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Abstract 

Reduction of saturated fat in finely comminuted and ground meat products by 

use of canola oil organogels and the effect on organoleptic qualities, texture 

and microstructure. 

 

John M. Wood       Advisor: Dr. Shai Barbut 

University of Guelph, 2013 

 

The main goal of this research was to determine the effectiveness of saturated fat 

replacement by means of a canola oil oleogel, termed an “organogel”, using ethyl cellulose (EC, 

10 cP) as the gelator and sorbitan monostearate (SMS) as a plasticizer.  All-beef frankfurters and 

pork breakfast sausages were used and instrumental tests performed to determine effectiveness 

were light microscopy, texture profile analysis, Warner-Bratzler shear force, cook loss and 

smokehouse yield.  A trained sensory analysis panel  scored for hardness, juiciness, oiliness, and 

the presence of off flavours. Replacing beef fat (BF) with canola oil (CO) in frankfurters 

produced a product that was significantly harder (P < 0.05).  The gelling of the canola oil 

lowered the TPA hardness values.  Cohesiveness, chewiness and gumminess values were 

statistically similar to the BF control. Minor changes in L*, a* and b* values were observed, 

with the organogel frankfurters being lighter than the BF control.  Sensory analysis scores 

showed that 8,10 & 12% EC frankfurters were significantly less hard than the CO control.  
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Chapter 1.  Overview 
 

In recent years, the structuring of edible oils using the polymer ethyl cellulose (EC) has 

become an active area of research. These so-called “organogels” have been shown to have 

important applications in food systems as a substitute for fats which can be rich in trans- and 

saturated fatty acids. According to the World Health Organization “high consumption of 

saturated fats and trans-fatty acids is linked to heart disease; replacement with polyunsaturated 

vegetable oils lowers coronary heart disease risk. Higher unsaturated fatty acids from vegetable 

sources and polyunsaturated fatty acids have also been shown to reduce risk of type 2 diabetes” 

(WHO 2013).  Therefore, the WHO recommends limiting the amount of dietary saturated fats, 

and increasing the amount of healthier, polyunsaturated fats.  Problematically for the processed 

meat industry, these saturated fats play a major role in the products they produce.  Saturated fats, 

due to their fatty acid composition and lower melting temperature, contribute a major amount to 

the texture, mouthfeel, juiciness and overall sensory acceptability of products such as 

frankfurters.  In order to attain a healthier lipid profile in such a product, unsaturated vegetable 

oils can be used.   

Liquid oils, when incorporated into meat emulsion systems, produce fat globules that are 

much smaller than saturated animal fats.  The resulting globule size difference leads to 

detrimental textural and sensory qualities which have been categorized as “hard” or “rubbery” 

(Youssef & Barbut 2009).  Earlier attempts at saturated fat replacement have used liquid oils, 

pre-emulsified water-in-oil systems, and saturated vegetable fats such as palm oil.  Formulations 

of these organogels have been investigated for use in a finely comminuted meat product, using 

all-beef frankfurters as a model (Zetzl and others 2012).   
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   Current research in our lab has shown that through the addition of the polymer ethyl 

cellulose, liquid vegetable oils can effectively be entrapped in a fibril network, and form a solid 

or semi-solid gel termed an “organogel”.  Structuring an oil has shown to resist the high-shear 

chopping operation and create larger fat globules (Zetzl and others 2012) leading to a texture 

similar to an all-beef control.  Some complications have been noted to this point, such as mealy 

qualities that can be found, and that the color of a frankfurter formulated with oils or organogels 

are significantly higher in L* value.  Applications for EC-based organogels which are currently 

being investigated include chocolate and confectionary cream filling (Stortz and others 2012).  

The structuring of edible oils using ethyl cellulose, both with and without the surfactant sorbitan 

monostearate (SMS), show potential in the meat processing industry as a replacement for 

saturated animal fats. 

 The research was designed to determine the effectiveness of saturated fat replacement by 

means of a structured, edible oil organogel.  Tests performed to determine the effectiveness of 

such a replacement, and determining optimum substitution levels were via a trained sensory 

analysis panel, light microscopy to determine the fat globule size and dispersion,  mechanical 

measurements, via a texture profile analyzer (determining hardness, chewiness, gumminess, 

springiness, cohesiveness), and force needed to shear the frankfurter laterally. 
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Chapter 2.  Literature Review 
 

 
2.1  Background & History: 

 

Frankfurters are produced from what has been termed a “meat batter” or “meat 

emulsion”.  This batter can best be described as being a very finely comminuted combination of 

muscular protein, particulates of fat, salt, water and other non-meat ingredients (starches, gums) 

that lead to a homogenous final product when heated. (Gordon 1992)  These comminuted 

products comprise a few categories of foods including frankfurters, bologna, and some types of 

meatloaf and paté.  Frankfurters have been consumed for decades, at home and through 

foodservice outlets.  Frankfurters and bologna products alone comprised 28.5% of federally 

inspected sausage production in the U.S. in 2011.  Americans will spend over $1.7 billion 

purchasing frankfurters, and on Independence Day, over 150 million frankfurters will be 

consumed (National Hot Dog & Sausage Council 2011).  Although popular media and attitudes 

tend to joke about frankfurters, their importance in the economy and the diet cannot be 

underscored.   

 

2.2  Saturated Fat in Meat Batters: 

 

 One of the main areas of contention with the frankfurter lies in its composition.  The 

average market frankfurter contains between 25-30 % fat content.  For the most part, all of this 

fat is saturated of animal origin.  Health Canada recommends limiting the amount of saturated fat 

ingested, and replacing it with unsaturated fats to decrease the risk of cardiovascular disease 

(Health Canada, 2008).  These saturated fats, however, play a key role in developing the texture 

and stability of comminuted meat systems.  Saturated fats in such a system have low melting 

points in relation to unsaturated fats, and this low melting point leads to a very specific feeling of 
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juiciness in the mouth (Youssef and Barbut 2010).  Another functional difference of saturated fat 

is its solid structure at room temperature, opposed to vegetable oil which is a liquid at room 

temperature.  This major difference in the fat’s structure is what leads to the largest textural issue 

facing fat replacement: hardness.  When a saturated animal fat is comminuted into a meat 

system, the fat globules are chopped into very small globule sizes (Zetzl and others 2012; 

Youssef and Barbut 2009).  As the meat batter is produced, salt soluble proteins (SSP), more 

specifically actin and myosin, act to form a film around each fat globule, known as an interfacial 

protein film (IPF) (Gordon 1992). Upon heating the meat batter, the proteins denature and the 

system forms a gel thus entrapping the fat globules inside of the denatured IPF.  When liquid oil, 

such as canola oil, is introduced into the system in place of the solid fat, much less shear force is 

needed to form small globules.  These oil globules also become coated by the IPF when sheared, 

and result in a larger number of much smaller globules leading to a firmer end product (Herrero 

and others 2011; Barbut 2002; Gordon 1992).  

 

2.3  Emulsion Formation & Stability: 

 

In the preparation of an emulsified meat batter, salt is added to the lean meat and 

comminuted for a short time to allow for the extraction of soluble myofibrillar proteins.  Water is 

then added, and upon further chopping creates a “slurry” which is capable of binding water and 

fat inside of its matrix.  The proteins form a membrane around the fat globules, and help to 

stabilize the fat such that upon heating, the fat remains locked inside of the product.  Gums, 

starches, protein isolates and other non-meat protein ingredients may also be used in such a 

system to help increase binding, stability and yield (Gordon 1992). Upon cooking, the 

denaturation and coagulation of proteins effectively immobilizes the fat, water and any other 

components of the product, giving the distinctly characteristic texture to many comminuted meat 
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products.  This stabilization of the fat and water within the product is extremely important to 

developing acceptable organoleptic and textural qualities. 

 

2.4  Attempts at saturated fat reduction/replacement: 

 

Many attempts and studies have been conducted in the past to replace the saturated fat 

content in comminuted products (Zetzl and others 2012; Herrero and others 2011; Herrero and 

others 2010; Youssef and Barbut 2010, Giese 1996; Paneras and Bloukas 1994).  The technology 

that has been developed has included the use of different carbohydrates such as maltodextrin, oat 

bran and fibre, carageenan and modified starches; and have carried the names of Simplesse, 

Oatrim and Prime-o-lean, to name a few (Gordon 1992).  Some researchers have attempted to 

remove the saturated fat component, and attempt to make replacement with “healthier” vegetable 

oils.  Adding liquid oil, without any other manipulation, was investigated (Zetzl and others 2012; 

Youssef and Barbut 2010).  The findings showed that as the liquid oil has very little cohesive 

structure, very small fat globules were observed in the batters via light microscopy evaluation.  

These changes were observed to have increased the overall hardness and L* lightness value.  The 

smaller fat globules lead to exponentially more surface area of the IPF, thus leading to much 

firmer products (Youssef and Barbut 2010; Herrero and others 2010).  Others have attempted 

this replacement by means of water-in-oil emulsions to replace the volume of saturated fat 

(Herrero and others 2010; Herrero and others 2011).  Procedures have been developed to create 

pre-emulsified fats for incorporation into meat systems.  Most common are soy, canola and olive 

oils that have been emulsified and stabilized with proteins such as caseinate, soy protein isolate, 

and whey protein isolate.  As with prior fat replacement attempts, it is shown that pre-emulsified 

fats continue to follow the trend of increasing hardness values, and increasing the chewiness of 

the frankfurter (Herrero and others 2010).  Blood plasma proteins have also been studied as a 
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promising source of soluble proteins and can be a useful ingredient in cooked meat products for 

its excellent gelling properties (Cofrades 2000).  Plasma proteins have been cited as a potential 

fat replacement in comminuted meat products because of their high functional gelation and low 

cost. There are, however, very few references as to the use of this plasma protein to manufacture 

meat products with fat levels lower than 12% to 14%, as a typical retail frankfurter can contain 

as much as 25% fat.  

 

2.5  Oleogels: Background and History: 

 

Current research on the use of the polymer ethyl cellulose (EC) as a gelling agent has 

recently come to light as a feasible means to structure edible vegetable oils into a solid or semi-

solid gel (Laredo and others 2011; Marangoni and Garti 2011).  Currently, monoglycerides 

(MAGs) are the only commercially available alternative to typical triglyceride (TAG) crystal 

networks.  MAGs are able to self-assemble into structures including lamellar, micellar, cubic and 

hexagonal phases (Michel & Sagalowicz, 2008).  Sorbitan monostearate, which is a hydrophobic 

surfactant, is capable of gelling vegetable oils including canola, sesame and olive oils. The 

surfactant molecules self-assemble into vesicles, and further cooling leads to the development of 

rod-shaped tubules (Murdan et al., 1999).  Sorbitan monostearate forms opaque, 

thermoreversible gels once a critical concentration of gelator molecules is achieved. The 

development of these tubules then immobilizes the solvent. The addition of polysorbates, 

referred to as Tweens, modify the structure of the tubules, which affects the overall properties.   

Hydroxylated fatty acids, including 12-hydroxystearic acid (12HSA), and ricinelaidic 

acid, are capable of forming oil gels at concentrations as low as 0.3% (Rogers & Marangoni, 

2008).  Long, thin molecular fibers are capable of spanning hundreds of microns in length.  Fiber 

formation occurs because the 12HSA stacks via a zig-zag pattern of hydrogen bonds. The 



7 
 

physical appearance of these systems may be completely translucent or opaque depending on the 

microscopic arrangement of the fibers (Rogers & Marangoni, 2008).  12HSA is not considered a 

food grade additive as it is derived from castor oil, and is considered an irritant due to its laxative 

effects. 

To effectively induce gelation of the oil and the polymer, the oil must be heated in excess 

of 140 °C, however at that point, it has been shown that there is a presence of oxidative 

breakdown products (Gravelle and others 2012).  These organogels have some unique 

advantages over other fat replacement attempts, as the oil does not need to be pre-emulsified, and 

new research in our lab has categorized the hardness levels of these “organogels” based on oil 

type and gelator concentration.  These newly developed characterizations can help to tailor an 

organogel to the semi-solid or solid consistency desired to work as a saturated fat mimetic.   The 

use of polymers such as ethyl cellulose to gel oil appears to be the least studied, and holds the 

greatest potential for food applications.  Ethylcellulose is soluble in a wide variety of solvents, 

thus making it easier to use when solution application is desired.  Among the useful solvents are 

the hydrocarbons, alcohols, ketones, and chlorinated solvents.  Ethyl cellulose products are also 

produced and marketed in a number of 

different viscosity grades. Viscosity increases as the length of the polymer molecule increases. 

Solutions of ethyl cellulose in hydrocarbons are highly viscous and solutions of low 

concentrations are practical when these solvents are used individually. On the other hand, 

solvents like ethanol and methanol yield solutions having lower viscosity (Rehki and others, 

1995). 

The suitability of a polymer in film coating or gel production is determined by its 

apparent viscosity, which represents viscosity of a specified concentration of the polymer, 
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dissolved in a specified solvent, at a specified temperature.  Viscosity control is achieved by 

controlling the chain length, thus controlling the degree of polymerization. The number of the 

bonded glucose units during the production process can be regarded as an indirect measure of the 

molecular weight of the polymer (Rehki and others, 1995). 

EC polymers have been given GRAS status (generally recognized as safe) and are 

inexpensive compared to the more heavily studied low molecular weight gelators. The polymer 

ethyl cellulose is derived from cellulose, a structural polysaccharide in plant cell walls (Laredo 

and others 2011).   

 

 

 

2.6  Organogels in Emulsified Meat Batters: 

 

 The addition of an oleogel into a meat system is entirely novel.  Food grade gelators, to 

this point, are too expensive to serve any practical use in most emulsified meat products.  The 

ethyl cellulose used in this study was purchased for approximately $220.00 CAD/ kilogram, and 

was incorporated at 8-14% of the weight of the organogel.  This type of added cost, in 

combination with the manufacturing costs of the organogel, would be unprofitable from a 

manufacturing standpoint.  

As mentioned earlier, attempts to improve the fatty acid profile of these comminuted meat 

products have either consisted of the simple replacement of added fat with vegetable oil, or a 

pre-emulsified water-in-oil system.  This substitution modifies the texture of these meat products 

to an unacceptable level (Zetzl and others 2012).  Zetzl and others (2012) report that the texture 

profile analysis results of their three formulations (fat, oil, organogel) of comminuted meat 

products clearly demonstrates the textural differences of liquid oil versus an organogel.  The first 

compression force was greatly reduced when the canola oil has taken the form of an organogel. 
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The canola oil organogel product was also not statistically different in hardness value from the 

beef fat control product.  Chewiness was also reported, and it was shown that canola oil created a 

stronger protein network, and would understandably create a product that requires more energy 

to chew.  The differences reported in chewiness between the canola oil and the beef fat 

emulsions are substantial, close to 170%, while the difference in hardness between these two 

batters was only 58%.  The comminuted products formulated with canola oil as opposed to beef 

fat required nearly three times the energy to break down in the mouth to the point where it could 

be swallowed (Zetzl and others 2012).  When the canola oil organogel was used, it created a 

product that was texturally similar when compared to a beef fat control. Taking into 

consideration that the binding of fat to the IPF appears to greatly affect texture, (Barbut 2002; 

Gordon 1992) the textural differences of the organogel containing products may be explained by 

investigating microstructure.   Light microscopy, shown by Zetzl and others (2012), 

demonstrates the significant differences in fat globule sizes between the gelled and non-gelled 

oil. The beef fat batter contains the largest fat globules, while the canola oil batter shows the 

smallest fat globule size.  When the canola oil was subsequently gelled, it resulted in an increase 

of the average globule size quite substantially. The canola oil oleogel seems to hold shape when 

chopped similar to beef fat, and is not distributed or emulsified to globules which are so small 

that they are detrimental to texture. 
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Chapter 3.  Finely comminuted meat products - effects of canola oil based gels 

for the replacement of saturated animal fat.  
  

3.1  Abstract 

 

Results showed that simply replacing beef fat (BF) with canola oil (CO) in all-beef 

frankfurters resulted in a significantly harder product.  The subsequent gelling of the canola oil, 

termed an organogel, lowered the TPA hardness values.  Frankfurters with organogel with 10% 

ethylcellulose (EC) showed hardness values that were not significantly different (P< 0.05) from a 

beef fat control.  Sensory analysis scores showed that 8,10 & 12% EC frankfurters were 

significantly less hard than the CO control.  Cohesiveness, chewiness and gumminess values of 

frankfurters with organogel were similar to the BF control.  Shear force values of frankfurters 

with 12 & 14% EC organogels were similar to the BF control.  Cook losses of frankfurters with 

organogels fell between both the CO and BF control.  10 & 12% EC products resulted in average 

smokehouse yield of 76.5% which was similar to the BF control.  Minor changes in L*, a* and 

b* values were observed, with the organogel frankfurters being lighter than the BF control.   

 

3.2  Introduction 

The structuring of edible oils using the polymer ethyl cellulose (EC) has been shown to 

have important applications in food systems as a substitute for fats which can be rich in trans- 

and saturated fatty acids. EC based organogels in frankfurters were investigated by Zetzl and 

others (2012), and shown to alter the textural properties from that of a control formulated with 

liquid soybean oil. Vegetable oils have the capacity to produce stable meat emulsions, but the 

very small size of the fat globules in the system leads to products with a firmer texture.  

Organogels can have differing mechanical properties depending on the formulation. Their 

incorporation into meat emulsions was researched so as to gain a broader knowledge of how 
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their physical properties affect the qualities of the food product. The World Health Organization 

recommends limiting the amount of dietary fat to between 15-30% of total daily energy intake, 

with saturated fats comprising only 10% of that total, and increasing the amount of healthier, 

polyunsaturated fats (WHO 2013).  Challenging for the processed meat industry, these saturated 

fats play a functional role in the products they produce.  Saturated fats contribute to the texture, 

mouthfeel, juiciness and sensory acceptability of products such as frankfurters.  In order to attain 

a healthier lipid profile in such a product, the use of unsaturated vegetable oils has been 

suggested. 

Canola oil was chosen as it contains the lowest saturated fatty acid levels when compared 

to other vegetable oils (Giese 1996).  This would ultimately lead to the highest reduction in 

saturated fat levels in the frankfurters.  Studies (Paneras and Bloukas 1994; Choi and others 

2009) confirm that vegetable oils can successfully replace fats of animal origin in controls, but 

this type of replacement is seldom used in the industry.  They do, however, cite that textural and 

yield properties change significantly.  Currently, very little information exists on the replacement 

of saturated fats in emulsion style meat products with structured oils.  The objective of this 

research was to determine the effectiveness, and characterize the effects of, saturated fat 

replacement by means of a structured, edible oil organogel. 

 

3.3  Materials & Methods 

3.3.1 Preparation of Meat Batter 

Lean beef meat (semitendinosus,biceps femoris, 20.95 ± 0.43% protein, 71.25 ± 0.97% 

moisture, and 7.80 ± 0.21% fat) and beef fat (76.59 ± 0.39% fat, 20.48 ± 0.67% moisture, and 

2.93 ± 0.30% protein; AOAC 1984) were obtained from the University of Guelph abattoir.  All 

visible connective tissue was removed from the meat. The meat and fat were separately chopped 
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in a bowl chopper (Schneidmeister SMK 40, Berlin, Germany) at the low speed setting for ~1 

min to obtain a homogenous mass, and then frozen (20°C) in individual polyethylene bags of 

1kg. per bag until used. 

All meat batters were produced in batches of 2.2 kg., and formulated to contain 11% 

protein to most closely match a typical retail formulation, and 26% fat. The lean meat accounted 

for 7.8% of the fat, while the remainder of the 26% was provided by either the added beef fat, 

liquid canola oil, or a canola oil based ethyl cellulose organogel. The lean beef meat and fat were 

thawed overnight and kept at 5°C before use. The frankfurter formulations were produced in 

three separate trials. A common procedure was used to prepare meat batters (Youssef & Barbut 

2009).  Briefly, lean meat was chopped using a bowl chopper at the low speed setting for 30 sec., 

followed by the addition of 2.0% NaCl, 0.6% of a commercial frankfurter seasoning (Hela Spice 

Canada, Uxbridge, Canada), 0.25% sodium tripolyphosphate, 150 ppm NaNO2, and chopped for 

30 sec. at high speed. This was followed by a 2 min wait to allow for salt-soluble protein 

extraction. The fat source was then added and chopped at the high speed setting for 1 min, 

followed by the addition of ice and an additional 3 min of chopping at the high-speed setting. 

Final batter temperatures for all treatments never exceeded 12°C.  Each batter was vacuum-

packed (Multivac Model A300/16,  Sepp Haggenmeuller KG, Wolfertschwenden, Germany) to 

remove trapped air.  The batter was loaded into an electric sausage stuffer (Mainca EB-25, St 

Louis, MO, USA) and stuffed into 32 mm cellulose casings (Hela Spice Canada, Uxbridge, 

Canada).  The sausages were manually twisted into 16 cm links, looped onto a smokehouse tree 

and refrigerated overnight at 5°C.  After overnight storage, the sausages were moved into a 

smokehouse (Enviro-pak CVU-490, Clackamas, Oregon, USA) allowed to dry for 30 min prior 

to a 10 min application of atomized liquid smoke (Canada Compound CSMOL, Woodbridge, 
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Canada).  Following the application of smoke, the sausages were cooked according to a 6-stage 

graduated heating schedule to achieve an internal temperature of 72°C.  Stage 1- 30 min at 

40.5°C, with no relative humidity (RH) control; stage 2- 30 min at 51.5°C, 80% RH; stage 3- 30 

min at 60°C, 80% RH; stage 4- 30 min at 71°C, 85% RH; stage 5- 30 min at 79.5°C, 90% RH; 

stage 6- 30 min at 83°C, 90% RH.  At the end of the cooking cycle, the sausages were showered 

with cold water, casings were stripped away, vacuum packed and stored at 5°C for up to one 

week until needed.  In addition, three 35 g samples were stuffed into 50 mL polypropylene tubes 

(Fischer Scientific) which were centrifuged (Model 225, Fischer Scientific) at the low speed 

setting for 30 sec to remove any remaining air bubbles. This was followed by cooking in a water-

bath (Haake W-26, Haake, Berlin, Germany) from 22°C to an internal temperature of 72°C 

within 1 hour. A thermocouple (Fluke Co. Inc., Model # 52 KJ1, Everett, WA) was used to 

monitor the internal temperature of the samples. Samples were then immersed in an ice water 

bath for 5 min, cook losses were poured off, and transferred to a walk-in refrigerator at 5°C for 

overnight storage.   

   

3.3.2 Preparation of Organogel 

 

Gels were prepared using the oven method (Gravelle and others 2013). Ethyl cellulose 

with a viscosity of 10 cP (ETHOCELTM std. 10, Dow Chemical Company, Midland, MI, USA) 

was obtained from Chemroy Canada Inc. (Brampton, ON), and canola oil (Hela Spice Canada, 

Uxbridge, Canada) were used to produce the organogels.  Canola oil was chosen as this would 

cause the greatest reduction in saturated fat compared to the beef fat control, and for its 

economic feasibility in Canada.  Organogels were prepared in Pyrex beakers by heating each 

sample in a bench-top gravity convection oven (Fisher Scientific, Ottawa, ON) set to 170°C and 

constant mixing using an overhead mechanical stirrer (Lightnin LabMaster model L1U10F, 
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Wytheville, VA.). A stir bar (25 cm length x 1 cm diameter) fitted with a high-shear impeller 

was fed through a hole in the roof of the oven, and used to stir the mixture at a constant rate (200 

rpm) throughout the heating process. The gels reached the target temperature of 140°C in 

approximately 50 min, followed by a 10 min holding period. 

Upon completion of the heating process, each batch of molten organogel was poured into an 

aluminum pan (20cm x15cm x5cm), cooled to 20°C, covered with aluminum foil and stored at 

5°C overnight.  

 

3.3.3 TPA & Warner Bratzler Shear 

Samples from centrifuge tubes were brought to room temperature after an overnight 

storage (5°C). TPA parameters were determined using 18 cooked cores (16 mm diameter, 10 mm 

high) per treatment. Cores were compressed twice to 75% of their original height by a texture 

analyzer (Texture Technologies Corp., Model TA.XT2, Scarsdale, N.Y., USA) using a 30 kg 

load cell at a crosshead speed of 1.5 mm/s between two parallel plates. The following parameters 

were recorded:  hardness, springiness, cohesiveness, chewiness, and gumminess (Bourne 1978).  

