavity 

Pureed lima beans (4.5) 

1,2
Attributes and references where evaluated on a 15cm line scale, where the left of the scale 

(0) indicates an absence of that attribute and the right end of the scale (15) indicates a 

strong presence of that attribute. 
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Table 4-2: Perceived sensory attributes in pureed carrots, as evaluated by panelists (n=10) 

and references used with intensity values 
 

 

 

Attribute
1 

Definition References & intensity value
2 

Surface 

shine 

the amount of light reflected from the 

product’s surface (Dull----shiny) 

Bread (1) 

Vanilla pudding (12) 

Textured 

appearance 

the rough, uneven appearance of the product 

(Smooth----textured)  

Smooth, evenly painted wall 

(2); Brick wall (12) 

Sweet odour aromatic associated with materials that also 

have a sweet taste (eg. butterscotch, maple 

syrup) 

5mL vanilla oil syrup on 

cottonball (15) 

Spicy odour Overall aromatic term associated with pungent 

spices like black pepper 

2g ground black pepper in 

500mL water, heated at 140°C 

for 30 minute (15) 

Boiled carrot 

odour 

Aromatic associated with boiled carrots Boiled carrots (15) 

Saltiness Basic taste associated with sodium chloride 

(table salt) 

0.35% (6) and 0.5% (15) 

sodium chloride solution 

Sweetness The basic taste associated with sucrose (table 

sugar) 

0.7% (3) and 3% (12) sucrose 

solution 

Boiled carrot 

flavour 

A flavour associated with boiled carrots Boiled carrots (15) 

Bitterness The basic taste associated with caffeine 0.02% (3) and 0.05% (12) 

caffeine solution 

Spiciness An overall flavour term associated with 

pungent spices 

100 drops black pepper extract 

(2), 400 drops (13) 

Slipperiness The intensity to which the product slides with 

ease across the tongue and during a swallow 

(Drag----- slip) 

Carrot puree baby food (3) 

Mayonnaise (13) 

 

Firmness The force required to compress between 

tongue and soft palate (Soft---- firm) 

Aerosol whipped cream (1) 

Philadelphia cream cheese (10) 

1,2
Attributes and references where evaluated on a 15cm line scale, where the left of the scale 

(0) indicates an absence of that attribute and the right end of the scale (15) indicates a 

strong presence of that attribute 
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Table 4-3: Means and standard deviations of sensory attribute ratings in pureed turkey 

with varying added liquid, meat muscle composition and seasoning application method, as 

evaluated by trained panelists (n=10) 

  Treatments 

  Added Liquid
 

Meat muscle
 

Seasoning 

Application
 

 

Attribute 

 40% w/w  

  

45% w/w  

 

100% 

breast  

60% breast  

40% thigh 

Rub Non-rubbed 

Spice blend 

odour 

 

Mean
 

SD 

 

9.5a
1,2,3

  

1.36 

 

9.2a  

1.53 

 

9.3a
3 

 1.68 

 

9.5a  

1.17 

 

9.5a
3
  

1.36 

 

9.9a 

 1.43 

Turkey odour  

Mean 

SD 

 

8.7a  

1.29 

 

8.2b  

1.41 

 

8.3a  

1.53 

 

8.6a  

1.17 

 

8.7a 

1.29 

 

9.0a 

 1.37 

Peppery odour  

Mean 

SD 

 

7.6a  

1.19 

 

7.5a  

1.48 

 

7.6a  

1.36 

 

7.5a 

 1.33 

 

7.6a  

1.19 

 

7.3a  

1.50 

Spice blend 

flavour 

 

Mean 

SD 

 

9.3a  

1.62 

 

8.6b 

 1.46 

 

8.9a 

 1.56 

 

9.1a 

 1.60 

 

9.3a 

 1.62 

 

9.2a 

 1.86 

Saltiness  

Mean 

SD 

 

9.3a  

1.26 

 

9.0a  

1.50 

 

9.3a  

1.42 

 

9.0a  

1.37 

 

9.3a 

 1.26 

 

8.6b  

1.42 

Turkey flavour  

Mean 

SD 

 

10.0a  

1.38 

 

9.6a  

1.34 

 

9.6a 

 1.42 

 

9.9a  

1.30 

 

10.0b  

1.38 

 

10.6a 

 1.57 

Peppery 

flavour 

 

Mean 

SD 

 

9.8a  

1.47 

 

9.1b  

1.78 

 

9.4a  

1.59 

 

9.5a 

 1.75 

 

9.8a  

1.47 

 

7.9b 

 1.97 

Thickness  

Mean 

SD 

 

8.8a  

1.46 

 

5.8b  

1.21 

 

7.3a  

2.40 

 

7.2a  

1.55 

 

8.8b  

1.46 

 

10.2a  

1.56 

Graininess  

Mean 

SD 

 

9.6a  

1.54 

 

8.7b 

 1.84 

 

9.1a  

1.89 

 

9.2a  

1.62 

 

9.6b 

1.54 

 

10.3a  

1.41 

Mouth-drying  

Mean 

SD 

 

9.5a  

1.48 

 

7.8b  

2.12 

 

8.5a 

 2.33 

 

8.8a 

 1.68 

 

9.5b 

 1.48 

 

10.2a  

1.69 

1. Evaluations were made on a 15cm line scale 

2. Within a treatment (added liquid, meat muscle, seasoning application) means in a row with  the 

same letter are not significantly different at α = 0.05 

3. n= 60 (2 treatments, 10 panelists, 3 repetitions) 
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Different seasoning application during preparation of the pureed turkey showed 

significant alterations in perceived sensory responses. A summary of the ANOVA results are 

located in Appendix J, Table J-2. Applying a seasoning rub prior to cooking the meat, reduced 

the perceived thickness (F (1, 107) = 40.74, p<0.0001), graininess (F (1, 107) = 11.32, p= 

0.0133) and mouth-drying (F (1, 107) = 9.70, p= 0.0211) qualities, as compared to when 

seasonings were simply added to the food processor. The rubbed-seasoned turkey was also 

perceived to be more salty (F (1, 107) = 11.38, p= 0.0050) and peppery (F (1, 107) = 46.85, p< 

0.0001), with less turkey flavor (F (1, 107) = 9.84, p= 0.0022), compared to non-rubbed treated 

meat (Table 4-3). Significant interaction effects were observed between the amount of added 

liquid and meat muscle composition. This occurred for spice odour (F (1, 105) = 4.19, p = 

0.0431), saltiness (F (1, 105) = 4.91, p= 0.0289), peppery flavor (F (1, 105) = 7.73, p= 0.0064), 

thickness (F (1, 105) = 10.23, p= 0.0018) and mouth-drying (F (1, 105) = 4.61, p=0.0342) 

(Figure 4-1, a-e). 
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a) 

 

  

  

 

  

  

 

 

 

 

 

 

 

 

 

 

 b) 

 

 

 

 

 

 

 

 

 

 

 

 

c) 
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d) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  e) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-1(a-e): Sensory interactions occuring between different added liquid formulations 

(High= 45%w/w added liquid, Low= 40%w/w added liquid) and meat muscle composition 

(Dark combination= 60% breast & 40% thigh, White = 100% breast). 
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Carrots 

Pureed carrots with added modified corn starch had a markedly different sensory profile 

than the other formulated pureed carrot products, as evidenced by the mean scores found in 

Table 4-4. A summary of the ANOVA results are located in Appendix J, Table J-3. The addition 

of corn starch to the pureed carrots led to products which were perceived to be significantly more 

slippery (F (3, 105) = 14.93, p<0.0001) and firm (F (3, 105) = 3.31, p<0.0001) in texture and 

shinier (F (3, 105) = 3.31, p= 0.0326) and smoother (F (3, 105) = 2.81, p<0.0054) in appearance. 

In contrast, the control pureed carrots were perceived to be significantly less slippery with a 

more textured/non-smooth appearance. Pureed carrots with added rice cereal (RC) and skim-milk 

powder (SMP) displayed almost identical sensory profiles and the addition of thickeners did not 

appear to affect flavours and odours. 
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Table 4-1: Means and standard deviations of sensory attribute ratings in pureed carrots 

with different added thickeners, as evaluated by trained panelists (n=10) 

 

 Samples 

Attribute  Control 
 

Modified corn 

starch
 

Rice cereal Skim milk 

powder
 

Sweet odour  
    

 

Mean
 

SD 

8.3a
1,2,3

 

1.29 

8.0a 

1.18 

8.5a 

1.36 

8.0a 

1.55 

Spicy odour  
    

 

Mean 

SD 

6.1a 

1.56 

6.4 

1.79 

6.0a 

1.42 

6.1a 

1.46 

Boiled carrot odour      

Mean 

SD 

9.1a 

1.41 

8.7a 

1.31 

9.3a 

1.71 

8.8a 

1.77 

Salty flavour  
    

 

Mean 

SD 

7.0a 

1.22 

7.0a 

1.50 

6.6a 

1.67 

6.6a 

1.65 

Sweet flavour  
    

 

Mean 

SD 

9.6a 

1.63 

9.6a 

1.24 

9.8a 

1.43 

9.7a 

1.88 

Bitter flavour  
    

 

Mean 

SD 

7.4a 

1.78 

7.7a 

1.64 

7.1a 

1.74 

7.8a 

1.57 

Spicy flavour  
    

 

Mean 

SD 

7.2a 

1.52 

7.5a 

1.46 

6.9a 

1.65 

7.3a 

1.43 

Boiled carrot flavour  
    

Mean 

SD 

9.7a 

1.23 

9.1a 

1.13 

9.8a 

1.31 

9.2a 

1.61 

Slipperiness  
    

 

Mean 

SD 

7.2b 

1.55 

9.4a 

1.76 

8.1b 

1.40 

7.6b 

1.61 

Firmness  
    

 

Mean 

SD 

7.0b 

1.54 

9.0a 

1.67 

6.7b 

1.25 

7.0b 

1.54 

Surface shine appearance  
    

Mean 

SD 

7.5b 

2.18 

9.2a 

2.62 

8.2ab 

2.27 

8.5ab 

2.23 

Textured appearance  
    

Mean 

SD 

9.9a 

1.86 

4.4c 

2.84 

8.1b 

2.26 

8.0b 

2.06 

1. Evaluations were made on a 15cm line scale 

2. Means in a row with the same letter are not significantly different at α = 0.05 

3. n= 120 (4 treatments, 10 panelists, 3 repetitions) 
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Consumer acceptability testing 

 

 

Based on trained panel results, two turkey formulations were selected for further testing 

with consumers. Selection of formulated pureed samples was based on differences in sensory 

attributes as determined by the trained panel. The 60% breast & 40% thigh pureed turkey with 

45% w/w added liquid and different seasoning application methods (rubbed and not rubbed), as 

well as the pureed carrots with modified corn starch and no added thickener, were evaluated by 

the consumer panel.   

Consumer liking of the two formulations of pureed turkey was not significantly different 

for appearance (F (1, 10) = 1.019, p= 0.337) or flavor (F (1, 12) = 0.176, p= 0.682). Similarly, 

for the two pureed carrots tested, no significant differences in liking of appearance (F (1, 10) = 0, 

p= 1) and flavor (F (1, 10) = 0.046, p= 0.835) were observed. Mean scores for all attributes in 

pureed turkey and carrot products are shown in Table 4-5 and the ANOVA table is shown in 

Appendix J: Table J-4. 

To determine if in-house formulated pureed meat and vegetables were as well liked as 

commercial products, comparisons in liking were made between the two groups of samples 

(Table 4-6). No significant differences in the liking of appearance and flavor were observed 

between in-house prepared purees and commercial products (Appendix J: Table J-5).   
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Table 4-2: Means and standard deviations of liking scores between different in-house 

pureed food formulations, as evaluated by a consumer panel (n=7) 

 

 

 

Table 4-3: Means and standard deviations of liking scores between commercial and in-

house pureed food formulations, as evaluated by a consumer panel (n=7) 

 
 Samples 

Attribute  Turkey  

(rubbed) 

Turkey  

(non-rubbed) 

Carrot 

(no thickener) 

Carrot  

(modified corn starch) 

Appearance  
 

   

 

Mean 

SD 

3.08a
1,2,3 

1.36 

3.75a 

0.88 

3.5a 

1.51 

3.5a 

1.17 

Flavour  
  

  

 

Mean 

SD 

2.50a 

1.71 

2.86a 

1.46 

3.33a 

0.84 

3.17a 

1.05 

1. Evaluations were made on a 5-point visual hedonic scale 

2. Within each product, means in a row with the same letter are not significantly different at 

α=0.05 

3.  n= 7 (1 treatment, 7 panelist, 1 repetition) 

 
 Samples 

Attribute  Commercial In-house formulations 

Turkey appearance  
  

 

Mean 

SD 

      3.3a
1,2,3 

1.16 

3.4a
4 

1.27 

Turkey flavour  
  

 

Mean 

SD 

3.4a 

1.17 

2.7a 

1.54 

Carrot appearance  
  

 

Mean 

SD 

3.2a 

1.10 

3.5a 

0.90 

Carrot flavour  
  

 

Mean 

SD 

3.1a 

1.20 

3.3a 

1.29 
1
Evaluations were made on a 5-point visual hedonic scale 

2
Means in a row with the same letter are not significantly different at α=0.05 

3
n= 28 (4 treatments, 7 panelist, 1 repetition) 

4
n= 14 (2 treatments, 7 panelist, 1 repitition) 
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Macro-nutrient analysis 

 

Turkey 

 Diluting pureed turkey by 5%w/w did not significantly decrease the protein and fat 

content (Table 4-7). The ANOVA table is shown in Appendix J: Table J-6. The 45% w/w added 

liquid formulation had significantly higher moisture content (by 1%) and significantly reduced 

ash content. Additionally, pureed turkey with all white meat (100% breast) had significantly 

higher protein and lower fat contact, when compared to the white and dark meat (60% breast + 

40% thigh) formulation (Appendix J: Table J-7). No moisture, ash or micro-nutrient differences 

were seen in formulations varying in seasoning application methods (Appendix J: Table J-8).  

 When the protein content of all in-house formulated pureed turkey products (n=6) were 

compared to commercially outsourced pureed turkey (n=4), in-house pureed turkey formulations 

averaged 4.51g higher in crude protein content (per 100g) and 2.5g higher in carbohydrates, than 

their commercial counterparts (Figure 4-2).  
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Table 4-4: Means and standard deviations of macronutrients, ash and moisture content of 

formulated pureed turkey varying in treatments 

 

  Treatments 

  Added Liquid
 

Meat Muscle
 

Seasoning Application
 

Measured 

variable 

 40% w/w  45% w/w  100% 

breast 

60% breast 

40% thigh 

Rubbed Non-rubbed 

Fat  

(g/100g)  

 

Mean 

SD 

 

2.0a
1 

0.39 

 

1.6a 

0.48 

 

1.5b 

0.25 

 

2.3a 

0.18 

 

1.2a 

0.42 

 

2.1a 

0.39 

Protein 

(g/100g) 

 

Mean 

SD 

 

18.5a 

1.20 

 

17.9a 

0.26 

 

18.8a 

0.92 

 

17.8b 

0.56 

 

18.9a 

0.74 

 

18.1a 

1.20 

Carbohydrate 

(g/100g) 

 

Mean 

SD 

 

0.5a 

0.55 

 

0.5a 

0.27 

 

0.3a 

0.74 

 

0.5a 

0.35 

 

0.1a 

0.35 

 

0.6a 

0.55 

Ash        

(g/100g) Mean 

SD 

1.3a 

0.01 

1.2b 

0.01 

1.3a 

0.05 

1.3a 

0.05 

1.3a 

0.05 

1.3a 

0.01 

Moisture 

content 

(%) 

 

Mean 

SD 

 

77.8b 

0.51 

 

78.8a 

0.29 

 

78.1a 

0.67 

 

78.2a 

0.55 

 

77.7a 

0.28 

 

77.9a 

0.51 

1
Within a treatment (Added liquid, meat muscle, seasoning application) means with the same letters 

are not significantly different at α = 0.05 
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Carrots 

 The addition of 1.6% w/w added skim milk powder (SMP) and rice cereal (RC) to pureed 

carrots had a significant effect on increasing protein content (Table 4-8). Moreover, although not 

significant, added modified corn starch (MT) had the effect of lowering the crude fat content of 

the product, when compared to other treatments.  

