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Micronization, an infrared heat process, is used to partially cook food products

that have been tempered under optimum conditions. Flaking increases the hydration

capacity of foods. It was hypothesized that these processes would permit partial

replacement of oats with lentils in snack bar formulations to produce a nutritious

acceptable snack bar. Lentils contain less fat and more protein, fibre and folate than oats.

This substitution would provide the health benefit sought by many snack bar consumers

especially women of child bearing age due to the higher folate content. Snack bar

products containing intact pulse seeds such as lentils have not appeared in the market

place to date. Development of a new product meeting with consumer approval would

increase demand for value added lentils.

ABSTRACT

Four focus groups were conducted to obtain opinions of women aged 35 to 55

inquiring as to why they choose snack bars, what they look for in snack bars as well as

comments regarding sensory attributes of a lentil bar with and without cranberries and

two commercial snack bars. A mixture design experiment was conducted varying the

levels of five components of the lentil snack bar formulation. Sensory responses

measured by a seven member expert panel yielded models for four flavor and six texture

attributes. These models were used to determine six formulations for lentil snack bars

ranging in sweetness, oat, toasted and fruit flavor, softness, moistness and chewiness.

Sixty-two women from 18 to 50 years of age who consume snack bars rated the

acceptability of the six lentil snack bars and two commercial snack bars on a nine point

hedonic scale from "dislike extremely" to "like extremely". Commercial snack bars on



average were "liked moderately". Five of the six lentil snack bars were "liked slightly".

Three lentil bars were found to be not significantly different from one of the commercial

bars (p < 0.05). Purchase behaviour was measured on a seven point scale from "never" to

"every opportunity" with the mean values for the commercial bars corresponding to

"sometimes". Mean values conesponded to "not very often" for all of the lentil bars.

Significant differences for purchase behaviour for the eight snack bars followed the same

trend as for the acceptability. Based on 'Just right" scales lentil bars could be improved

by increasing sweetness for four of the bars and decreasing cereal lgrain flavor for five of

the lentil snack bars.

An eleven member descriptive panel evaluated the intensity of four flavor and

seven texture attributes of the same eight snack bars. Attribute intensity ratings were

related to consumer acceptability/purchase behaviour to provide insight into what

consumers find acceptable in snack bars. Based on the magnitude and the direction of the

loadings from partial least squares regression it was found that sweetness and hardness

had the highest positive influence on acceptability and grainy and lentil flavors had the

highest negative influence on consumer acceptability. Prediction equations were

determined that could be used in future development to assess the acceptability of lentil

snack bar prototypes.

A 30 gram lentil snack bar would provide about 97o of the daily recommended

nutrient intake of folate for adults compared with approximately lVo for a similar snack

bar made with oats.

A nutritious acceptable snack bar can be made by partially replacing oats with



micronized flaked lentils. Continued product development work would include

descriptive testing of new prototypes to find the optimum lentil snack bar formulation.
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Most of the lentil production in Canada is found in Saskatchewan with smaller

amounts in the two neighbouring provinces. Canada is the world's largest exporter of

lentils with overall production of 914,000 tonnes in 2000. Production dropped to 566,000

tonnes in200L and dropped further in2002 to 354,000 tonnes due to drought (Agriculture

and Agri-Food Canada,2003). Markets include Western Europe, the Middle East,

northern Africa as well as Mexico (Skrypetz, 2000).

CHAPTER 1

INTRODUCTION

The nutrient content of conventionally processed cooked lentils is such that they

are included in the meat and altemates grollp in Canada's Food Guide. They provide a

source of protein and dietary fibre and an excellent source of non-heme iron and folate

with very little fat. Folate is of interest especially to women of child bearing age for its

role in preventing neural tube defects in newborns (Ray et al., 2002). It is also believed to

provide some benefit in reducing the incidence of atheroclerosis and colon cancer

(Boushey et al., 1995;Pnnz-Langenhol et al., 2001).

Micronization, an infrared heat process, has been used in conjunction with

appropriate tempering levels and times to partially gelatinize the starch in the lentil

endosperm which shortens the cooking time (Amtfield et aL.,7997).Immediately after

micronization, flaking, a process that crushes the hot seeds between rollers, increases the

capacity for hydration. A commercial food processing plant (InfraReady Products (1998)

Limited, Saskatoon, SK) is currently supplying micronized lentils to customers for use in

the traditional applications with shorter preparation times. Development of a new

1



product containing the value added lentils would increase demand for both raw and

processed lentils.