Warner Bratzler shear force was measured by shearing of smokehouse sausages laterally 

on 12 cores (32 mm diameter). The Warner Bratzler blade (75mm x 75mm x 3 mm, v-notch 

depth of 35mm) was attached to the texture analyzer, and the shearing speed was 100 mm/min   

 

3.3.4 Cook Loss & Smokehouse Yield 

Fluid that separated from the batters heated in tubes, during cooking, was measured after 

cooling the test tubes in a cold-water bath for 5 min, and expressed as the percentage of water 

and fat lost from the total batter weight (105 g.).  The cook loss samples were left at 5°C 

overnight, so fat or oil floated to the top and could be measured separately. 
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Yield of the sausages produced in the smokehouse was measured as the difference 

between the raw and cooked weights, and is expressed as a percentage of the raw weight, and 

was calculated as:  

                         Smokehouse yield = weight after cooking/raw weight x 100 

 

 

 

3.3.5   Color Evaluation 

The color of 12 fresh cut cross-sections from the cooked meat batters was determined 

(Mini Scan MS/S, Hunter Lab., Reston, Va., USA) using a D65 illuminant setting, and 10-degree 

standard observer. Color was expressed according to the Commission Intl. de l’Eclairage (CIE) 

system and reported as L*  (lightness), a* (redness), and b* (yellowness) (Wiegand andWaloszek 

2003). 

   

 

3.3.6 Microstructure 

  

Samples (approximately 20 mm x 20 mm x 5 mm) were cut from the centers of cooked 

meat batters, which were then fixed, and stained with hematoxylin-eosin following the procedure 

outlined by Youssef and Barbut (2009).  Slides were observed using a light microscope (Model 

BX60, Olympus Optical Co, Ltd., Tokyo, Japan). Images were captured by a computerized 

image analysis system (Image-Pro Plus, Version 5.1, Media Cybernetics Inc., Silver Spring, MD, 

USA) and saved as TIF files. Brightness, contrast levels, and white balance were adjusted 

manually in an attempt to improve the differentiation between the previous location of the fat 

globules and the surrounding meat protein network. 

. 
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3.3.7 Sensory Panel Evaluation 

Sensory analysis was performed by graduate students and staff of the Food Science 

Department. The 12 panellists were selected from a group of respondents to email recruitment.  

Frankfurters were steeped in 85°C hot water until the internal temperature reached 72°C (~8 

min), sliced into 2.5 cm lateral slices, portioned into 74 mL polystyrene cups, labelled with a 

random 3-digit blinding code, and kept warm in an oven set to 76°C until served.  Members of 

the panel were trained following the procedure of Meilgaard (1991). Panelists were seated in 

individual booths, with overhead fluorescent lighting in a dedicated sensory analysis laboratory 

at the University of Guelph’s Human Nutraceutical Research Unit. They sat for a total of nine 

panels, one panel per week, testing 3 replications of each treatment.  Products were served warm 

to each panelist, who were provided with room temperature water and unsalted soda crackers, 

and instructed to cleanse their palate between samples.  Panelists evaluated the textural qualities 

of the samples for hardness, juiciness, and fattiness.  Samples were rated by panelists on a semi-

structured, 10 cm hedonic scale. Hardness: 1 = very soft, 10 = very hard; Juiciness: 1 = very dry, 

10 = very juicy; Fattiness: 1 = not fatty/oily, 10 = extremely fatty/oily.  During training, panelists 

identified 8 off-flavours present in samples.  Panelists evaluated samples and marked the 

occurrence of any of the following off-flavours: chemical, grassy, dusty, rancid, glue, musty, old 

cardboard, and earthy.  Sensory analysis data were collected using Compusense 5 sensory 

analysis software (Compusense Inc, Guelph, ON, Canada).   

3.3.8 Statistical analysis 

The experiment was designed as a complete randomized block, with 3 separate 

replications.  Statistical analysis of texture data was completed using Graphpad Prism 5.0 

(GraphPad, San Diego, CA, USA). A one-way ANOVA test was performed with a Tukey test 
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using a 95% confidence level. Data were graphed using Graphpad Prism 5.0 with error bars 

indicating standard error of the mean. 

Sensory analysis data was also evaluated as a complete block design, with 3 separate 

replications using Compusense 5 software.  A one-way ANOVA test was performed with a 

Tukey test using a 95% confidence level. Data were graphed using Graphpad Prism 5.0. 

 

3.4  Results and Discussion 

3.4.1  Texture  

 Results showed that substituting beef fat (BF) with canola oil (CO) in the finely 

comminuted meat batters resulted in firmer cooked products (Fig. 3.1).  These findings are in 

agreement with studies showing that various vegetable oils, when comminuted in full or partial 

replacement of animal fat, form firmer products (Zetzl and others 2012, Youssef and Barbut 

2009, Paneras and Bloukas 1994). Youssef and Barbut (2009) show that this increase in hardness 

is due to the smaller fat globules dispersed throughout the meat batter.  The smaller sized 

globules dictate that a larger surface area of protein membrane, or interfacial protein film (IPF) 

was needed to surround CO globules.  The corresponding increase in IPF surface area could have 

increased the products resistance to compress.  The organogel containing products have shown to 

reverse this trend, producing products that exhibit hardness characteristics closer to the beef fat 

control.  Figure 3.1 shows that frankfurters formulated with organogel containing 10% ethyl 

cellulose (EC) resulted in a first compression hardness (37.4 N) that was not significantly 

different from that of a beef fat control (35.3 N).  Frankfurters with organogels containing 8, 12 

& 14% EC were statistically similar to each other in hardness (avg. = 27.0 N), but were 

significantly lower than the CO control (69.0 N) and BF control.   
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Replacement of BF with CO resulted in a slight non-significant increase in springiness.  

Frankfurters containing organogels with 8, 12 & 14 % EC were not significantly different from 

the controls (avg. = 0.80 mm) but frankfurters containing organogel with 10% EC exhibited 

lower springiness (0.76 mm) which is significantly different than both controls.   

Cohesiveness increased significantly when CO replaced BF.  All of the frankfurter 

treatments containing organogel though, reduced the cohesiveness value to (avg. 0.22) where the 

gels are not significantly different from each other, or from the BF control. 

Chewiness and gumminess follow the above mentioned pattern.  The gelation of the CO 

prior to addition in the meat batter resulted in a lowering of chewiness and gumminess to a point 

where they are not significantly different than the BF control. 
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Figure 3.1 Effects of fat type replacement on TPA hardness in frankfurters
containing canola oil (CO) organogel with 8,10,12 & 14% ethylcellulose (EC) in
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Error bars indicate standard error of the mean.  a-c Bars with different superscripts are significantly different (P<0.05) 
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Warner-Bratzler shear force results show that frankfurters containing CO required 

significantly more force to shear (27.10 N) than frankfurters containing BF (18.65 N).  Results 

also show that upon gelation of the CO, the force to shear the frankfurters with 8% EC (21.75 N) 

and 10% EC (20.68 N) fall between the range of both controls and are significantly different than 

the controls.  Frankfurters with 12 & 14% EC were not significantly different from the BF 

control. 

 

3.4.2  Cook Loss 

 

 Cook loss results (Table 3.1) show that the BF control produced significantly more water 

and fat loss than the CO control, which only exudes trace amounts of water and no fat.  These 

results are in agreement with Youssef and Barbut (2009) who showed that emulsions prepared 

with 11% protein and 25% CO had significantly lower fat and fluid losses than those made with 

BF at similar protein levels.  The CO in the meat emulsions produced significantly less cook loss 

than those prepared with animal fats.  It is possible that the higher number of fat globules in a 

given volume of meat batter, and the high density with which they are packed together, 

prevented water from exudating the matrix upon gelation.   Frankfurters with 8 & 12% EC 

resulted in fluid losses that were slightly higher than those with 10 & 14% EC.  All frankfurter 

treatments containing organogels showed cook losses that were significantly lower  than the BF 

control, and significantly higher than the CO control, falling between the two. 

 

3.4.3  Smokehouse Yield 

 

 Results of the weight difference before and after the cooking process are shown in Table 

3.1.  CO in replacement of BF in frankfurter treatments display similar results to cook losses as 

an increase in yield of 6.8% is seen from BF to CO.  Frankfurters with 10 & 12% EC showed an 
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average yield of 76.5% which is not significantly different from the BF control.  Frankfurters 

with 8 & 14% EC showed an average yield of 80.6%, which was not significantly different than 

the CO control. 

 

3.4.4  Colour Evaluation 

 

 Differing fat types had an effect on the lightness (L*) and redness (a*) of the frankfurters 

(Table 3.2), but yellowness (b*) showed no significant difference from controls.  Frankfurters 

with CO displayed an L* value of 58.2, which was significantly lighter than the control 

containing BF (55.5).  This is in agreement with Youssef and Barbut (2009) who proposed that 

the difference in lightness between the two treatments is possibly due to the differing distribution 

of the oil as opposed to the BF.  All of the frankfurters containing organogel showed an average 

L* value of 57.1, which is not significantly different than either of the controls, but does fall 

directly between the two.  Light microscopy shows that the organogel treatments (Fig. 3.3 C & 

D) have larger fat globules (seen as white areas) distributed throughout the protein matrix than 

the CO control, and probably explains why the lightness value slightly decreased.  The BF 

control displayed the highest a* value at 7.11 and the CO control was significantly lower than 

the BF control at 5.29.  All of the organogel treatments showed an a* value that fell between 

both of the controls.  Frankfurters containing 8, 10 & 12% EC were significantly different from 

the controls with an average value of 4.42.  The treatment containing 14% EC showed a value of 

5.14, which is significantly different from all treatments except the CO control.   
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3.4.5  Sensory Analysis 

 

 Sensory panel scores (Fig. 3.2) indicated that the CO control was perceived as the hardest 

of all treatments with a score of 9.31 and the BF control was least hard at 5.12.  These results are 

in agreement with Paneras & Bloukas (2006) who showed a similar effect on frankfurters 

formulated with olive, corn, sunflower and soybean oils at 12.5% protein.  Scores show that 

treatments containing organogel with 8, 10 & 12% EC were not significantly different from each 

other with an average score of 7.0, which is significantly less hard than the CO control. Sensory 

scores indicate that using gelled CO can counteract the “hardening” effect seen with liquid CO, 

but this also depends upon EC concentration in the gel, as panelists perceived the products as 

becoming increasingly harder as EC concentration increased.   
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very soft, 10 = very hard) perceived by sensory panelists in frankfurters
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(EC) in replacement of beef fat (BF).
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Juiciness scores were not, however, impacted by the gelling of the CO.  The BF control (Table 

3.3) exhibited the highest juiciness score (8.41), while all of the organogel treatments and the CO 

control showed no significant difference from each other (average score of 1.74).  These results 

are also in agreement with Paneras & Bloukas (2006) who showed that juiciness scores 

decreased with the addition of vegetable oils.  Although not a statistically significant difference, 

organogel treatments showed a slight decrease in juiciness as EC concentration increased.  The 

BF control showed an oiliness score of 2.74, which was significantly lower than the CO control 

at 1.71.  All treatments containing organogel fell between controls, and were not significantly 

different from either the BF or CO controls.  Table 3.4 shows the frequency with which panelists 

could detect pre-selected off-flavours in frankfurter samples.  Most noticeably, only 6% of 

panelists could detect any ‘chemical’ off-flavours in the controls, while 70% detected them in the 

treatments containing organogel.  This is probably due to the EC imparting a chemical flavour in 

the organogel and transferring into the frankfurter.  A rancid off-flavour was also prominent in 

the CO control (94%) and organogel treatments (avg. 55.5%) and is probably attributed to the 

nature of unsaturated fats to undergo oxidative rancidity and heat-induced oxidation, as only 

19% identified rancidity in the BF control.  It is also possible that the rancidity was perceived as 

lower in organogel treatments than in the CO control due to the overwhelming detection of 

chemical off-flavours that could have been masking the oxidation off-flavours.  The rancid off 

flavour problem could later be resolved, in further studies, by the addition of an antioxidant to 

the oil prior to heating. 
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3.5  Conclusions 

Simply replacing beef fat with canola oil in all-beef frankfurters produced a product that was 

significantly harder.  The gelling of the canola oil (organogel) before introduction into the meat 

batter assisted in lowering the hardness values to resemble a beef fat control.  Cohesiveness, 

chewiness and gumminess values could also be altered to be similar to a beef fat control.  Shear 

force values of organogel frankfurters with high EC concentrations (12-14%) were also tailored 

to more closely match a beef fat control.  Microscopy evaluation showed that the increase in fat 

globule size from canola oil to organogel aids in the tailoring of these properties. Smokehouse 

yields of organogel frankfurters are slightly higher than that of the beef fat control, which can be 

of significant importance to processors. Minor changes in L*, a* and b* values were observed, 

but most would be indistinguishable to consumers.  Sensory analysis scores showed that the 

addition of organogel, as opposed to canola oil, lowered hardness values to a point similar to the 

texture of an all beef frankfurter.  EC concentrations have shown to have an effect on the end 

frankfurter product.   

 

 

The goal of the next stage of the study was to evaluate whether further modification of the 

texture of the organogel itself could assist in further manipulating the texture of the frankfurter. 
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Table 3.1 

        
Effects of fat type replacement on texture profile analysis parameters (springiness, cohesiveness, chewiness, gumminess), Warner-Bratzler shear force, smokehouse  

yield and cook losses of frankfurters containing canola oil (CO) organogel with 8,10,12 & 14% ethylcellulose (EC)  in replacement of beef fat (BF).  

 

Treatment Shear Force (N) Springiness (mm) 

Cohesiveness 

(ratio) 

Chewiness 

(N/cm²) Gumminess Smokehouse Yield (%) Cook Loss (%) 

       

Water Fat 

Beef fat control 18.65 ± 0.71 a 0.78 ± 0.08 b 0.22 ± 0.02 a 5.9 ± 0.9 a 7.6 ± 0.9 a 74.3 ± 1.2 a 2.7 ± 0.1 e 0.3 ± 0.1 b 

Canola oil control 27.10 ± 2.26 d 0.82 ± 0.04 b 0.48 ± 0.11 b 26.7 ± 5.9 b 32.8 ± 7.8 b 81.9 ± 2.6 b 0.1 ± 0.1 a 0.0 ± 0.0 a 

8% EC CO gel 21.75 ± 1.72 b 0.78 ± 0.07 b 0.22 ± 0.02 a 5.9 ± 1.3 a 7.6 ± 1.7 a 81.1 ± 1.7 b   0.9 ± 0.1 c 0.1 ± 0.1 a 

10% EC CO gel 20.68 ± 1.80 bc 0.76 ± 0.04 a 0.23 ± 0.03 a 6.1 ± 1.5 a 8.0 ± 1.9 a 75.7 ± 3.5 a 0.6 ± 0.1 b 0.1 ± 0.1 a 

12% EC CO gel 18.80 ± 1.77 ac 0.80 ± 0.02 b 0.22 ± 0.02 a 6.2 ± 1.1 a 7.7 ± 1.4 a 77.3 ± 2.8 a 0.9 ± 0.1 c 0.1 ± 0.1 a 

14% EC CO gel 17.58 ± 0.63 a 0.82 ± 0.02 c 0.23 ± 0.03 a 5.8 ± 0.9 a 7.1 ± 1.2 a 80.0 ± 2.1 b 1.1 ± 0.1 d 0.0 ± 0.1 a 

a-f means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

   

 

 

 

Table 3.2 

   Effects of fat type replacement on color (L*= lightness, a*= redness, b*= yellowness) of frankfurters containing canola oil (CO) 

organogel with 8,10,12 & 14% ethyl cellulose (EC) in replacement of beef fat (BF).  

 Treatment L* a* b* 

Beef fat control 55.5 ± 1.0 
a
 7.11 ± 0.22 

c
 11.01 ± 0.25 

a
 

Canola Oil Control 58.2 ± 3.2
 b
 5.29 ± 0.75 

b
 10.93 ± 0.80 

a
 

  8% EC CO gel 57.0 ± 1.5 
ab

 4.48 ± 0.24 
a
 10.51 ± 0.50 

a
 

10% EC CO gel 57.4 ± 1.6 
ab

 4.42 ± 0.11 
ad

 10.40 ± 0.37 
a
 

12% EC CO gel 56.4 ± 0.9 
ab

 4.37 ± 0.22 
ae

 10.77 ± 0.57 
a
 

14% EC CO gel 57.6 ± 1.4 
ab

 5.14 ± 0.46 
bf

 10.47 ± 0.24 
a
 

a-f 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 3.3 

   Effects of fat type replacement on sensory characteristics (Hardness: 0 = very soft, 10 = very hard;  

Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily, 10 = extremely fatty/oily) of frankfurters containing  

canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) in replacement of beef fat (BF).  

Treatment Hardness Juiciness Oiliness 

Beef fat control 5.12 ± 0.68 
a
 8.41 ± 0.93 

f
 2.74 ± 1.14 

b
 

Canola Oil Control 9.31 ± 0.37 
d
 1.52 ± 0.63 

a
 1.71 ± 0.98 

a
 

  8% EC CO gel 6.76 ± 1.33 
b
 2.05 ± 1.20 

ab
 2.36 ± 1.24 

ab
 

10% EC CO gel 6.85 ± 1.67 
bd

 1.94 ± 1.19 
ac

 2.58 ± 1.63 
ab

 

12% EC CO gel 7.38 ± 0.86 
be

 1.61 ± 0.62 
ad

 2.50 ± 1.57 
ab

 

14% EC CO gel 8.01 ± 1.17 
cf
 1.58 ± 0.75 

ae
 2.21 ± 1.36 

ab
 

a-f 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

Table 3.4 

        Effects of fat type replacement on detected off-flavours by sensory analysis panelists in frankfurters containing canola oil (CO)   

organogel with 8,10,12 & 14% ethyl cellulose (EC) in replacement of beef fat (BF). 

   Treatment Chemical Grassy Dusty Rancid Glue Musty Cardboard Earthy 

Beef fat control 6 17 8 19 0 6 3 39 

Canola Oil Control 6 8 17 94 3 17 25 36 

8% EC (10 cP) CO gel 75 17 11 72 33 28 22 6 

10% EC (10 cP) CO gel 56 25 36 53 25 25 31 25 

12% EC (10 cP) CO gel 75 28 42 47 28 19 11 8 

14% EC (10 cP) CO gel 72 14 31 50 25 25 19 19 

% frequency of off-flavours in frankfurter samples (% of total number of judges, n=12) 

   



31 
 

 

 

 
 
Figure 3.3 Light micrographs of meat batters prepared with  beef fat (A), canola oil (B), 8% 

EC canola oil organogel (C) and 14% EC canola oil organogel (D).  White spaces represent 

previous location of fat globules that were removed during sample preparation for paraffin 

embedding. 
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Chapter  4.  Finely comminuted meat products - effects of canola oil based gels 

formulated with emulsifier for the replacement of saturated animal fat. 
 

4.1  Abstract 

 

Frankfurters produced with organogels containing 1.5% or 3.0% sorbitan monostearate 

(SMS) surfactant showed hardness values that were not significantly different (P< 0.05) at 8% 

ethyl cellulose (EC) concentration from that of the beef fat (BF) control.  10,12 & 14% EC 

concentrations were significantly less hard than the BF control.  Shear force of frankfurters with 

organogels was similar to the BF control.  The use of SMS in the gel formulations resulted in 

water loss similar to the BF control.  Smokehouse yield of organogel frankfurters were similar to 

the CO control regardless of SMS concentration.  L* and a* color values were not significantly 

different from the BF or CO controls.  Sensory analysis showed that there may be a hardness and 

juiciness “tipping point” based on EC concentration where lower EC resembles the BF control 

and higher EC concentrations resemble the CO control 

 
 

4.2   Introduction 

The structuring of edible oils using the polymer ethyl cellulose (EC) has been shown to have 

applications in food systems such as meat emulsion systems (Zetzl and others 2012), and in 

confectionary applications (Stortz and others 2012) as a substitute for fats high in saturated fatty 

acids.  Organogels in frankfurters were investigated by Zetzl and others (2012), and shown to 

alter the textural hardness properties from that of a control formulated with liquid canola oil. 

Stortz and others (2012) formulated creams for confections with organogels composed of canola 

oil, 3% and 5% EC, and included 2% SMS and showed that oil migration was slightly lower than 

of a control formulated with only liquid canola oil.  Research in our lab has shown that 

organogels formulated with SMS display “harder” or more “plastic” qualities than those 
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formulated without.  Vegetable oils have the capacity to produce stable meat emulsions, but the 

very small size of the fat globules in the system leads to products with a firmer texture.  The 

possibility exists that a harder or more plastic gel could potentially increase fat globule sizes and 

help us to tailor textural properties.  Organogels can be made to have differing mechanical 

properties based on the concentrations of EC and SMS. Very little information exists as to the 

use of surfactants in organogels and how it affects the products they are included in.   

 

The goal of this research was to investigate the use of organogels, plasticised with SMS, as a 

saturated fat replacement in frankfurters so as to gain a broader knowledge of the formulation 

differences of the gels, and their effects on the physical and sensory properties of meat 

emulsions.  

 

4.3  Materials & Methods 

4.3.1 Preparation of Meat Batter 

Lean beef meat (semitendinosus,biceps femoris, 20.95 ± 0.43% protein, 71.25 ± 0.97% 

moisture, and 7.80 ± 0.21% fat) and beef fat (76.59 ± 0.39% fat, 20.48 ± 0.67% moisture, and 

2.93 ± 0.30% protein; AOAC 1984) were obtained from the University of Guelph abattoir.  All 

visible connective tissue was removed from the meat. The meat and fat were separately chopped 

in a bowl chopper (Schneidmeister SMK 40, Berlin, Germany) at the low speed setting for ~1 

min to obtain a homogenous mass, and then frozen (20°C) in individual polyethylene bags of 

1kg. per bag until used. 

All meat batters were produced in batches of 2.2 kg., and formulated to contain 11% protein to 

most closely match a typical retail formulation, and 26% fat. The lean meat accounted for 7.8% 
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of the fat, while the remainder of the 26% was provided by either the added beef fat, liquid 

canola oil, or a canola oil based ethyl cellulose organogel. The lean beef meat and fat were 

thawed overnight and kept at 5°C before use. The frankfurter formulations were produced in 

three separate trials. A common procedure was used to prepare meat batters (Youssef & Barbut 

2009).  Briefly, lean meat was chopped using a bowl chopper at the low speed setting for 30 sec., 

followed by the addition of 2.0% NaCl, 0.6% of a commercial frankfurter seasoning (Hela Spice 

Canada, Uxbridge, Canada), 0.25% sodium tripolyphosphate, 150 ppm NaNO2, and chopped for 

30 sec. at high speed. This was followed by a 2 min wait to allow for salt-soluble protein 

extraction. The fat source was then added and chopped at the high speed setting for 1 min, 

followed by the addition of ice and an additional 3 min of chopping at the high-speed setting. 

Final batter temperatures for all treatments never exceeded 12°C.  Each batter was vacuum-

packed (Multivac Model A300/16,  Sepp Haggenmeuller KG, Wolfertschwenden, Germany) to 

remove trapped air.  The batter was loaded into an electric sausage stuffer (Mainca EB-25, St 

Louis, MO, USA) and stuffed into 32 mm cellulose casings (Hela Spice Canada, Uxbridge, 

Canada).  The sausages were manually twisted into 16 cm links, looped onto a smokehouse tree 

and refrigerated overnight at 5°C.  After overnight storage, the sausages were moved into a 

smokehouse (Enviro-pak CVU-490, Clackamas, Oregon, USA) allowed to dry for 30 min prior 

to a 10 min application of atomized liquid smoke (Canada Compound CSMOL, Woodbridge, 

Canada).  Following the application of smoke, the sausages were cooked according to a 6-stage 

graduated heating schedule to achieve an internal temperature of 72°C.  Stage 1- 30 min at 

40.5°C, with no relative humidity (RH) control; stage 2- 30 min at 51.5°C, 80% RH; stage 3- 30 

min at 60°C, 80% RH; stage 4- 30 min at 71°C, 85% RH; stage 5- 30 min at 79.5°C, 90% RH; 

stage 6- 30 min at 83°C, 90% RH.  At the end of the cooking cycle, the sausages were showered 
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with cold water, casings were stripped away, vacuum packed and stored at 5°C for up to one 

week until needed.  In addition, three 35 g samples were stuffed into 50 mL polypropylene tubes 

(Fischer Scientific) which were centrifuged (Model 225, Fischer Scientific) at the low speed 

setting for 30 sec to remove any remaining air bubbles. This was followed by cooking in a water-

bath (Haake W-26, Haake, Berlin, Germany) from 22°C to an internal temperature of 72°C 

within 1 hour. A thermocouple (Fluke Co. Inc., Model # 52 KJ1, Everett, WA) was used to 

monitor the internal temperature of the samples. Samples were then immersed in an ice water 

bath for 5 min, cook losses were poured off, and transferred to a walk-in refrigerator at 5°C for 

overnight storage.  