 When formulated pureed carrots were compared to its commercial counterpart, the 

carbohydrate content of the in-house formulations were significantly higher than the 

commercially outsourced products  (Figure 4-3).The ANOVA table for nutrient comparison of 

pureed carrots is shown in Appendix J: Table J-9. 

 

 

 

Figure 4-2: Macro-nutrient content comparison of in-house formulated 

pureed turkey (n=6) and commercially outsourced pureed turkey (n=4) 
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Table 4-5: Means and standard deviations of macronutrients (g/100g), ash (g/100g) and 

moisture content (%) of formulated pureed carrots varying in added thickeners 

 

 

 

 

 

 

 

  Samples 

Measured 

variables 

 Control 

 

Modified 

corn starch
 

Rice cereal Skim milk 

powder
 

Fat 

(g/100g)  

 

Mean 

SD 

 

0.1a
1 

0.04 

 

0.0a 

0.04 

 

0.12a 

0.01 

 

0.12a 

0.05 

Protein 

(g/100g) 

 

Mean 

SD 

 

0.5c 

0.05 

 

0.5c 

0.07 

 

0.8b 

0.03 

 

1.1a 

0.02 

Carbohydrate 

(g/100g) 

 

Mean 

SD 

 

9.9a 

0.12 

 

10.9a 

0.08 

 

10.1a 

0.17 

 

9.9a 

0.04 

Ash 

(g/100g) 

 

Mean 

SD 

 

0.9a 

0.01 

 

0.8a 

0.02 

 

0.7a 

0.05 

 

1.0a 

0.06 

Moisture content 

(g/100g) 

 

Mean 

SD 

 

88.5a 

0.09 

 

87.8a 

0.06 

 

88.3a 

0.02 

 

87.9a 

0.06 

1
Different letters in a row imply significant differences as detected by Tukey’s Honest 

Significance Difference (HSD) Test, at a significance level α = 0.05 
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4.5. Discussion 

 Modifying the components and processing conditions in semi-solid foods can lead to 

alterations in texture and flavour perception (Kälviäinen, 2002). It has been suggested that 

through the use of experimental sensory design and the testing of different ingredient 

formulations in pureed food products, innovative and healthy food options for older adults with 

dysphagia could be developed (Rothenberg et al., 2007). This was the goal of this stage of the 

project. 

Figure 4-3: Macronutrient content comparison of in-house formulated 

pureed carrots (n=4) and commercially prepared pureed carrots (n=4) 
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Effect of varying added liquid on sensory and nutritional properties of pureed turkey 

 

 Pureed food can be described as concentrated dispersions of solids (suspensions) in a 

fluid media (Gallegos, Franco, & Partal, 2004). A major factor influencing the intra-oral 

perception of pureed meat may be the solid particle constituents present that are suspended in 

liquid (Hecke, Nguyen, Clausse, & Lanoiselle, 2012). Meat has been described as a complex 

system made of ~75% water, 20% protein, 3% fat and 2% soluble non-protein components and 

contains vast amounts of meat muscle fibers and connective tissue (Tornberg, 2005). Higher 

concentrations of solid meat components in the lower added liquid (40%) formulations likely 

lead to increased graininess perceived by the trained panel. Graininess has been described as a 

perception caused by fine particles dispersed in food and is influenced by many factors, 

including particle-size/shape/distribution/concentration and the dispersion medium (Imai, Hatae, 

& Shimada, 1995). 

 In addition to higher graininess, the lower added liquid (40% w/w) formulation was 

perceived to be thicker, had higher turkey odour and higher spice-blend and peppery flavour 

responses, compared to its 45%w/w added liquid counterpart. This has also been observed by 

others who have also shown that a decrease in the moisture content of comminuted meat results 

in higher perceived meat odour and meat flavour (Gnanasambandam & Zayas, 1992). It is also 

possible that the increased thickness of the pureed products contributed to increased flavour 

perception. Increased thickness may have caused an increase in oral residence times and oral 

mixing intensity, increasing lubrication of the food bolus in preparation of a swallow (Funami, 
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2011; Chen & Lolivret, 2011). These actions may have subsequently enhanced the release of 

pepper and spicy-blend flavour molecules (Guinard, Wee, McSunas, & Fritter, 2002; Chen & 

Lolivret, 20011; Funami, 2011).  

 The 45%w/w added liquid pureed turkey formulation did not significantly lower the 

macro-nutrient content of the products, implying that concerns of nutritional dilution at 5% w/w 

liquid dilution, is unwarranted in pureed turkey. Additionally, the significantly reduced 

graininess perception in the higher added liquid formulation may make it the more ideal choice 

to be used for future pureed turkey formulations.  

 

Effect of varying meat muscle composition on sensory and nutritional properties of pureed 

turkey 

 

Muscle type did not have a significant effect on the sensory properties of the 

formulations. Although, no significant differences were found between meat muscle composition 

treatments, when analyzed in combination with added liquid, significant interactions were found, 

indicating that the type of meat is important when in combination with added liquid. Macro-

nutrient analysis however, suggested that white meat formulation had significantly higher protein 

and lower fat content in comparison to the 60% breast /40% thigh (Table 4-7). This difference, 

while significant, is small, with only 1g/100g difference between the two pureed formulations. 

The Canadian Dietary Reference Intakes indicate that older adults require 46g (females) 

to 56g (males) of protein/day. As no perceived sensory differences were detected between the 

two muscle-meat types, combination (60% breast + 40% thigh) or all white turkey muscle types 
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may be used for future formulations in LTC. The choice of meat type may very well be 

determined based on convenience or cost. 

 

Interactions between meat muscle composition and added liquid 

 

 Significant interactions between the amount of added liquid and meat muscle 

composition were found for five sensory attributes (Fig 4-3). In the 100% breast formulation, 

lower added liquid (40% w/w) had higher spice-blend odour responses, whereas in the mixed 

meat (60% breast + 40% thigh) formulation, the opposite effect was seen (Fig 4-3a). The 

response difference for spice odour between the two added liquid treatments was more 

pronounced for the 100% breast meat formulation, than for the mixed meat formulation.  In meat 

products or homogenates of meat, proteins, carbohydrates, and salts have been shown to 

influence the retention and release of volatile odour compounds and in some cases can undergo 

chemical reactions with them (Chevance et al., 2000; Gianelli, Flores, & Toldrá, 2005; Perez-

Juan, Flores, & Toldra, 2008). Proteins have been shown to affect the release and perception of 

odour compounds by binding to volatiles and altering headspace concentration (Perez-Juan et al., 

2008). Breast meat contained significantly greater protein compared to mixed formulations, 

which could explain the more dynamic sensory response, showing greater differences in spice 

odour, when different volumes of liquid were added. 

Dilutions (ie. 5%w/w extra added liquid) of white meat greatly influenced odour 

perception (Fig 4-3a), while dilutions of dark meat seemed to have more greatly affected taste 

and flavour (Fig 4-3b & Fig 4-3c). Saltiness and peppery flavour have similar interaction trends, 

in which higher added liquid (45%w/w) resulted in a reduction in perceived intensities in dark 
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combination meats (Fig 4-3b & Fig 4-3c). No changes were apparent in the same dilutions of 

white meat. This finding indicates that small changes in dilutions of dark meat led to flavour and 

taste changes that were more easily detected than in white meat.  

 A magnitude interaction was seen for thickness and mouth-drying responses (Figure 4-3d 

& Fig 4-3e). In both white and dark combination meats, lower added liquid resulted in greater 

thickness and mouth-drying qualities. However in white meat, these differences were slightly 

greater. As the amount of white meat increased, there was more divergence in texture responses, 

as was evidently seen when added liquid was altered, the difference in thickness and mouth-

drying qualities were greater in pureed turkey with 100% breast meat. The explanation may be 

due to structural differences in white versus dark meat muscle. The majority of meat muscle is 

composed of proteins. Myofibrillar proteins (actin and myosin) are important for their functional 

role in water holding capacity, emulsification, binding and protein gelation in processed meats 

(Li, 2008; Perez-Juan et al., 2008). Breast and thigh myofibrillar proteins have been shown to 

have different gelation properties (Li, 2008). For example, white meat muscle myosin formed 

stronger gels than leg muscle myosin, whereas leg muscle myosin formed finer and more 

filamentous gel structures than white muscle myosin gels (Asghar, Morita, Yasui, & Samejima, 

1984; Morita, Choe, Yamamoto, Samejima, & Yasui, 1987). These differences in protein 

gelation properties between white and dark muscle fibre types may have affected binding and 

water-holding capacities (Li, 2008) and may explain the slightly larger disparity in texture 

responses in the white meat with different added liquid.  
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Effect of varying seasoning application method in pureed meat on sensory and nutritional 

properties of pureed turkey 

 

Equal amounts of seasonings were added to pureed turkey with two different application 

methods. The increased saltiness and peppery perception in the rubbed meat may be beneficial 

from a palatability and swallowing safety perspective.  

 From a salt taste perspective, older adults have been shown to have impaired abilities to 

detect saltiness and may therefore have a higher preference for salt (Schiffman & Graham, 

2000). Older adults may also increase their salt intake to compensate for these losses. Taste 

impairments in older adults may render the food unappetizing, reducing food intake and poor 

nutrition could result. Therefore, it is important to formulate pureed food that tailors both to the 

nutritional and sensory needs of older adults. 

 Black pepper odour stimulants have been shown to improve the swallowing reflex of 

older adults with dysphagia (Ebihara et al., 2006). Since flavours are perceived as a combination 

of taste and odour, incorporating black pepper in foods may help to induce swallowing.  

However, more research is needed to study the effects of the swallowing reflex by adding pepper 

to foods. In addition to its role in enhancing the secretion of saliva (Srinivasan, 2007), piperine in 

black pepper is a trigeminal stimulant (irritant) that activates thermoreceptors and nociceptors 

(Ebihara, 2006). These are receptors responsible for temperature and pain detection, respectively. 

Residents may find the addition of pepper in pureed food too hot or spicy or may complain of 

pain, leading to refusal to eat the food. Therefore, careful consideration must be made when 

adding pepper in pureed foods.  
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 There have been reports suggesting that in some food textures, older adults preferred 

higher levels of chemical irritation than younger adults (Forde & Delahunty, 2002). Pepper 

addition to pureed foods may be effective at a low level to induce swallowing, without triggering 

a pain response. Much more research, however, is needed to investigate this effect.  

 

Effect of thickener type on sensory and nutritional properties of pureed carrots 

 

 Sensory findings indicate that thickening pureed carrots at a fortification level of 1.6% 

had a significant effect on the textural properties of the products but not in the perception of 

flavours or odours. It is likely that the amount of thickener added to pureed carrots were too 

small to see any significant changes in perceived odours or flavours. Both oral and visual texture 

was greatly affected by the addition of modified cornstarch. Pureed carrots thickened with 

modified corn starch had significantly greater perceived oral firmness and slipperiness and 

significantly more surface shine and a less textured (more smooth) appearance (Table 4-4). In a 

study done by Matta et al., (2006), starch based thickeners were added to beverages and 

liquidized food, which imparted a “slick” flavour and texture (Matta et al., 2006). Slipperiness, 

which has been described as the degree of slide of the food bolus through the mucosal surface of 

the oro-pharynx, has been reported to be an important parameter for swallowing (Seo, Hwang, 

Han, & Kim, 2007).  

 The increased slipperiness of the pureed carrot formulation with modified corn starch 

may be due to oral processing. The mixing of starch-thickened food with saliva, leads to a faster 

digestion of starch due to salivary alpha-amylase proteins breaking glycosidic bonds in the starch 

(Ferry et al., 2006; Wendin et al., 2010). This results in a loss of viscosity of the product, 
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explaining the increased slipperiness in pureed carrots with added modified corn starch (Wendin 

et al., 2010). It is also important to note that pureed food and other starch thickened liquids are 

Non-newtonian. The decreases in viscosity are time dependent and products may thin out, 

becoming more slippery over time (Hecke et al., 2012). This factor must be considered to get a 

better understanding of intra-oral processing of pureed food and its effect on perceived sensory 

attributes and safety during swallowing (Seo et al., 2007). 

 The sensory results indicate that a slippery pureed product does not mean that the product 

is less firm. In fact, correlation analysis indicate a significant positive correlation between 

slipperiness and firmness perception (r= 0.6084, p= 0.04). Other studies have also indicated that 

the addition of modified starch in puddings can result in a smooth, creamy mouth-feel, yet firm 

texture (O’Rourke, 1980). The evaluation procedure for slipperiness involved lateral movements 

of the tongue prior to swallowing, reflecting both bulk and surface properties being perceived 

when food is relatively degraded (de Wijk et al., 2011). Evaluation for firmness involves a 

simple compression action in which the tongue was pressed up against the upper palate. 

Therefore, firmness was perceived with minimal intra-oral processing and may be a relatively 

immediate response, reflecting bulk properties of the food, when food is still relatively intact (de 

Wijk et al., 2011). 

 The high firmness value observed for pureed formulations with added corn starch (Table 

4-4) has been observed by others (Stahlman et al., 2001; Wendin et al., 2010). A pureed product 

that is extremely firm may not be ideal, as foods with high rigidity need to be swallowed in 

smaller volumes and may present a choking hazard (Seo et al., 2007). Therefore the amount of 

modified corn starch added to a food must be controlled. In the current study, only a small 
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amount of corn starch was added to the carrots (1.6%w/w) which may have been low enough to 

control the rate of flow of the food bolus.  

The addition of modified corn starch significantly affected the appearance of the purees. 

Compared to the control (with no added thickeners), pureed carrots with added corn starch were 

perceived to have a significantly higher surface shine and a less textured appearance (ie. 

smoother). This could be due to the interaction of starch molecules with water. When starch 

granules are heated under high moisture, granules swell with water and the viscosity of the 

system increases (BeMiller, 2011). In the presence of water, granules continue to swell, and 

dissolved starch molecules leach out of granules creating a visco-elastic paste (BeMiller, 2011). 

Upon cooling, starch molecules form networks and an elastic gel is formed, depicting the process 

of retrogradation. The pureed carrots were evaluated for appearance at room temperature, which 

may explain the increased glossy appearance, upon cooling. The increased surface shine in the 

added corn starch carrots may be explained by higher reflective properties of the gel.  