To satisfy consumers' needs "new" food products should contain nutritional

benefits, be convenient, taste good and provide some element of fun (Sloan, 2003).

Developing a product that includes these attributes should enhance the opportunity of

success in the market place. A snack bar formulation can be easily adapted to include

new products (Estevez et al., i995). Snack bars are consumed because of their nutritional

benefit (Boustani and Mitchell, 1990); their suitability for travel, ease of eating due to

cleanliness, consumability at wolk or in public, inexpensive price and convenience (Jack

et al., L997). They are shelf-stable at room temperature, individually wrapped and small

enough to carry in a pocket or purse.

indicated that flavor is what drives consumer liking with sweetness, caramel, cereal and

nut base flavors receiving heavier weights for acceptability (Bower and Whitten, 2000).

The growth in snack bar sales as well as introductions has been steadily increasing (Burn,

2003). Specific consumer segments, especially women, are being targeted for specific

snack bar products (Hollingsworth, 2002).

Results of consumer testing on existing commercially available bars have

Multivariate statistical techniques are being used more frequently in the analysis

of sensory evaluation data especially to determine the relationship between attribute

intensities measured by a descriptive panel and acceptability ratings from a consumer

panel (Greenhoff and MacFie, 1994). This technique is referred to as external preference

mapping and is well suited in situations of new product development. Results can

2



provide information regarding which attributes drive consumer preference which in turn

can direct formulations appropriately (Jaeger et al., 2003). Internal preference mapping

helps to separate products based on preference and can provide information regarding

similar demographic characteristics of consumers fol preferred products (Greenhoff and

MacFie,1994).

The product development process logically progresses from product concept or

idea to marketing, financial and technical feasibility and then to product production from

initial to final stages when it can be released for test market. Decisions throughout the

process are critical with continual consumer input key to product success (Cooper, 1993).

This study was designed with hypotheses and objectives as follows:

Hypothesis 1: A nutritious snack bar can be made using micronized flaked lentils (MFL).

Objective: To develop a nutritious snack bar partially replacing oats with MFL.

Hypothesis 2: A snack bar acceptable to women can be formulated with MFL.

Objective: To determine the acceptability of MFL snack bars compared to

commercial bars using analysis of variance and internal preference mapping.

Hypothesis 3: Sensory attributes of snack bars influence consumer acceptability.

Objective: To relate sensory attributes of snack bars to consumer acceptance

using external preference mapping.



Canada has become the largest exporter of lentils with an estimated 65-'707o sharc

of the world's market (Skrypetz, 2000). Canadian export markets for lentils are diverse.

Listed in order of importance they include Turkey, Colombia, Algeria, Morocco, Spain,

Egypt, Italy, Mexico, France and Belgium (Skrypetz,2000). Saskatchewan is the major

growing area in Canada with smaller amounts grown in Manitoba and Alberta in areas

bordering Saskatchewan. Harvested area and production increased overall from 1991 to

2000 when the all time high of 914,000 tonnes of lentils was produced (Table 2.1).

Although the harvested area remained similar for 2001, production decreased due mainly

to drought in Saskatchewan and excess moisture in Manitoba (Pulse Canada, 2003).

Production fell by 37Vo in2002 due to reduction in the area planted as well as drought

(Pulse Canada, 2003) but yield and price remained similar to the previous year (Table

2.1).In2002, compared to the Laird variety, the smaller EstonAvfilestone varieties had

better quality with 30Vo grading Number I and 40Vo grading Number 2 vs 27o Number 1

andJ%o Number 2 for the Laird variety. A production increase is forecast for 2003-2004

with similar yield and price to the previous year (Table 2.1).

2.1.2 Usage

REVIE\ry OF LITERATURE

2.1 Lentils

CHAPTER 2

2.1.1 Lentil Production

Lentils are traditionally used in soups, stews, casseroles, salads and vegetable

dishes (Skrypetz, 2000). A hard-to-cook phenomenon has been observed in lentils



Table 2,1. Acreage and production of lentils in Canada.