 

4.3.2 Preparation of Organogel 

 

Gels were prepared using the oven method (Gravelle and others 2013). Ethyl cellulose 

with a viscosity of 10 cP (ETHOCELTM std. 10, Dow Chemical Company, Midland, MI, USA) 

was obtained from Chemroy Canada Inc. (Brampton, ON), sorbitan monostearate (SMS) was 

obtained from Danisco (Scarborough, ON) and canola oil (Hela Spice Canada, Uxbridge, 

Canada) were used to produce the organogels.  Canola oil was chosen as this would cause the 

greatest reduction in saturated fat compared to the beef fat control, and for its economic 

feasibility in Canada.  Organogels were prepared in Pyrex beakers by heating each sample in a 

bench-top gravity convection oven (Fisher Scientific, Ottawa, ON) set to 170°C and constant 

mixing using an overhead mechanical stirrer (Lightnin LabMaster model L1U10F, Wytheville, 

VA.). A stir bar (25 cm length x 1 cm diameter) fitted with a high-shear impeller was fed through 

a hole in the roof of the oven, and used to stir the mixture at a constant rate (200 rpm) throughout 

the heating process. The gels reached the target temperature of 140°C in approximately 50 min, 

followed by a 10 min holding period. 
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Upon completion of the heating process, each batch of molten organogel was poured into an 

aluminum pan (20cm x15cm x5cm), cooled to 20°C, covered with aluminum foil and stored at 

5°C overnight.  

  

4.3.3 TPA & Warner Bratzler Shear 

Samples from centrifuge tubes were brought to room temperature after an overnight 

storage (5°C). TPA parameters were determined using 18 cooked cores (16 mm diameter, 10 mm 

high) per treatment. Cores were compressed twice to 75% of their original height by a texture 

analyzer (Texture Technologies Corp., Model TA.XT2, Scarsdale, N.Y., USA) using a 30 kg 

load cell at a crosshead speed of 1.5 mm/s between two parallel plates. The following parameters 

were recorded:  hardness, springiness, cohesiveness, chewiness, and gumminess (Bourne 1978).  

Warner Bratzler shear force was measured by shearing of smokehouse sausages laterally 

on 12 cores (32 mm diameter). The Warner Bratzler blade (75mm x 75mm x 3 mm, v-notch 

depth of 35mm) was attached to the texture analyzer, and the shearing speed was 100 mm/min   

 

4.3.4 Cook Loss & Smokehouse Yield 

Fluid that separated from the batters heated in tubes, during cooking, was measured after 

cooling the test tubes in a cold-water bath for 5 min, and expressed as the percentage of water 

and fat lost from the total batter weight (105 g.).  The cook loss samples were left at 5°C 

overnight, so fat or oil floated to the top and could be measured separately. 

Yield of the sausages produced in the smokehouse was measured as the difference 

between the raw and cooked weights, and is expressed as a percentage of the raw weight, and 

was calculated as: 

                          Smokehouse yield = weight after cooking/raw weight x 100 
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4.3.5   Color Evaluation 

The color of 12 fresh cut cross-sections from the cooked meat batters was determined 

(Mini Scan MS/S, Hunter Lab., Reston, Va., USA) using a D65 illuminant setting, and 10-degree 

standard observer. Color was expressed according to the Commission Intl. de l’Eclairage (CIE) 

system and reported as L*  (lightness), a* (redness), and b* (yellowness) (Wiegand andWaloszek 

2003). 

   

4.3.6 Microstructure 

  

Samples (approximately 20 mm x 20 mm x 5 mm) were cut from the centers of cooked 

meat batters, which were then fixed, and stained with hematoxylin-eosin following the procedure 

outlined by Youssef and Barbut (2009).  Slides were observed using a light microscope (Model 

BX60, Olympus Optical Co, Ltd., Tokyo, Japan). Images were captured by a computerized 

image analysis system (Image-Pro Plus, Version 5.1, Media Cybernetics Inc., Silver Spring, MD, 

USA) and saved as TIF files. Brightness, contrast levels, and white balance were adjusted 

manually in an attempt to improve the differentiation between the previous location of the fat 

globules and the surrounding meat protein network. 

 

4.3.7 Sensory Panel Evaluation 

 

Sensory analysis was performed by graduate students and staff of the Food Science 

Department. The 12 panellists were selected from a group of respondents to email recruitment.  

Frankfurters were steeped in 85°C hot water until the internal temperature reached 72°C (~8 

min), sliced into 2.5 cm lateral slices, portioned into 74 mL polystyrene cups, labelled with a 

random 3-digit blinding code, and kept warm in an oven set to 76°C until served.  Members of 

the panel were trained following the procedure of Meilgaard (1991). Panelists were seated in 
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individual booths, with overhead fluorescent lighting in a dedicated sensory analysis laboratory 

at the University of Guelph’s Human Nutraceutical Research Unit. They sat for a total of nine 

panels, one panel per week, testing 3 replications of each treatment.  Products were served warm 

to each panelist, who were provided with room temperature water and unsalted soda crackers, 

and instructed to cleanse their palate between samples.  Panelists evaluated the textural qualities 

of the samples for hardness, juiciness, and fattiness.  Samples were rated by panelists on a semi-

structured, 10 cm hedonic scale. Hardness: 1 = very soft, 10 = very hard; Juiciness: 1 = very dry, 

10 = very juicy; Fattiness: 1 = not fatty/oily, 10 = extremely fatty/oily.  During training, panelists 

identified 8 off-flavours present in samples.  Panelists evaluated samples and marked the 

occurrence of any of the following off-flavours: chemical, grassy, dusty, rancid, glue, musty, old 

cardboard, and earthy.  Sensory analysis data were collected using Compusense 5 sensory 

analysis software (Compusense Inc, Guelph, ON, Canada).    

 

4.3.8 Statistical analysis 

 

The experiment was designed as a complete randomized block, with 3 seperate 

replications.  Statistical analysis of texture data was completed using Graphpad Prism 5.0 

(GraphPad, San Diego, CA, USA). A one-way ANOVA test was performed with a Tukey test 

using a 95% confidence level. Data were graphed using Graphpad Prism 5.0 with error bars 

indicating standard error of the mean. 

Sensory analysis data was also evaluated as a complete block design, with 3 separate 

replications using Compusense 5 software.  A one-way ANOVA test was performed with a 

Tukey test using a 95% confidence level. Data were graphed using Graphpad Prism 5.0. 
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4.4  Results and Discussion 

4.4.1  Texture  

 Results show that the inclusion of a surfactant in the formulation of the organogel had a 

significant effect on the hardness of the frankfurters (Fig. 4.1).  It was shown in our previous 

work that the substitution of CO for BF had a significant effect on the hardness of the 

frankfurter, nearly doubling the value. Light microscopy evaluation of the frankfurters 

containing organogel (Fig. 3.3 C,D) showed fat globules that increase in size from that of CO, 

but are still smaller than a BF control (Figs. 3.3B vs. 3.3A).  The addition of the surfactant SMS 

modified the texture and “plasticity” of the organogel, creating a gel with firmer and more 

flexible characteristics.  The reason why SMS modifies the texture is still mainly unknown, and 

work is currently underway in our lab to clarify the issue.  In this study we investigated whether 

a “plasticized” organogel, containing 1.5% or 3.0% SMS, could better mimic the attributes of a 

BF control.  Hardness values of frankfurters with gels containing 1.5% SMS are shown in Figure 

4.1.   
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Frankfurters with 8 & 10% EC organogels showed hardness values of 35.95 N and 34.12 N 

respectively, which were not significantly different from the BF control and significantly lower 

than the CO control.  Hardness values of frankfurters containing higher concentrations of 12 & 

14% EC were significantly higher, 39.30N and 41.72N respectively, than the BF control, 8% and 

10% EC.  Microscopy (Fig. 4.5) showed that although the organogels have different hardnesses 

because of the difference in EC and SMS concentrations, fat globule sizes (seen as white spaces) 

remain relatively similar. 

 The data (Figure 4.3) indicated very similar results between frankfurters with 8% EC 

concentration, regardless of the amount of SMS.  These similarities do not carry forward with the 

frankfurters with 10, 12 & 14% EC with 3% SMS, as these formulations are significantly softer 

than both controls.  Flores (2007) studied the effects of 5% to 8% sodium stearoyl 2 lactylate in 

meat batters and found that this addition led to products that were significantly softer than 

controls.  Eerd (1971) showed that meat emulsions that included the addition of blended castor 

oil and paraffin oil with varying amounts of SMS showed major emulsion destabilization.  These 
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studies indicate that high concentrations of surfactants can disrupt the formation of a meat 

emulsion, and could possibly be leading to the softer products.  It is to be noted, though, that no 

emulsion stability issues were encountered here, presumably because the SMS is contained 

within the organogel and the associated reaction between the meat batter and SMS is halted or 

minimized. 

 Springiness values for all treatments (Tables 4.1 and 4.2), although statistically different, 

only varied slightly.  Of the treatments containing 1.5% SMS, those with higher EC 

concentrations (12 & 14%), significantly raised the springiness beyond that of the BF control.  

Of the treatments containing 3.0% SMS, those with higher EC concentrations (12 & 14%), 

produced a product that was not significantly different from the BF control.  Although these 

values are statistically different, the largest variation in springiness between all treatments was 

only 0.14 mm, which would be minimally detectable by consumers.  TPA values for 

cohesiveness, chewiness and gumminess are presented in appendices B1 and B2 and all follow 

very similar patterns.  In all cases, significant differences were between the CO control, and all 

other treatments.  For cohesiveness, the BF control showed a value of 0.22, which was 

significantly lower than the CO control at 0.48.  Values for the treatments containing 1.5% SMS 

averaged 0.23, and containing 3.0% SMS averaged 0.22, neither of which are significantly 

different from the BF control.  For chewiness, the BF control showed a value of 5.92 N/cm², 

which was significantly lower than the CO control at 26.73 N/cm².  Values of the organogel 

treatments containing 1.5% SMS averaged 5.99 N/cm², and containing 3.0% SMS averaged 5.57 

N/cm², neither of which were significantly different from the BF control.  For gumminess, the 

beef fat control showed a value of 7.57 N, which was significantly lower than the CO control at 
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32.80 N.  Values for organogel treatments containing 1.5% or 3.0% SMS averaged 7.28 N, 

neither are significantly different from the BF control. 

Flores (2007) also looked at Warner-Bratzler shear force, and showed that meat emulsions 

containing sodium stearoyl 2 lactylate required significantly less force to shear than controls or 

treatments formulated with soy protein isolate, or sodium caseinate.  The present data shows 

(Table 4.1) that frankfurter treatments containing organogels with SMS required a force to shear 

that was similar to a BF control.  The BF control required 18.65 N to shear, which was 

significantly lower than the CO control at 27.10 N.  Organogel treatments containing 1.5% SMS 

were statistically similar with an average of 19.10 N, not significantly different than the force 

needed to shear the BF control.  Organogel treatments containing 3.0% SMS, required slightly 

more force to shear (~4.0 N) than those containing 1.5% SMS.  Treatments containing 3.0% 

SMS with 8 & 10% EC concentration showed no significant difference from the BF control with 

an average value of 19.56 N.  14% EC concentration raised the shear value to 22.08 N which is 

statistically similar to 8% EC.  12% EC raised the shear force value to 24.61 N, not significantly 

different than the CO control.  

 

4.4.2  Cook Loss 

Cook loss results (Tables 4.1 and 4.2) show that frankfurters produced using organogels with 

SMS, increase cook losses to a level similar to that of a BF control. Cook loss results of 

organogel frankfurters without the addition of SMS (Table 3.1) exhibited cook losses that fell 

between the controls.  As was mentioned previously, Flores (2007) and Eerd (1971) 

demonstrated that the addition of surfactant to a meat emulsion destabilized the emulsions and 

altered the textural properties.  The BF control showed water loss of 2.7%, which was 
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significantly different than the CO control which showed 0.1%.  The average water loss of the 

organogel treatments containing 1.5% SMS was 2.8%, not significantly different than the Bf 

control.  Fat loss of the BF control was 0.3%, which was statistically similar to treatments with 8, 

10 & 14% EC and 1.5% SMS concentrations. The treatment containing 12% EC with 1.5% SMS 

lost only 0.1% fat, which is similar to the CO control.  Water loss of treatments containing 

organogels with 3.0% SMS showed similar, albeit slightly higher, water losses than those made 

with 1.5% SMS.  This is again, presumably due to the slight destabilization effect of the 

surfactant on emulsion stability.  The BF control, and gel treatment of 8% EC with 3% SMS 

showed the same amount of water loss at 2.7%.  The remaining organogel treatments (10, 12 & 

14% EC; 3.0% SMS) showed water loss that was significantly higher at an average of 3.0%.  Fat 

losses for the organogel treatments were between the controls, with 12% EC concentration at 

0.1% and the remaining three treatments (8, 10 & 14% EC) showing 0.2% of fat loss. 

 

4.4.3  Smokehouse Yield 

 Smokehouse yield data (Tables 4.1 and 4.2) shows that organogel treatments retain yield 

qualities similar to that of the CO control.  The CO control showed a yield of 81.9%, which is 

significantly higher than the BF control at 74.3%.  Gel treatments containing 1.5% SMS, 

regardless of EC concentration, were not significantly different from the CO control with an 

average yield of 80.3%.  Gel treatments containing 3.0% SMS, also regardless of EC 

concentration, were not significantly different from the CO control with an average yield of 

80.5%. 
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4.4.4  Colour Evaluation 

 Results of color evaluation are shown in appendices B3 and B4.  BF control showed an 

L* value of 55.5, significantly lower than the CO control at 58.2.  L* value of the organogel 

treatments containing 1.5% SMS was also between the controls at an average of 57.5, not 

significantly different from either of the controls.  Organogel treatments containing 3.0% SMS 

were between the controls at an average of 57.8, not significantly different from the BF control.  

The a* values followed a similar pattern.  The BF control showed an a* value of 7.11, which was 

significantly higher than the CO control at 5.29.  The a* value of the organogel treatments 

containing 1.5% SMS was between the controls at an average of 5.46, significantly different 

from the BF control.  Organogel treatments containing 3.0% SMS were between the controls at 

an average of 5.51, significantly different from the BF control.  The BF control showed a b* 

value of 11.01, not significantly different than the CO control at 10.93.  The a* value of the 

organogel treatments containing 1.5% SMS was slightly lower, although not statistically 

different, than the controls at an average of 10.53.  Organogel treatments containing 3.0% SMS 

were lower, although again not statistically different from the two controls, at an average of 

10.63.  This slight lowering of b* value is possibly due to the white hue of the organogels 

because of the SMS content, resulting in a slightly less yellow color when compared to liquid 

CO. 

 

4.4.5  Sensory Evaluation 

 Sensory analysis hardness scores (Figures 4.2 and 4.4) show that the CO control was 

perceived as very hard by the sensory analysis panel when compared to the BF control.  

Interestingly, for both the 1.5% & 3% SMS treatments, there seemed to be a “tipping point”  
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= very hard) perceived by sensory panelists in frankfurters containing
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based on increasing EC concentration where panelists initially identified a hardness that was 

similar to the BF control, but with increasing EC concentration it resembled the CO control.  Of 

the treatments containing 1.5% SMS, 8 & 10% EC concentrations show no significant difference 

from the BF control.  Increasing the EC concentration to 12 & 14% showed a sharp increase in 

the sensory hardness value which is, however, still significantly lower than the CO control.  The 

treatments containing 3.0% SMS follow a similar pattern of increasing hardness corresponding 

to the increase in EC concentration.  The perceived “spike” in hardness comes at an EC 

concentration of only 10%.  At 8% EC, panelists scored the hardness as being not significantly 

different from the BF control.  As EC concentrations increase, the sensory hardness scores also 

increase.  All 3.0% SMS organogel treatments were significantly lower in hardness value than 

the CO control. 

 Juiciness scores (Tables 4.3 and 4.4) interestingly follow the same similar pattern as the 

hardness values.  Panelists could identify a specific point where the juiciness of the products fell 

dramatically, and they are at the same EC concentrations as the previously seen affect on sensory 

hardness scores.  BF control frankfurters were scored at 8.41, significantly higher than the CO 

control at 1.52.  In the treatments containing 1.5% SMS, panelists scored treatments containing 8 

& 10% EC as significantly juicier than those containing 12 & 14% EC, which panelists scored as 

being not significantly different from the CO control.  In the treatments containing 3.0% SMS, 

the similar pattern continues.  Panelists scored the treatment containing 8% EC concentration as 

significantly juicier than those containing 10, 12 & 14% EC, which were scored as being not 

significantly different than the CO control.  It can be hypothesized that there may be a “balance 

point” at which the “softer” (8 & 10% EC) gel formulations make a suitable mimetic for the 

hardness and juiciness characteristics of beef fat.  Beyond that balance point, however, it seems 
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as if the gels may be too firm and plastic, and sensory panelists can detect that they are having a 

hardening and drying effect on the products.  Oiliness scores show that 1.5% SMS treatments 

containing lower concentrations of EC (8 & 10%) were perceived as significantly less oily than 

the BF control, but statistically similar to the CO control.  Higher concentrations of EC (12 & 

14%) exhibited oiliness scores that were not significantly different than the BF control.  In the 

treatments containing 3.0% SMS, all EC concentrations showed no significant difference from 

the BF control. 

 The results of the panelists detection of off flavours are shown in Table 4.5.  No major 

differences exist between the detected off-flavours of treatments containing 1.5% or 3% SMS.  

Overall, panelists identified a significant chemical off-flavour in all organogel containing 

treatments.  This is similar to the results in section 3.4.5 and again presumably due to the EC 

used as a gelator.  The other prominent off flavour detected was rancidity, and again we attribute 

this off-flavour to the oxidative susceptibility of the CO as opposed to the BF.  In later work we 

were able to reduce these off flavours by adding an antioxidant to the oil prior to heating.  

 

4.5  Conclusions 

  

Frankfurters produced with organogels containing 1.5% or 3.0% SMS exhibited different 

textural properties than those formulated without SMS.  8% EC concentration was similar to the 

beef fat control, while higher EC concentrations significantly reduced the frankfurter’s hardness.  

Force to shear frankfurters with organogels was lower than the canola oil control, more closely  

resembling the beef fat control.  The inclusion of SMS in the gel formulations increased the 

frankfurters water loss similar to the beef fat control, displaying that the SMS has a minor 

destabilizing effect on the meat batter, but did not negatively affect processing.  L* and a* values 
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of the organogel treatments fell between both controls, and could be manipulated to match the 

beef fat control by potentially formulating the spice blend to include ingredients that could tailor 

the color (paprika, annatto).  Sensory analysis showed that there may be a hardness and juiciness 

“tipping point” based on EC concentration in the organogel, where lower EC tends to resemble 

the BF control and higher EC concentrations resemble the CO control, potentially allowing for 

the custom formulation of hardness and other sensory characteristics.  This research points to the 

fact that organogels formulated with SMS can further help tailor textural and sensory aspects 

better than those without.  Although replacing all of the beef fat in the product would be a goal, it 

is coming to light that this is probably not the ideal situation.   

 

The next section of this study will focus on how the quantity of organogel affects the 

qualities of the frankfurters.  
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Table 4.1 

     
Effects of fat type replacement on texture profile analysis springiness, Warner-Bratzler shear force, smokehouse  

 
yield and cook losses of frankfurters containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5%  

sorbitan monostearate (SMS) in replacement of beef fat (BF).  

   
Treatment Springiness (mm) Shear Force (N) Smokehouse Yield (%) Cook Loss (%) 

    

Water Fat 

Beef fat control 0.78 ± 0.08 a 18.65 ± 0.71 a 74.3 ± 1.2 a 2.7 ± 0.1 b 0.3 ± 0.1 b 

Canola oil control 0.82 ± 0.04 ab 27.10 ± 2.26 b 81.9 ± 2.6 b 0.1 ± 0.1 a 0.0 ± 0.0 a 

8% EC, 1.5%SMS CO gel 0.83 ± 0.02 ab 17.91 ± 0.68 a 81.5 ± 1.0 b 3.0 ± 0.2 c 0.3 ± 0.1 b 

10% EC, 1.5%SMS CO gel 0.79 ± 0.03 ab 18.36 ± 1.28 a 79.4 ± 1.4 b 2.7 ± 0.1 b 0.2 ± 0.1 b 

12% EC, 1.5%SMS CO gel 0.84 ± 0.04 b 20.61 ± 1.35 a 79.9 ± 1.6 b 3.0 ± 0.2 bc 0.1 ± 0.1 a 

14% EC, 1.5%SMS CO gel 0.83 ± 0.04 b 19.53 ± 1.53 a 80.5 ± 1.0 b 2.8 ± 0.2 bc 0.2 ± 0.1 b 

a-c means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.2 

     
Effects of fat type replacement on texture profile analysis springiness, Warner-Bratzler shear force, smokehouse  

 
yield and cook losses of frankfurters containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 3.0%  

sorbitan monostearate (SMS) in replacement of beef fat (BF).  

    
Treatment Springiness (mm) Shear Force (N) Smokehouse Yield (%) Cook Loss (%) 

    

Water Fat 

Beef fat control 0.78 ± 0.08 b 18.65 ± 0.71 a 74.3 ± 1.2 a 2.7 ± 0.1 b 0.3 ± 0.1 b 

Canola oil control 0.82 ± 0.04 d 27.10 ± 2.26 cd 81.9 ± 2.6 b 0.1 ± 0.1 a 0.0 ± 0.0 a 

8% EC, 3.0%SMS CO gel 0.82 ± 0.02 d 19.89 ± 1.80 a 80.9 ± 1.3 b 2.7 ± 0.1 b 0.2 ± 0.1 b 

10% EC, 3.0%SMS CO gel 0.70 ± 0.04 a 19.23 ± 2.93 a 80.6 ± 1.8 b 3.0 ± 0.2 c 0.2 ± 0.1 b 

12% EC, 3.0%SMS CO gel 0.77 ± 0.07 bc 24.61 ± 1.74 c 79.5 ± 0.9 b 3.0 ± 0.1 c 0.1 ± 0.1 a 

14% EC, 3.0%SMS CO gel 0.78 ± 0.03 bc 22.08 ± 2.33 b 80.9 ± 1.2 b 3.1 ± 0.1 c 0.2 ± 0.1 b 

a-d means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 4.3 

   Effects of fat type replacement on sensory characteristics (Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily, 

10 = extremely fatty/oily) of frankfurters containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5% 

sorbitan monostearate (SMS) in replacement of beef fat.  

Treatment Juiciness Oiliness 

Beef fat control 8.41 ± 0.93 
c
 2.74 ± 1.14 

b
 

Canola oil control 1.52 ± 0.63 
a
 1.71 ± 0.98 

a
 

8% EC, 1.5%SMS CO gel 4.26 ± 1.38 
b
 1.97 ± 0.62 

a
 

10% EC, 1.5%SMS CO gel 4.12 ± 1.40 
b
 1.98 ± 0.81 

a
 

12% EC, 1.5%SMS CO gel 1.92 ± 1.04 
a
 2.59 ± 1.65 

b
 

14% EC, 1.5%SMS CO gel 1.63 ± 0.77 
a
 2.77 ± 1.64 

b
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

 

 
Table 4.4 

   Effects of fat type replacement on sensory characteristics (Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily, 

10 = extremely fatty/oily) of frankfurters containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 

3.0% sorbitan monostearate (SMS) in replacement of beef fat (BF).  

Treatment Juiciness Oiliness 

Beef fat control 8.41 ± 0.93 
c
 2.74 ± 1.14 

b
 

Canola oil control 1.52 ± 0.63 
a
 1.71 ± 0.98 

a
 

8% EC (10 cP),3.0%SMS CO gel 4.74 ± 1.50 
b
 2.04 ± 0.88 

b
 

10% EC (10 cP),3.0%SMS CO gel 1.77 ± 1.34 
a
 2.68 ± 2.02 

b
 

12% EC (10 cP),3.0%SMS CO gel 1.81 ± 0.99 
a
 2.21 ± 1.36 

b
 

14% EC (10 cP),3.0% SMS CO gel 1.48 ± 0.62 
a
 2.33 ± 1.60 

b
 

a-d 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 4.5 

        
Effects of fat type replacement on detected off-flavours by sensory analysis panelists in frankfurters containing canola oil (CO)  

organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5% or 3.0% sorbitan monostearate (SMS) in replacement of beef fat (BF). 