Pureed carrots fortified with 1.6%w/w skim milk powder and 1.6%w/w rice cereal had 

significantly higher protein content than control or 1.6% w/w modified corn starch treatments 

(Table 4-8). At the concentrations of rice cereal and skim milk powder added to the purees, there 

was no significant flavour or odour difference when compared to control carrots. This indicates 

that the nutrition can be improved without significantly affecting the sensory properties.  

Research, however, is needed to determine if higher fortification levels of rice cereal, or skim 

milk powder could be used to improve the nutrient status of older adults with dysphagia.  

Carrots with added modified corn starch had half the fat content of the control. Since 

modified corn starch is commonly used as a replacement for fat in processed foods (Khalil, 

2000), this is not surprising. However, at a level of 1.6%w/w added modified thickener, no 
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significant macro-nutrient changes were seen. This indicates that this quantity of added thickener 

is likely an acceptable level to be used in pureed vegetables, for the purpose of improving 

appearance and oral texture qualities, without significantly altering the nutrition.  

 It has been stated by Kennewell & Kokkinakos, (2007), that pureed food thickened with 

rice cereal may have a positive effect on improving the iron status of older adults (Kennewell & 

Kokkinakos, 2007). Pureed carrots with added skim milk powder provided the most protein 

content and may assist with alleviating protein deficiencies in older adults, consuming a pureed 

diet (Durant, 2008). Some drawbacks of the use of skim milk powder in pureed food include the 

high-costs as well as a high allerginicity profile; not being a viable option for individuals who are 

lactose intolerant (Kennewell & Kokkinakos, 2007). Results of the sensory and nutrition analysis 

from pureed carrots suggest that at 1.6% fortification, modified corn starch, rice cereal or skim 

milk powder can be added to pureed carrots without significantly altering the flavour or odour 

profiles. Future research should examine varying levels of skim milk powder or rice cereal to 

determine the level at which nutritional intake is maximized without significantly altering 

sensory properties. 

 

Comparing consumer acceptability and nutritional content of in-house and commercially 

prepared pureed products 

 

 Consumer acceptability testing showed no significant differences in the liking of 

appearance or flavour between any of the in-house and commercially prepared pureed products 

(Table 4-6), indicating that the formulated products were as well liked as its commercial 

counterpart. Some of the limitations with conducting the consumer study in this population of 
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older adults were the difficulty in obtaining participants to match the inclusion criteria and the 

accuracy in responses when evaluations were made on a five-point hedonic scale. The consent 

process proved lengthy as for many individuals, the consent of the Power of Attorney was 

required. Furthermore, there were limited candidates who fit the eligibility criteria (i.e. 

individuals who were regular consumers of pureed food, needing little to no feeding assistance 

and were cognitive enough to answer questions regarding liking). There was also the issue with 

non-discriminant responses, with the majority of responses flanking the middle of the scale at “I 

neither like nor dislike it”. This is a rather common problem in sensory, referred to as “end-

effects”, where panelists tend to avoid extreme ends of the scale (Lawless & Heymann, 2010). 

The use of word descriptors and visual smiley faces in this study should have eliminated end-

effects (Lawless & Heymann, 2010), however, hedonic responses were not found to vary 

significantly from the middle of the scale. It is also possible that sensory impairments in the 

group of older adults were significant enough that participants were unable to discriminate 

between their liking of the products. The majority of liking scores were lower for commercial 

pureed food, indicating that frozen storage and subsequent re-heating of the commercial pureed 

product may have had an effect on its overall quality. However, commercial pureed turkey 

products were liked slightly more in flavour than the formulated pureed turkey. Given the 

chemosensory deficits with aging, enhancing the flavour of food, by adding seasonings and 

sauces have been shown to improve the intake of older adults (Best & Appleton, 2011).  

 When the mealtime experience for pureed food products was investigated in hospitalized 

patients, it was found that the most frequently reported problem by patients was the difficulty in 

identifying pureed food items (Blaise, 2009). Therefore incorporating seasonings that would aid 

in identifying pureed food items may be a crucial aspect in improving the sensory experience 
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when consuming these products. A comment made by a one panelist suggested that the 

seasoning in pureed turkey made it hard to know what meat product was being served. Cumin 

was used in the formulation of pureed turkey and this may not have been a familiar spice that is 

typically consumed in the diet in the sample of older adults tested, which could have contributed 

to the slightly lower liking scores for flavour in the formulated pureed meat product. Obtaining 

the right flavours that meet the needs of the population is crucial to improving consumption for 

pureed foods.  

 Texture and visual appearance cues are also important for identification of food items and 

for palatability but are often lacking in pureed food, making food items harder to identify.  In a 

study where pureed food was served, a blindfolded panel was asked to identify food based on 

flavour alone and only 51% of the panel identified carrots correctly (Schiffman, 1977; 

Schiffman, Musante, & Conger, 1978; Funami, 2011). Since textures are depleted in pureed food 

products, individuals may need to rely more on smell and taste to identify food being served. 

Older adults have also been shown to have reduced ability to taste and smell (Schiffman & 

Graham, 2000).  Therefore, seasoning pureed food for older adults with dysphagia to increase 

flavours and to improve abilities to identify food items being consumed may be integral to 

making therapeutic pureed foods more enjoyable for older adults and may help to improve 

consumption.  

 Some studies suggest that humans are more sensitive to changes in deformation than 

viscosity (Funami, 2011), which may undermine the role that texture plays in the perception and 

liking of semi-solid food products, when compared to its more solid counterpart. This study 

however, observed that even slight changes in ingredient formulations can result in significant 

alterations to perceived oral textures. More research is needed to investigate functional 
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ingredient formulations for pureed food to optimize the swallowing safety and health of 

individuals with dysphagia. 

 A comparison of macro-nutrient content between in-house formulated and commercial 

pureed products suggests that there is credibility in preserving the practice of making home-

made pureed meals versus purchasing commercially. Protein content of in-house pureed products 

were significantly higher when compared to commercially prepared products (Figure 4-2). Fat 

varied greatly among commercial purred turkey products as some contained added chicken fat. 

The higher carbohydrate content in pureed carrot products were likely the contribution of a 

variety of thickeners and stabilizers in the pureed turkey. In-house pureed turkey products did 

not contain any thickeners or preservatives, which may explain the greater crude protein, when 

compared to its commercial counterparts.  In-house pureed carrots also contained greater 

carbohydrates than the commercial products (Figure 4-3); further exemplifying the nutritional 

benefits of producing in-house pureed food.        
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4.6. Conclusion 

This study investigated the effect of varying ingredients in a pureed meat and pureed 

vegetable system, on sensory and nutritional properties. Findings indicate that small changes in 

ingredient composition and method of preparation can lead to significant changes to the sensory 

and nutritional properties of the product. More consumer research is needed to determine liking 

of pureed food in population of older adults who require them. Future work should investigate 

not only liking of appearance and taste but also easiness of swallowing of the formulated 

products. The results of this study may help to narrow the scope of focus for improvement of 

pureed food in both the commercial and in-house production sector. Understanding the sensory 

properties and the chemistry behind flavor release or inhibition in pureed food, as well as 

understanding consumer liking of these products can guide future developments. Therapeutic 

pureed foods should be formulated with optimal rheological and sensory qualities, to minimize 

the risk of choking and aspiration. More research is needed to understand the rheological and 

sensory properties of pureed food, as it pertains to the swallowing safety of individuals with 

dysphagia. 
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CHAPTER 5: INSTRUMENTAL MEASURES OF TEXTURE IN PUREED FOOD AS 

VARIABLES TO MODEL PERCEIVED TEXTURAL ATTRIBUTES 

5.1. Abstract 

With the Canadian aging population on the rise, there has been recent interest to develop 

better modified textured food (MTF) for older adults with dysphagia, from both a sensory and 

nutritional perspective. However, little instrumental research has been conducted on therapeutic 

MTF to provide context for swallowing safety. In this study, instrumental texture measures were 

conducted as a basis for comparison to perceived sensory measures. Texture parameters from a 

back extrusion test (i.e. firmness, consistency, adhesive force, adhesiveness), line spread test (i.e. 

flow in cm), and viscometer (i.e. viscosity) were measured in pureed turkey and pureed carrots. 

These instrumental values were correlated to sensory texture attributes generated by a descriptive 

trained panel (n=10). Pearson’s product moment correlation was used to determine significant 

correlations between sensory and instrumental measures. Finally, a step-wise linear model 

regression was conducted to identify instrumental parameters that independently contributed to 

predicting sensory measures. Instrumental firmness, consistency and viscosity from the back 

extrusion test, were positively correlated to all perceived oral sensory attributes in pureed turkey, 

while adhesive force, adhesiveness and the line spread test were significantly correlated with 

orally perceived textures in pureed carrots. Moreover, back extrusion results, such as adhesive 

force and adhesiveness, had high power in explaining the variances in perceived texture of 

pureed carrots. Future research is needed to develop instrumental tests that can measure 

perceived sensory textures that are important for swallowing and can accurately mimic in-mouth 

conditions.  
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5.2. Introduction 

 

Ingredient composition and processing conditions can have a great impact on modifying 

the flavor and texture of semi-solid foods (Kälviäinen, 2002). Rheology is defined as the study of 

deformation and flow and can describe the textural properties of foods, ranging from liquids 

(viscosity) to solids (elasticity) (Wendin, 2010). The effectiveness of modified texture foods are 

dependent upon its textural properties (Wendin, 2010). Texture of food, as described by Bourne 

(2002), can only be accurately perceived, described and quantified by humans (Bourne, 2002). 

Texture has been previously defined as a group of physical characteristics that derive from the 

structural elements in food and are sensed by the feeling of touch, related to deformation, 

disintegration, and flow of the food under a force, and are objectively measured by mass, time, 

and distance (Bourne, 2002). If the purpose of an instrumental test is to measure texture, 

correlations between instrumental and sensory measures are necessary (Everard et al., 2006). 

Instrumental tests should be designed to explain a textural quality experienced by consumers 

(Bourne, 2002). Correlating perceived texture with instrumental rheology measures may be done 

for many different reasons, such as: 1) to develop a quality control instrument, 2) to predict 

consumer responses, 3) to understand the sensory response associated with the physical texture 

measured, or 4) to improve/develop a physical texture measurement that will accurately mimic a 

sensory attribute, as described above (Szczesniak, 1987). 

  If strong correlations have been established between sensory and instrumental measures, 

physical texture measurements could be utilized as a quick and large scale quality control 

mechanism that can replace sensory evaluation (Xiong, Meullenet, Hankins, & Chung, 2002). 
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For individuals with dysphagia, appropriate food and liquid recommendations are crucial for 

swallowing safety (Garcia & Chambers, 2010). Clinical and videofluoroscopy studies confirmed 

that altering the volume, texture, or viscosity characteristics of the food bolus can affect the 

efficiency of oral and pharyngeal swallowing (Ekberg et al., 2010).  

 The National Dysphagia Diet (NDD) has categorized four levels of thickened liquids, for 

individuals with dysphagia, based on apparent viscosities (Matta et al., 2006). Minced food as 

described by the Australian and Irish national modified-textured food guidelines also cannot 

exceed 0.5 cm (IASLT & INDI, 2009).  However, few studies have focused on describing 

quantitative measures for therapeutic pureed food (Wendin et al., 2010). Increased efforts are 

needed to ensure that modified textured food is prepared, both commercially and in-house, with 

adequate textural qualities for swallowing. Additionally, more objective standards are needed 

both in the commercial and in-house sector for preparation of pureed food.  

To date, the viscosity and textures of pureed foods have not been well characterized 

instrumentally. Stahlman et al. (2001) investigated apparent viscosities on thickened and un-

thickened pureed fruits but conducted them at different shear rates and spindle sizes, making 

results not readily comparable between products (Stahlman et al., 2001). Another study 

attempted to arbitrarily characterize pureed food by the distance that the product flowed (line 

spread test) and by the apparent viscosity, using a viscometer conducted at a constant shear rate 

of 50/s (Paik et al., 2004). Different equipment and measurement parameters have been used to 

measure textural attributes, making results between different studies incomparable. 

 The back extrusion test is one of the most common instrumental tests which can be 

conducted to determine rheological properties of the food bolus at the point of swallow (James et 

al., 2011). It is an easy and rapid test that has been used to measure textures of semi-solid foods 
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(Bourne, 2002; James et al., 2011). Studies conducted on yoghurt and mayonnaise used back 

extrusion to measure maximum positive force, positive area, maximum negative force, and 

negative area of the curve (Bourne, 2002; Fiszman & Damasio, 2000). These parameters 

correspond to firmness, consistency, adhesive force and adhesiveness of the samples, 

respectively. According to the National Dysphagia Diet, textural qualities in semi-solid foods, 

such as firmness, adhesiveness and viscosity may be important for dysphagia treatment.

 Although instrumental measurements can give much information about the physical and 

rheological properties of pureed food, a simple table top test such as the line spread test, is more 

practical for use in a long-term-care setting. Simple, inexpensive objective tests of product flow 

can provide standards for the preparation of in-house pureed food (Paik et al., 2004). Yet, few 

studies have been conducted on the efficacy of the line spread test for semi-solid pureed food 

(Kim, 1999; Paik et al., 2004). The line spread test involves putting food or liquid products into a 

hollow cylindrical container and this container is lifted allowing products to flow on concentric 

lines measuring the distance travelled. Some propose that the line spread test is a reliable 

assessment tool to measure viscosity and could be adopted in quality control and product 

development procedures (Mann & Wong, 1996).  

There were two main objectives of this research. The first is to determine if differences in 

instrumental texture exist among pureed turkey and pureed carrot formulations. The second 

objective is to compare orally perceived texture attributes obtained from a descriptive trained 

panel to instrumental texture values obtained from viscometry, line spread testing, and back 

extrusion.  A variety of predictive equations, using instrumental values as independent variables, 

were generated, to explain the variance in perceived sensory texture. 
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5.3. Materials & Methods 

Materials 

The formulations tested for this study were those described in Chapter 4. Four pureed 

turkey products were tested and all formulations were made with the rubbed seasoning 

application method. Four pureed carrots, varying in added thickeners and a sample with no added 

thickener, as described in Chapter 4, was tested. Examples of preparation methods for the pureed 

products are shown in Appendix C (Tables C-1 & C-2).  

Methods 

Line spread testing 

To complete the line spread test, a hollow PVC tube 6cm in diameter and 4cm in height 

was filled with the pureed food to be tested, which was placed on top of a clear plexi-glass sheet 

outlined with concentric circles. The circles were spaced 1cm apart. The volume of pureed food 

in the tube was approximately 118mL. This amount is comparable to that served to individuals in 

LTC homes and therefore, the spread of the food would be similar to that observed on the plate 

as food is being served to residents. Testing was conducted when pureed food was at 55°C 

internal temperature. Samples were kept in a water bath equilibrated at 55°C.  

During testing, the filled tube was lifted from the circles and the samples were allowed to 

flow for one minute. Line spread readings were recorded at each 90° angle on the circles, after 

one minute, at the leading edge of the puree. If water separated out of the puree mixture 

(syneresis), this was not recorded as the leading edge. For each line spread test conducted, four 



101 

 

measurements were made corresponding to each 90° angle. Although many different studies 

have investigated the use of the line-spread test on pureed food (Mann & Wong, 1996; Mann et 

al., 2000; Paik et al., 2004; Dahl, 2005; Nicosia & Robbins, 2007), tube diameters vary from one 

study to another, making results difficult to compare. The standard tube diameter proposed for 

this study reflect actual serving portions of pureed food (#8 scoop = 118mL) that would be plated 

for individuals in long-term care and could therefore simulate spread of the pureed items on the 

plate. 