Yearr

r99t-t992
1992-7993
1993-1994
r994-t995
r995-r996
1996-1991
1997 -1998
1998-1999
1999-2000
2000-2001
2001-2002
2002-2003
2003-2004*

Harvested Area
(000 ha)

238
261
328
386
327
304
329
312
497
688
664
381
520

Production
(tonnes)

343,000
349,000
349,000
450,000
432,000
403,000
319,000
480,000
724,000
914,000
566,000
354,000
550,000

tAug to July
*forecast

Source: Agriculture and Agri-food Canada, Market Analysis Division Online, 2003.

Yield
(t/ha)

1.44
1.30

1.06

1.16

1.32
1.32
1.15

r.29
r.46
7.33

0.85
0.91
1.06

Average Price
(eX $/t)

312
296
273
343
395
470
324
324
381

295
320
390

360-390



similar to that in beans. This phenomenon has been attributed to environmental

conditions such as location of growth and season but the mechanism is not yet completely

understood (Bhatty and Slinkard, 1989).

ln the Canadian market the Laird variety (light green seed coat with yellow

cotyledons) is the most common due to its large size (I3-I4 seeds per gram) and

attractive color with Eston, a small seeded (26-28 seeds per gram) green variety, also of

importance (Muehlbauer and Slinkard, 2000). CDC Milestone, a small seeded green

variety, registered in 1997 , will eventually replace the Eston (Pulse Canada, 2000). It is

resistant to ascochyta blight, a disease which can affect yield and quality. Disease free

seed results in lentils of more consistent, shape and size. Development of a new product

for the use of lentils would increase the demand for lentils. Products have been

developed for legume based flours (Panchuk et al., 1979; Kon and Dunlap, 1978) and

cooked legumes (Rockland and Radke, 1978; Maurer et al., 2002; Sipahioglu et al., 2002)

but not for intact dry pulses.

Demand for pulses including lentils is growing due to the increase in population

in developing countries. In India, for example, production cannot keep pace with the

demand generated by the doubling of the population. Demand for pulses is increasing in

developed countries due to people becoming more health conscious as well as the trend

toward consumption of ethnic based foods from areas that traditionally use pulses such as

the Middle East, Asia, the Mediteffanean and Africa. Other possibilities are opening in

the area of product development for pulses due to the trends of eating more meals away

6
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from home, convenience and the desire for high quality foods (Lovett and Gent, 2000).

Presenting new products that are desirable for target markets both domestically and

internationally can lead to production increases.

2.L.4 Nutrient Content

A survey of the ingredients contained in seventeen nutrition/snack bars found in

local supermarkets marketplace was done by the author. Compared to oatmeal, an

ingredient found in 597o of the bars, lentils contain less energy, carbohydrate and fat and

more protein, iron, folate and total dietary fibre in the raw form (Table 2.2). Crispy rice,

a snack bar ingredient listed T lVo of the time, is higher in energy and folate than lentils.

Comparing the crispy rice to raw brown rice it appears that the crispy rice may be

fortified as the raw grain contains only 20 pg vs 494 ¡tg of folate for the crispy rice.

Some form of soybeans was also listed 7l7o of the time in the snack bars surveyed. Both

boiled and raw soybeans have higher values than lentils for energy, fat, protein and iron

and lower values for carbohydrates, folate and dietary fibre.

In addition to amount of protein, the essential amino acid content of a protein is an

indication of nutritional quality. Essential amino acids are those that cannot be made in

sufficient quantity, or at all, by the body. Of the 18 amino acids contained in foods nine

are essential: histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine,

tryptophan and valine (Williams, 1993). For lentils, the essential amino acid present in

the smallest amount, referred to as the first limiting amino acid, is methionine (Table

2.3). When eaten with other cereal products such as wheat and rice it no longer becomes

a concern (Bhatty, 1995). The levels of all of the essential amino acids in lentils are

nI



Table 2.2. Nutrient content in 100 g of products that are commonly used in snack bar formulations.

Product

Lentils, boiled
læntils, raw

Oatmeal, cooked,
regular, quick
Oatmeal, dry, regular,
quick

Rice, brown,long-
grain, cooked
Rice, brown,long-
grain, raw

Crispy Rice,
ready-to-eat cereal

Soybeans, dry, boiled
Soybeans, raw

Energy
(kcal)

116
338

62

384

111

310

Total
Fat
(e)

Total
Carbo-
hydrate
(e)

0.4
1.0

1.0

6.3

1.0

2.9

Source: USDA Nutrient Database for Standard Reference, 2002.