Treatment Chemical Grassy Dusty Rancid Glue Musty Cardboard Earthy 

Beef fat control 6 17 8 19 0 6 3 39 

Canola oil control 6 8 17 94 3 17 25 36 

8% EC, 1.5%SMS CO gel 75 17 11 72 33 28 22 6 

10% EC, 1.5%SMS CO gel 56 25 36 53 25 25 31 25 

12% EC, 1.5%SMS CO gel 75 28 42 47 28 19 11 8 

14% EC, 1.5%SMS CO gel 72 14 31 50 25 25 19 19 

 

 
 

        

         
Beef fat control 6 17 8 19 0 6 3 39 

Canola oil control 6 8 17 94 3 17 25 36 

8% EC, 3.0%SMS CO gel 61 22 25 61 22 22 6 22 

10% EC, 3.0%SMS CO gel 58 31 33 61 19 17 22 25 

12% EC, 3.0%SMS CO gel 67 28 11 58 31 19 14 6 

14% EC, 3.0% SMS CO gel 89 19 17 61 22 17 22 11 

% frequency of off-flavours in frankfurter samples (% of total number of judges, n=12) 
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Figure 4.5 Light micrographs of meat batters prepared with  8% EC & 1.5% SMS canola oil organogel (A) and 14% EC & 3.0% 

SMS canola oil organogel (B).  White spaces represent previous location of fat globules removed during sample preparation for 

paraffin embedding. 
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Chapter 5.  Finely comminuted meat products - effects of replacement quantity 

of canola oil based gels for the replacement of saturated animal fat.  
  

5.1  Abstract 

 

In order to optimize organogel type and addition level, three organogel formulations were 

chosen, and incorporated at increasing replacement amounts of the added beef fat (BF) in 

frankfurters. The formulations included different concentrations of ethyl cellulose (EC) and 

sorbitan monostearate (SMS) and consisted of 8%EC,1.5%SMS referred to as OPT1, 

8%EC,3.0%SMS; OPT2, and 10%EC,1.5%SMS; OPT3.  OPT1 and OPT2 treatments showed 

that the organogel quantity had no significant effect (P<0.05) on hardness, springiness or 

chewiness, being lower than both BF and canola oil (CO) controls.  OPT3 hardness values 

increased slightly at 20 & 40% incorporation.  Shear force results show that all OPT treatments 

had no significant differences from one another, and were between both controls.  Water losses 

show a pattern of decreasing water loss with increasing OPT amounts, and in turn increase 

smokehouse yield over the BF control.  Lightness (L*) values increased slightly with increasing 

OPT amounts.  Sensory analysis showed that panelists could only minimally detect hardness 

differences based on OPT incorporation amounts, but juiciness levels increased as lower 

quantities of OPT were used.  Amount of OPT used had little effect on how frequently 

“chemical” and “rancid” off flavours were detected.  

 

5.2   Introduction 
 

There is an abundance of evidence that dietary fats may play a role in the treatment and 

prevention of a number of health disorders, most namely coronary heart disease. Saturated fats 

raise total blood cholesterol, particularly skewing the balance towards higher amounts of low 
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density lipoprotein (LDL) which promote plaque and blockages in the arteries.  Not all saturated 

fats are equally unhealthy.  The stearic acid found in pure chocolate acts more like an 

unsaturated fat, lowering LDL levels (health.harvard.edu 2012).  Saturated fats are also found in 

the natural structure of human cell walls.  

  Edible oil oleogels have mainly pharmaceutical applications, but recently have begun 

being employed in food systems such as meat emulsions and confectionary applications as a 

substitute for fats high in saturated fatty acids (Stortz and others 2012; Zetzl and others 2012).  

Organogels in frankfurters have been investigated by Zetzl (2012), and in complete replacement 

of the added animal fat, have shown to alter the textural hardness properties from that of a 

control formulated with liquid canola oil. Choi and others (2009) replaced only 10% of the added 

fat component of frankfurters with five different vegetable oils.  Sensory panel results showed 

that of the five oils used (olive, grapeseed, corn, canola, soybean) only soybean oil presented 

overall acceptability scores that were significantly different from the pork fat control.  The 

purpose of this research was to show whether the amount of organogel added as replacement of 

beef fat could influence the textural and sensory properties of the frankfurters.  In chapters 3 & 4 

of this thesis, organogel was added to replace the entire 18% of the added animal fat component, 

and textural and sensory properties were recorded.  In this part of the study we chose three “close 

to optimum” gel formulations; formulations whose combined textural and sensory aspects most 

closely matched the all-beef control in the previous parts of the study.  These formulations were 

8% EC+1.5% SMS; 8% EC+3.0% sorbitan monostearate (SMS); and 10% EC+1.5% SMS.  The 

similarity of the textural and sensory properties is displayed in appendix C7.  In this study we 

investigated how replacing 80%, 60%, 40% & 20% of the added fat component influenced the 

textural and sensory properties of the frankfurters.    
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5.3  Materials & Methods 

5.3.1 Preparation of Meat Batter 

 

Lean beef meat (semitendinosus,biceps femoris, 20.95 ± 0.43% protein, 71.25 ± 0.97% 

moisture, and 7.80 ± 0.21% fat) and beef fat (76.59 ± 0.39% fat, 20.48 ± 0.67% moisture, and 

2.93 ± 0.30% protein; AOAC 1984) were obtained from the University of Guelph abattoir.  All 

visible connective tissue was removed from the meat. The meat and fat were separately chopped 

in a bowl chopper (Schneidmeister SMK 40, Berlin, Germany) at the low speed setting for ~1 

min to obtain a homogenous mass, and then frozen (20°C) in individual polyethylene bags of 

1kg. per bag until used. 

All meat batters were produced in batches of 2.2 kg., and formulated to contain 11% 

protein to most closely match a typical retail formulation, and 26% fat. The lean meat accounted 

for 7.8% of the fat, while the remainder of the 26% was provided by either the added beef fat, 

liquid canola oil, or a canola oil based ethyl cellulose organogel. The lean beef meat and fat were 

thawed overnight and kept at 5°C before use. The frankfurter formulations were produced in 

three separate trials. A common procedure was used to prepare meat batters (Youssef & Barbut 

2009).  Briefly, lean meat was chopped using a bowl chopper at the low speed setting for 30 sec., 

followed by the addition of 2.0% NaCl, 0.6% of a commercial frankfurter seasoning (Hela Spice 

Canada, Uxbridge, Canada), 0.25% sodium tripolyphosphate, 150 ppm NaNO2, and chopped for 

30 sec. at high speed. This was followed by a 2 min wait to allow for salt-soluble protein 

extraction. The fat source was then added and chopped at the high speed setting for 1 min, 

followed by the addition of ice and an additional 3 min of chopping at the high-speed setting. 

Final batter temperatures for all treatments never exceeded 12°C.  Each batter was vacuum-

packed (Multivac Model A300/16,  Sepp Haggenmeuller KG, Wolfertschwenden, Germany) to 
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remove trapped air.  The batter was loaded into an electric sausage stuffer (Mainca EB-25, St 

Louis, MO, USA) and stuffed into 32 mm cellulose casings (Hela Spice Canada, Uxbridge, 

Canada).  The sausages were manually twisted into 16 cm links, looped onto a smokehouse tree 

and refrigerated overnight at 5°C.  After overnight storage, the sausages were moved into a 

smokehouse (Enviro-pak CVU-490, Clackamas, Oregon, USA) allowed to dry for 30 min prior 

to a 10 min application of atomized liquid smoke (Canada Compound CSMOL, Woodbridge, 

Canada).  Following the application of smoke, the sausages were cooked according to a 6-stage 

graduated heating schedule to achieve an internal temperature of 72°C.  Stage 1- 30 min at 

40.5°C, with no relative humidity (RH) control; stage 2- 30 min at 51.5°C, 80% RH; stage 3- 30 

min at 60°C, 80% RH; stage 4- 30 min at 71°C, 85% RH; stage 5- 30 min at 79.5°C, 90% RH; 

stage 6- 30 min at 83°C, 90% RH.  At the end of the cooking cycle, the sausages were showered 

with cold water, casings were stripped away, vacuum packed and stored at 5°C for up to one 

week until needed.  In addition, three 35 g samples were stuffed into 50 mL polypropylene tubes 

(Fischer Scientific) which were centrifuged (Model 225, Fischer Scientific) at the low speed 

setting for 30 sec to remove any remaining air bubbles. This was followed by cooking in a water-

bath (Haake W-26, Haake, Berlin, Germany) from 22°C to an internal temperature of 72°C 

within 1 hour. A thermocouple (Fluke Co. Inc., Model # 52 KJ1, Everett, WA) was used to 

monitor the internal temperature of the samples. Samples were then immersed in an ice water 

bath for 5 min, cook losses were poured off, and transferred to a walk-in refrigerator at 5°C for 

overnight storage.   

5.3.2 Preparation of Organogel 

 

Gels were prepared using the oven method (Gravelle and others 2013). Ethyl cellulose 

with a viscosity of 10 cP (ETHOCELTM std. 10, Dow Chemical Company, Midland, MI, USA) 
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was obtained from Chemroy Canada Inc. (Brampton, ON), sorbitan monostearate (SMS) was 

obtained from Danisco (Scarborough, ON) and canola oil (Hela Spice Canada, Uxbridge, 

Canada) were used to produce the organogels.  Canola oil was chosen as this would cause the 

greatest reduction in saturated fat compared to the beef fat control, and for its economic 

feasibility in Canada.  Organogels were prepared in Pyrex beakers by heating each sample in a 

bench-top gravity convection oven (Fisher Scientific, Ottawa, ON) set to 170°C and constant 

mixing using an overhead mechanical stirrer (Lightnin LabMaster model L1U10F, Wytheville, 

VA.). A stir bar (25 cm length x 1 cm diameter) fitted with a high-shear impeller was fed through 

a hole in the roof of the oven, and used to stir the mixture at a constant rate (200 rpm) throughout 

the heating process. The gels reached the target temperature of 140°C in approximately 50 min, 

followed by a 10 min holding period. 

Upon completion of the heating process, each batch of molten organogel was poured into an 

aluminum pan (20cm x15cm x5cm), cooled to 20°C, covered with aluminum foil and stored at 

5°C overnight.   

 

5.3.3 TPA & Warner Bratzler Shear 

 

Samples from centrifuge tubes were brought to room temperature after an overnight 

storage (5°C). TPA parameters were determined using 18 cooked cores (16 mm diameter, 10 mm 

high) per treatment. Cores were compressed twice to 75% of their original height by a texture 

analyzer (Texture Technologies Corp., Model TA.XT2, Scarsdale, N.Y., USA) using a 30 kg 

load cell at a crosshead speed of 1.5 mm/s between two parallel plates. The following parameters 

were recorded:  hardness, springiness, cohesiveness, chewiness, and gumminess (Bourne 1978).  
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Warner Bratzler shear force was measured by shearing of smokehouse sausages laterally 

on 12 cores (32 mm diameter). The Warner Bratzler blade (75mm x 75mm x 3 mm, v-notch 

depth of 35mm) was attached to the texture analyzer, and the shearing speed was 100 mm/min   

 

5.3.4 Cook Loss & Smokehouse Yield 

Fluid that separated from the batters heated in tubes, during cooking, was measured after 

cooling the test tubes in a cold-water bath for 5 min, and expressed as the percentage of water 

and fat lost from the total batter weight (105 g.).  The cook loss samples were left at 5°C 

overnight, so fat or oil floated to the top and could be measured separately. 

Yield of the sausages produced in the smokehouse was measured as the difference between 

the raw and cooked weights, and is expressed as a percentage of the raw weight, and was 

calculated as: 

Smokehouse yield = weight after cooking/raw weight x 100 

 

5.3.5   Colour Evaluation 

 

The color of 12 fresh cut cross-sections from the cooked meat batters was determined 

(Mini Scan MS/S, Hunter Lab., Reston, Va., USA) using a D65 illuminant setting, and 10-degree 

standard observer. Color was expressed according to the Commission Intl. de l’Eclairage (CIE) 

system and reported as L*  (lightness), a* (redness), and b* (yellowness) (Wiegand andWaloszek 

2003). 
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5.3.6   Microstructure 

  

Samples (approximately 20 mm x 20 mm x 5 mm) were cut from the centers of cooked 

meat batters, which were then fixed, and stained with hematoxylin-eosin following the procedure 

outlined by Youssef and Barbut (2009).  Slides were observed using a light microscope (Model 

BX60, Olympus Optical Co, Ltd., Tokyo, Japan). Images were captured by a computerized 

image analysis system (Image-Pro Plus, Version 5.1, Media Cybernetics Inc., Silver Spring, MD, 

USA) and saved as TIF files. Brightness, contrast levels, and white balance were adjusted 

manually in an attempt to improve the differentiation between the previous location of the fat 

globules and the surrounding meat protein network. 

 

5.3.7 Sensory Panel Evaluation 

 

Sensory analysis was performed by graduate students and staff of the Food Science 

Department. The 12 panellists were selected from a group of respondents to email recruitment.  

Frankfurters were steeped in 85°C hot water until the internal temperature reached 72°C (~8 

min), sliced into 2.5 cm lateral slices, portioned into 74 mL polystyrene cups, labelled with a 

random 3-digit blinding code, and kept warm in an oven set to 76°C until served.  Members of 

the panel were trained following the procedure of Meilgaard (1991). Panelists were seated in 

individual booths, with overhead fluorescent lighting in a dedicated sensory analysis laboratory 

at the University of Guelph’s Human Nutraceutical Research Unit. They sat for a total of nine 

panels, one panel per week, testing 3 replications of each treatment.  Products were served warm 

to each panelist, who were provided with room temperature water and unsalted soda crackers, 

and instructed to cleanse their palate between samples.  Panelists evaluated the textural qualities 

of the samples for hardness, juiciness, and fattiness.  Samples were rated by panelists on a semi-
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structured, 10 cm hedonic scale. Hardness: 1 = very soft, 10 = very hard; Juiciness: 1 = very dry, 

10 = very juicy; Fattiness: 1 = not fatty/oily, 10 = extremely fatty/oily.  During training, panelists 

identified 8 off-flavours present in samples.  Panelists evaluated samples and marked the 

occurrence of any of the following off-flavours: chemical, grassy, dusty, rancid, glue, musty, old 

cardboard, and earthy.  Sensory analysis data were collected using Compusense 5 sensory 

analysis software (Compusense Inc, Guelph, ON, Canada).    

 

5.3.8 Statistical analysis 

 

The experiment was designed as a complete randomized block, with 3 seperate 

replications.  Statistical analysis of texture data was completed using Graphpad Prism 5.0 

(GraphPad, San Diego, CA, USA). A one-way ANOVA test was performed with a Tukey test 

using a 95% confidence level. Data were graphed using Graphpad Prism 5.0 with error bars 

indicating standard error of the mean. 

Sensory analysis data was also evaluated as a complete block design, with 3 separate 

replications using Compusense 5 software.  A one-way ANOVA test was performed with a 

Tukey test using a 95% confidence level. Data were graphed using Graphpad Prism 5.0. 

 

5.4 Results and Discussion 

5.4.1  Texture  

Results of texture profile analysis hardness and springiness results for the three tested organogel 

formulations are presented in Tables 5.1, 5.2 & 5.3.  OPT1 shows that the incorporation quantity 

of the organogel had no significant effect on the hardness value of the frankfurter.  The BF 

control showed a hardness value of 35.3 N which was significantly lower than the CO control at 
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58.7 N.  OPT1 treatments, regardless of incorporation amounts, were not significantly different 

from one another with an average hardness value of 23.55 N, which is lower and significantly 

different from both controls.  The same pattern can be seen with OPT2 treatments, where the 

different incorporation amounts were not significantly different from one another, with an 

average hardness value of 21.23 N, which is lower and significantly different from both controls.  

OPT3 treatments, when incorporated at 60% and 80% began to follow the same pattern, with the 

average hardness of the two being 21.3 N, lower and significantly different from both controls.  

Hardness levels increased slightly as OPT3 was incorporated at only 20% and 40%, with an 

average hardness of 26.8 N which is still, however, lower and significantly different from both 

controls.  Table 5.4 highlights the similarities between the TPA hardness and sensory analysis 

hardness scores, and highlights how minor the variations were between the OPT treatments.  

Correspondingly, TPA springiness values for OPT1 were marginally lower than the controls, 

with all incorporation amounts being statistically similar to each other.  Only the 40% 

incorporation amount was not significantly different from the controls.  Springiness values for 

OPT2 treatments show that the different incorporation amounts were not significantly different 

from one another, with an average value of 0.72 mm, lower and significantly different from both 

controls.  OPT3 treatments showed that all incorporation levels were not significantly different 

from one another.  When incorporated at 20%, the frankfurters had the lowest springiness value 

of 0.69 mm, which was significantly lower than both controls.  The TPA measurements for 

cohesiveness, chewiness and gumminess can be found in appendices C1, C2 and C3.  

Cohesiveness values follow a pattern for all OG formulations where the different incorporation 

amounts were not significantly different from one another, with average values of the 

formulations being: OPT1 – 0.22; OPT2 – 0.21; OPT3 – 0.21, all of which are significantly 
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lower than the CO control and not significantly different from the BF control.  Chewiness values 

for OPT1 treatments were not significantly different based on incorporation amount with the 

organogel treatments showing an average value of 3.65 N/cm², which is not significantly 

different than the BF control (5.9 N/cm²) but significantly lower than the CO control (26.7 

N/cm²).  OPT2 when incorporated at 60%, showed a lower chewiness value (3.6 N/cm²) than 

both controls, but was not significantly different from the BF control.  The OPT2 treatments 

were not significantly different from one another and showed an average value of 3.1 N/cm² 

which is lower than both controls.  OPT3 treatments showed no significant difference in 

chewiness from one another, with an average value of 3.6 N/cm², significantly lower than both 

controls.  Gumminess values of OPT1 treatments showed no significant difference from one 

another with an average value of 5.0, not significantly different from the BF control at 7.6, but 

significantly lower than the CO control at 32.8.  Gumminess values of OPT2 show that all 

treatments were not significantly different from one another, with an average value of 4.3, 

significantly lower than both controls.  Only the OPT2 60% incorporation amount was 

statistically similar to the BF control.  Gumminess values of OPT3 show that all treatments were 

not significantly different from each other with an average value of 4.9, significantly lower than 

both controls.  OPT3, incorporated at 20 & 40% were statistically similar to the BF control with 

values of 5.3 and 5.7 respectively. 

 Warner-Bratzler shear force results are also presented in Tables 5.1, 5.2 and 5.3.  BF 

control showed a force to shear of 18.65 N, which was significantly lower than the CO treatment 

at 27.10 N.  OPT1 treatments were not significantly different from one another with an average 

shear force of 23.74 N which is significantly different from, and falls between, the BF and CO 

controls.  Treatment OPT1 at 40% showed the highest shear force at 24.93 N, not significantly 
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different from the CO control.  Treatment OPT2 were not significantly different from one 

another with an average shear force of 23.27 N which is significantly different from, and falls 

between the controls.  Treatment OPT2 at 40% showed the highest force to shear at 24.45 N, 

which was not significantly different from CO control.  OPT3 treatments were not significantly 

different from one another with an average shear force of 23.96 N, which is significantly 

different and falls between the BF and CO controls. 

 

5.4.2  Cook Loss 

 Cook loss results (Tables 5.1, 5.2 and 5.3) display a similar pattern for all three OPT 

treatments.  Fat losses were negligible for all treatments, with the BF control showing the most 

fat loss at 0.3%, CO control not producing any fat loss, and OPT treatments producing no more 

than 0.2%.  Water losses for the OPT treatments follow a pattern of decreasing water loss as OG 

amount increases.  Water loss from all OPT1 treatments were significantly different from each 

other, with the 40% incorporation showing loss similar (+ 0.1%) to the BF control.  OPT2 

treatments at 40 & 60% produced identical water loss (2.3%) which was significantly lower than 

both the BF control (2.7%) and the CO control (0.1%).  OPT2 incorporated at 20% increased 

water loss by 0.9% (3.5% mL total loss) over the beef fat control (2.7%).  OPT3 treatments 

continue to show the same pattern as water losses decrease with increased organogel 

incorporation.  OPT3 incorporated at 40% showed results that were not significantly different 

from the BF control, and significantly lower than the CO control. 
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5.4.3  Smokehouse Yield 

 Results (Tables 5.1, 5.2 and 5.3) showed the BF control with a yield of 74.3%, 

significantly lower than that of the CO control at 81.9%.  The results confirm the pattern seen 

with cook loss (water) in that as the gel amount increases, the water loss decreases, and thus 

producing a higher smokehouse yield.  The yield results of the OPT1 are not significantly 

different from one another, or from the CO control, but significantly higher than the BF control.  

Increasing the incorporation level of OPT1 from 20% to 80% increased smokehouse yield by 

3.3%.  OPT2 continued along the same pattern with yield increasing as gel content increased.  

The replacement of beef fat (74.3% yield) with 80% OPT2 increased the smokehouse yield by 

10.2%.  It can also be seen that OPT3 follows the above pattern with a gradual increase in yield, 

with 80% incorporation of OPT3 increasing the yield over the BF control by 9.8%. 

 

5.4.4  Colour Evaluation   

 L* values are presented in Tables 5.1, 5.2 and 5.3.  a* and b* color evaluation results are 

presented in appendices C4, C5 and C6.  The BF control showed an L* value of 55.5, which was 

significantly lower than the CO control at 58.2.  OPT1 treatments were not significantly different 

from one another with an average value of 57.8 which was significantly different from the BF 

control, but not significantly different from the CO control.  OPT2 treatments show a slight 

increase in L* value, which was not statistically significant.  The L* value of OPT2 20% (57.3) 

was significantly different from the 80% incorporation (60.4).  OPT3 treatments showed an 

average L* value of 59.4, which was significantly different from only the BF control. 
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 The BF control showed an a* value of 7.11, which was significantly higher than the CO 

control at 5.29.  OPT1 treatments were not significantly different from one another with an 

average value of 5.51 which was significantly different from the BF control, but not significantly 

different from the CO control.  OPT2 treatments were not significantly different from one 

another with an average value of 5.53 which was significantly different from the BF control, but 

not significantly different from the CO control.  OPT3 treatments were not significantly different 

from one another with an average value of 5.47, which was significantly different from the BF 

control, but not significantly different from the CO control. The BF control showed a b* value of 

11.01, which was not significantly different than the CO control at 10.93.  All of the OPT 

treatments were not significantly different from the BF or CO controls at OPT1 (10.63), OPT2 

(10.75) and OPT3 (10.81). 

 

5.4.5  Sensory Evaluation 

 Sensory analysis scores for hardness, juiciness and oiliness are presented in Tables 5.5, 

5.6 and 5.7.  Overall, sensory panelists could only minimally detect the differences in the 

frankfurter treatments OPT1, OPT2 and OPT3 based on incorporation amounts.  Results indicate 

that panelists could detect the differences that were produced when solid animal fat is replaced 

by organogel, but the amount of organogel used in that replacement does not majorly influence 

the changes.  Panelists indicated a significant difference in hardness between the BF control 

(5.12) and the CO control (9.31).  As was discussed in the previous experiments (see chapter 3), 

fat type, and fat globule size and distribution dramatically change the hardness of the 

frankfurters.  In OPT1 treatments, panelists indicated a slight increase in hardness of only 0.97 

between 20% incorporation (5.00) and 80% incorporation (5.97).  OPT1 treatments were not 
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significantly different from each other (average 5.62) or from the BF control, but were 

significantly lower than the CO control.  OPT2 treatments followed a similar pattern, with OPT2 

treatments (average 5.74) falling between the two controls, and being significantly different than 

the CO control.  OPT3 treatments showed a pattern of slightly increasing hardness with higher 

OPT3 amounts.  The incorporation amounts (20, 40, 60%) were not significantly different from 

the BF control, up to 80% incorporation, which panelists scored as being significantly harder 

than the BF control at 6.83. 

Juiciness scores for OPT1, OPT2 and OPT3 all follow a pattern of increasing juiciness, 

with decreasing amounts of OG added.  The panelists identified the juiciness of the BF control at 

8.41, which is significantly higher than the CO control, rated at 1.52.  The data indicates that at 

80% incorporation, all OG treatments display juiciness scores that are only marginally higher 

(+0.6) than the CO control.  Juiciness scores continue to increase as OG amounts decrease, 

eventually at 20% incorporation rising to OPT1 (4.17), OPT2 (3.55) and OPT3 (4.56).  It is 

important to note, however, that only a 20% substitution of the beef fat component lowered 

overall juiciness by approximately 50%. 