 

Viscosity testing 

Viscosity was determined using a Brookfield LV-RVF rotary viscometer (Brookfield 

Engineering Laboratories, USA). The viscosity of the purees was determined at 2 rpm using a #6 

spindle. Approximately 400mL of pureed product was put into a 600mL beaker for viscosity 

measurement. Samples were heated in a water bath and immediately after the temperature of the 

samples were equilibrated to 55°C, the sample was removed and viscosity was measured. All 

readings were read and recorded at the first spin of the dial, to prevent inaccurate measurements 

due to shear-thinning. Viscosity measurements were made in triplicates 

 

Back extrusion testing 

 A standardized dysphagia testing method has recommended the use of back extrusion 

technique to determine textural properties in orally ingested materials (Osorio & Steffe, 1987; 

Tymchuk, 1999). To determine the penetration force required to extrude the sample, a TAX.T2 

texture analyzer (Stable Micro Systems Ltd., Surrey, UK) was fitted with a TA.23 cylindrical 

probe (diameter of 12.7 mm and length of 76.2 mm). Thirty five grams of the pureed turkey 
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sample was put into a 50-mL centrifuge tube, with an internal diameter of 25mm and a length of 

100mm. The samples were centrifuged for 40 seconds to remove any air in the product. Products 

were then flattened at the top to create a flat surface for penetration. The probe penetrated into 

the sample at a rate of 5.00mm/sec and a trigger force of 5 g was selected to begin recording 

data.  The probe travelled to a total depth of 30mm from the surface. At that point, the probe 

returned to its original position, travelling at a speed of 5.0mm/sec.  

 Various parameters were selected from the time-force curve generated during testing.  

Firmness: defined as the maximum positive force (N) required to penetrate the sample; 

Consistency:  the positive area (N∙s) of the curve or the work done to achieve maximum 

firmness; Adhesive force: calculated as the maximum negative force (N) generated on the 

upstroke, as the probe returns to its original position; Adhesiveness: the area (N∙s) of the 

negative curve (Fiszman & Damasio, 2000). The average of each measure was calculated from 

three repetitions. Testing was conducted in triplicates at 23°C.  

Data Analysis 

All statistical analysis was conducted using R, Version 2.15.0 (The R Foundation for 

Statistical Computing, Vienna, Austria). A completely randomized block design was used for 

this analysis. The data were analyzed using a one-way analysis of variance (ANOVA) to 

determine differences in instrumental measures, among the pureed turkey and the pureed carrot 

treatments. Significance was reported at α=0.05. A Tukey’s Honest Significant Difference 

(HSD) test was used to determine where these differences existed between the samples.  
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To determine if correlations exist between the means of oral sensory texture attributes (as 

shown in Chapter 4: Table 4-1 & Table 4-2) and instrumental measures made on pureed 

samples, Pearson’s product moment correlation analysis was conducted.  Additionally, a step-

wise multivariate linear regression was used to generate a predictive linear model for each 

sensory attribute, with all instrumental values included as predictor variables. The purpose of the 

step-wise regression was to identify a set of instrumental measures (independent variables) that 

most greatly influenced descriptive sensory attributes (dependent variable). The model was 

selected using the Akaike Information Criterion (AIC). To assess the contribution and relative 

importance of each independent variable in the model when other independent variables are 

constant, the β-coefficient values were determined (Tables 5-4 and 5-8). This was calculated by 

standardizing the co-efficient values for the variables in the final model (β co-efficient = co-

efficient (X1) * sd (X1) / sd (Y)). The co-efficient of determination (R
2
)
 
value for these 

independent variables were also modeled individually with Y (univariate), to see the importance 

of these variables when other independent variables were excluded (Tables 5-4 & 5-8).  

5.4. Results 

TURKEY 

Differences in texture and viscosity of pureed turkey samples 

Mean scores for instrumental measures of texture are reported in Table 5-1, Regardless of 

the meat muscle composition used in the formulation (white or combination of white and dark), 

formulations with 40%w/w added liquid had significantly higher instrumental firmness and 

consistency, when compared to formulations with 45%w/w added liquid. The amount of added 
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liquid did, however, did not significantly affect adhesive force and adhesiveness measurements. 

Line spread test results were less sensitive at picking up differences in texture with the 60% 

white + 40% dark and 45% added liquid only showing significantly more spread than the 100% 

white and 40% added liquid sample. The ANOVA table for comparison of instrumental 

measures in pureed turkey is shown in Appendix K: Table K-1. 
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Table 5-1: Mean and standard deviations of instrumental texture values in pureed turkey 

 

 

 

 

 

 

 

Instrumental test 

and parameter 

 

 Samples 

 60/40/40
1 

60/40/45
2 

100/40
3 

100/45
4 

BACK EXTRUSION 

 

Firmness (N) 

 

    

 

Mean 7.96a
5
 5.51b 8.78a 3.57b 

 

SD 0.05 1.15 1.05 0.54 

Consistency (N*s)  
    

 

Mean 91.31a
 

61.46b 112.20a 39.09b 

 

SD 5.73 13.48 12.36 5.19 

Adhesive Force (N)      

 Mean -2.83a
 

-0.89a -1.40a -1.93a 

SD 0.75 0.28 0.55 1.30 

Adhesiveness (N*s)  
    

 

Mean -5.34a
 

-1.63a -1.61a -2.66a 

 

SD 3.67 0.08 0.15 1.86 

VISCOMETER 

 

Viscosity (x 10
5 

cP) 

 

    

 

Mean 2.8a
 

1.86b 2.93a 1.87b 

 

SD 0.2 0.52 0.08 0.003 

LINE SPREAD TEST 

 

LST (cm) 

 

    

 

Mean 0.16ab 1.19a 0.08b 0.35ab 

 

SD 0.28 0.72 0.14 0.08 
1
60% breast + 40% thigh and 40%w/w liquid 

2
 60% breast + 45% thigh and 45% w/w liquid 

3 
100% breast and 40% w/w liquid 

4
 100% breast and  45% w/w liquid 

5
Means with the same letters are not significantly different at α = 0.05 
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 Correlations between sensory and instrumental tests 

For pureed turkey, correlation analysis (Table 5-2) indicates that back extrusion results 

and viscosity were highly correlated with sensory attributes. Specifically, firmness and 

consistency measured by back extrusion were strongly correlated to all perceived texture 

attributes. As perceived oral textures increased, instrumental firmness and consistency increased. 

In contrast, instrumental adhesive force and adhesiveness were not significantly correlated to any 

of the orally perceived texture attributes (α= 0.05). Instrumental viscosity measures were also 

highly correlated with all orally perceived textures. No significant correlations, however, were 

observed between the line spread test and oral texture attributes.  

 

 

Table 5-2: Correlation co-efficients (r) and p-values (p), between perceived and 

instrumental texture attributes in pureed turkey, at α=0.05. 

 

 

   Instrumental texture   

Perceived 

texture 

 Firmness
2 

(N) 

Consistency
2 

(N*s) 

Adhesive 

force 

(N) 

Adhesiveness 

(N*s) 

Line 

spread 

(cm) 

Viscosity
3 

(cP) 

Thickness
1 r-value 

prob
 

0.80 

1.9 x 10
-3 

0.82 

1.2 x 10
-3 

-0.13 

0.68 

-0.17 

0.61 

-0.49 

0.10 

0.84 

5.0 x 10
-4 

Graininess r-value 

prob 

0.67 

0.02 

0.64 

0.03 

-0.51 

0.09 

-0.42 

0.18 

-0.49 

0.11 

0.80 

1.0 x 10
-3 

Mouth-

drying  

r-value 

prob 

0.84 

6.0 x 10
-4 

0.83 

9.0 x 10
-4 

-0.24 

0.45 

-0.29 

0.36 

-0.41 

0.19 

0.87 

2.0 x 10
-4 

1 
Trained sensory panel evaluated perceived texture attributes on a 15cm line scale 

2 
Back extrusion measurements using texture analyzer (TA.XT2) 

3
 Viscosity measurements using Brookfield LV-RVF rotary viscometer 
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Predictive linear models of perceived sensory measures 

Models were developed to predict sensory measures based on instrumental parameters 

using step-wise linear regression. The Akaike Information Criterion (AIC) is a method of 

selecting a model from a set of developed models. During the analysis, predictor variables 

(instrumental parameters) are added and removed in sequence, to determine the best possible 

linear model to predict a sensory attribute, with the smallest set of predictor variables. The idea is 

to efficiently model individual sensory responses (Y variable) by one or more instrumental 

measures (X variables). If an instrumental measure does not contribute greatly to the variation of 

that sensory attribute, the variable will be removed from the final predictive model. The co-

efficient and constants from this analysis were used to construct a prediction equation and 

compute sensory measure values based on instrumental parameters.  

Instrumental measurements were used as variables in linear equations to determine their 

ability to predict oral textures in the pureed turkey. The regression equations in Table 5-3 

explained 78%, 72% and 87% of the variation in perceived thickness, graininess and mouth-

drying, respectively. Instrumental firmness and viscosity were predictor variables for all sensory 

texture attributes in the pureed turkey samples. In the final selection model to predict graininess, 

consistency measures from the texture analyzer were better predictors than distance 

measurement from the line spread test. Additionally, adhesive force seemed to be an influencing 

factor at explaining variances in perceived mouth-drying.  

Regression co-efficients and β-coefficients for each independent variable in the model to 

predict each sensory attribute are shown in Table 5-4. The β-coefficient for adhesive force in the 

regression equation to predict mouth-drying was 0.26, indicating that instrumental adhesive force 

has little effect in predicting the variance in mouth-drying, when compared to the other 
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independent variables. Moreover, the higher β-coefficient values indicate that instrumental 

firmness and consistency were the most important independent variables in the regression 

equation to predict both perceived mouth-drying and graininess. For perceived thickness, 

viscosity had a β-coefficient value of 0.56, indicating stronger affects in predicting variance in 

the regression equation (Table 5-4). The R
2 

values in Table 5-4 indicating a univarite analysis 

with one instrumental variable in each linear model, showed less predictive power than when all 

instrumental variables were included in the regression equation (R
2 

values in Table 5-3). For 

example, when firmness was modeled to predict perceived thickness, only 64% of the variance 

can be accounted for (Table 5-4). However, inclusion of all instrumental variables to predict 

thickness showed that up to 78% of the total variance can be explained collectively by firmness 

and viscosity (Table 5-3). 

 

Table 5-3: Final step-wise regression model, coefficient of determination (R2) and p-values 

of instrumental texture parameters to predict sensory attributes in pureed turkey 

Prediction equations
1
 R

2 
p-value 

Stepwise regression using instrumental parameters   

T= 0.30 (F) + 1.68 x 10
-5 

(V) + 1.37 

 

 

G= 0.45 (F) - 0.03 (C) +7.62 x 10
-6 

(V) + 6.86 

 

 

M= 0.91 (F) – 0.06 (C) + 0.27 (AF) + 1.43 x 10
-5 

(V) + 4.26 

0.78
2 

 

 

0.72 

 

 

0.87 

1.12 x 10
-3

 

 

 

0.01 

 

 

2.85 x 10
-3 

1
Abbreviations for sensory: T= thickness, G= graininess, M= mouth-drying  

Abbreviations for instrumental texture: F= firmness, C= consistency, AF= adhesive force, A= 

adhesiveness, V= viscosity and LST= line spread test 
2
Co-efficient of determination value with all instrumental variables included in the model  
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Table 5-4: Unique contribution of each instrumental variable in the final model to predict 

the variance of sensory attributes (thickness, graininess, mouth-drying) in pureed turkey 

 

Carrots 

Differences in texture among pureed carrot samples 

Mean instrumental scores shown in Table 5-5 indicate that that pureed carrots with 1.6% 

added modified corn starch thickener had significantly higher instrumental firmness, consistency, 

adhesive force and adhesiveness compared to other pureed carrot treatments. Pureed carrots with 

added rice cereal and skim milk powder had firmness values in between the control and modified 

corn starch formulations. Although pureed carrots with added modified corn starch had 

 

Regression coefficient β-coefficient
 

R
2 

Thickness 

  

 

Viscosity (cP)
1 

1.68 x 10
-5 

0.56
3 0.71

4 

Firmness (N)
2 

0.30
 

0.39
 0.64 

   

 

Graininess 

  

 

Viscosity (cP)
1 

7.62 x 10
-6 

0.75
 0.64 

Firmness (N)
2 

0.45
 

1.74
 0.45 

Consistency (N*s)
2 

-0.03 -1.64
 0.41 

   

 

Mouth-drying 

  

 

Viscosity (cP)
1 

1.43 x 10
-5 

0.78
 0.75 

Firmness (N)
1 

0.91
 

1.95
 0.70 

Consistency (N*s)
1 

-0.06 -1.66
 0.68 

Adhesive Force (N)
1 

0.27 0.26 0.06 

 
1 

Viscosity measurements using Brookfield LV-RVF rotary viscometer 
2 

Back extrusion measurements using texture analyzer (TA.XT2) 
3 

β-coefficient = standardized regression co-efficients  
4 

R
2
= Co-efficient of determination value when one independent variable is modeled 
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significantly less spread in LST tests and back extrusion analysis showed higher firmness values, 

rotational viscometry tests repeatedly showed lower viscosities than other treatments. The 

ANOVA table for comparison of instrumental measures in pureed carrots is shown in Appendix 

K: Table K-2. 

 

 

Table 5-5: Mean and standard deviations of instrumental texture values in pureed carrots 

 

 

 

 Samples 

Instrumental test and 

parameter 

 No added 

thickener
 

Modified 

corn 

starch
2 

Rice 

cereal
2 

Skim milk 

powder
2 

BACK EXTRUSION 

Firmness (N) 

 

    

 

Mean 1.20c
1
 1.58a 1.45b 1.36b 

 

SD 0.05 0.06 0.02 0.03 

Consistency (N*s)  
    

 

Mean 4.00c 5.03a 4.72ab 4.28bc 

 

SD 0.11 0.14 0.06 0.07 

Adhesive force (N)      

 Mean -0.75d -1.15a -1.00b -0.90c 

SD 0.01 0.02 0.02 0.02 

Adhesiveness (N*s)  
    

 

Mean -2.66c -3.94a -3.43b -2.93c 

 

SD 0.07 0.19 0.07 0.15 

VISCOMETER 

 

Viscosity (x 10
5
 cP) 

 

    

 

Mean 1.58c 1.24d 1.74a 1.61b 

 

SD 0.22 0.12 0.34 0.30 

LINE SPREAD TEST 

 

LST (cm) 

 

    

 

Mean  0.56a 0.40c 0.54a 0.46b 

 

SD 0.01 0.04 0.02 0.02 
1
Means with the same letters are not significantly different at α = 0.05 

2
Thickener was added at a level of 1.6%w/w  



111 

 

Correlation between sensory and instrumental tests 

Firmness and consistency from the back extrusion test were significantly correlated with 

perceived oral firmness and slipperiness (Table 5-6). Adhesive force, adhesiveness, and the line 

spread test also had significant negative correlations to perceived oral texture. Viscosity was not 

significantly correlated to any of the sensory attributes. 

 

Table 5-6: Correlation co-efficients (r) and p-values (p), between perceived and 

instrumental texture attributes in pureed carrots, at α=0.05. 