20.1

51.r

10.8

67.0

23.0

77.2

Dietary
Fible
(e)

396

113
4r6

1.9
30.5

r.l

10.6

1.8

3.5

Protein
(e)

0.4 88.6

9.0
28.r

2.6

16.0

2.6

1.9

9.0
19.9

h'on
(e)

9.9
30.2

J.J

9.0

0.1

4.2

0.4

1.5

Folate

@e)

t.2

6.0
9.3

181.0
433.0

4.0

32.0

4.0

20.0

6.4

16.6

36.5

2.5

5.1
15.7

494.0

54.0
375.0



Table 2.3. Essential amino acid content in 100 g edible portion of products that are commonly used in snack bar formulations.

Product
(Protein)

Lentilsz, cooked 0.081 0.323
(97o)

Oatmeal2, cooked 0.036 0.088
(2.67o)

Rice,
flakes or puffed3

Trypto- Threo-
phan nine

(5.9Vo) 0.046

Iso- L.eucine Lysine Methio- Phenyl- Valine Histi- Argininer
Leucine nine alanine dine

Rice, brown, long grain, cooked2
(2.67o) 0.033 0.095

Soybeans, boiled2
(16.67o) 0.242 0.723

0.390

0.106

0.654 0.630 0.017

0.196 0.196 0.048

rregarded as semi-essential amino acid as it is required for growth therefore essential for children
2Source: USDA Nutrient Database for Standard Referenc e,2002.
3Source: Williams, 1993.

0.109

0.807

0.445 0.448 0.254 0.697

0.137 0.143 0.062 0.182

0.056

0.2r4 0.099

1.355 1.108

0.286 0.131 0.131

0.058 0.133 0.151 0.066 0.196

0.224 0.869 0.831 0.449 1.29r



higher than in oatmeal and rice products (Table 2.3). Soybeans have a higher level of all

of the essential amino acids than lentils.

Research in both animal and human nutrition has been conducted to determine the

role of L-arginine in preventing heart disease. This amino acid reportedly increases blood

flow by relaxing and widening blood vessels (Pszczola,1999). Lentils have a higher

value for arginine than the oatmeal and rice products (Table 2.3).Lentlls also have been

found to produce a lowering of blood glucose levels after a meal in normal and diabetic

subjects which may be of particular benefit to people suffering from diabetes (Jenkins et

al., 1980).

Folate has been shown to reduce the risk of neural tube defects in newboms which

led to the mandatory folic acid fortification of Canadian cereal products in 1998. This

fortification has resulted in significantly lower incidence of neural tube defects

(p<0.0001) based on a study of 336,963 Ontario residents (Ray et a1.,2002).

Other research has shown that insufficient levels of folate intake may increase

atheroclerosis due to its effect on increasing homocysteine levels in blood plasma

(Boushey et al., 1995). In his review of the role of folate in cancer prevention ,Pnnz-

Langenhol et al., (2001) noted that evidence from human studies suggests that folic acid

may play a role especially in reducing the risk of colon cancer.

Tucker et al., (1996) studied the content of common foods containing folate to

determine if supplementation was waffanted in the elderly population. They concluded

that those who took a supplement received almost the same amount of folate as those that

ate cereals, fruit and vegetables. It has been found that there is a direct relationship
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between dietary folate and blood folate levels (Jacques et al., 1993) so that by increasing

consumption of foods containing folate, folate status should improve. Therefore, by

substituting lentils for oats, folate status should be positively affected.

Levels of anti-nutritional factors including: trypsin inhibitors, lectin and phytic

acid are lower in lentils than other pulse crops. The exception is the saponins which are

still at acceptably low levels (Elkowicz and Sosulski, 1982). In comparison to other

pulses, lentils have lower levels of the flatr.rlence-ploducing oligosaccharides, raffinose,

stachyose and velbascose (Fleming, 1981) which can be further reduced by soaking and

cooking in water (Vidal-Valverde et aL.,1992).