In keeping with the pattern observed in the juiciness results, the scores for oiliness show 

that panelists perceived the OG products as all being significantly more oily than the BF control 

(2.74) and the CO control (1.71) which are significantly different from each other.  OPT1 (20%) 

was rated by panelists at 3.28, which was significantly lower than all other OPT1 treatments.  

Oiliness scores continued to rise with added OPT1 to a final score (80%) of 4.52.  OPT2 (20%) 

was rated by panelists at 3.70, which was significantly lower than all other OPT2 treatments.  

Oiliness scores continued to rise with added OPT2 to a final score (80%) of 4.11.  OPT3 (20%) 

was rated by panelists at 3.90, which was significantly lower than all other OPT3 treatments.  
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Oiliness scores continued to rise with added OPT3 to a final score (80%) of 5.07.  Cook loss 

results (Tables 5.1 – 5.3) indicate that the addition of OG to a meat batter lower the amount of fat 

that is released, thus possibly leading to a product with a more oily perception. 

 Sensory analysis scores for the detection of off flavours are presented in Table 5.8.  

Sensory panelists again identified that chemical and rancid were the most frequently occurring 

off flavours in the OG treatments.  The BF control showed low instances of these off flavours, 

and the CO control showed low occurrence of chemical off-flavours, but a 94% occurrence of 

rancid off flavours.  Surprisingly, incorporation amount had little to no effect on how frequently 

the panelists detected the off-flavours in the OG treatments.  OG addition to the frankfurters, in 

the smallest (20%) replacement amount, triggered 75% of panelists to identify OPT1 and OPT3 

as having chemical off flavours.  In later work we were able to reduce these off flavours by 

adding an antioxidant to the oil prior to heating. 

 

5.5    Conclusions 

 

OPT1 and OPT2 treatments showed that the quantity of the organogel used in fat 

replacement had little to no effect on TPA hardness, springiness or chewiness, but rather that the 

use of organogels in any quantity lowered these values.  OPT3 hardness values increased slightly 

at 20 & 40% incorporation.  Shear force values of all OG treatments had no significant 

differences from one another, and were between both controls, allowing the freedom to 

potentially produce a desired hardness based on gel formulation rather than amount used.  Water 

losses decrease as OG amounts increase, as do smokehouse yield, which could allow for 

processors to maximize yield and profitability over the traditional beef fat frankfurter.  Lightness 

of the frankfurters increased slightly with increasing organogel amounts, but could again be 
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tailored easily with the addition of specific spices or natural colouring agents.  Sensory analysis 

showed that panelists could only minimally detect hardness differences based on organogel 

amounts, but juiciness decreases with higher amounts.  

 

 Future research may focus on the use of starches or gums to increase water binding and 

juiciness.  “Chemical” and “rancid” off flavours were frequently reported by panelists, and 

appear to be a combination of factors including the use of ethyl cellulose and SMS, and the 

oxidation of the canola oil during the production of the organogel. 

 

 

 

 

 

 

 

 

 

 

  



71 
 

5.6  References 

 

AOAC. 1984. Methods of Analysis 14th ed. Association of Official Analytical Chemists. 

Washington, DC. 

 

Bourne MC. 1978 Texture profile analysis. Food technology 32.  

 

Choi YS, Choi JH, Han DJ, Kim HY, Lee MA, Jeong JY, Kim CJ. 2010. Effects of replacing 

pork back fat with vegetable oils and rice bran fiber on the quality of reduced-fat 

frankfurters. Meat science, 84 (3): 557-563 

 

Eerd JP. 1971.  Meat emulsion stability: influence of hydrophilic lipophilic balance, salt 

concentration and blending with surfactants. Journal of Food Science 36 (7) : 1121-1124. 

 

Flores M, Giner E, Fiszman SM, Salvador A, Flores J. 2007. Effect of a new emulsifier 

containing sodium stearoyl-2-lactylate and carrageenan on the functionality of meat emulsion 

systems. Meat science, 76 (1) : 9-18 

 

Gordon A, Barbut S, Schmidt G. 1992. Mechanisms of meat batter stabilization: a 

review. Critical Reviews in Food Science & Nutrition.  32 (4) : 299-332. 

 

Gravelle AJ, Barbut S, Marangoni AG. 2012. Ethylcellulose oleogels: Manufacturing 

considerations and effects of oil oxidation. Food Research International 48 : 578-583. 

 

Harvard Medical School Family Health Guide. 2007. The truth about fats, bad and good. 

[Internet] available at: http://www.health.harvard.edu/fhg/updates/Truth-about-fats.shtml 

 

 

Meilgaard MC, Civille GV, Carr T. 2006 Sensory evaluation techniques. CRC Press, Boca Raton 

Florida. 121-127,135-140,209,215 

 

Stortz T, Zetzl A, Barbut S, Cattaruzza A, Marangoni A. 2012. Edible oleogels in food products 

to help maximize health benefits and improve nutritional profiles. Lipid Technology 24 (7) : 

151-154. 

 

Wiegand C, Waloszek G. 2003. Color Glossary A-C. 

http://www.sapdesignguild.org/resources/glossary_color/index1.html#norm_cs. 

 

http://www.sciencedirect.com/science/article/pii/S0308814698002052#BIB2
http://www.health.harvard.edu/fhg/updates/Truth-about-fats.shtml
http://www.sciencedirect.com/science/article/pii/S0309174010003335#bb0270
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=externObjLink&_locator=url&_issn=03091740&_origin=article&_zone=art_page&_plusSign=%2B&_targetURL=http%253A%252F%252Fwww.sapdesignguild.org%252Fresources%252Fglossary_color%252Findex1.html%2523norm_cs


72 
 

Youssef M, Barbut S. 2010. Fat reduction in comminuted meat products-effects of beef fat, 

regular and pre-emulsified canola oil.  Meat Science 87 (4) : 356-360. 

 

Youssef  MK, Barbut S. 2009. Effects of protein level and fat/oil on emulsion stability, texture, 

microstructure and color of meat batters. Meat science 82 (2) : 228-233. 

 

Zetzl A, Marangoni A, Barbut S. 2012.  Mechanical properties of ethyl cellulose oleogels and 

their potential for saturated fat reduction in frankfurters. Food & Function 3 (3) : 327-337. 

 

 

 

 

 



73 
 

 

 

 

 

 

Table 5.1 

      Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on texture profile analysis hardness & springiness, Warner-  

Bratzler  shear force, smokehouse yield, lightness (L*) and cook loss of frankfurters containing canola oil (CO) organogel with 8.0% ethyl cellulose 

(EC) with 1.5% sorbitan monostearate (SMS). 

 

       
Treatment Hardness (N) Springiness (mm) Shear Force (N) Smk.Yield (%)               L* Cook Loss (%) 

     

Water Fat 

Beef fat control 35.3 ± 2.9 
b
 0.78 ± 0.08 

c
 18.65 ± 0.71 

a
 74.3 ± 1.2 

a                          
55.5 ± 1.0 

a
 2.7 ± 0.1 

d
 0.3 ± 0.1 

b
 

Canola oil control 69.0 ± 5.2 
c
 0.82 ± 0.04 

c
 27.10 ± 2.26 

c
 81.9 ± 2.6 

b                          
58.2 ± 3.2 

b
 0.1 ± 0.1 

a
 0.0 ± 0.0 

a
 

8:1.5% EC CO gel(80%) 22.5 ± 4.5 
a
 0.74 ± 0.06 

ab
 23.43 ± 2.46 

b
 83.9 ± 2.2 

bd                        
58.1 ± 1.0

 b
 2.2 ± 0.1 

b
 0.0 ± 0.1 

a
 

8:1.5% EC CO gel(60%) 22.3 ± 3.6 
a
 0.71 ± 0.07 

ab
 23.04 ± 2.02 

b
 82.3 ± 0.9 

b                          
58.2 ± 1.6 

b
 2.4 ± 0.1 

c
 0.1 ± 0.1 

a
 

8:1.5% EC CO gel(40%) 24.3 ± 3.5 
a
 0.75 ± 0.07 

abc
 24.93 ± 2.02 

bc
 82.4 ± 1.1 

b                          
57.9 ± 1.1 

b
 2.8 ± 0.2 

d
 0.1 ± 0.1 

a
 

8:1.5% EC CO gel(20%) 25.1 ± 2.8 
a
 0.72 ± 0.04 

b
 23.55 ± 1.70 

b
 80.6 ± 1.1 

bc                        
57.1 ± 1.2 

b
 3.0 ± 0.1 

e
 0.0 ± 0.1 

a
 

a-d
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

  

 

Table 5.2 

      Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on texture profile analysis hardness & springiness, Warner-Bratzler   

shear force, smokehouse yield, lightness (L*) cook loss of frankfurters containing canola oil (CO) organogel with 8.0% ethyl cellulose (EC) with 3.0% 

sorbitan  monostearate (SMS).         

   

      Treatment Hardness (N) Springiness (mm) Shear Force (N) Smk.Yield (%)                    L* Cook Loss (%) 

     

Water Fat 

Beef fat control 35.3 ± 2.9 
b
 0.78 ± 0.08 

b
 18.65 ± 0.71 

a
 74.3 ± 1.2 

a                              
55.5 ± 1.0

 a
 2.7 ± 0.1 

d
 0.3 ± 0.1 

d
 

Canola oil control 69.0 ± 5.2 
c
 0.82 ± 0.04 

b
 27.10 ± 2.26 

c
 81.9 ± 2.6 

cd                            
58.2 ± 3.2 

b
 0.1 ± 0.1 

a
 0.0 ± 0.0 

a
 

8:3% EC CO gel(80%) 19.1 ± 3.5 
a
 0.72 ± 0.06 

a
 24.13 ± 2.28 

b
 84.5 ± 1.5 

c                              
60.4 ± 3.3 

bd
 2.0 ± 0.1 

b
 0.0 ± 0.0 

a
 

8:3% EC CO gel(60%) 22.5 ± 1.9 
a
 0.74 ± 0.06 

b
 21.87 ± 2.71 

b
 81.8 ± 1.5 

cd                             
59.5 ± 2.0 

b
 2.3 ± 0.1 

c
 0.1 ± 0.1 

b
 

8:3% EC CO gel(40%) 20.8 ± 3.7 
a
 0.70 ± 0.06 

a
 24.45 ± 2.49 

bc
 81.3 ± 1.7 

d                               
58.3 ± 0.6 

b
 2.3 ± 0.1 

c
 0.2 ± 0.1 

c
 

8:3% EC CO gel(20%) 22.5 ± 2.9
 a
 0.71 ± 0.06 

a
 22.61 ± 3.11 

b
 78.4 ± 1.8 

b                               
57.3 ± 0.9 

bc
 3.5 ± 0.2 

e
 0.2 ± 0.1 

c
 

a-f 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 5.3 

      Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on texture profile analysis hardness & springiness, 

Warner-Bratzler shear force, smokehouse yield, lightness (L*) and cook loss of frankfurters containing canola oil (CO) organogel with 10.0% ethyl cellulose (EC) 

and 1.5% sorbitan monostearate (SMS). 

 Treatment Hardness (N) Springiness (mm) Shear Force (N) Smk.Yield (%)                 L* Cook Loss (%) 

     

Water Fat 

Beef fat control 35.3 ± 2.9 
c
 0.78 ± 0.08 

b
 18.65 ± 0.71 

a
 74.3 ± 1.2 

a                        
55.5 ± 1.0 

a       
 2.7 ± 0.1 

e
 0.3 ± 0.1 

d
 

Canola oil control 69.0 ± 5.2 
d
 0.82 ± 0.04 

c
 27.10 ± 2.26 

c
 81.9 ± 2.6 

cd                      
58.2 ± 3.2 

b
 0.1 ± 0.1 

a
 0.0 ± 0.0 

a
 

10%:1.5 EC CO gel(80%) 21.0 ± 4.0 
a
 0.74 ± 0.06 

ab
 23.88 ± 1.95 

b
 84.1 ± 1.5 

d                        
60.4 ± 2.7 

b
 2.1 ± 0.1 

b
 0.0 ± 0.0 

a
 

10:1.5% EC CO gel(60%) 21.6 ± 4.0 
a
 0.73 ± 0.07 

ab
 24.77 ± 1.70 

b
 83.5 ± 1.8 

d                        
59.5 ± 0.9 

b
 2.2 ± 0.1 

c
 0.1 ± 0.1 

b
 

10:1.5% EC CO gel(40%) 27.3 ± 2.7 
b
 0.75 ± 0.06 

ab
 23.65 ± 2.03 

b
 81.2 ± 1.3 

c                         
59.8 ± 2.0 

b
 2.6 ± 0.2 

de
 0.0 ± 0.1 

a
 

10:1.5% EC CO gel(20%) 26.2 ± 3.7 
b
 0.69 ± 0.04 

a
 23.55 ± 2.39 

b
 78.2 ± 1.6 

b                        
58.0 ± 2.0 

b
 2.9 ± 0.2 

f
 0.2 ± 0.1 

c
 

a-f 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 5.4 

      
Comparison of effect of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat)  on  

TPA Hardness values and Sensory Panel reported hardness of beef frankfurters containing canola oil (CO) organogel with  

8.0% ethyl cellulose (EC)  with 1.5% sorbitan monostearate (SMS); 8.0% EC with 3.0% SMS; 10.0% EC with 1.5% SMS. 

 
Beef Fat Control Canola Oil Control 8% EC, 1.5% SMS CO organogel 

 

  

 

80% 60% 40% 20% 

TPA Hardness (N) 35.3 ± 2.9 a 69.0 ± 5.2 c 22.5 ± 4.5 b 22.3 ± 3.6 b 24.3 ± 3.5 b 25.1 ± 2.8 b 

Sensory Panel Hardness* 5.12 ± 0.68 a 9.31 ± 0.37 b 5.97 ± 1.82 a 5.73 ± 1.71 a 5.78 ± 1.33 a 5.00 ± 1.54 a 

       

 
Beef Fat Control Canola Oil Control 8% EC, 3.0% SMS CO organogel 

 

  

 

80% 60% 40% 20% 

TPA Hardness (N) 35.3 ± 2.9 a 69.0 ± 5.2 c 19.1 ± 3.5 b 22.5 ± 1.9 b 20.8 ± 3.7 b 22.5 ± 2.9 b 

Sensory Panel Hardness* 5.12 ± 0.68 a 9.31 ± 0.37 b 6.45 ± 1.88 a 5.83 ± 1.74 a 5.36 ± 1.66 a 5.32 ± 1.66 a 

       

 
Beef Fat Control Canola Oil Control 10% EC, 1.5% SMS CO organogel 

 

  

 

80% 60% 40% 20% 

TPA Hardness (N) 35.3 ± 2.9 a 69.0 ± 5.2 d 21.0 ± 4.0 b 21.6 ± 4.0 b 27.3 ± 2.7 c 26.2 ± 3.7 c 

Sensory Panel Hardness* 5.12 ± 0.68 a 9.31 ± 0.37 d 6.83 ± 1.92 c 5.77 ± 1.76 b 5.50 ± 1.73 b 5.45 ± 1.57 b 

a-d means ± standard error, within a row followed by different superscripts are significantly different (P< 0.05). 

 
*  0-10 point scale; Hardness: 0 = very soft, 10 = very hard 
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Table 5.5 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat)on sensory characteristics  

(Hardness: 0 = very soft, 10 = very hard; Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily,  

10 = extremely fatty/oily) of frankfurters containing canola oil (CO) organogel with 8% ethyl cellulose (EC) with 1.5%  

sorbitan monostearate (SMS) in replacement of beef fat.  

  

    Treatment Hardness Juiciness Oiliness 

Beef fat control 5.12 ± 0.68 
a
 8.41 ± 0.93 

d
 2.74 ± 1.14 

b
 

Canola Oil Control 9.31 ± 0.37 
b
 1.52 ± 0.63 

a
 1.71 ± 0.98 

a
 

8:1.5% EC CO gel(80%) 5.97 ± 1.82 
a
 2.21 ± 0.65 

b
 4.52 ± 1.34 

d
 

8:1.5% EC CO gel(60%) 5.73 ± 1.71 
a
 2.37 ± 0.86 

b
 4.72 ± 1.63 

d
 

8:1.5% EC CO gel(40%) 5.78 ± 1.33 
a
 2.87 ± 0.88 

b
 4.10 ± 1.20 

d
 

8:1.5% EC CO gel(20%) 5.00 ± 1.54 
a
 4.17 ± 1.05 

c
 3.28 ± 1.41 

c
 

a-d 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

Table 5.6 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat)on sensory characteristics  

(Hardness: 0 = very soft, 10 = very hard; Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily,  

10 = extremely fatty/oily) of frankfurters containing canola oil (CO) organogel with 8% ethyl cellulose (EC) with 3.0%  

sorbitan monostearate (SMS) in replacement of beef fat (BF).  

  

    Treatment Hardness Juiciness Oiliness 

Beef fat control 5.12 ± 0.68 
a
 8.41 ± 0.93 

d
 2.74 ± 1.14 

b
 

Canola Oil Control 9.31 ± 0.37 
b
 1.52 ± 0.63 

a
 1.71 ± 0.98 

a
 

8:3% EC CO gel(80%) 6.45 ± 1.88 
a
 2.04 ± 0.80 

b
 4.11 ± 1.96 

c
 

8:3% EC CO gel(60%) 5.83 ± 1.74 
a
 2.64 ± 0.92 

b
 4.73 ± 1.58 

c
 

8:3% EC CO gel(40%) 5.36 ± 1.66 
a
 2.55 ± 0.69 

b
 3.87 ± 1.47 

c
 

8:3% EC CO gel(20%) 5.32 ± 1.66 
a
 3.55 ± 1.38 

c
 3.70 ± 0.96

 c
 

a-d 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 5.7 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on sensory characteristics  

(Hardness: 0 = very soft, 10 = very hard; Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily,  

10 = extremely fatty/oily) of frankfurters containing canola oil (CO) organogel with 10% ethyl cellulose (EC) with 1.5%  

sorbitan monostearate (SMS) in replacement of beef fat (BF).  

  

    Treatment Hardness Juiciness Oiliness 

Beef fat control     5.12 ± 0.68 
a
 8.41 ± 0.93 

d
 2.74 ± 1.14 

b
 

Canola Oil Control     9.31 ± 0.37 
d
 1.52 ± 0.63 

a
 1.71 ± 0.98 

a
 

10%:1.5 EC CO gel(80%)    6.83 ± 1.92 
c
 2.07 ± 0.47 

b
 5.07 ± 1.24 

d
 

10:1.5% EC CO gel(60%)    5.77 ± 1.76 
b
 2.43 ± 0.65 

b
 4.18 ± 1.62 

c
 

10:1.5% EC CO gel(40%)   5.50 ± 1.73 
b
 2.82 ± 0.53 

b
 4.10 ± 1.11 

c
 

10:1.5% EC CO gel(20%)   5.45 ± 1.57 
b
 4.56 ± 1.85 

c
 3.90 ± 1.92 

c
 

a-f 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 



78 
 

 

 

 

Table 5.8 

        Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on detected off-

flavours by sensory panelists in frankfurters containing canola oil (CO) organogel with 8.0% ethyl cellulose (EC) with 

1.5% sorbitan monostearate (SMS) ; 8.0% EC with 3.0% SMS; 10.0% EC with 1.5% SMS. 

 

    Treatment Chemical Grassy Dusty Rancid Glue Musty Cardboard Earthy 

         Beef fat control 6 17 8 19 0 6 3 39 

Canola Oil Control 6 8 17 94 3 17 25 36 

8:1.5% EC CO gel(80%) 83 42 33 50 8 8 8 8 

8:1.5% EC CO gel(60%) 100 17 33 42 17 17 17 25 

8:1.5% EC CO gel(40%) 67 42 25 42 17 8 8 17 

8:1.5% EC CO gel(20%) 75 42 0 42 17 8 33 17 

 

 
 

        

         Beef fat control 6 17 8 19 0 6 3 39 

Canola Oil Control 6 8 17 94 3 17 25 36 

8:3% EC CO gel(80%) 67 33 8 42 25 25 25 50 

8:3% EC CO gel(60%) 75 50 8 50 25 25 17 8 

8:3% EC CO gel(40%) 92 25 25 42 17 17 8 42 

8:3% EC CO gel(20%) 67 25 25 75 25 25 17 17 

 

 
 

        

         Beef fat control 6 17 8 19 0 6 3 39 

Canola Oil Control 6 8 17 94 3 17 25 36 

10%:1.5 EC CO gel(80%) 92 42 17 33 0 17 25 25 

10:1.5% EC CO gel(60%) 75 25 17 33 17 0 33 42 

10:1.5% EC CO gel(40%) 42 42 42 58 25 25 17 8 

10:1.5% EC CO gel(20%) 75 17 8 58 17 17 33 33 

         % frequency of off-flavours in frankfurter samples (% of total number of judges, n=12) 
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Chapter 6.   Breakfast sausage - effects of canola oil based gels for the 

replacement of saturated animal fat.  

 
6.1  Abstract 

 

The replacement of animal fat with organogel in pork breakfast sausages lowered TPA 

springiness and chewiness values to a level significantly lower (P< 0.05) than the pork fat (PF) 

and canola oil (CO) controls.  The PF control was significantly harder than the organogel 

treatments.  8 & 12% ethyl cellulose (EC) concentrations required a similar force to shear as the 

controls while 10 & 14% EC showed higher shear values than the controls.  Overall products did 

not show water or fat losses when cooked in a closed test tube system. Lightness (L*) of the 

organogel treatments was significantly lower than controls, while b* values were higher than 

both controls.  Sensory analysis hardness of organogel sausages was lower than both controls.  

Detected off flavours (chemical & rancid) decreased with the addition of butylated 

hydroxytoluene (BHT) and rosemary oleoresin to the organogels to minimize oxidation during 

gel preparation.   

 

6.2  Introduction 

Studies in the overall consumption of meat products in the last ten years have shown that 

the health benefits and nutritional value of meat products is a major factor in consumer 

acceptance and purchasing habits (Angulo and Gil 2007; Fonseca and Salay 2008). 

Cardiovascular disease accounts for 30% of deaths across the world (WHO 2009).  Processed 

meats may contain >30% animal fat, and high levels of saturated fat have been linked to 

increased risks of obesity, diabetes and certain cancers (Aggett and others 2005). Although fats 

may negatively impact health, they are still an integral part to the structure of many meat 
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products.  Animal fat contributes to the textural qualities of meats.  It interacts with proteins in a 

meat system and develops attributes that enhance texture, mouthfeel and lubricity upon 

mastication, as well as contributing to the overall flavour (Crehan and others 2000). 

Reduced fat meat products are perceived by consumers as having less than desirable 

sensory properties as opposed to their full fat counterparts.  A major problem of simply replacing 

the animal fat in meat products with other non-meat fats and oils, is the increase in the textural 

hardness of the products, which in turn lead to a decrease in consumer acceptability (Barbut and 

Mittal 1989).  Breakfast sausages may contain more than 20% saturated fat, and there is a need 

for substitutes that may be able to lower this saturated fat content and ideally replace it with 

healthier mono- and poly- unsaturated fats.  It is still important though, to obtain acceptable 

textural and sensory attributes while lowering saturated fat content, without negatively impacting 

processing functionality and product quality.  Tobin and others (2012) have shown that overall 

fat reduction (10-15% fat in product) can be obtained in products such as frankfurters, but salt 

levels need to be increased to 2.5-3% to obtain sensory acceptability. This study aims to 

investigate the potential use of canola oil based organogels to enhance the lipid profile of pork 

breakfast sausages by lowering the saturated fat content and replacing it with healthier canola oil. 

 

6.3  Materials & Methods 

6.3.1 Preparation of Sausage Batter 

Lean pork leg meat (19.91± 0.51% protein, 70.3 ± 1.04% moisture, 8.6 ± 0.29% fat), 

pork belly meat (10.9 ± 0.58% protein, 49.7 ± 0.88% moisture, 36.9 ± 0.36% fat)  and pork back 

fat (86.9 ± 0.95% fat, 7.5 ± 0.83% moisture, and 3.3 ± 0.42% protein; AOAC 1984) were 

obtained from the University of Guelph abattoir.  All visible connective tissue was removed from 

the meat. The meat and fat were separately chopped in a bowl chopper (Schneidmeister SMK 40, 
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Berlin, Germany) at the low speed setting for ~1 min to obtain a coarsely chopped, homogenous 

mass, and then frozen (20°C) in individual polyethylene bags of 1kg per bag until used. 