 

 

Predictive linear models of perceived sensory measures of pureed carrots 

Step wise regression analysis conducted with all predictor instrumental variables revealed 

that consistency, adhesive force, adhesiveness and LST values could be used to predict firmness. 

With this model, 85% of the variation in perceived firmness is explained (Table 5-7). Results 

also indicate that when all other independent variables are held constant, instrumental adhesive 

force were the strongest predictors of perceived firmness and slipperiness, with β-coefficient 

values of 1.90 and -2.35, respectively (Table 5-8). When independent variables were univariately 

  Instrumental texture  

Perceived 

texture 

 Firmness
2
 

(N) 

Consistency
2 

(N*s) 

Adhesive 

force
2 

(N) 

Adhesiveness
2 

(N*s) 

Line 

spread 
 

(cm) 

Viscosity 

(cP) 

Firmness
1 r-value 

prob 

0.62
 

0.03
1 

0.60 

0.04 

-0.69 

0.01 

-0.69 

1.30 x 10
-2

 

-0.79 

2.29 x 10
-3

 

-0.49 

0.11 

Slipperiness  r-value 

prob 

0.75 

5.36 x 10
-3

 

0.78 

3.00 x 10
-3

 

-0.85 

4.07 x 10
-4

 

-0.82 

1.08 x 10
-3

 

-0.73 

6.55 x 10
-3

 

-0.29 

0.36 

1 
Trained sensory panel evaluated perceived texture attributes on a 15cm line scale 

2 
Back extrusion measurements using texture analyzer (TA.XT2) 
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modelled (Table 5-8), R
2
 values were lower than when all instrumental variables were included 

in the model (Table 5-7). 

 

Table 5-7: Final step-wise regression model, coefficient of determination (R
2
) and p-values 

of instrumental texture parameters (independent variables) to predict sensory attributes in 

pureed turkey 

 

 

Table 5-8: Contribution of each instrumental variable in the final model to predict the 

variance of sensory attributes (firmness, slipperiness) in pureed carrots 

Prediction equations
1
 R

2
 p-value 

Stepwise regression using instrumental parameters   

FRM= -2.94 (C) + 12.63 (AF) – 6.34 (A) – 13.41 (LST) + 18.69 

 

SLP= -10.11(F) – 14.86 (AF) + 8.10 

 0.85
2 

 

0.86 

5.17 x 10
-3

 

 

1.47 x 10
-4

 

 
1
Abbreviations for sensory: FRM= firmness, SLP= slipperiness 

Abbreviations for instrumental texture: F= firmness, C= consistency, AF= adhesive force, A= 

adhesiveness, V= viscosity, LST= line spread test 
2
Co-efficient of determination value with all instrumental variables included in the model 

 Regression 

co-efficient 

β-coefficient R
2 

Firmness    

LST (cm)
1 

– 13.41
 

-0.87
3
 0.62

4
 

Adhesiveness (N*s)
2
 – 6.34 -3.24 0.48 

Adhesive force (N)
2
 12.63

 
1.91 0.47 

Consistency (N*s)
2
 -2.94

 
-1.26 0.36 

    

Slipperiness    

Adhesive force (N)
2
 – 14.86

 
-2.35 0.73 

Firmness (N)
2
 -10.11

 
-1.54 0.56 

1 
Line spread test 

2 
Back extrusion measurements using texture analyzer (TA.XT2)

 

3
β-coefficient = standardized regression co-efficients 

4
R

2
= Co-efficient of determination value when one independent variable is modeled 
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5.5. Discussion 

 The purpose of this study was to investigate correlations between instrumental and 

sensory texture data. To further understand instrumental parameters that can predict sensory 

measures, sensory-instrumental data was also analyzed using stepwise multiple regression. In an 

ideal scenario, all independent variables have no correlation with one another, since correlations 

between independent variables can increase standard errors of the β-coefficients and can 

decrease the reliability in conclusions made about the independent variables. Instrumental 

variables in this study displayed some level of multi-collinearity when regression equations were 

assessed by variance inflation factor (VIF). However, given that the context of the study is to 

investigate simple regression equations to understand how common instrumental measures can 

predict perceived texture and not to determine a cause-and-effect relationship, the problem of 

multi-collinearity can be ignored (Graham, 2003). Multi-collinearity among instrumental 

variables will not affect the regression estimates or the coefficients of other independent 

variables in the model.  

 

The relative contribution of each independent variable in the model cannot simply be 

assessed by the magnitude of the regression coefficients, as these variables may have different 

units or scales of measurements. Standardization of the co-efficient values (β-coefficients) ensure 

comparisons can be made on the same unit/scale, to determine the relative strength of an 

independent variable in the regression  equation, when all other independent variables are kept 

constant (Table 5-4). The magnitude of β-coefficients values therefore explains the relative 
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power of an instrumental measure in the prediction equation of a sensory attribute. A β-

coefficient value of 1.91 for adhesive force (Table 5-8), indicates that a standard deviation 

increase in this predictor variable, will cause a 1.91 standard deviation increase in perceived 

firmness, when all other instrumental variables are constant .  

 

Turkey 

 In pureed turkey, correlation coefficients were significantly high between viscosity 

measurements and sensory texture attributes (r values ranging from 0.80 to 0.87). Furthermore, 

when all instrumental measures were modeled in step-wise regression, viscosity explained the 

majority of variance in perceived thickness, graininess and mouth-drying attributes.  

Line spread test values, however, had low correlation coefficients with sensory texture 

attributes (r-values ranging from -0.41 to  -0.49) and were not included in the final selection 

model to predict any of the sensory texture attributes. It can be concluded that viscosity and 

texture analyzer measurements (eg. firmness, consistency) are much more accurate at explaining 

perceived sensory textures in pureed turkey than the line spread test.  

The line spread test is not a true rheological measurement because factors other than 

viscosity, such as surface tension and wetting power, contribute to its measure (Bourne, 2002). 

The line spread test is a distance measuring instrument designed to measure fluid flow under the 

influence of gravity, a term known as gravity current flow. In gravity current flow, three 

variables are important, gravity, viscous and tension forces (Bourne, 2002). Some of the pureed 

turkey products did not spread in LST. This is likely due to the fact that pureed products 

displayed Non-newtonian behavior with a yield stress, in which case, some force other than 

gravity is required to allow product to flow (Bourne, 2002). Moreover, the surface on which the 
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line spread test is conducted on is an important factor in determining the distance products will 

flow. In this study, the LST was conducted on plexi-glass. However, other studies confirm that 

liquid food products travel at greater distances and exhibit more flow in LST, when conducted on 

glass (Kim, 1999). 

Correlation coefficients also suggest that the line spread test is poorly correlated with 

instrumental viscosity and perceived thickness (r= -0.49 and r= -0.53, respectively). From this 

we can conclude that limitations exist for using line spread test as an objective measurement tool 

to measure viscosity or perceived thickness in pureed meat, as many external, non-rheological 

factors can influence its determination.  

For the regression equation to predict perceived firmness, instrumental viscosity and 

firmness were the strongest predictor variables (see β-coefficients in Table 5-4). This is logical 

since all variables relate to the flow or resistance to flow of the product. Instrumental firmness 

and consistency were also shown to be good predictors of graininess and mouth-drying 

perception (see β-coefficients in Table 5-4). For consistency, negative coefficient values indicate 

that when consistency increases, graininess and mouth-drying perception decreases. Consistency 

can be described as the work required to extrude the product up and around the cylindrical probe. 

It can be an indication of the bulk textural property of the product and when consumed, the 

increased consistency may negate the effect of small particle size detection in the product.  

Geometrical textural properties, such as particle size were not included as independent 

parameters to predict the variance in perceived textures. Although particle size can contribute to 

perceived graininess, other variables such as the firmness of the water absorbed particles under 

compression, can affect graininess (Pereira, 2000). This research investigated common 

instrumental measures that have been previously conducted on pureed food by instruments such 
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as a viscometer, line spread test and texture analyzer. Preliminary investigations using a 

Mastersizer to determine the particle size distribution in pureed carrots and pureed turkey also 

showed no significant differences between the products. Future research should take a look at the 

predictive ability of instrumental tests that measure both geometrical and surface textural 

properties. Lastly, adhesive force was included in the final regression model to predict mouth-

drying. Mouth-drying was evaluated by detecting a drying and chalky mouthfeel after a swallow. 

To have a cohesive bolus for swallowing, free of isolated particles, viscous forces to adhere food 

particles together is required to overpower surface tension forces that allow for food particles to 

adhere to oral surfaces. Therefore, it would make sense that adhesive force was slightly 

predictive of perceived oral mouth-drying qualities.  

 

Carrots 

 Pureed carrots with added modified corn starch had the least spread and the highest 

values of firmness, consistency, adhesive force and adhesiveness in the back extrusion test. 

Control carrots with no added thickener displayed a significantly different profile than that of the 

modified corn thickened carrots, showing lowest average scores for all texture analysis measures. 

These findings followed sensory texture responses. One interesting finding, however, is that 

apparent viscosity was found to be consistently lower in pureed carrots with added modified corn 

starch, when compared to other pureed carrot treatments. There are a variety of reasons why this 

may have occurred (Casanovas, 2011). The viscosity of pureed vegetables has been shown to be 

time (thixotropic), temperature and shear-rate dependent. With increasing time, temperature or 

shear rate, pureed vegetables may have reduced apparent viscosity (Bourne, 2002; Mandala & 

Bayas, 2004; Hecke et al., 2012).  
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 In preparation of pureed carrots, boiled carrots and thickeners were mixed in the food 

processor immediately after carrots had been put in boiling water (~100°C). The high 

temperature during processing and incubation time to 55°C before viscosity measurements were 

taken may have caused swollen starch granules to rupture, decreasing the viscosity (Fennema, 

1996; Mandala & Bayas, 2004). Moreover, the effect of shear from the viscometer spindle may 

have greatly contributed to reducing the viscosity (shear-thinning), as more and more granules 

fragment after peak viscosity is reached (Fennema, 1996). Research has shown that heat and 

shear can accelerate the initial granule swelling process, decrease peak viscosity and increase 

extent of viscosity breakdown (Stephen, Phillips & Williams 2006).   

 When looking at predictive models developed for the pureed carrots, measurements from 

the back extrusion test played a larger role than viscosity in predicting perceived sensory texture 

(Table 5-8). For example, adhesive force, adhesiveness and consistency collectively explained 

the variance in perceived firmness (Table 5-8). Although instrumental firmness was positively 

correlated with perceived firmness (Table 5-8), it was not included in the final model to predict 

oral firmness. This may be explained by the fact that oral manipulations and conditions (e.g. 

saliva, pH) in the mouth may not be the same as what is conducted instrumentally. Instrumental 

firmness results were collected by back extrusion which involves extruding the samples up and 

around a cylindrical probe and forces are applied uniaxially. For sensory testing, panelists were 

instructed to press the tongue up against the hard palate to evaluate perceived firmness. 

 In comparison to back extrusions measures, viscosity did not have strong predictive 

power to explain the variance in oral sensory texture attributes of pureed carrots. It may be 

because instruments and humans do not process the food in the same way. Viscosity 

measurements in this study measured apparent viscosity at a constant shear rate and temperature. 
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However, in-mouth shear rates are rarely ever constant (Casanovas, 2011), which may have 

explained why the viscometer did not have strong predictive power to explain texture attributes 

in pureed carrots. Moreover, when pureed carrots are orally consumed, viscosity is reduced due 

to alpha-amylase in saliva quickly digesting the starch in pureed carrots (Wendin et al., 2010).   

 It has been suggested that the manipulation of food is more accurately modeled by 

extrusion in combination with compression or shear (Bourne, 2002). This provides some validity 

to combine all instrumental measures in the current research to describe the perceived sensory 

texture generated by trained panelists.   

Results from the line spread test were negatively correlated with perceived firmness 

(Table 5-7). It indicates that the less spread of the product, the higher the perceived firmness 

intensity, which is not difficult to conceptualize.  

 Adhesive force and adhesiveness are important parameters in the predictive modeling of 

all perceived textures in pureed carrots. The negative direction of the coefficients for 

instrumental LST, adhesiveness and consistency in predicting perceived firmness, indicates 

respectively, that the more product flowed under gravity, adhered to surfaces rather than cohere 

together and the more physical consistency the product had, the less the product’s perceived 

firmness (Table 5-7 & Table 5-8). Moreover, increasing instrumental firmness will decrease 

perceived slipperiness, indicating that the more firm the product, the less slippery it will be. 

Interestingly, adhesive force from the back extrusion, seem to negatively predict perceived 

slipperiness but positively predict perceived firmness, indicating that the more adhesive force the 

less slippery but more firm, when orally consumed. 

 Adhesiveness is an indication of the work required to overcome attractive forces between 

the surface of the food and the surface of other materials in which the food comes into contact 
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with (Fiszman & Damasio, 2000; Bourne, 2002). The higher the value, the more work is required 

to pull food away from the probe’s surface and the less cohesive forces from the molecules of the 

samples themselves. For adhesive force, the more negative the value, generally the “stickier” the 

product. These instrumental parameters are important for designing pureed foods for the older 

adult with dysphagia. Adhesive forces are required for food particles to adhere to one another, 

creating a cohesive food bolus free of isolated food fragments in the mouth, prior to swallowing 

(Lucas, Prinz, Agrawal, & Bruce, 2004). However, extremely high adhesive forces may cause 

the food bolus to adhere to oral or pharyngeal surfaces, which may increase the risk of 

asphyxiations in individuals with dysphagia. Saliva plays an important role in eliciting a 

swallow. Surface tension forces of the oral fluid tend to adhere food particles to oral surfaces, 

while viscous forces make food particles stay together (Chen & Engelen, 2012). It is the 

interplay of these two forces that determine if the food bolus is cohesive enough to swallow. This 

study supports that instrumental measures of adhesive force and adhesiveness are important 

quality texture parameters to consider for quality control in pureed carrots.  

 Some of the limitations of this study was that not all instrumental measures were 

measured at the same temperature. The back extrusion was conducted at room temperature as no 

peltier compartment or plate was attached to the texture analyzer. Back extrusion studies are 

often conducted at room temperature (Bourne, 2002). A preliminary experiment conducted for 

viscosity and line spread test on the pureed products showed no significant difference in values 

taken at room and serving temperatures, indicating that they can still be compared to the back 

extrusion test. More fundamental rheological tests are also needed to investigate the relationship 

with sensory properties. 
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 Univariate regression analysis of instrumental measure has been shown to have poor 

statistical correlation with perceived sensory textures (Pereira, 2000). Much more strength can be 

abstracted when combining all instrumental measures (Pereira, 2000) and this study exemplifies 

the strength in conducting multivariate regression analysis by combining all instrumental 

measures to predict a perceived sensory texture. This is one of the first exploratory studies 

conducted on therapeutic pureed food to determine the importance of instrumental measurements 

in predicting orally perceived texture, using simple linear regression models. 

5.6. Conclusion 

A greater understanding of objective measures done on pureed food for individuals with 

dysphagia is needed to propagate usable standards and quality control measures for in-house 

preparation as well as for commercial settings. Commercially, no objective rheological/texture 

standards exist in preparation of modified textured food and little regulation is being done in 

long-term care (LTC) homes to ensure proper texture and consistency of these products. More 

studies are needed to investigate inter-correlations between sensory and physical texture in 

pureed foods designed for older adults with dysphagia. Moreover, additional consumer liking 

data could be used to supplement findings of this research, in order to determine textural 

qualities that are preferred and acceptable in pureed food.  A great deal of effort is also needed to 

determine the range of shear and compression rates during oral manipulation of semi-solid food, 

for people with swallowing difficulties. Future directions should focus on conducting empirical 

and imitative tests on pureed food that reflect real oral conditions, to have a better understanding 

of textural parameters important for easiness and comfort of swallowing. 
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CHAPTER 6: CONCLUSIONS 

 

 The work in this thesis presented findings which could help to improve the practice of in-

house pureed food production, especially in the long-term care setting. Research with regard to 

the safety, nutritional, and sensory requirements for pureed food served to individuals with 

dysphagia, is still at its infancy. With the growing population of Canadian older adults in the next 

20 years, age-associated dysphagia will be on the rise and there will be an increased need to 

provide palatable and nutritious meals to benefit the health of this population. 

 The practices and challenges in preparing pureed food in institutionalized settings were 

investigated in Chapter 3. It was found that no harmonized guidelines existed to help with 

preparation of these foods in-house, which lead to varied preparation methods and outcomes. 

This was further highlighted in the inconsistencies of descriptors used to describe pureed food 

and the lack of objective measures to determine appropriate texture. There was a need for 

increased knowledge-sharing between ministry compliance officers, dietary staff and recipe 

developers, to establish quality standards for pureed food production. Analysis of pureed turkey 

and carrot products, showed that even minor changes in treatment and ingredient formulations, 

resulted in significant changes in the sensory and nutritional properties of pureed products.  

Therefore, the choice and quantity of ingredients are major determinants of quality that may 

either enhance or hinder the sensory, nutrition and swallowing acceptability of pureed products. 

 Rubbing meat with a seasoning prior to cooking could enhance the peppery and salty 

flavour perception and help to improve the palatability of pureed meat products. Moreover, the 

addition of 40%w/w liquid increased perceived oral graininess and mouth drying qualities. 

Therefore, the use of 45%w/w added liquid could result in smoother meat products, without 
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significantly diluting the macro-nutrient content the food. Even in small quantities (1.6%w/w), 

nutrient enhanced thickeners such as baby rice cereal or skim milk powder, can improve the 

protein composition of pureed vegetables, without any perceived changes to the sensory profile. 

The use of modified thickeners in pureed carrots increased oral firmness, slipperiness, and 

carbohydrate content but may suppress fat content.There is still a breadth of research that needs 

to be conducted on ingredient formulations in different pureed food products, to ensure that 

certain quality determinants such as swallowing safety, nutrition, and sensory acceptability are 

met. 

 Lastly, it was found that different instrumental measures contributed differently in 

predicting oral texture attributes in pureed turkey and pureed carrot products. Texture analyzer 

measures of firmness and consistency as well as apparent viscosity values best predicted orally 

perceived texture qualities in pureed meat products (ie. thickness, graininess, mouth-drying). 

However, in pureed carrots, line spread test measurements, adhesive force and adhesiveness 

played a larger role in predicting perceived oral firmness and slipperiness.  The role of modified 

corn starch in pureed carrots may have contributed to the strength of instrumental adhesive force 

in predicting oral textures.  

 

Recommendations: 

1) Collaboration among relevant professionals may instigate national harmonization of 

standards for in-house pureed food production, which may consequently prevent 

conflicting directions for in-house preparation 

2) The use of an effective, objective and rapid table-top testing method is needed in long-

term care homes to standardize pureed food outcomes.  
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3) Fundamental research into the textural/rheological properties of importance for 

swallowing, is needed in pureed foods  

4) More research is needed to determine clinical efficiency of swallowing when pureed food 

is consumed and to establish standardized texture/rheological tests, related to these 

properties  

5) Future research should also focus on determining physical texture differences in 

preparation of pureed food prior to consumption and post-consumption. This will require 

emulating conditions which mimic in-mouth bolus preparation of semi-solid foods and 

when saliva is incorporated. 

6) Quantitative standards need to be developed and validated for pureed foods. This 

includes development of harmonized equipment, testing parameters and conditions (e.g. 

temperature, shear rate, tests speed, volume tested). 
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APPENDICES 

Appendix A- Literature review of requirements for swallowing safety 

Table A-1: National dysphagia diet guidelines (pureed food recommendations) 

 

National Standards 

U.S.A Dysphagia Pureed (NDD 1):  

 Diet consists of smooth pureed, homogenous and cohesive foods. Foods 

should be “pudding like”.  

 No coarse textures, raw fruits or vegetables, nuts and so forth are not 

allowed 

 Any fruits that require bolus formation, controlled manipulation or 

mastication are excluded 

Special Note: List of recommended and restricted foods 

References: The National Dysphagia Diet (NDD): Standardization for optimal 

care, by American Dietetic Association ©2002 

UK ALL PUREED TEXTURES: 

 Does not require chewing, is smooth throughout, with no ‘bits’ (no 

lumps, fibres, bits of shells/skins, bits of husk, particles of gristle/bone 

etc.) 

 May have fine textured quality as long as the bolus remains cohesive in 

the mouth 

 It is moist 

 Any fluid in or on food is as thick as the puree itself (can’t have two 

consistencies) 

 There are no loose fluids that have separated off 

 Texture is not sticky in the mouth 

 No garnish 

 Check before serving/eating: 

o No hard pieces, crust or skin has formed during 

cooking/heating/standing 

 

Texture B: Thin Puree Dysphagia Diet 

 Does not hold its shape on a plate or when scooped.  

 Cannot be eaten with a fork because it slowly drops through the prongs. 

 The prongs of a fork do not make a clear pattern on the surface.  

 It can not be piped, layered or moulded. 

 Can be poured.  
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 ‘Spreads out’ if spilled. A light, disposable plastic teaspoon must be able 

to stand upright when the head is fully covered.  

 If it does not do this, the texture is too thin. 

 Check before serving/eating that it has not thinned out and any liquid 

within the food has not separated off. 

 

Texture C: Thick Puree Dysphagia Diet 

 Holds its shape on a plate or when scooped. 

 Can be eaten with a fork because it does not drop through the prongs.  

 The prongs of a fork make a clear pattern on the surface.  

 It can be piped, layered or moulded 

 Cannot be poured. Does not ’spread out’ if spilled. 

 It is not rubbery 

 Check before serving/eating that Fluid/ gravy/ sauce/ custard in or on the 

food has not thinned out or separated off. 

 

Special Note: Breakfasts and desserts for thick puree dysphagia diet 

 

Reference: Dysphagia Diet Food Texture Descriptors, March 2012, British 

Dietetics Association (BDA) 

http://www.bda.uk.com/publications/statements/NationalDescriptorsTextureMod

ificationAdults.pdf 

 

Australia 
Texture C: Smooth Pureed 

 Smooth, lump-free, consistency of commercial pudding 

 At times may have grainy quality but should not contain any lumps 

 Moist and cohesive enough to hold its shape on a spoon (ie. When placed 

side by side on plate these consistencies would maintain their position 

without bleeding into one another) 

 Some individuals may benefit from the use of runny pureed textures but 

this must prescribed on a case-by-case basis (runny pureed textures do not 

hold their shape; they bleed into one another when plated) 

 

Special Note: 

1. List of recommended and restricted foods 

2. Foods and other items requiring special considerations for individuals 

with dysphagia 

3. Charasteristics of food that pose a choking risk 

 

Reference: Appendix 1- Standardised definitions and terminologies for texture-

modified food and fluids, Nutrition & Dietetics 2007; 64 (Suppl. 2): S53–S76 

 

 

 

http://www.bda.uk.com/publications/statements/NationalDescriptorsTextureModificationAdults.pdf
http://www.bda.uk.com/publications/statements/NationalDescriptorsTextureModificationAdults.pdf
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Ireland 
Texture C: Smooth Pureed (See Australian standard above) 

Texture D: Liquidized Pureed 

 Smooth, pouring form consistency, lump-free, food has been pureed, 

sieved to remove any particulates 

 Do not hold their shape, merge into one another when put side-by-side on 

a plate and as result served in bowls 

 Cannot be eaten with a fork, can be taken through a wide-bore straw 

 

Disclaimer:  

 Recommend caution when prescribing as high liquid content can make 

liquidized diet, energy and nutrient dilute. 

 Maybe difficult to achieve this texture with some foods e.g. pasta, 

noodles. 

 Due to the liquid nature of this diet, it may not be suitable for those who 

require modified consistency fluids. 

 

Special Note: (See Australian standard above) 

 

Reference: IASLT & Irish Nutrition and Dietetic Institute. (2009). Irish 

consistency descriptors for modified fluids and food. Available online at: 

http://www.iaslt.ie/docs/public/information/Irish%20consistency%20descriptors

%20for%20modified%20fluids%20and%20food.pdf 

 

http://www.iaslt.ie/docs/public/information/Irish%20consistency%20descriptors%20for%20modified%20fluids%20and%20food.pdf
http://www.iaslt.ie/docs/public/information/Irish%20consistency%20descriptors%20for%20modified%20fluids%20and%20food.pdf
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Appendix B- Quality comments made about pureed food from LTC interviews 

 

Table B-1: Dietary staffs’ comments about commercial thickeners used in pureed food: 

  

 

Table B-2: Choice of turkey meat used in pureed recipes 

 Displacing nutrients, prove empty calories, add fillers/degrading nutrient content: 

“We try to limit the amount of thickener we put into them..we usually make it with more 

product because we want it to be nutrient dense thickener will take away all the nutrient 

density” (NM#16) 

“We try to use a limited amount of thickener and try to thicken it naturally. With natural 

starches or ingredients that’s already in the dish”.(NM#17) 

“I prefer them to thicken with mashed potato flakes so I prefer no thickener at all...Just so 

it’s not empty. Thickener is just empty.” (NM#24) 

 Altering the taste of the products: 

“You can add the thickener to it but if you add too much thickener you don’t really taste the 

oranges and mandarins.” (Cook #8) 

 

“ If you add too much liquid and you put thickener to counter balance.. may taste bland and 

may taste like nothing at all. Even things like salad with lots of water can be tricky because 

it tends to go liquidy so adding thickener kind of loses the flavor.”(NM#22) 

 “For chicken I buy a 60/40 white/dark..it processes better. They have a 80 dark 20 white and 

it’s just not the same, so I use the more white versus dark.” (NM#10) 

 “Order 60:40 white dark cubes turkey roll that’s re-processed. Now if you’re dealing with 

farmers, which most people in here at this home is, they won’t eat that they want the real 

thing.”(Cook #13) 

 “Its kind of roll, as you would say. It’s called 60/40 split, light meat dark meat and its 

pressed together. Its not filled, its just turkey” (Cook #25) 
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Appendix C- Methods of preparation for pureed turkey and pureed carrots 

Table C-1: Example of pureed turkey method of preparation with 100% breast meat and 

40%w/w added liquid 

 

1
Note: pureeing times may vary depending on food processor used and if lid stirrer not available, 

increase the time to puree to 4 minutes. 

 

 

Pureed roasted turkey 

Ingredient % (w/w) Equipment Method used 

Boneless, skinless 

turkey breast 

57.9 Knife, cutting board 1. Chop into 1 inch cubes. 

Chicken broth 40 Stove 2. Make broth 

Turkey seasoning 

(thyme, sage, 

marjoram, oregano, 

pepper) 

0.6  3. Evenly coat turkey with seasonings 

Salt 0.6   

Pepper 0.3   

Cumin 0.3   

Garlic  0.3   

  Convection oven 

 

4. Roast turkey in a convection oven at 

160˚C for ~90 minutes
1
 

5. Insert probe thermometer into the 

middle of thickest meat portions and 

ensure that internal temperature 

exceeds 80°C 

  Robot-Coupe Blixer 

food processor 

6. Process turkey dry in food processor 

for 1 minute to a fine, minced texture.  

 

 

 

  7. Add chicken broth and process for an 

additional minute until a smooth, 

pureed consistency is reached* 
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Table C-2: Example of the method of preparation for making pureed carrots  

 

 

 

 

 

 

 

 

 

 

 

 Pureed Carrots 

Ingredients Quantity 

(%w/w) 

Equipment Method used 

 Fresh, raw 

carrots 

98 stove-top, scale, 

steamer pot, 

vegetable peeler, 

knife, cutting 

board, 

1. Peel carrot skin using peeler & 

chop into 1 inch pieces 

2. Boil water in bottom of steamer 

pot, add carrots to strainer insert & 

close lid 

3. Steam on high for 45 min or until 

soft & tender (fork should pierce 

effortlessly into carrots)  

 Salt 

 Sugar 

 Pepper 

 Thickeners 

0.18 

0.15 

0.04 

1.6 

Measuring spoons 

Robot-coupe Blixer 

3 

Teaspoon, small 

bowl and scale 

4. Puree carrots (when still hot) with 

seasonings and thickener for 2 

minutes, while stirring.  
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Appendix D- Information and Consent Forms 

 

 

 

 

 

Trained Panel Information Sheet 

 

BACKGROUND AND PURPOSE OF RESEARCH: 

This project is being conducted by Nila Ilhamto, a Masters student in the Department of 

Food Science at the University of Guelph. Her advisor is Dr Lisa Duizer. The project is funded 

by the Research Institute for Aging. If you have any questions of concerns about the research, 

please feel free to contact Lisa Duizer: Phone: 519-824-4120 ext 53410.  

Dysphagia, better described as difficulty swallowing, is a commonly recognized problem 

in the aging community. It is estimated that 10% of elderly Canadians, or 400,000 people, are 

affected by this disease and the prevalence of dysphagia increases to about 40% in 

institutionalized setting. Currently, long term care facilities often make their own in-house purees 

for individuals with dysphagia to consume. The aim of this research is to develop new recipes for 

these facilities to use. To ensure that these foods are optimum in terms of taste, we require a 

trained panel to assist us with profiling the developed foods. 

 

PROCEDURES: 

Prior to beginning the training, we will screen you for health and allergies as well as your ability 

to taste. 

1. Screening questionnaires: 

You will be provided with a health screening questionnaire, asking about various medical 

conditions, medications and allergies to food products. You will also be provided with a 

questionnaire regarding your knowledge of food flavors, food textures as well as your food 

preferences. During the trained panel, you will be describing the taste and flavours of various 

food products. Your answers to these questions will assist us in knowing how well you can 

complete the training. This questionnaire will be filled out at your first screening session. 
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2. Training: 

If you are selected, you will be invited to participate in sensory training. You will be trained to 

evaluate selected in-house prepared food products for perception of various texture and flavour 

characteristics as well as for appearance.  

Training involves meeting as a group to taste and describe sensory attributes of various pureed 

products. We will work with you to define those descriptors and then teach you how to evaluate 

various pureed products for those descriptors. The final stages of the training will involve 

practicing making your evaluations in the sensory booths using a computer to make your 

selections.  

Each product testing day, you will be provided with an ingredient list for the food products you 

will be testing. Allergies must be disclosed before testing, so we are aware. For testing, large 

amounts of the food product will not be provided, but please discontinue eating if a feeling of 

fullness is uncomfortable. All food prepared for the trained panel is prepared in an approved 

kitchen that follow good manufacturing practices. 

3. Testing: 

After you have been trained, you will be asked to evaluate products for thecharacteristics in 

which you were trained using a computer for data entry.  

You will be reimbursed $15.00 for each training and testing session you attend. If you cannot 

make the testing session, please let us know, and we will reschedule a session for you.  