All sausage batters were produced in batches of 2.2 kg., and formulated to contain 14.3% 

protein and 20.8% fat to resemble some retail breakfast sausages. The lean meats accounted for 

6.4% of the fat, while the remainder of the 20.8% was provided by either the added pork fat, 

liquid canola oil, or a canola oil based ethyl cellulose organogel. The lean pork meat and fat were 

thawed overnight and kept at 5°C before use. Each of the sausage formulations was produced in 

three separate trials. Briefly, lean meat was chopped using a bowl chopper at the low speed 

setting for 30 sec., followed by the addition of 1.4% NaCl, and 0.5% of a commercial breakfast 

sausage seasoning (#110290, Hela Spice Canada, Uxbridge, Canada) and chopped for 30 sec at 

high speed. This was followed by a 2 min wait to allow for salt-soluble protein extraction. The 

fat source was then added along with water, and chopped at the high speed setting for 1 min, 

followed by the addition of ice and pork belly meat, and an additional 1 min of chopping at the 

low-speed setting. A final addition of pork back fat and 8.0% rusk (76.7% carbohydrate, 10.7% 

protein, 5.6% dietary fibre, 2.5% moisture, 1.5% fat;  Kerry Ingredients, Goussainville, France) 

and chopped for 40 sec. on the low-speed setting.  Final sausage batter temperatures for all 

treatments never exceeded 12°C.  Each batter was vacuum-packed (Multivac Model A300/16,  

Sepp Haggenmeuller KG, Wolfertschwenden, Germany) to remove trapped air.  The batter was 

loaded into an electric sausage stuffer (Mainca EB-25, St Louis, MO, USA) and stuffed into 23 

mm manufactured collagen casings (Hela Spice Canada, Uxbridge, Canada).  The sausages were 

manually separated into 10 cm links, sealed in zip top bags and refrigerated overnight at 5°C 

until used the next day.  Three 35 g. samples were also stuffed into 50 mL polypropylene tubes 

(Fischer Scientific, Ottawa, Ontario) which were centrifuged (Model 225, Fischer Scientific) at 
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the low speed setting for 30 sec to remove any air bubbles. This was followed by cooking in a 

water-bath (Haake W-26, Haake, Berlin, Germany) from 22°C to an internal temperature of 

72°C within 1 hour. A thermocouple (Fluke Co. Inc., Model # 52 KJ1, Everett, WA) was used to 

monitor the internal temperature of the samples. Samples were then immersed in an ice water 

bath for 5 min, cook losses were not present in the sausage samples presumably due to the rusk 

content absorption, and therefore could not be poured off for measurement. 

 

 

6.3.2 Preparation of Organogel 

 

Gels were prepared using the oven method (Gravelle and others 2013). Ethyl cellulose 

with a viscosity of 10 cP (ETHOCELTM std. 10, Dow Chemical Company, Midland, MI, USA) 

was obtained from Chemroy Canada Inc. (Brampton, ON), sorbitan monostearate (SMS) was 

obtained from Danisco (Scarborough, ON) and canola oil (Hela Spice Canada, Uxbridge, 

Canada) were used to produce the organogels.  Canola oil was chosen as this would cause the 

greatest reduction in saturated fat compared to the beef fat control, and for its economic 

feasibility in Canada.  Different from the gels produced for the frankfurters, the addition of 50 

ppm butylated hydroxytoluene (BHT, Fischer Scientific) and 0.6% rosemary oleoresin (Hela 

Spice Canada, Uxbridge, Canada) was added to control the heat-induced oxidation of the oil. 

Organogels were prepared in Pyrex beakers by heating each sample in a bench-top gravity 

convection oven (Fisher Scientific, Ottawa, ON) set to 170°C and constant mixing using an 

overhead mechanical stirrer (Lightnin LabMaster model L1U10F, Wytheville, VA.). A stir bar 

(25 cm length x 1 cm diameter) fitted with a high-shear impeller was fed through a hole in the 

roof of the oven, and used to stir the mixture at a constant rate (200 rpm) throughout the heating 
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process. The gels reached the target temperature of 140°C in approximately 50 min, followed by 

a 10 min holding period. 

Upon completion of the heating process, each batch of molten organogel was poured into an 

aluminum pan (20cm x15cm x5cm), cooled to 20°C, covered with aluminum foil and stored at 

5°C overnight.  

 

6.3.3 TPA & Warner Bratzler Shear 

Samples from centrifuge tubes were brought to room temperature after an overnight 

storage (5°C). TPA parameters were determined using 18 cooked cores (16 mm diameter, 10 mm 

high) per treatment. Cores were compressed twice to 75% of their original height by a texture 

analyzer (Texture Technologies Corp., Model TA.XT2, Scarsdale, N.Y., USA) using a 30 kg 

load cell at a crosshead speed of 1.5 mm/s between two parallel plates. The following parameters 

were recorded:  hardness, springiness, cohesiveness, chewiness, and gumminess (Bourne 1978).  

Warner Bratzler shear force was measured by shearing laterally on 12 cores (23 mm diameter). 

The Warner Bratzler blade (75mm x 75mm x 3 mm, v-notch depth of 35mm) was attached to the 

texture analyzer, and the shearing speed was 100 mm/min 

 

6.3.4   Color Evaluation 

The color of 12 fresh cut cross-sections from the cooked sausages was determined (Mini 

Scan MS/S, Hunter Lab., Reston, Va., USA) using a D65 illuminant setting, and 10-degree 

standard observer. Color was expressed according to the Commission Intl. de l’Eclairage (CIE) 

system and reported as L*  (lightness), a* (redness), and b* (yellowness) (Wiegand andWaloszek 

2003).   
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6.3.5 Microstructure 

  

Samples (approximately 20 x 20 x 5 mm) were cut from the centers of cooked 

meat batters, which were then fixed, and stained with hematoxylin-eosin following the procedure 

outlined by Youssef and Barbut (2009).  Slides were observed using a light microscope (Model 

BX60, Olympus Optical Co, Ltd., Tokyo, Japan). Images were captured by a computerized 

image analysis system (Image-Pro Plus, Version 5.1, Media Cybernetics Inc., Silver Spring, MD, 

USA) and saved as TIF files. Brightness, contrast levels, and white balance were adjusted 

manually in an attempt to improve the differentiation between the previous location of the fat 

globules and the surrounding meat protein network. 

. 

6.3.6 Sensory Panel Evaluation 

Sensory analysis was performed by graduate students and staff of the Food Science 

Department. The 12 panelists were selected from a group of respondents to an email recruitment. 

Sausages were cooked in a 205°C convection oven (Frigidaire Professional series #FPET3085kf, 

Mississauga, ON) until internal temperatures reached 72°C (~30 min) and then sliced 2.5cm in 

thickness, portioned into 74 mL polystyrene cups, labelled with a random 3-digit blinding code, 

and kept warm in an oven set to 76°C until served.  Members of the panel were trained following 

the procedure of Meilgaard (1991). Panelists were seated in individual booths, with overhead 

fluorescent lighting in a dedicated sensory analysis laboratory at the University of Guelph’s 

Human Nutraceutical Research Unit, and sat for a total of nine panels, one panel per week, 

testing 3 replications of each treatment.  Products were served warm to each panelist, who were 

provided with room temperature water and unsalted soda crackers and instructed to cleanse their 

palate between samples.  Panelists evaluated the textural qualities of the samples for hardness, 

juiciness, and fattiness.  Samples were rated by panelists on a semi-structured, 10 cm hedonic 
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scale. Hardness: 1 = very soft, 10 = very hard; Juiciness: 1 = very dry, 10 = very juicy; Fattiness: 

1 = not fatty/oily, 10 = extremely fatty/oily.  During training, panelists identified 8 off-flavours 

present in samples.  Panelists evaluated samples and marked the occurrence of any of the 

following off-flavours: chemical, grassy, dusty, rancid, glue, musty, old cardboard, and earthy.  

Sensory analysis data were collected using Compusense 5 sensory analysis software 

(Compusense Inc, Guelph, ON, Canada).   

 

6.3.7 Statistical analysis 

The experiment was designed as a complete randomized block, with 3 replications.  

Statistical analysis of texture data was completed using Graphpad Prism 5.0 (GraphPad, San 

Diego, CA, USA). A one-way ANOVA test was performed with a Tukey test using a 95% 

confidence level. Data were graphed using Graphpad Prism 5.0 with error bars indicating 

standard error of the mean. 

Sensory analysis data was also evaluated as a complete block design, with 3 separate 

replications using Compusense 5 software.  A one-way ANOVA test was performed with a 

Tukey test using a 95% confidence level. Data were graphed using Graphpad Prism 5.0. 
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6.4  Results and Discussion 

6.4.1  Texture 

 Results of texture profile analysis springiness and chewiness are presented in Table 6.1.  

Results show that the addition of organogel to these partially comminuted products lowers the 

springiness value to a level that is significantly below that of the pork fat (PF) and CO controls.  

The pork fat control showed a springiness value of 0.56 mm, which was not significantly 

different than the PF control at 0.52 mm.  The inclusion of organogel in the treatments, which 

were not significantly different from each other with an average value of 0.44 mm, significantly 

lowered the springiness from that of the PF and CO controls.  This may possibly be explained by 

the hardness of the organogels themselves (Fig. 6.1).  Even at 14% EC concentration, the 

organogels were less firm than the pork backfat used to produce the sausages.   
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Because of the shorter chopping time employed in the production method, the organogel would 

not have been comminuted into globules as small as were seen in the frankfurter product (see 

Fig. 3.3).  The larger fat globules would therefore not have the surface area needed to exhibit the 

“hardening” effects that CO treatments have exhibited in the finely comminuted products.  TPA 

chewiness also exhibits this pattern.  The CO control showed a chewiness value of 1.83 N/cm², 

which was significantly higher than the PF control (1.53 N/cm²).  The organogel treatments, 

which were all statistically similar to each other, but significantly lower than both controls, 

showed an average value of 1.20 N/cm².  The remaining TPA values for cohesiveness and 

gumminess are shown in Appendix D1.  The hardness value (Fig. 6.1) of the pork fat control was 

16.12 N, which was significantly harder than the CO control (13.88 N) and all EC concentrations 

of the organogel treatments.  The treatment of 10% EC showed the lowest hardness value at 

12.59 N. The remaining treatments (8, 12, 14% EC and CO control) were statistically similar to 

the organogel treatments showing an average hardness value of 13.62 N.  Cohesiveness values 

were not significantly different, with the PF control and CO control showing a value of 0.21, and 

the organogel treatments at 0.20.  Gumminess value of the PF control showed 3.30 mm, which 

was significantly higher than the CO control at 2.95 mm.  All of the organogel treatments were 

not significantly different from one another, with an average value of 2.72 mm, which was lower 

than both controls, but only significantly different from the PF control. 

 Warner-Bratzler shear force results (table 6.1) show that the PF control (14.53 N) was not 

significantly different from the CO control at 14.34 N.  The treatments containing organogels 

with 8 & 12% EC were not significantly different from the controls with an average force of 

14.17 N.  The treatments containing 10 & 14% EC were statistically similar to each other with an 

average force of 17.07 N, and significantly higher than both controls and the 8 & 12% EC.  
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6.4.2  Cook Loss 

 Products did not exude any measurable water or fat losses.  This is presumably due to the 

inclusion of 8% rusk in the sausage batters that absorbed and contained any moisture that 

escaped during the cooking process. 

 

6.4.3  Colour Evaluation 

 The results of  a* and b* color evaluation are presented in appendix D1.  The PF control 

showed an L* value of 75.84 (table 6.1), significantly lower than the CO control at 77.75.  The 

L* value of the organogel treatments was lower than both of the controls at an average of 68.55, 

significantly different only from the BF control.  The PF control showed an a* value of 0.60, 

significantly lower than the CO control at 1.02.  The a* value of the organogel treatments was 

significantly higher than both of the controls at an average of 1.34.  The PF control showed a b* 

value of 13.13, significantly higher than the CO control at 10.94.  The b* value of the organogel 

treatments was lower than both of the controls at an average of 10.84, significantly different only 

from the BF control.  The changes in a* and b* values are probably attributed to the dark, 

greenish-purple colour of the rosemary oleoresin incorporated into the organogels themselves to 

control oxidation. 
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6.4.4  Sensory Analysis  

 The results of the sensory analysis scores for hardness, juiciness and oiliness are 

presented in Table 6.2.  The PF control was scored by the sensory panel at 3.77, which was 

significantly higher than the CO control at 2.78.  Similar to the TPA hardness results (see Fig. 

6.1) the organogel treatments show a decrease in hardness (average hardness = 1.80), and are not 

significantly different from one another.  As was mentioned in section 6.4.1, the lower chopping 

time and corresponding fat globule size difference is possibly the reason for the perceived softer 

qualities of the sausages.   
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Juiciness of the PF control was scored at 3.32, which is higher, albeit not significantly, than the 

CO control which was scored at 2.71.  All of the organogel containing treatments were not 

significantly different from one another with an average score of 2.14, which was significantly 

different from only the PF control.  Oiliness of the PF control was scored at 3.42, which is not 

significantly different, although higher, than the CO control which was scored at 2.85.  All of the 

organogel containing treatments were not significantly different from one another with an 

average score of 2.35, which was significantly different from only the PF control.   

 Sensory analysis scores for off flavour detection are presented in Table 6.3.  The highest 

occurring off flavour identified by the panelists was “dusty”, with an average detected frequency 

of 38%.  This can mainly be attributed to the use of the binder/filler ‘rusk’ which is a wheat 

based, ground biscuit product whose aroma and flavor closely resemble a dried bread crumb.  

Most notably from these results are the dramatic reduction in “chemical” and “rancid” off 

flavour detection.  At the conclusion of the frankfurter trials, and following lipid oxidation work 

performed in our lab on the organogels, the decision was made to include butylated 

hydroxytoluene (BHT) and rosemary oleoresin (a natural antioxidant) in the organogels in an 

attempt to combat the “oxidation” flavours that were identified.  Occurrence of rancid off-flavour 

dropped dramatically, with only an 8% occurrence in the sausages.  An unintentional, yet 

welcome outcome was also the significant drop in “chemical” off flavours, which were detected 

with only a 13% occurrence. 
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6.5  Conclusions 

The addition of organogel in pork breakfast sausages lowered TPA springiness and 

chewiness values compared to the PF and CO controls.  The PF control was harder than the 

organogel treatments, and may be attributed to the lower chopping time, and therefore producing 

fat globules in the organogel treatments that are not small enough to increase hardness, as was 

seen with the frankfurter type products.  Lower EC concentrations required a similar shear force 

as the controls, while higher EC concentrations showed higher shear force values than the 

controls.  Products did not exude any water or fat losses and is probably attributed to the rusk, 

which is used specifically to bind water and fat, as well as increase yield.  Organogel treatments 

were significantly darker, more red, and more yellow than controls possibly due to the 

combination of canola oil (yellow) and rosemary oleoresin (purple-green), showing that tailoring 

of colour is possible through the addition of other ingredients.  Sensory analysis showed that 

hardness decreases with the addition of organogel, which could allow for the tailoring of 

hardness properties when other factors such as protein level and binder type are taken into 

consideration.  Chemical and rancid off flavours decreased substantially with the addition of 

butylated hydroxytoluene (BHT) and rosemary oleoresin to the organogels, helping to control 

oxidation during organogel preparation. 
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 Treatment L* Springiness (mm) Chewiness (N/cm²) Shear Force (N) 

Pork fat control 75.84 ± 0.91 
b
 0.56 ± 0.07 

b
  1.83 ± 0.55 

c
 14.53 ± 2.47 

a
 

Canola oil control 77.75 ± 0.97 
c
 0.52 ± 0.08 

b
 1.53 ± 0.75 

b
 14.34 ± 2.29 

a
 

8% EC CO gel 68.40 ± 1.28 
a
 0.43 ± 0.06 

a
 1.18 ± 0.29 

a
 13.52 ± 2.80 

a
 

10% EC CO gel 68.37 ± 0.76 
a
 0.44 ± 0.05 

a
 1.15 ± 0.17 

a
 17.18 ± 2.53 

c
 

12% EC CO gel 68.49 ± 0.84 
a
 0.43 ± 0.04 

a
 1.21 ± 0.27 

a
 14.81 ± 1.22 

a
 

14% EC CO gel 68.92 ± 0.77 
a
 0.45 ± 0.05 

a
 1.26 ± 0.28 

a
 16.96 ± 1.41 

b
 

 

  

 

Table 6.2 

   Effects of fat type replacement on sensory characteristics (Hardness: 0 = very soft, 10 = very hard;  

Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily, 10 = extremely fatty/oily) of pork sausages containing  

canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) in replacement of pork fat (PF).  

Treatment Hardness Juiciness Oiliness 

Pork fat control 3.77 ± 1.82 
c
 3.32 ± 1.90 

b  
 3.42 ± 1.70 

b
 

Canola oil control 2.78 ± 1.41 
b
   2.71 ± 1.37 

ab
   2.85 ± 1.40 

ab
 

8% EC CO gel 1.78 ± 1.01 
a
 2.07 ± 1.13 

a
  2.34 ± 1.20 

a
 

10% EC CO gel 1.72 ± 0.76 
a
 2.02 ± 1.08 

a
  2.23 ± 1.32 

a
 

12% EC CO gel 1.74 ± 1.20 
a
 2.18 ± 1.21

 a
  2.49 ± 1.11 

a
 

14% EC CO gel 1.94 ± 1.31 
a
 2.27 ± 1.35 

a
  2.32 ± 1.25 

a
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

 

 

Table 6.1 

Effects of fat type replacement on lightness (L*) texture profile analysis parameters (springiness, chewiness) and Warner-Bratzler shear force  

of pork sausages containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) in replacement of pork fat (PF).  

 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 6.3 

        Effects of fat type replacement on detected off-flavours by sensory panelists in pork sausages containing canola oil (CO)  

organogel with 8,10,12 & 14% ethyl cellulose (EC) in replacement of pork fat (PF). 

     Treatment Chemical Grassy Dusty Rancid Glue Musty Cardboard Earthy 

Pork fat control 14 11 33 8 8 11 6 39 

Canola oil control 8 28 39 6 8 19 3 31 

  8% EC CO gel 17 36 44 17 11 11 8 19 

10% EC CO gel 22 28 36 11 14 17 11 11 

12% EC CO gel 14 31 33 3 8 17 17 19 

14% EC CO gel 8 22 39 3 8 14 8 28 

% frequency of off-flavours in pork sausage samples (% of total number of judges, n=12) 
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Chapter  7.  Breakfast sausage - effects of canola oil based gels formulated with 

emulsifier for the replacement of saturated animal fat. 
 

7.1  Abstract 

 Hardness values of 1.5% sorbitan monostearate (SMS) treatments increased with higher 

ethyl cellulose (EC) concentrations, with 12% EC not significantly different from the pork fat 

(PF) control.  Only the treatment containing 14% EC and 1.5% SMS showed a significantly 

higher shear force than other organogel treatments, all of which were lower than the controls. 

TPA springiness of gels containing 1.5% sorbitan monostearate (SMS) showed that 12 & 14% 

EC concentrations were significantly (P< 0.05) less springy than the pork fat (PF) and canola oil 

(CO) controls, while 3.0% SMS treatments were all similar.  Cohesiveness of the 1.5% SMS 

treatments was significantly higher than controls at 12 & 14% EC concentrations, while 3.0% 

SMS treatments were all similar to controls.    Lightness (L*) values decreased in organogel 

products, possibly due to the combination of the yellow colour of canola oil in combination with 

the dark green colour of the rosemary oleoresin.  Sensory analysis scores showed a pattern of the 

organogel treatments being significantly less hard than both controls.  Both 1.5% and 3.0% SMS 

treatments were significantly less juicy than both controls.  “Chemical” off flavours increased 

slightly with the addition of SMS to the organogel treatments. 

 

7.2  Introduction 

 

There is an ever growing awareness of the links between good overall health and diet.  

This information is rapidly changing consumers’ thoughts and purchasing habits, and therefore 

there has been an increase in the overall demand for foods, in particular meat products, with 

health promoting properties such as reduced fat or lower saturated fat meat products.  Meats 

continue to be an important component in the daily diet of developed countries. In the USA and 
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many European countries, it continues to be a significant component of food expenditure (Tuley 

1996).  Current full-fat retail products still contain levels of saturated fat and cholesterol that 

have been deemed unhealthy and have been associated with obesity, and cardiovascular disease 

(Aggett and others 2005).  Despite the fact that recently there have been reductions in the fat 

contents of many commercial meat products, an image of poor quality still exists in many 

consumers’ eyes. The goals of reformulating many of these meat products must then not only 

address the overall fat content, but the type of fat involved.  Various different approaches to 

reduce fat contents of processed meat products, without hindering the overall texture and 

organoleptic properties have been researched. These include the use of soy proteins, soy protein 

isolates (Sofos and Allen 1977), and various gums including xanthan and carrageenan 

(Wallingford and Labuza 1983).  Whiting (1984) showed that substitution of a portion of the fat 

with soy protein exhibited acceptable sensory characteristics.  Soy protein isolates have 

successfully been used to reduce the overall fat quantity in beef hamburger patties and pork 

sausages (Decker and others 1986).  Fat content adds to many various product aspects such as 

flavour, mouthfeel, juiciness and texture, and cannot simply just be reduced by using less fat or 

directly replacing animal fats with vegetable based oils. Youssef and Barbut (2009) showed that 

when 25% liquid canola oil was incorporated into a comminuted meat batter with 12% meat 

protein in place of beef fat, a 34.7% increase in hardness value occurred due to the very small 

size of the fat globules created during the chopping process.  The purpose of this study was to 

determine whether gelled canola oil, called an organogel, could replace animal fats in pork 

breakfast sausages while maintaining the textural and sensory properties of a full fat product.  
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7.3  Materials & Methods 

7.3.1 Preparation of Sausage Batter 

Lean pork leg meat (19.91± 0.51% protein, 70.3 ± 1.04% moisture, 8.6 ± 0.29% fat), 

pork belly meat (10.9 ± 0.58% protein, 49.7 ± 0.88% moisture, 36.9 ± 0.36% fat)  and pork back 

fat (86.9 ± 0.95% fat, 7.5 ± 0.83% moisture, and 3.3 ± 0.42% protein; AOAC 1984) were 

obtained from the University of Guelph abattoir.  All visible connective tissue was removed from 

the meat. The meat and fat were separately chopped in a bowl chopper (Schneidmeister SMK 40, 

Berlin, Germany) at the low speed setting for ~1 min to obtain a homogenous mass, and then 

frozen (20°C) in individual polyethylene bags of 1kg per bag until used. 

All sausage batters were produced in batches of 2.2 kg., and formulated to contain 14.3% 

protein and 20.8% fat to resemble a retail breakfast sausage. The lean meats accounted for 6.4% 

of the fat, while the remainder of the 20.8% was provided by either the added pork fat, liquid 

canola oil, or a canola oil based ethyl cellulose organogel. The lean pork meat and fat were 

thawed overnight and kept at 5°C before use. Each of the sausage formulations was produced in 

three separate trials. Briefly, lean meat was chopped using a bowl chopper at the low speed 

setting for 30 sec., followed by the addition of 1.4% NaCl, and 0.5% of a commercial sausage 

seasoning (#110290, Hela Spice Canada, Uxbridge, Canada) and chopped for 30 sec at high 

speed. This was followed by a 2 min wait to allow for salt-soluble protein extraction. The fat 

source was then added along with water, and chopped at the high speed setting for 1 min, 

followed by the addition of ice and pork belly meat, and an additional 1 min of chopping at the 

low-speed setting. A final addition of pork back fat and rusk (76.7% carbohydrate, 10.7% 

protein, 5.6% dietary firbre, 2.5% moisture, 1.5% fat; Kerry Ingredients, Goussainville, France) 

and chopped for 40 sec. on the low-speed setting.  Final sausage batter temperatures for all 
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treatments never exceeded 12°C.  Each batter was vacuum-packed (Multivac Model A300/16,  

Sepp Haggenmeuller KG, Wolfertschwenden, Germany) to remove trapped air.  The batter was 

loaded into an electric sausage stuffer (Mainca EB-25, St Louis, MO, USA) and stuffed into 23 

mm manufactured collagen casings (Hela Spice Canada, Uxbridge, Canada).  The sausages were 

manually separated into 10 cm links, sealed in zip top bags and refrigerated overnight at 5°C 

until used the next day.  Three 35 g. samples were also stuffed into 50 mL polypropylene tubes 

(Fischer Scientific) which were centrifuged (Model 225, Fischer Scientific) at the low speed 

setting for 30 sec to remove any air bubbles. This was followed by cooking in a water-bath 

(Haake W-26, Haake, Berlin, Germany) from 22°C to an internal temperature of 72°C within 1 

hour. A thermocouple (Fluke Co. Inc., Model # 52 KJ1, Everett, WA) was used to monitor the 

internal temperature of the samples. Samples were then immersed in an ice water bath for 5 min, 

cook losses were not present in the sausage samples presumably due to the rusk content 

absorption, and therefore could not be poured off for measurement. 

   

7.3.2 Preparation of Organogel 

 

Gels were prepared using the oven method (Gravelle and others 2013). Ethyl cellulose 

with a viscosity of 10 cP (ETHOCELTM std. 10, Dow Chemical Company, Midland, MI, USA) 

was obtained from Chemroy Canada Inc. (Brampton, ON), sorbitan monostearate (SMS) was 

obtained from Danisco (Scarborough, ON) and canola oil (Hela Spice Canada, Uxbridge, 

Canada) were used to produce the organogels.  Canola oil was chosen as this would cause the 

greatest reduction in saturated fat compared to the beef fat control, and for its economic 

feasibility in Canada.  Different from the gels produced for the frankfurters, the addition of 50 

ppm butylated hydroxytoluene (BHT, Fischer Scientific, Ottawa, ON) and 0.6% rosemary 
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oleoresin (Hela Spice Canada, Uxbridge, Canada) was added to control the heat-induced 

oxidation of the oil. Organogels were prepared in Pyrex beakers by heating each sample in a 

bench-top gravity convection oven (Fisher Scientific, Ottawa, ON) set to 170°C and constant 

mixing using an overhead mechanical stirrer (Lightnin LabMaster model L1U10F, Wytheville, 

VA.). A stir bar (25 cm length x 1 cm diameter) fitted with a high-shear impeller was fed through 

a hole in the roof of the oven, and used to stir the mixture at a constant rate (200 rpm) throughout 

the heating process. The gels reached the target temperature of 140°C in approximately 50 min, 

followed by a 10 min holding period. 

Upon completion of the heating process, each batch of molten organogel was poured into an 

aluminum pan (20cm x15cm x5cm), cooled to 20°C, covered with aluminum foil and stored at 

5°C overnight.  

  

7.3.3 TPA & Warner Bratzler Shear 

Samples from centrifuge tubes were brought to room temperature after an overnight 

storage (5°C). TPA parameters were determined using 18 cooked cores (16 mm diameter, 10 mm 

high) per treatment. Cores were compressed twice to 75% of their original height by a texture 

analyzer (Texture Technologies Corp., Model TA.XT2, Scarsdale, N.Y., USA) using a 30 kg 

load cell at a crosshead speed of 1.5 mm/s between two parallel plates. The following parameters 

were recorded:  hardness, springiness, cohesiveness, chewiness, and gumminess (Bourne 1978).  

Warner Bratzler shear force was measured by shearing laterally on 12 cores (23 mm diameter). 

The Warner Bratzler blade (75mm x 75mm x 3 mm, v-notch depth of 35mm) was attached to the 

texture analyzer, and the shearing speed was 100 mm/min 
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7.3.4   Color Evaluation 

The color of 12 fresh cut cross-sections from the cooked sausages was determined (Mini 

Scan MS/S, Hunter Lab., Reston, Va., USA) using a D65 illuminant setting, and 10-degree 

standard observer. Color was expressed according to the Commission Intl. de l’Eclairage (CIE) 

system and reported as L*  (lightness), a* (redness), and b* (yellowness) (Wiegand andWaloszek 

2003).   

   

7.3.5 Microstructure 

  

Samples (approximately 20 x 20 x 5 mm) were cut from the centers of cooked 

meat batters, which were then fixed, and stained with hematoxylin-eosin following the procedure 

outlined by Youssef and Barbut (2009).  Slides were observed using a light microscope (Model 

BX60, Olympus Optical Co, Ltd., Tokyo, Japan). Images were captured by a computerized 

image analysis system (Image-Pro Plus, Version 5.1, Media Cybernetics Inc., Silver Spring, MD, 

USA) and saved as TIF files. Brightness, contrast levels, and white balance were adjusted 

manually in an attempt to improve the differentiation between the previous location of the fat 

globules and the surrounding meat protein network. 

 

7.3.6 Sensory Panel Evaluation 

Sensory analysis was performed by graduate students and staff of the Food Science 

Department. The 12 panelists were selected from a group of respondents to an email recruitment. 

Sausages were cooked in a 205°C convection oven (Frigidaire Professional series #FPET3085kf, 

Mississauga, ON) until internal temperatures reached 72°C (~30 min) and then sliced 2.5cm in 

thickness, portioned into 74 mL polystyrene cups, labelled with a random 3-digit blinding code, 

and kept warm in an oven set to 76°C until served.  Members of the panel were trained following 
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the procedure of Meilgaard (1991). Panelists were seated in individual booths, with overhead 

fluorescent lighting in a dedicated sensory analysis laboratory at the University of Guelph’s 

Human Nutraceutical Research Unit, and sat for a total of nine panels, one panel per week, 

testing 3 replications of each treatment.  Products were served warm to each panelist, who were 

provided with room temperature water and unsalted soda crackers and instructed to cleanse their 

palate between samples.  Panelists evaluated the textural qualities of the samples for hardness, 

juiciness, and fattiness.  Samples were rated by panelists on a semi-structured, 10 cm hedonic 

scale. Hardness: 1 = very soft, 10 = very hard; Juiciness: 1 = very dry, 10 = very juicy; Fattiness: 

1 = not fatty/oily, 10 = extremely fatty/oily.  During training, panelists identified 8 off-flavours 

present in samples.  Panelists evaluated samples and marked the occurrence of any of the 

following off-flavours: chemical, grassy, dusty, rancid, glue, musty, old cardboard, and earthy.  

Sensory analysis data were collected using Compusense 5 sensory analysis software 

(Compusense Inc, Guelph, ON, Canada).     

 

7.3.7 Statistical analysis 

The experiment was designed as a complete randomized block, with 3 replications.  

Statistical analysis of texture data was completed using Graphpad Prism 5.0 (GraphPad, San 

Diego, CA, USA). A one-way ANOVA test was performed with a Tukey test using a 95% 

confidence level. Data were graphed using Graphpad Prism 5.0 with error bars indicating 

standard error of the mean. 

Sensory analysis data was also evaluated as a complete block design, with 3 separate 

replications using Compusense 5 software.  A one-way ANOVA test was performed with a 

Tukey test using a 95% confidence level. Data were graphed using Graphpad Prism 5.0. 
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7.4  Results and Discussion 

7.4.1  Texture  

 Results of texture profile analysis springiness and cohesiveness are displayed in Tables 

7.1 and 7.2.  The PF control showed a springiness value of 0.56 mm which was not significantly 

different from the CO control at 0.52 mm.  All of the 1.5% SMS organogel treatments were not 

significantly different from one another, with the higher EC concentrations (12 & 14% EC) 

being significantly less springy at 0.47 mm and 0.46 mm respectively.  Of the treatments 

containing 3.0% SMS, all EC concentrations were statistically similar to each other with an 

average value of 0.49 mm, which is also not significantly different from the CO control.  Only 

the 8% EC concentration was significantly lower than the PF control at 0.47 mm.  Cohesiveness 

values for the organogel treatments containing 1.5% SMS show that the PF and CO controls 

were not significantly different at 0.21.  The higher (12 & 14%) EC concentrations were not 

significantly different from the controls at 0.20 and 0.19 respectively.  The lower EC 

concentrations (8 & 10%) were identical to each other at 0.23, which although is significantly 

different from all other treatments, is a small deviation and would probably be difficult for a 

consumer to detect.  Cohesiveness values for the 3.0% SMS treatments were not significantly 

different from one another, inclusive of the controls.  The TPA values for hardness, chewiness 

and gumminess are presented in appendices E1 and E2.  Hardness values of the treatments 

containing organogel with 1.5% SMS show the PF control with a hardness of 16.12 N, which is 

significantly harder than the CO control at 13.88 N.  The organogel containing treatments 

showed a slight increase in hardness value as EC concentrations increased up to 12% EC which 

showed a value of 17.97 N,  
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Figure 7.3 Effects of fat type replacement on TPA hardness in pork sausages
containing canola oil (CO) organogel with 8,10,12 & 14% ethylcellulose (EC)
with 3.0% sorbitan monostearate (SMS) in replacement of pork fat (PF).
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statistically similar to the pork fat control.  Hardness values of the treatments containing 3.0% 

SMS were not significantly different from each other, or from the controls.  The treatments 

containing organogel showed an average hardness of 14.85 N, which falls between the two 

controls. Gumminess values, for both 1.5% and 3.0% SMS, showed no significant differences 

between all treatments.  The shorter chopping time used to produce these breakfast sausages 

results in a different microstructure (fig. 7.5) than is seen in the frankfurter type products.  The 

fat globules are significantly larger, and we observe larger bundles of muscle fibers and fat 

globules.  The larger fat globules, with less interfacial protein film (IPF) surface area, seem to 

exhibit hardness characteristics that are opposite of the finely comminuted products.   

 Warner-Bratzler shear force measurements are displayed in Tables 7.1 and 7.2.  The PF 

control showed a force to shear of 14.53 N, which was marginally higher, although not 

significantly, from the CO control at 14.34 N.  Of the treatments containing 1.5% SMS, only the 

14% EC concentration showed significantly higher shear force than all other treatments at 16.25 

N.  Shear force values for the organogel treatments containing 3.0% SMS were not significantly 

different from one another with an average value of 11.50 N, significantly lower than both 

controls. 

7.4.2  Cook Loss 

 Products did not exude any measurable water or fat losses.  This is presumably due to the 

inclusion of 8% rusk in the sausage batters that absorbed and contained any moisture that 

escaped during the cooking process. 

7.4.3  Color Evaluation 

 L*, a* and b* color analysis results are displayed in appendices E3 and E4.  The L* value 

of the PF control was 75.84, not significantly different from the CO control at 77.57.  All 
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organogel containing treatments, 1.5% and 3.0% SMS, showed no significant difference from 

one another with L* values averaging 67.75 and 68.82 respectively.  The decrease in lightness 

can probably be attributed to the combination of the naturally occurring yellow color of the 

organogel in combination with the dark colour of the rosemary oleoresin.  The a* value of the PF 

control was 0.60 which was significantly lower than the CO control at 1.02, presumably due to 

the canola oil “diluting” the red colours occurring in the PF control.  Organogel treatments 

containing 1.5% SMS were not significantly different from one another with an average value of 

1.39, significantly higher than both controls.  Organogel treatments containing 3.0% SMS were 

also not significantly different from each other with an average value of 1.58, significantly 

higher than both controls.  The PF control showed an a* value of 13.13, which was significantly 

higher than the CO control at 10.94.  All of the organogel treatments showed no significant 

difference from one another, with the 1.5% SMS organogel treatments averaging 10.82, and the 

3.0% SMS organogel treatments averaging 10.94, both of which are only significantly different 

from the PF control.  

7.4.4  Sensory Analysis 

 Sensory analysis results are presented in Tables 7.3 and 7.4.  Hardness values for treatments 

containing 1.5 & 3.0% SMS showed a general pattern of the organogel products being 

significantly less hard than the controls. The hardness score of the PF control was 3.77, 

significantly higher than the CO control at 2.78.    The treatments containing organogel with 

1.5% SMS were significantly lower than the controls, the 8, 12 & 14% EC concentrations were 

not significantly different from each other with an average value of 1.91.  Sensory panelists 

identified that the 10% EC concentration was significantly harder at 2.36.  The treatments 

containing organogel with 3.0% SMS were not significantly different from each other with an 
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average hardness value of 2.09, significantly lower than the controls.  When comparing the TPA 

hardness values (fig. 7.1) with the sensory panel hardness (fig. 7.2) shows inconsistencies in the 

mechanical vs. sensory perception.  Whereas the TPA hardness increases with higher EC, the 

sensory hardness drops slightly.  The PF control showed a juiciness value of 3.34, significantly 

higher than the CO control at 2.90.  The organogel treatments containing 1.5% SMS showed that 

all gels were significantly lower than both controls, with only the 12% EC concentration being 

significantly different at 2.23. The organogel treatments containing 3.0% SMS showed that all 

gels were significantly lower than both controls, with only the 8% EC concentration being 

significantly different at 2.70.  This may possibly be explained by examining the differing fatty 

acid content of the pork fat and canola oil.  The higher stearic acid content of the pork fat may 

lead to a more juicy mouthfeel as opposed to the high oleic acid content of the canola oil.  

Oiliness scores for the PF control were 2.96, not significantly different from the CO control at 

2.87.  All organogel treatments were significantly lower than the controls, with the 1.5% SMS 

organogel treatments being statistically similar at a 1.99 average score.  The 3.0% SMS 

organogel treatments showed that the 8% EC concentration was the highest at 2.57.  The 

remaining treatments (10, 12 & 14% EC) were all significantly lower at an average of 2.16.  

Sensory analysis scores for off-flavour detection are shown in Table 7.5.  Primarily, the same 

pattern exists from the results presented in Table 6.3.  We do observe that the scores as 

“chemical” rise slightly with the addition of SMS, and also slightly with increasing EC 

concentration.  Dusty off flavours are again identified and are probably attributed to the rusk 

used in the formulation.  Notably again is the major decrease in rancid off flavours that plagued 

the frankfurter formulations, which we can attribute to the addition of antioxidants butylated 

hydroxytoluene (BHT) and rosemary oleoresin. 
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7.5  Conclusions 

 

 Gels containing 1.5% sorbitan monostearate (SMS) showed that higher EC 

concentrations were less springy and more cohesive than the pork fat and canola oil controls, 

while 3.0% SMS treatments were all similar.  Hardness values of treatments generally increased 

slightly with higher EC concentrations, with only the 12% EC & 1.5% SMS treatment being 

different from the pork fat control control.  The higher EC concentration organogel treatments 

showed a significantly higher shear force than low EC treatments, but none were as firm as the 

controls.  Texture modification would be necessary through the manipulation of protein level or 

use of starches/gums to attempt to match a pork fat control.  Lightness decreased in organogel 

products, possibly due to the combination of the yellow colour of the canola oil, and the dark 

green-purple colour of the rosemary oleoresin.  Sensory analysis showed a pattern of the 

organogel treatments being less hard than the controls, regardless of SMS concentration. The 

inclusion of organogel as an animal fat replacer generally leads to softer breakfast sausages when 

compared to controls. Sausages containing organogels with both 1.5% and 3.0% SMS treatments 

were significantly less juicy than both controls and “chemical” off flavours increased slightly 

with the addition of SMS to the organogel. 
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Table 7.1 

   Effects of fat type replacement on texture profile analysis springiness and cohesiveness, Warner-Bratzler shear force 

of pork sausages containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5%  

sorbitan monostearate (SMS) in replacement of pork fat (PF).  

  Treatment Springiness (mm) Cohesiveness (ratio) Shear Force (N) 

    
Pork fat control 0.56 ± 0.07 

b
 0.21 ± 0.02 

a
 14.53 ± 2.47 

a
 

Canola oil control 0.52 ± 0.08 
ab

 0.21 ± 0.03 
a
 14.34 ± 2.29 

a
 

8% EC, 1.5%SMS CO gel 0.53 ± 0.05 
ab

 0.23 ± 0.03 
b
 13.83 ± 3.54 

a
 

10% EC, 1.5%SMS CO gel 0.49 ± 0.05 
ab

 0.23 ± 0.02 
b
 14.22 ± 2.87 

a
 

12% EC, 1.5%SMS CO gel 0.47 ± 0.06 
a
 0.20 ± 0.02 

a
 13.82 ± 2.60 

a
 

14% EC, 1.5%SMS CO gel 0.46 ± 0.07 
a
 0.19 ± 0.01 

a
 16.25 ± 3.09 

b
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

Table 7.2 

   Effects of fat type replacement on texture profile analysis springiness and cohesiveness, Warner-Bratzler shear force 

of pork sausages containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 3.0%  

sorbitan monostearate (SMS) in replacement of pork fat (PF).  

  Treatment Springiness (mm) Cohesiveness (ratio) Shear Force (N) 

    
Pork fat control 0.56 ± 0.07 

b
 0.21 ± 0.02 

a
 14.53 ± 2.47 

b
 

Canola oil control 0.52 ± 0.08 
ab

 0.21 ± 0.03 
a
 14.34 ± 2.29 

b
 

8% EC, 3.0%SMS CO gel 0.47 ± 0.05 
a
 0.19 ± 0.01 

a
 11.23 ± 1.76 

a
 

10% EC, 3.0%SMS CO gel 0.50 ± 0.06 
ab

 0.20 ± 0.01 
a
 11.13 ± 1.37 

a
 

12% EC, 3.0%SMS CO gel 0.49 ± 0.06 
ab

 0.20 ± 0.01 
a
 12.24 ± 1.92 

a
 

14% EC, 3.0%SMS CO gel 0.51 ± 0.05 
ab

 0.19 ± 0.01 
a
 11.41 ± 0.91 

a
 

a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 7.3 

   Effects of fat type replacement on sensory characteristics (Hardness: 0 = very soft, 10 = very hard;  

Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily, 10 = extremely fatty/oily) of pork sausages containing  

canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5% sorbitan monostearate (SMS) in replacement of 

pork fat (PF).  

Treatment Hardness Juiciness Oiliness 

Pork fat control 3.77 ± 1.82 
d
 3.34 ± 2.04 

d
 2.96 ± 1.92 

b
 

Canola oil control 2.78 ± 1.41 
c
 2.90 ± 1.54 

c
 2.87 ± 1.66 

b
 

8% EC, 1.5%SMS CO gel 1.97 ± 1.15 
a
 1.82 ± 0.97 

a
 2.20 ± 1.21 

a
 

10% EC, 1.5%SMS CO gel 2.36 ± 1.29 
a
 1.86 ± 1.26 

a
 2.00 ± 1.17 

a
 

12% EC, 1.5%SMS CO gel 1.75 ± 1.28 
b
 2.23 ± 1.62 

b
 2.04 ± 1.31 

a
 

14% EC, 1.5%SMS CO gel 2.02 ± 1.01 
a
 1.93 ± 1.36 

a
 1.72 ± 1.05 

a
 

a-d 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

 

Table 7.4 

   Effects of fat type replacement on sensory characteristics (Hardness: 0 = very soft, 10 = very hard;  

Juiciness: 0 = very dry, 10 = very juicy; oiliness: 0 = not fatty/oily, 10 = extremely fatty/oily) of pork sausages containing  

canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 3.0% sorbitan monostearate (SMS) in replacement of 

pork fat (PF).  

Treatment Hardness Juiciness Oiliness 

Pork fat control 3.77 ± 1.82 
c
 3.34 ± 2.04 

c
 2.96 ± 1.92 

c
 

Canola oil control 2.78 ± 1.41 
b
 2.90 ± 1.54 

b
 2.87 ± 1.66 

c
 

8% EC, 3.0%SMS CO gel 1.98 ± 1.22 
a
 2.70 ± 1.66 

b
 2.57 ± 1.66 

b
 

10% EC, 3.0%SMS CO gel 2.07 ± 1.53 
a
 2.21 ± 1.14 

a
 2.27 ± 1.07 

a
 

12% EC, 3.0%SMS CO gel 2.11 ± 1.30 
a
 2.41 ± 1.55 

a
 2.11 ± 1.42 

a
 

14% EC, 3.0%SMS CO gel 2.21 ± 1.56 
a
 2.41 ± 1.52 

a
 2.09 ± 0.99 

a
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Table 7.5 
        Effects of fat type replacement on detected off-flavours by sensory panelists in pork sausages containing canola oil (CO) 

organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5% or 3.0% sorbitan monostearate (SMS) in replacement of pork fat. 

Treatment Chemical Grassy Dusty Rancid Glue Musty Cardboard Earthy 

Pork fat control 20 3 27 3 20 13 10 10 

Canola oil control 17 0 20 3 17 16 10 3 

 8% EC, 1.5%SMS CO gel 27 0 50 13 20 10 23 13 

10% EC, 1.5%SMS CO gel 17 0 40 7 13 20 20 0 

12% EC, 1.5%SMS CO gel 23 0 33 30 23 13 13 3 

14% EC, 1.5%SMS CO gel 30 7 50 20 30 23 20 7 
 

 

 

        

         Pork fat control 27 3 13 13 3 13 3 0 

Canola oil control 10 0 3 7 10 10 0 0 

  8% EC, 3.0%SMS CO gel 20 0 13 13 13 7 17 3 

10% EC, 3.0%SMS CO gel 20 7 30 7 20 3 13 0 

12% EC, 3.0%SMS CO gel 23 3 40 13 13 7 13 3 

14% EC, 3.0% SMS CO gel 37 3 23 17 13 13 17 7 

% frequency of off-flavours in frankfurter samples (% of total number of judges, n=12) 
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Figure 7.5       Light micrographs of pork breakfast sausages prepared with  pork fat (A), canola oil (B), 10% EC canola oil 

organogel(C).  White spaces represent previous location of fat globules removed during sample preparation for paraffin embedding. 
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Final Conclusions and Recommended Future Research 

 

The undertaking of this study was designed to be seen from a product development standpoint.  

Current research points to the fact that our over-consumption of saturated fats is contributing to 

many of our health- related diseases, but overwhelmingly, most product development attempts 

are to remove the saturated fat altogether, as opposed to replacing it with fats that can contribute 

to better overall health.  It is clear through this study, and through past studies, that simple 

replacement of saturated fat with vegetable oils leads to a product that consumers would consider 

unacceptable.  Textural issues such as excessive hardness and springiness, and sensory issues 

such as lack of juiciness and prominent off-flavours needed to be addressed.  Organogel 

technology shows promise in its ability to combat some of these issues.  We have shown that 

hardness and shear force problems can be overcome by tailoring the organogel properties to 

match a retail product.  Problematically, as we begin to tailor one aspect of the products, other 

qualities begin to change.  We were able to match textural hardness values to a premium control, 

but juiciness levels were dramatically decreased, and off flavours became extremely prominent.  

Focusing on the textural issues primarily, we concluded that a specific range of ethyl cellulose 

concentrations could provide the desired hardness level.  In an attempt to continue to fine tune 

the textural aspects, plasticized gels showed promise in more closely matching qualities such as 

cohesiveness and chewiness.  We see again that other factors such as yield fluctuations and off 

flavours continue to be detrimental to the success of the formulations.  As the research 

progressed, and we were confident that we matched as many textural qualities as possible, we 

were able to delve into the quantity of organogel, to potentially attempt to curb some of the 

sensory shortfalls we encountered.  We found that the amount was not necessarily causing the off 

flavour problems, but that simply the incorporation of organogel was causing the difficulties.  
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Noticing that lower incorporation amounts were leading to higher juiciness scores by our 

panelists, but not significantly affecting texture, we had minimized yet another hurdle.  Work in 

our lab then began to expose that during processing of the organogels, excessive oxidation of the 

oil was occurring, and sensory scores reflected that rancidity continued to be one of the major off 

flavours.  The inclusion of antioxidants was able to lower the rancid and chemical off flavours to 

an acceptable level.  Ultimately, the question is whether or not organogels can effectively be 

used to create a healthier frankfurter that consumers will purchase.  At the conclusion of this 

research, I can say with confidence that organogels can produce a frankfurter with a healthier 

lipid profile, similar processing characteristics, economic feasibility and acceptable sensory 

qualities.  Moving forward, future research should concentrate on the potential various oils (soy, 

olive, etc) and surfactants (SMO, GMO) that are currently being shown to affect the 

characteristics of the organogel.  Characterizing the different properties of the organogels will 

allow future research to expand upon my work, and further tailor the mechanical and 

organoleptic properties to create a successful commercial product.  
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Appendix A1  Effects of fat type replacement on TPA hardness in frankfurters 

containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) in 

replacement of beef fat (BF). 

Treatment Hardness (N) 

Beef fat control 35.3 ± 2.9 
b
 

Canola oil control 69.0 ± 5.2 
c
 

8% EC CO gel 27.7 ± 3.4 
a
 

10% EC CO gel 37.4 ± 1.9 
b
 

12% EC CO gel 25.7 ± 1.6 
a
 

14% EC CO gel 27.3 ± 2.2 
a
 

a-c 
means ± standard error, within a column followed by different  

superscripts are significantly different (P< 0.05). 