 

TIME COMMITMENT: 

Training sessions are expected to take 20 sessions of one hour each. Training will be held five 

days a week, Monday to Friday, at an agreed time that is most convenient for all participants. 

Testing sessions will take one hour each day for five days. Time for the sessions will be 

confirmed after screening has taken place. 

 

POTENTIAL RISKS AND/OR DISCOMFORT 

You will be eating food products, which may contain the following ingredients:  

Turkey, chicken, carrots, squash, wheat, soy, coriander, salt, sugar, garlic, sage, pepper, cumin, 

rosemary, savoury, marjoram, thyme, MSG  
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Additionally, you will be cleansing your palate with unsalted Premium Plus soda crackers and 

water. On each training day, an ingredient list will be provided.  

If you know these products cause you discomfort, please do not take part in this study.  

 

POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 

Information collected in this study will help us to have a better understanding of the sensory 

characteristics of pureed food products to help determine the overall factors that affect liking.  

CONFIDENTIALITY 

Every effort will be made to ensure confidentiality of any identifying information that is obtained 

in connection with this study. All data which is collected will be stored on a password protected 

computer in a locked room. The data will be analyzed to calculate group mean scores and 

standard deviations. All data collection is confidential. There is no way to track your panelist 

number back to you.  

 

PARTICIPATION AND WITHDRAWAL 

You can choose whether to be in this study or not.  If you volunteer to be in this study, you 

may withdraw at any time without consequences of any kind.  You may exercise the option 

of removing your data from the study.  You may also refuse to answer any questions you 

don’t want to answer and still remain in the study.  The investigator may withdraw you 

from this research if circumstances arise that warrant doing so.  

 

RIGHTS OF RESEARCH PARTICIPANTS 

You may withdraw your consent at any time and discontinue participation without penalty.  

You are not waiving any legal claims, rights or remedies because of your participation in 

this research study.  This study has been reviewed and received ethics clearance through 

the University of Guelph Research Ethics Board.   If you have questions regarding your 

rights as a research participant, contact: 

Research Ethics Coordinator              Telephone: (519) 824-4120, ext. 56606 

             University of Guelph   E-mail: sauld@uoguelph.ca 

 437 University Centre   Fax: (519) 821-5236 
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 Guelph, ON   N1G 2W1 

SIGNATURE OF RESEARCH PARTICIPANT/LEGAL REPRESENTATIVE 

 

I have read the information provided for the study “The development and optimization of 

an in-house prepared pureed meal for dysphagic individuals” as described in the 

information sheet provided. 

 

My questions have been answered to my satisfaction, and I agree to participate in this 

study.  I have been given a copy of this form. 

 

______________________________________ 

 Name of Participant (please print) 

 

 ______________________________________  ______________ 

 Signature of Participant      Date 

 

 SIGNATURE OF WITNESS 

 

 ______________________________________ 

 Name of Witness (please print) 

 

 

 

Signature of Witness 
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Appendix E- Health screening questionnaire 

 

 

 

 

 

 

HEALTH SCREENING 

Do you have any food allergies? ______If yes, please specify: ____________________ 

What treatments are you currently using to cope with allergy symptoms?___________ 

Do you have celiac disease?_________________________________ 

Do you have any food sensitivities?  

 If yes, please list what those sensitivities are:__________________ 

Do you have any of the following?  

 Dentures:______________________________________________________ 

 Diabetes: ______________________________________________________ 

 Oral or gum disease: _____________________________________________ 

 Hypoglycemia:__________________________________________________ 

 Hypertension: ___________________________________________________ 

 

Are you currently taking any medications which affect your senses, especially taste and smell? 

Please list medication (s) 
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Appendix F- Example of preference, flavour and texture screening questionnaire 

                      

Name:__________________________________________           Date:____________________ 

 

Food Habits  

1. Are you currently on a restricted diet? If yes, please explain. _________ 

2. How often do you eat out in a month (not including fast food)?__ 

3. How often do you eat fast foods out in a month?________________________ 

4. How often in a month do you eat a frozen “tv-dinner”?_________________ 

5. What is (are) your favorite food(s)?__ 

 6. What is (are) your least favorite food(s)? 

 7. What foods can you not eat?  

8. What foods do you not like to eat?  

9.  Do you work for a food company? 

10. Have you ever successfully or unsuccessfully applied to be a member of a sensory panel? 

11. Are you currently a member of a sensory panel?  

12. Have you ever been a member of a sensory panel?  

If yes, where and when?  

 

Flavour Quiz 

1. What are some of the foods that taste like yogurt?  

2. What would be one reason for someone to put salt on their pineapple?  

3. What is the best one or two word flavour description of ketchup? 

4. Describe some of the noticeable flavours in mayonnaise:  

5. Describe some of the noticeable flavours in cola: 

 

Texture Quiz  
1. How would you describe the difference between flavor and texture?  

2. Describe some of the textural properties of foods in general.  

3. Describe some of the properties that are apparent when one chews on a food.  

4. What are some of the textural properties of rice pudding?  

5. What are some of the textural properties of custard?  

6. For what type of foods is texture important?  
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Appendix G- Ingredient list of some commercial pureed products 

TURKEY 

 
 

Apetito (individual portions) 

Turkey, Water, Margarine (Canola, Soy and/or Palm, Milk Ingredients), Modified Corn Starch, 

Ground Pea Hull Fiber, Chicory Root Inulin, Soy Protein Isolate, Dextrose, Yeast Extract, 

Flavour, Spice, Salt, Xanthan Gum. 

 

Campbells primepuree (bulk) 

Turkey, Water, Red Lentils, Chicken Fat, Soy Protein Isolate, Seasonings (Salt, Yeast Extract 

and Hydrolyzed Soy, Corn and Wheat Gluten, Garlic Powder, Onion Powder, Corn 

Maltodextrin, Spices, Soybean Oil Shortening), Cider Vinegar, Soy Lecithin, Xanthan and 

Locust Bean Gum, Bean Sprouts, Sage Flavour, Disodium Guanylate and Disodium Inosinate 

 

HFS (bulk) 

ground turkey, water, textured soy protein, canola oil, chicken fat, carrageenan, salt, yeast 

extract, xanthan gum, spices 

 

Other commercial products analyzed:  

 HFS (individual formee) 

 

 

 

 

CARROTS 

 

Apetito (individual portions) 

Carrot, Water, Isolated Pea Fiber. Modified Corn Starch, Xanthan Gum, Salt. 

 

Campbells gardenpuree (bulk) 

Carrots, canola or soybean oil, water, dextrose, xanthan and locust bean gum, carrot juice 

concentrate, salt, konjac flour, soy, lecithin, butter flavour (milk), disodium guanylate, disodium 

inosinate, caramel and parsley oil. (Konjac flour is a soluble fibre, similar to pectin)  

 

Other commercial products analyzed: 

 HFS (bulk) 

 HFS (individual formee) 
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Appendix H- Consumer panel consent form #10NV009 

 
 
 

 

 

 

 

 

 

CONSENT TO PARTICIPATE IN RESEARCH 

 

Consumer testing of pureed food 

 

You are asked to participate in a research study conducted by: Lisa Duizer, Nila Ilhamto 

from the Department of Food Science at the University of Guelph. This project is being funded 

by OMAFRA and CAAP.  

 

 

1. BACKGROUND INFORMATION 

A common management approach to facilitate swallowing in older adults with dysphagia 

is to alter the texture of solid food to a pureed consistency. Older adults in retirement or long-

term care (LTC), who consume a pureed diet, are at particularly high risk for malnutrition. 

Therefore, significant efforts must be made to maintain the nutritional density, taste and visual 

appeal of pureed food, to promote consumption of these foods. Pureed food served at 

retirement/LTC facilities may be commercially purchased or prepared in-house. Presently, many 

homes choose to prepare pureed food in-house for reasons including: limited food budget, lack 

of commercial variety and Ministry regulations enforcing residents on a pureed diet to be served 

the same food as the regular diet.  

 

The in-house prepared pureed products in this study were developed based on 

information obtained from interviews with dietary staff in LTC. Common kitchen equipment in 

retirement/LTC facilities, such as the Blixer (food processor) were used to process the food and 

emulate the conditions under which these products would be made. The primary aim of this 

research is to improve the sensory properties and nutritional adequacy of pureed foods prepared 

in-house for people with dysphagia. In order to do this, we need input from consumers, like 

yourself, to tell us what you like and dislike about the products. All food for this project was 

made using Ontario grown turkey and vegetables (eg turkey and carrots). The research may also 

assist dietary staff in realizing a new market for food procurement, preparing meals using 

Ontario foods, to meet the nutritional and sensory needs of those on a pureed diet. 

If you have any questions of concerns about the research, please feel free to contact  

Lisa Duizer; Faculty member in the Department of Food Science. Phone: 519-824-4120 ext. 

53410 
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2. PURPOSE OF THE STUDY 

The purpose of this study is to determine your liking of commercial and in-house pureed product 

 

3. PROCEDURES 

We are going to ask you to do two things: 

1. You will be given a screening questionnaire that you will be asked to fill out (individually or 

assisted).  

2. You will be given samples of commercially prepared or in-house prepared pureed food.  

These purees will be hot and prepared according to industry standards and following safe 

food handling procedures.  

 

You will be provided with pureed products to taste and answer some questions about your 

liking of the products. You will be given only one product at a time.  

You may ask questions at any point during testing. If you do have questions, you may ask 

any of the researchers, and they would be happy to help clarify your questions.  

It is not anticipated that eating or smelling any of these pureed products will cause you any 

harm. The quantities served to you are smaller than you would receive under normal 

situations. You do not have to eat the entire sample of any pureed food given to you. We just ask 

that you eat enough to decide what you think of the sample.  

 

4. TESTING PROCEDURES 

Consumer pureed food testing in long-term care and retirement care: 

Testing of puréed products will occur on two different testing days (if needed). You will be 

testing pureed carrots and pureed turkey products. You will be asked to look at and eat each 

product to answer the questions regarding your liking of the appearance, flavour, and texture of 

the products as well as your overall liking of the product. Your evaluation will be made on a 

visual 5-point liking scale, with “1” indicating dislike extremely and “5” indicating like 

extremely (See Appendix 1). You do not need to eat the whole sample, only as much as you need 

to make your evaluation. The testing will be conducted in a country kitchen, providing a 

comfortable atmosphere for you to do the testing. You may give responses through verbal or 

non-verbal means (eg. pointing). You may ask the researchers questions during testing. 

If you do not have any swallowing difficulties and have never been on a pureed diet, you will 

need to fill out a screening form. The screening form will include questions regarding your 

swallowing abilities (See Appendix 2). The same testing procedures apply, whether you are 

residing in retirement or long-term care.  

Time required:   

Testing is anticipated to take ~15 minutes of your time, on one occasion (or multiple, if needed) 

 

5. POTENTIAL RISKS AND DISCOMFORTS 

Combined, commercial products contain the following ingredients: 
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Carrots, canola or soybean oil, water, dextrose, xanthan and locust bean gum, carrot juice 

concentrate, salt, konjac flour, soy, lecithin, butter flavour (milk), disodium guanylate, disodium 

inosinate, caramel and parsley oil.  

 

The in-house products may contain the following ingredients: 

Turkey- Local Ontario Turkey, salt, pepper, garlic powder, cumin, turkey seasoning (rosemary, 

thyme, sage, marjoram), chicken broth 

Carrots- Local Ontario Carrots, corn starch, skim milk powder, rice cereal, salt, pepper. 

 

If you do not have any allergies/discomfort with any of the listed ingredients, there are no known 

risks to being involved in this study.  

  

6. POTENTIAL BENEFITS TO PARTICIPANTS AND/OR TO SOCIETY 

Information collected in this study will help us have a better understanding of what older adults 

like and dislike about commercial and in-house pureed products. For the commercial products, 

this knowledge will allow for commercial puree food companies to develop purees that better 

suit the needs of older adults with regards to taste, texture, and appearance. The results obtained 

will also determine what qualities are liked and disliked in in-house prepared pureed products. 

This knowledge can be used to improve in-house preparation methods in order to optimize the 

appearance, taste and texture of pureed food and encourage consumption. 

 

7. PAYMENT FOR PARTICIPATION 

You will receive a small gift for your participation.  

 

8. CONFIDENTIALITY 

Every effort will be made to ensure confidentiality of any identifying information that is obtained 

in connection with this study. All data which is collected will be stored on a password protected 

computer in a locked room. The data will be analyzed to calculate mean scores and standard 

deviations. The identity of the participant will remain confidential.  

 

9. PARTICIPATION AND WITHDRAWL 

You can choose whether to be in this study or not. If you volunteer to be in this study, you may 

withdraw at any time without consequence of any kind.  You may exercise the option of 

removing your data from the study. You may also refuse to answer any questions you don’t want 

to answer and still remain in the study. The investigator may withdraw you from this research if 

circumstances arise that warrant doing so.  

 

10. RIGHTS OF RESEARCH PARTICIPANTS 

You may withdraw your consent at any time and discontinue participation without penalty. You 

are not waving any legal claims, rights, or remedies because of your participation in this research 

study. This study has been reviewed and received ethics clearance through the University of 
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Guelph Research Ethics Board. If you have questions regarding your rights as a research 

participant, contact: 

Research Ethics Coordinator 

University of Guelph 

437 University Centre 

Guelph, ON N1G 2W1 

 

Telephone: (519) 824-4120 ext 56606 

Email: sauld@uoguelph.ca 

Fax: (519) 821-5236 

 

CONTACT INFORMATION OF RESEARCHERS 
 

Faculty Supervisor: Dr. Lisa Duizer, Department of Food Science  

University of Guelph  

PHONE: 519.824.4120 ext. 53410  

EMAIL: lduizer@uoguelph.ca  

 

Co-Investigators: Dr. Heather Keller, Department of Kinesiology 

University of Waterloo 

PHONE: 519-888-4567, ext. 31761 

EMAIL: hkeller@uwaterloo.ca 

 

Student Investigator: Nila Ilhamto, Department of Food Science 

University of Guelph 

PHONE: 519.824.4120 ext. 56869 

EMAIL: nilhamto@uoguelph.ca 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:sauld@uoguelph.ca
mailto:lduizer@uoguelph.ca
mailto:hkeller@uwaterloo.ca
mailto:nilhamto@uoguelph.ca


153 

 

SIGNATURE OF RESEARCH PARTICIPANT / OWN LEGAL REPRESENTATIVE 

 

 

 

 

I have read the information provided for the study “Consumer Testing of Pureed Food” as 

described herein.  

 

My questions have been answered to my satisfaction, and I agree to participate in  

this study. I have been given a copy of this form.  

 

 

 

 

__________________________________ 

Name of Participant (please print) 

 

 

 

 

 

__________________________________                                

Signature of Participant                                                              Date 

 

 

 

 

 

SIGNATURE OF WITNESS 

 

 

 

 

__________________________________ 

Name of Witness (please print) 

 

 

 

 

 

__________________________________                                

Signature of Witness                                                                  Date 
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SIGNATURE OF LEGAL REPRESENTATIVE (POWER OF ATTORNEY) 

 

 

 

I have read the information provided for the study “Consumer Testing of Pureed Food” as 

described herein. My questions have been answered to my satisfaction, and I agree for my 

family member (or person I care for) to participate in this study.  I have been given a copy 

of this form. 