 

 

Appendix A2 

     Formulations of meat emulsions prepared with beef fat, liquid canola oil or canola oil organogel.* 

Treatment Lean Beef (g) Beef Fat (g) Ice (g) Canola Oil (g) Organogel (g) 

Beef Fat Control 1122.0 673.2 355.3 

  Canola Oil Control 1166.0 

 

489.5 495.0 

 8% EC (cP10) organogel 1166.0 

 

489.5 

 

535.0 

10% EC (cP10) organogel 1166.0 

 

489.5 

 

544.5 

12% EC (cP10) organogel 1166.0 

 

489.5 

 

555.0 

14% EC (cP10) organogel 1166.0 

 

489.5 

 

564.0 

* All formulated with 2.0% NaCl, 0.25% sodium tripolyphosphate, 0.6% spice and 150 ppm NaNO2. 
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Appendix A3 

Frankfurter Sensory Analysis Session #1  Date____________ 

 On the scales below, please evaluate the samples.  Place a mark on the line 

with the corresponding sample number written over it 

219,   390,      475,      256,     987,      173,     909,      737       

**Refuse cups have been provided for you** 

Texture:  Hardness 

 

I           I 
(Very Soft)                    (Very Hard) 
     

     

     

   

   Moisture Content : Juiciness 

 

 

 

I           I 
(Not Juicy)         (Very Juicy) 

 

 

 

 

     Moisture Content:  Oiliness 

 

 

 

I           I 
(Not Oily/Fatty)          (Very Oily/Fatty) 
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Off Flavours: 

Please check all that apply to each sample: 

 

#219 

 Chemical  Glue 

 Grassy  Musty 

 Dusty  Old Cardboard 
 Rancid  Earthy 

 

#390 

 Chemical  Glue 

 Grassy  Musty 

 Dusty  Old Cardboard 
 Rancid  Earthy 

 

#475 

 Chemical  Glue 

 Grassy  Musty 

 Dusty  Old Cardboard 
 Rancid  Earthy 

 

#256 

 Chemical  Glue 

 Grassy  Musty 

 Dusty  Old Cardboard 
 Rancid  Earthy 

 

#987 

 Chemical  Glue 
 Grassy  Musty 

 Dusty  Old Cardboard 
 Rancid  Earthy 
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#173 

 Chemical  Glue 

 Grassy  Musty 

 Dusty  Old Cardboard 
 Rancid  Earthy 

 

 

#909 

 Chemical  Glue 

 Grassy  Musty 
 Dusty  Old Cardboard 

 Rancid  Earthy 

 

 

#737 

 Chemical  Glue 

 Grassy  Musty 
 Dusty  Old Cardboard 

 Rancid  Earthy 
 

 

 

 

 

 

 

Thank you for your participation! 
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Appendix B1 

    Effects of fat type replacement on texture profile analysis hardness, cohesiveness, chewiness and gumminess  

of frankfurters containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5%  

 sorbitan monostearate (SMS) in replacement of beef fat (BF).  

  Treatment Hardness (N) Cohesiveness (ratio) Chewiness (N) Gumminess 

Beef fat control 35.25 ± 2.89 
a
 0.22 ± 0.02 

a
 5.92 ± 0.94 

a
 7.57 ± 0.87 

a
 

Canola oil control 69.01 ± 5.22 
d
 0.48 ± 0.11 

b
 26.73 ± 5.89 

b
 32.80 ± 7.76 

b
 

8% EC, 1.5%SMS CO gel 35.95 ± 1.96 
a
 0.23 ± 0.03 

a
 5.83 ± 0.92 

a
 7.06 ± 1.12 

a
 

10% EC, 1.5%SMS CO gel 34.12 ± 2.22 
a
 0.22 ± 0.02 

a
 6.05 ± 1.06 

a
 7.62 ± 1.30 

a
 

12% EC, 1.5%SMS CO gel 39.30 ± 1.85 
b
 0.24 ± 0.02 

a
 5.97 ± 0.97  

a
 7.12 ± 1.07 

a
 

14% EC, 1.5%SMS CO gel 41.72 ± 3.24 
c
 0.22 ± 0.03 

a
 6.09 ± 0.95 

a
 7.34 ± 1.08 

a
 

a-d 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

Appendix B2 

    Effects of fat type replacement on texture profile analysis hardness, cohesiveness, chewiness and gumminess  

of frankfurters containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 3.0%  

sorbitan monostearate (SMS) in replacement of beef fat (BF).  

  Treatment Hardness (N) Cohesiveness (ratio) Chewiness (N) Gumminess 

Beef fat control 35.25 ± 2.89 
d
 0.22 ± 0.02 

a
 5.92 ± 0.94 

a
 7.57 ± 0.87 

a
 

Canola oil control 69.01 ± 5.22 
e
 0.48 ± 0.11 

b
 26.73 ± 5.89 

b
 32.80 ± 7.76 

b
 

8% EC, 3.0%SMS CO gel 34.82 ± 1.54 
d
 0.23 ± 0.02 

a
 5.47 ± 0.80 

a
 6.71 ± 0.97 

a
 

10% EC, 3.0%SMS CO gel 21.70 ± 2.33 
a
 0.22 ± 0.02 

a
 5.20 ± 1.11 

a
 7.43 ± 1.47 

a
 

12% EC, 3.0%SMS CO gel 27.07 ± 2.84 
b
 0.21 ± 0.02 

a
 5.45 ± 1.22 

a
 7.08 ± 1.51 

a
 

14% EC, 3.0% SMS CO gel 25.70 ± 1.33 
b
 0.22 ± 0.02 

a
 6.16 ± 1.34 

a
 7.87 ± 1.74 

a
 

a-e 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Appendix B3 

   Effects of fat type replacement on color (L*= lightness, a*= redness, b*= yellowness) of frankfurters containing canola oil (CO) 

organogel with 8,10,12 & 14% ethylcellulose (EC) with 1.5% sorbitan monostearate (SMS) in replacement of beef fat (BF).  

Treatment L* a* b* 

Beef fat control 55.5 ± 1.0 
a
 7.11 ± 0.22 

b
 11.01 ± 0.25 

a
 

Canola oil control 58.2 ± 3.2 
b
 5.29 ± 0.75 

a
 10.93 ± 0.80 

a
 

8% EC, 1.5%SMS CO gel 57.1 ± 1.4 
ab

 5.45 ± 0.11
a
 10.51 ± 0.50 

a
 

10% EC, 1.5%SMS CO gel 57.5 ± 1.4 
ab

 5.51 ± 0.29 
a
 10.40 ± 0.37 

a
 

12% EC, 1.5%SMS CO gel 57.3 ± 1.7 
ab

 5.37 ± 0.17 
a
 10.77 ± 0.57 

a
 

14% EC, 1.5%SMS CO gel 57.9 ± 1.5 
ab

 5.51 ± 0.23 
a
 10.47 ± 0.24 

a
 

a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

Appendix B4 

    Effects of fat type replacement on color (L*= lightness, a*= redness, b*= yellowness) of frankfurters containing canola oil (CO) 

organogel with 8,10,12 & 14% ethyl cellulose (EC) with 3.0% sorbitan monostearate (SMS) in replacement of beef fat (BF).  

Treatment L* a* b* 

 Beef fat control 55.5 ± 1.0 
a
 7.11 ± 0.22 

b
 11.01 ± 0.25 

a
  

 Canola oil control 58.2 ± 3.2 
b
 5.29 ± 0.75 

a
 10.93 ± 0.80 

a
 

 8% EC, 3.0%SMS CO gel 58.1 ± 1.0
 b
 5.63 ± 0.28 

a
 10.67 ± 0.22 

a
 

 10% EC, 3.0%SMS CO gel 58.2 ± 1.6 
b
 5.49 ± 0.21 

a
 10.73 ± 0.23 

a
 

 12% EC, 3.0%SMS CO gel 57.9 ± 1.1 
b
 5.41 ± 0.44 

a
 10.66 ± 0.35 

a
 

 14% EC, 3.0%SMS CO gel 57.1 ± 1.2 
b
 5.49 ± 0.31 

a
 10.47 ± 0.42 

a
 

 a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

 



124 
 

Appendix B5 

      Formulations of meat emulsions prepared with beef fat, liquid canola oil or canola oil organogel with SMS.* 

             

 
Treatment Lean Beef (g) Beef Fat (g) Ice (g) Canola Oil (g) Organogel w/ 1.5% SMS(g) Organogel w/ 3.0% SMS(g) 

Beef Fat Control 1122.0 673.2 355.3 

   Canola Oil Control 1166.0 

 

489.5 495.0 

  8% EC (cP10) organogel 1166.0 

 

489.5 

 

535.0 

 10% EC (cP10) organogel 1166.0 

 

489.5 

 

544.5 

 12% EC (cP10) organogel 1166.0 

 

489.5 

 

555.0 

 14% EC (cP10) organogel 1166.0 

 

489.5 

 

564.0 

 8% EC (cP10) organogel 1166.0 

 

489.5 

  

535.0 

10% EC (cP10) organogel 1166.0 

 

489.5 

  

544.5 

12% EC (cP10) organogel 1166.0 

 

489.5 

  

555.0 

14% EC (cP10) organogel 1166.0 

 

489.5 

  

564.0 

* All formulated with 2.0% NaCl, 0.25% sodium tripolyphosphate, 0.6% spice and 150 ppm NaNO2.   
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Appendix C1 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on texture profile analysis  

cohesiveness, chewiness and gumminess of frankfurters containing canola oil (CO) organogel with 8% ethyl cellulose (EC) with 1.5% sorbitan 

monostearate (SMS).  

   Treatment Cohesiveness (ratio) Chewiness (N) Gumminess 

Beef fat control 0.22 ± 0.02 
a
 5.9 ± 0.9 

a
 7.6 ± 0.9  

a
 

Canola oil control 0.48 ± 0.11 
b
 26.7 ± 5.9 

b
 32.8 ± 7.8  

b
 

8:1.5% EC CO gel(80%) 0.23 ± 0.01 
a
 3.7 ± 0.8 

a
 5.0 ± 1.0 

a
 

8:1.5% EC CO gel(60%) 0.21 ± 0.02 
a
 3.3 ± 0.6 

a
 4.6 ± 0.7 

a
 

8:1.5% EC CO gel(40%) 0.21 ± 0.02 
a
 3.8 ± 0.5 

a
 5.1 ± 0.7 

a
 

8:1.5% EC CO gel(20%) 0.21 ± 0.03 
a
 3.8 ± 0.4 

a
 5.3 ± 0.6 

a
 

a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

Appendix C2 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on texture profile analysis  

cohesiveness, chewiness and gumminess of frankfurters containing canola oil (CO) organogel with 8% ethyl cellulose (EC) with 3.0% sorbitan 

monostearate (SMS).  

   Treatment Cohesiveness (ratio) Chewiness (N) Gumminess 

Beef fat control 0.22 ± 0.02 
a
 5.9 ± 0.9 

a
 7.6 ± 0.9  

b
 

Canola oil control 0.48 ± 0.11 
b
 26.7 ± 5.9 

c
 32.8 ± 7.8 

c
 

8:3% EC CO gel(80%) 0.22 ± 0.02 
a
 2.9 ± 0.6 

b
 4.1 ± 0.8 

a
 

8:3% EC CO gel(60%) 0.22 ± 0.02 
a
 3.6 ± 0.5 

b
 4.8 ± 0.6 

a
 

8:3% EC CO gel(40%) 0.20 ± 0.01 
a
 2.9 ± 0.5 

b
 4.1 ± 0.6 

a
 

8:3% EC CO gel(20%) 0.21 ± 0.02 
a
 3.1 ± 0.9 

b
 4.3 ± 1.3 

a
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Appendix C3 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on texture profile analysis  

cohesiveness, chewiness and gumminess of frankfurters containing canola oil (CO) organogel with 10% ethyl cellulose (EC) with 1.5% sorbitan 

monostearate (SMS).  

   Treatment Cohesiveness (ratio) Chewiness (N) Gumminess 

Beef fat control 0.22 ± 0.02 
a
 5.9 ± 0.9 

b
 7.6 ± 0.9 

b
 

Canola oil control 0.48 ± 0.11 
b
 26.7 ± 5.9 

c
 32.8 ± 7.8 

c
 

10%:1.5 EC CO gel(80%) 0.21 ± 0.02 
a
 3.0 ± 1.0 

a
 4.0 ± 1.3 

a
 

10:1.5% EC CO gel(60%) 0.21 ± 0.01 
a
 3.3 ± 0.8 

a
 4.4 ± 0.8 

a
 

10:1.5% EC CO gel(40%) 0.21 ± 0.01 
a
 4.3 ± 0.8 

a
 5.7 ± 0.8 

a
 

10:1.5% EC CO gel(20%) 0.20 ± 0.02 
a
 3.7 ± 0.4 

a
 5.3 ± 0.6 

a
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

Appendix C4 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on color  

(a*= redness, b*= yellowness) of frankfurters containing canola oil (CO) organogel with 8%  

ethyl cellulose (EC) with 1.5% sorbitan monostearate (SMS) in replacement of beef fat (BF).  

Treatment 

 

a* b* 

Beef fat control 

 

7.11 ± 0.22 
b
 11.01 ± 0.25 

a
  

Canola oil control 

 

5.29 ± 0.75 
a
 10.93 ± 0.80 

a
 

8:1.5% EC CO gel(80%) 

 

5.63 ± 0.28 
a
 10.67 ± 0.22 

a
 

8:1.5% EC CO gel(60%) 

 

5.49 ± 0.21 
a
 10.73 ± 0.23 

a
 

8:1.5% EC CO gel(40%) 

 

5.41 ± 0.44 
a
 10.66 ± 0.35 

a
 

8:1.5% EC CO gel(20%) 

 

5.49 ± 0.31 
a
 10.47 ± 0.42 

a
 

a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Appendix C5 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on color  

(a*= redness, b*= yellowness) of frankfurters containing canola oil (CO) organogel with 8%  

ethyl cellulose (EC) with 3.0% sorbitan monostearate (SMS) in replacement of beef fat (BF).  

Treatment 

 

a* b* 

Beef fat control 

 

7.11 ± 0.22 
b
 11.01 ± 0.25 

a
 

Canola Oil Control 

 

5.29 ± 0.75 
a
 10.93 ± 0.80 

a
 

8:3% EC CO gel(80%) 

 

5.57 ± 0.37 
a
 10.89 ± 0.30 

a
 

8:3% EC CO gel(60%) 

 

5.49 ± 0.26 
a
 10.56 ± 0.28 

a
 

8:3% EC CO gel(40%) 

 

5.60 ± 0.19 
a
 10.80 ± 0.28 

a
 

8:3% EC CO gel(20%) 

 

5.45 ± 0.12 
a
 10.73 ± 0.39 

a
 

a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

Appendix C6 

   Effects of fat type and replacement quantity (80, 60, 40 & 20% organogel in replacement of added fat) on color  

(a*= redness, b*= yellowness) of frankfurters containing canola oil (CO) organogel with 10%  

ethyl cellulose (EC)  with 1.5% sorbitan monostearate (SMS) in replacement of beef fat (BF).  

Treatment a* b* 

Beef fat control 7.11 ± 0.22 
b
 11.01 ± 0.25 

a
 

Canola Oil Control 5.29 ± 0.75 
a
 10.93 ± 0.80 

a
 

10%:1.5 EC CO gel(80%) 5.51 ± 0.33 
a
 10.77 ± 0.54 

a
 

10:1.5% EC CO gel(60%) 5.58 ± 0.24 
a
 10.74 ± 0.43 

a
 

10:1.5% EC CO gel(40%) 5.42 ± 0.29 
a
 10.88 ± 0.56 

a
 

10:1.5% EC CO gel(20%) 5.36 ± 0.20 
a
 10.86 ± 0.71 

a
 

a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Appendix C7 

      Comparison of factors used to select three "close to optimum" organogel formulations 

   

Treatment TPA Hardness (N) Sensory Hardness TPA Chewiness (N) 

Shear Force 

(N) Cook Loss (mL) 

  

    

Water Fat 

Beef fat control 35.25 ± 2.89 
a
 5.12 ± 0.69 

a
 5.92 ± 0.94 

b
 18.65 ± 0.71 

b
 2.8 ± 0.11 

a
 0.32 ± 0.12 

b
 

(OPT1)  8% EC: 1.5%SMS CO gel 35.95 ± 1.96 
a
 5.30 ± 0.86 

a
 5.83 ± 0.92 

b
 17.91 ± 0.68 

a
 3.14 ± 0.19 

a
 0.30 ± 0.09 

b
 

(OPT2)  8% EC: 3.0%SMS CO gel 34.82 ± 1.54 
a
 5.17 ± 0.89 

a
 5.47 ± 0.80 

a
 19.89 ± 1.80 

c
 2.75 ± 0.11 

a
 0.20 ± 0.06 

a
 

(OPT3) 10% EC: 1.5% SMS CO gel 34.12 ± 2.22 
a
 5.34 ± 1.37 

a
 6.05 ± 1.06 

b
 18.36 ± 1.28 

a
 2.83 ± 0.10 

a
 0.18 ± 0.08 

a
 

 

            

 

 

 

 

 

 

 

 

 

 

 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P <0.05) 
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Appendix D1 

      
Effects of fat type replacement on texture profile analysis parameters (cohesiveness, gumminess), and color (a*= redness, b*= yellowness) 

of pork sausages containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) in replacement of pork fat (PF).  

 
Treatment Cohesiveness (ratio) Gumminess a* b* 

     
Pork fat control 0.21 ± 0.02 

a
 3.30 ± 0.84

 a
 0.60 ± 0.09 

a
 13.13 ± 0.17 

b
 

Canola oil control 0.21 ± 0.03 
a
 2.95 ± 1.32 

a
 1.02 ± 0.10 

b
 10.94 ± 0.95 

a
 

8% EC CO gel 0.20 ± 0.01 
a
 2.71 ± 0.43 

a
 1.31 ± 0.07 

c
 10.22 ± 0.67 

a
 

10% EC CO gel 0.20 ± 0.01 
a
 2.60 ± 0.35 

a
 1.33 ± 0.17 

c
 10.43 ± 0.42 

a
 

12% EC CO gel 0.20 ± 0.01 
a
 2.78 ± 0.53 

a
 1.43 ± 0.15 

c
 10.61 ± 0.71 

a
 

14% EC CO gel 0.21 ± 0.01 
a
 2.77 ± 0.41 

a
 1.27 ± 0.06

 c
 10.66 ± 0.22 

a
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

   

 

 

 

 

Appendix D2 

       Formulations of breakfast sausages prepared with pork fat, liquid canola oil or canola oil organogel .* 

            

  

Treatment 

Lean Pork 

(g) 

Water 

(mL) 

Pork Belly 

(g) 

Ice 

(g) 

Backfat 

(g) 

Canola Oil 

(g) Organogel (g) 

Pork Fat Control 800.0 160.0 180.0 280.0 320.0 

  Canola Oil Control 812.0 169.5 180.0 285.0 160.0 122.0 

 8% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

132.0 

10% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

134.0 

12% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

136.6 

14% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

139.0 

* All formulated with 1.4% NaCl, 0.5% spice and 8.0% rusk.         
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Appendix E1 

   Effects of fat type replacement on texture profile analysis hardness, chewiness and gumminess  

of pork sausages containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5%  

sorbitan monostearate (SMS) in replacement of pork fat (PF).  

 Treatment Hardness (N) Chewiness (N) Gumminess 

Pork fat control 16.12 ± 4.15 
ab

 0.56 ± 0.07 
c
 3.30 ± 0.84 

a
 

Canola oil control 13.88 ± 4.51 
a
 0.52 ± 0.08 

abc
 2.95 ± 1.32 

a
 

  8% EC, 1.5%SMS CO gel 14.31 ± 3.04 
ab

 0.53 ± 0.05 
abc

 3.33 ± 1.09 
a
 

10% EC, 1.5%SMS CO gel 15.22 ± 3.83 
ab

 0.49 ± 0.05 
abc

 3.59 ± 1.14 
a
 

12% EC, 1.5%SMS CO gel 17.97 ± 2.80 
b
 0.47 ± 0.06 

ab
 3.64 ± 0.91 

a
 

14% EC, 1.5%SMS CO gel 16.56 ± 2.27 
ab

 0.46 ± 0.07 
ab

 3.06 ± 0.39 
a
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

Appendix E2 

   Effects of fat type replacement on texture profile analysis hardness, chewiness and gumminess  

of pork sausages containing canola oil (CO) organogel with 8,10,12 & 14% ethyl cellulose (EC) with 3.0%  

sorbitan monostearate (SMS) in replacement of pork fat (PF).  

 Treatment Hardness (N) Chewiness (N) Gumminess 

Pork fat control 16.12 ± 4.15 
a
 1.83 ± 0.55 

a
 3.30 ± 0.84 

a
 

Canola oil control 13.88 ± 4.51 
a
 1.53 ± 0.75 

a
 2.95 ± 1.32 

a
 

8% EC, 3.0%SMS CO gel 15.66 ± 3.17 
a
 1.37 ± 0.25 

a
 2.87 ± 0.46 

a
 

10% EC, 3.0%SMS CO gel 14.63 ± 0.97 
a
 1.36 ± 0.47 

a
 2.72 ± 0.37 

a
 

12% EC, 3.0%SMS CO gel 14.66 ± 2.10 
a
 1.37 ± 0.32 

a
 2.89 ± 0.43 

a
 

14% EC, 3.0%SMS CO gel 14.45 ± 2.26 
a
 1.44 ± 0.36 

a
 2.80 ± 0.57 

a
 

a 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Appendix E3 

   Effects of fat type replacement on color (L*= lightness, a*= redness, b*= yellowness) of pork sausages containing canola oil (CO)   

organogel with 8,10,12 & 14% ethyl cellulose (EC) with 1.5% sorbitan monostearate (SMS) in replacement of pork fat (PF).  

Treatment L* a* b* 

Pork fat control 75.84 ± 0.91 
b
 0.60 ± 0.09 

a
 13.13 ± 0.17 

b
 

Canola oil control 77.75 ± 0.97 
b
 1.02 ± 0.10 

b
 10.94 ± 0.95 

a
 

  8% EC, 1.5%SMS CO gel 68.26 ± 1.31 
a
 1.30 ± 0.13 

c
 10.85 ± 0.37 

a
 

10% EC, 1.5%SMS CO gel 68.52 ± 1.39 
a
 1.34 ± 0.20 

c
 10.77 ± 0.38 

a
 

12% EC, 1.5%SMS CO gel 68.94 ± 0.82 
a
 1.44 ± 0.16 

c
 10.98 ± 0.17 

a
 

14% EC, 1.5%SMS CO gel 65.27 ± 6.45 
a
 1.47 ± 0.27 

c
 10.68 ± 0.54 

a
 

a-c 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 

 

 

 

Appendix E4 

   Effects of fat type replacement on color (L*= lightness, a*= redness, b*= yellowness) of pork sausages containing canola oil (CO)  

organogel with 8,10,12 & 14% ethyl cellulose (EC) with 3.0% sorbitan monostearate (SMS) in replacement of pork fat (PF).  

Treatment L* a* b* 

Pork fat control 75.84 ± 0.91 
b
 0.60 ± 0.09 

a
 13.13 ± 0.17 

b
 

Canola oil control 77.75 ± 0.97 
b
 1.02 ± 0.10 

b
 10.94 ± 0.95 

a
 

8% EC, 3.0%SMS CO gel 69.47 ± 1.05 
a
 1.63 ± 0.30 

c
 10.87 ± 0.94 

a
 

10% EC, 3.0%SMS CO gel 68.41 ± 1.01 
a
 1.47 ± 0.16 

c
 10.84 ± 0.50 

a
 

12% EC, 3.0%SMS CO gel 67.89 ± 0.96 
a
 1.54 ± 0.20 

c
 11.02 ± 0.82 

a
 

14% EC, 3.0%SMS CO gel 69.50 ± 1.17 
a
 1.68 ± 0.29 

c
 11.02 ± 0.36 

a
 

a-b 
means ± standard error, within a column followed by different superscripts are significantly different (P< 0.05). 
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Appendix E5 

        Formulations of breakfast sausages prepared with pork fat, liquid canola oil or canola oil organogel with SMS.* 

             

   

Treatment 

Lean Pork 

(g) 

Water 

(mL) 

Pork Belly 

(g) 

Ice 

(g) 

Backfat 

(g) 

Canola Oil 

(g) Organogel w/ 1.5% SMS(g) Organogel w/ 3.0% SMS(g) 

Pork Fat Control 800.0 160.0 180.0 280.0 320.0 

   Canola Oil Control 812.0 169.5 180.0 285.0 160.0 122.0 

  8% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

132.0 

 10% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

134.0 

 12% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

136.6 

 14% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

 

139.0 

 8% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

  

132.0 

10% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

  

134.0 

12% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

  

136.6 

14% EC (cP10) organogel 812.0 169.5 180.0 285.0 160.0 

  

139.0 

* All formulated with 1.4% NaCl, 0.5% spice and 8.0% rusk.           

 