 

 

_____________________________________ 

Name of Participant 

 

 

 

______________________________________                   ______________ 

Signature of Participant                                                           Date 

 

 

 

 

 

______________________________________   

Name of Participants’ POA       

 

 

______________________________________                    ______________ 

Signature of Participant’s POA                                                 Date 
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Appendix I- A five point visual hedonic scale and questionnaire used in consumer panel 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

QUESTION #1 

 

 How do you like the “APPEARANCE” of product XXX? 

 

 

QUESTION #2 

 How do you like the “FLAVOUR” of product XXX? 

 

 

 

 

 

1 2 3 4 5 

I DISLIKE IT 

VERY MUCH 

I DISLIKE IT I NEITHER 

LIKE OR 

DISLIKE IT 

I LIKE IT  I LIKE IT 

VERY MUCH 
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Appendix J- ANOVA tables of sensory and nutritional parameters in pureed turkey and 

pureed carrot products 

 

 

 

Table J-1: The effect of varying added liquid, meat muscle composition and the interaction 

effect of between these two variables on the sensory properties of pureed carrots,  

Parameter Source Df ANOVA SS F-value p-value 

Spice Odour Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

8.43 

38.15 

2.67 

1.22 

7.65 

2.31 

2.32 

1.46 

0.67 

4.19 

0.1044 

0.0200 

0.2292 

0.4155 

0.0431 

Turkey Odour Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

4.47 

42.64 

7.15 

2.44 

0.04 

1.42 

3.02  

4.56  

1.55   

0.03 

0.2452 

0.0030 

0.0350 

0.2154 

0.8672 

Peppery Odour Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

1.52 

73.25 

0.24 

0.94 

0.03 

0.58 

6.20 

0.19 

0.71 

0.03 

0.5622 

<0.0001 

0.6679 

0.4003 

0.8737 

Spice Flavour Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

1.36 

107.41 

15.62 

1.75 

0.01 

0.42 

7.32 

9.58 

1.07 

0.00 

0.6600 

<0.0001 

0.0025 

0.3023 

0.9488 

Saltiness Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

5.50 

74.95 

4.68 

1.95 

6.49 

2.08 

6.30 

3.54 

1.48 

4.91 

0.1303 

<0.0001 

0.0627 

0.2272 

0.0289 

Turkey Flavour Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

4.08 

64.53 

3.75 

2.35 

1.54 

1.47 

5.17 

2.70 

1.70 

1.11 

0.2341 

<0.0001 

0.1032 

0.1956 

0.2941 

Peppery Flavour Rep 

Judge 

Water 

Colour 

2 

9 

1 

1 

0.72 

115.02 

16.35 

0.47 

0.21 

7.30 

9.34 

0.27 

0.8138 

<0.0001 

0.0028 

0.6060 



157 

 

 
 
                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Water*Colour 1 13.53 7.73 0.0064 

Thickness Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

18.76 

28.88 

270.60 

0.68 

14.42 

6.65 

2.28 

191.94 

0.48 

10.23 

0.0019 

0.0226 

<0.0001 

0.4905 

0.0018 

Graininess Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

3.93 

190.76 

26.13 

0.94 

0.15 

1.42 

15.36 

18.93 

0.68 

0.11 

0.2458 

<0.0001 

<0.0001 

0.4120 

0.7448 

Mouth-drying Rep 

Judge 

Water 

Colour 

Water*Colour 

2 

9 

1 

1 

1 

8.22 

134.91 

93.63 

1.54 

10.44 

1.81 

6.61 

41.30 

0.68 

4.61 

0.1684 

<0.0001 

<0.0001 

0.4115 

0.0342 
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Table J-2: The effect of seasoning application methods on the sensory properties of pureed 

turkey products 

 
 
 

 

 

 

 

 

Parameter Source Df ANOVA SS F-value p-value 

Spice Odour Rep 

Judge 

Season 

2 

9 

1 

0.85 

32.72 

3.75 

0.23 

1.98 

2.04 

0.7933 

0.0487 

0.1563 

Turkey Odour Rep 

Judge 

Season 

2 

9 

1 

2.00 

52.15 

3.64 

0.70 

4.04 

2.54 

0.5006 

0.0002 

0.1143 

Peppery Odour Rep 

Judge 

Season 

2 

9 

1 

1.41 

109.25 

3.23 

0.71 

12.25 

3.26 

0.4930 

<0.0001 

0.0736 

Spice Flavour Rep 

Judge 

Season 

2 

9 

1 

0.20 

152.61 

0.85 

0.05 

8.77 

0.44 

0.9503 

<0.0001 

0.5087 

Saltiness Rep 

Judge 

Season 

2 

9 

1 

6.87 

66.20 

14.91 

2.62 

5.61 

11.38 

0.0773 

<0.0001 

0.0010 

Turkey Flavour Rep 

Judge 

Season 

2 

9 

1 

1.91 

100.13 

14.28 

0.66 

7.67 

9.84 

0.5200 

<0.0001 

0.0022 

Peppery Flavour Rep 

Judge 

Season 

2 

9 

1 

9.09 

99.95 

108.49 

1.96 

4.80 

46.85 

0.1454 

<0.0001 

<0.0001 

Thickness Rep 

Judge 

Season  

2 

9 

1 

57.39 

53.25 

60.07 

19.46 

4.01 

40.74 

<0.0001 

0.0002 

<0.0001 

Graininess Rep 

Judge 

Season 

2 

9 

1 

21.01 

104.11 

13.94 

8.53 

9.39 

11.32 

0.0004 

<0.0001 

0.0011 

Mouth-drying Rep 

Judge 

Season 

2 

9 

1 

29.03 

115.92 

13.80 

10.20 

9.05 

9.70 

<0.0001 

<0.0001 

0.0024 
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Table J-3: ANOVA table comparing means of pureed carrot formulations varying in added 

thickeners 

 
  

 

 

 

Parameter Source Df ANOVA SS F-value p-value 

Spice Odour Rep 

Judge 

Treatment 

2 

9 

3 

1.33 

139.62 

2.69 

0.49 

11.35 

0.66 

0.616 

<0.0001 

0.5812 

Boiled Carrot Odour Rep 

Judge 

Treatment 

2 

9 

3 

1.11 

99.31 

6.25 

0.32 

6.34 

1.20 

0.7270 

<0.0001 

0.3144 

Salty Flavour Rep 

Judge 

Treatment 

2 

9 

3 

1.06 

158.14 

4.46 

0.51 

16.93 

1.43 

0.6005 

<0.0001 

0.2374 

Sweet Flavour Rep 

Judge 

Treatment 

2 

9 

3 

3.38 

73.66 

1.03 

0.86 

4.17 

0.17 

0.4260 

0.0001 

0.9131 

Bitter Flavour Rep 

Judge 

Treatment 

2 

9 

3 

11.07 

127.51 

8.70 

3.05 

7.80 

1.60 

0.0517 

<0.0001 

0.1946 

Spicy Flavour Rep 

Judge 

Treatment 

2 

9 

3 

1.83 

120.76 

5.33 

0.67 

9.78 

1.29 

0.5153 

<0.0001 

0.2802 

Boiled carrot flavour Rep 

Judge 

Treatment 

2 

9 

3 

1.36 

63.00 

10.23 

0.50 

5.18 

2.52 

0.6061 

<0.0001 

0.0618 

Slipperiness Rep 

Judge 

Treatment 

2 

9 

1 

11.76 

78.64 

85.26 

3.09 

4.59 

14.93 

0.0497 

<0.0001 

<0.0001 

Firmness Rep 

Judge 

Treatment 

2 

9 

3 

4.58 

57.19 

105.73 

1.19 

3.31 

18.34 

0.3077 

0.0014 

<0.0001 

Surface shine 

appearance 

Rep 

Judge 

Treatment 

2 

9 

3 

1.19 

112.63 

44.67 

0.12 

2.55 

3.03 

0.8864 

0.0109 

0.0326 

Textured appearance Rep 

Judge 

Treatment 

2 

9 

3 

3.79 

116.85 

474.51 

0.41 

2.81 

34.19 

0.6648 

0.0054 

<0.0001 



160 

 

 

 

Table J-4: ANOVA table of consumer data, comparing liking of appearance and flavour 

between in-house formulated pureed turkey (rubbed and non-rubbed) & in-house 

formulated pureed carrots (no added thickener and added modified corn starch) 

 

 
 

 

 

 

 

Table J-5: ANOVA table of consumer data, comparing liking of appearance and flavour 

between ‘in-house’ and ‘commercially prepared’ purees 

 

 
 

 

 

 

 

 

 

 

 

 

 

Parameter Source Df ANOVA SS F-value p-value 

Turkey appearance  

Treatment 

 

1 

 

1.333 

 

1.019 

 

0.337 

Turkey flavour  

Treatment 

 

1 

 

0.446 

 

0.176 

 

0.682 

Carrot appearance  

Treatment 

 

1 

 

0 

 

0 

 

1 

Carrot Flavour  

Treatment 

 

1 

 

0.083 

 

0.046 

 

0.835 

Parameter Source Df ANOVA SS F-value p-value 

Turkey appearance  

Treatment 

 

1 

 

0.01 

 

0.042 

 

0.839 

Turkey flavour  

Treatment 

 

1 

 

0.672 

 

3.104 

 

0.0858 

Carrot appearance  

Treatment 

 

1 

 

0.145 

 

0.626 

 

0.434 

Carrot Flavour  

Treatment 

 

1 

 

0.034 

 

0.146 

 

0.704 
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Table J-6: ANOVA table of nutrient content in pureed turkey varying in seasoning 

application 
 

 

 

 

 

Table J-7: ANOVA table of nutrient content in pureed turkey varying in added liquid 

 

 

Parameter Source Df ANOVA SS F-value p-value 

Fat  

Treatment 

Rep 

 

1 

1 

 

0.04 

0.01 

 

0.13 

0.02 

 

0.73 

0.91 

Protein  

Treatment 

Rep 

 

1 

1 

 

0.49 

4.0 x 10
-3

 

 

1.95 

0.01 

 

0.19 

0.95 

Carbohydrate  

Treatment 

Rep 

 

1 

1 

 

0.50 

0.18 

 

2.42 

2.69 

 

0.20 

0.60 

Ash  

Treatment 

Rep 

 

1 

1 

 

0.03 

0.14 

 

0.09 

0.18 

 

0.77 

0.68 

Moisture content  

Treatment 

Rep 

 

1 

1 

 

0.27 

1.31 

 

0.98 

1.96 

 

0.35 

0.19 

Parameter Source Df ANOVA SS F-value p-value 

Fat  

Treatment 

Rep 

 

1 

1 

 

0.54 

5.0 x 10
-4 

 

2.20 

2.0 x 10
-3 

 

0.19 

0.97 

Protein  

Treatment 

Rep 

 

1 

1 

 

0.04 

0.41 

 

0.15 

0.54 

 

0.71 

0.48 

Carbohydrate  

Treatment 

Rep 

 

1 

1 

 

0.21 

0.51 

 

0.70 

2.03 

 

0.43 

0.20 

Ash  

Treatment 

Rep 

 

1 

1 

 

2.85 

0.03 

 

185.80 

0.04 

 

8.73 x 10
-8

 

0.84 

Moisture content  

Treatment 

Rep 

 

1 

1 

 

1.75 

0.36 

 

13.97 

0.47 

 

3.86 x 10
-3

 

0.51 
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Table J-8: ANOVA table of nutrient content in pureed turkey varying in meat muscle 

composition 

 

 

 

 

 

Table J-9: ANOVA table of nutrient content in pureed carrots 

 

Parameter Source Df ANOVA SS F-value p-value 

Fat  

Treatment 

Rep 

 

1 

1 

 

2.30 

5.0 x 10
-4

 

 

32.83 

0.002 

 

1.9 x 10
-4

 

0.97 

Protein  

Treatment 

Rep 

 

1 

1 

 

1.45 

0.03 

 

7.61 

0.04 

 

0.01 

0.84 

Carbohydrate  

Treatment 

Rep 

 

1 

1 

 

0.75 

0.42 

 

3.64 

1.61 

 

0.09 

0.24 

Ash  

Treatment 

Rep 

 

1 

1 

 

0.03 

0.10 

 

0.11 

0.13 

 

0.75 

0.72 

Moisture content  

Treatment 

Rep 

 

1 

1 

 

4.0 x 10
-3

 

0.58 

 

0.02 

0.81 

 

0.90 

0.38 

Parameter Source Df ANOVA SS F-value p-value 

Fat  

Treatment 

Rep 

 

1 

1 

 

7.39 x 10
-4 

0.05 

 

0.36 

0.16 

 

0.57 

0.70 

Protein  

Treatment 

Rep 

 

1 

1 

 

0.52 

0.25 

 

48.07 

0.24 

 

2.48 x 10
-5 

0.63 

Carbohydrate  

Treatment 

Rep 

 

1 

1 

 

2.29 x 10
-3

 

4.00 x 10
-3

 

 

0.19 

0.01 

 

0.67 

0.94 

Ash  

Treatment 

Rep 

 

1 

 

0.22 

2.00 x 10
-3 

 

2.57 

2.00 x 10
-3 

 

0.14 

0.97 

Moisture content  

Treatment 

Rep 

 

1 

1 

 

0.08 

0.06 

 

0.42 

0.08 

 

0.53 

0.79 
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Appendix K: ANOVA tables of instrumental texture measurements 

Table K-1: ANOVA table of instrumental texture measurements in pureed turkey (n=4) 

varying in added liquid (40%w/w & 45%w/w) and meat muscle composition (100% breast 

& 60% breast/40% thigh) 
 

1
Back extrusion measurements using texture analyzer (TA.XT2) 

2
Viscosity measurements using Brookfield LV-RVF rotary viscometer 

3
Measurement of product flow using lines spread test 

 

 

 

Table K-2: ANOVA table of instrumental texture measurements in pureed carrots (n=4) 

varying in added thickeners (modified corn starch, rice cereal, skim milk powder, control) 

and a control (no added thickeners) 
 

1
Back extrusion measurements using texture analyzer (TA.XT2) 

2
Viscosity measurements using Brookfield LV-RVF rotary viscometer 

3
Measurement of product flow using lines spread test 

Parameter Source Df ANOVA SS F-value p-value 

Firmness
1
 (N)

 
Treatment 3 50.72 25.04 2.03 x 10

-4 

Consistency
1
 (N*s) Treatment 3 936.00 31.63 8.71 x 10

-5 

Adhesive force
1
 (N) Treatment 3 6.16 3.12 0.09 

Adhesiveness
1
 (N*s)

 
Treatment 3 27.72 2.18 0.17 

Viscosity
2
 (cP) Treatment 3 3.01 x 10

10 
12.79 2.02x 10

-3 

Line spread test
3
 (cm) Treatment 3 2.34 4.97 0.031 

Parameter Source Df ANOVA SS F-value p-value 

Firmness
1
 (N)

 
Treatment 3 0.22962 42.92 2.81 x 10

-5 

Consistency
1
 (N*s) Treatment 3 1.9038 23.49 2.55 x 10

-4 

Adhesive force
1
 (N) Treatment 3 0.26127 353.2 7.74 x 10

-9
 

Adhesiveness
1
 (N*s)

 
Treatment 3 2.8833 58.13 8.95 x 10

-6 

Viscosity
2
 (cP) Treatment 3 4.07 x 10

9 
2.01 0.19 

Line spread test
3
 (cm) Treatment 3 0.05 63.48 6.39 x 10

-6 