2.2Lentil Processing

2.2.lMicronization

Micronization is a process which uses electromagnetic energy transmitted as

waves which penetrate the food product. Infrared wavelengths are between the visible and

microwave spectrum from 10 a to 10-2 cm and frequencies of 10ra to 1012 Hz (Yanzetti,

),912). The lower the frequency the higher the penetration. Surface characteristics and

colour of the food also affect heat penetration since infrared energy is absorbed at the

surface of the food and converted to heat (Fellows, 1990). Micronization is an efficient

method of heating as it is shofi-time, high-temperature (Zheng et al., 1998). For example,

soybeans were heated to an average temperature of 110 to 115"C in 90 seconds (Metussin

et a1., 1992). According to Fellows (1990) the fast heating seals in moisture and retains

flavor and aroma characteristics.

Optimum tempering levels and time are crucial for final product quality.
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Sufficient moisture is required to gelatinize the starch. For example, Arntfield at al.,

(1997) found that Laird lentils micronized with a pre-treatmenl" of 337o tempering in

distilled water for 16 hours resulted in over 507o starch gelatinization. As the percentage

of starch gelatinization increased, coolcing time decreased (l = -0.46, p<0.01). According

to Atwell et al., (1988) starch gelatinization is defined as the collapse (disruption) of

molecular orders within the starch granule manifested in irreversible changes in

properties such as granulal swelling, native crystallite melting, loss of birefringence, and

starch solubilization .

According to Stevens and Elton (1971) differential scanning calorimetry (DSC) is

the preferred method to quantitatively measure starch gelatinization since the plot

produced is based on time and area under the curve. Area under the curve corresponds to

the change in heat (enthalpy value) caused by differential heat flow (Biliaderis, 1983). Of

pafticular benefit is the fact that the starch/water transitions can be studied at wide ranges

in temperature and water levels. Results from DSC can be used to study food

transformations and interactions that are heat-induced as well as provide insight for

product development and quality control applications.

Differential scanning calorimetry has been used to study the starch gelatinzation

of various pulse ploducts (Garcia-Vela and Stanley, 1989 Biliaderis et al., 1980; Bhatty,

1984; Sosulski et al., 1985; Cenkowski and Sosulskl,1997) with varying degrees of

success. From their study of lentil, smooth pea and adzuki bean starch Biliaderis et al.,

(1980) determined that mole highly branched starch resulted in greater starch

gelatintzation. Garcia-Vela and Stanley (1989) found that as storage time increased
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enthalpies of gelatinization in black bean flours increased and gelatinization temperature

decreased. Bhatty (1984) found inconsistent results when comparing enthalpy values of

good and poor cooking lentils of different varieties and crop years. Cenkowski and

Sosulski (1997) used DSC to measure the starch gelatinized in micronized lentil seeds.

Approximately 45-65Vo of the starch was gelatinized as a result of micronization. The

majority of the remaining starch was gelatinized after a five minute cooking period.

Applications of infrared energy for the food industry include partial cooking by

gelatinizing stalch (Arntfield et a|., 199'7), inactivating enzymes responsible for off-

flavors, decreasing microbial contamination, dry blanching of products prior to canning

treatment, dehulling of seeds as well as various drying and thawing applications. Use of

infrared energy therefore, can be focused on the products' outer layer, the internal

composition of the product or both extemal and internal components (Van Zuilichem et

al., 1986).

Micronization has been found to improve functional and chemical properties by:

decreasing the cooking time of lentils (Cenkowski and Sosulski,I99l; Arntfield et al.,

2001), split peas (Cenkowski and Sosulski, 1998) and chickpeas (Sarantinos and Black,

1996); reducing bitterness in raw pea protein (McCurdy, 1992); inactivating lipoxygenase

in soybeans (Van Zuilichem et al., 1986) and keeping protein denaturation to a minimum

which improves brewing performance (South, 1992). Nutritional properlies have also

been improved by the reduction of phytic acid and phenolic compounds in lentils (Zhao,

2000; Arntfield et al., 2001), the increase of invitro protein digestibility and available

lysine in soybean milk (Metussin et aL., 1992), the increase in 7o soluble dietary fibre and
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decrease in insoluble dietary fibre in lentils (Zhao,2000), and the decrease in protein

solubility (which increases digestibility due to the higher protein denaturation) (Amtfield

et al., 200L,Zheng et al., 1998). Microbiological quality has also been improved by the

reduction of mold formation in chickpeas (Sarantinos and Black, 1996).

2.2.2Flaking

Cereal products are flaked to enhance starch digestibility by gelatinizing the starch

as well as to inclease the ability for water absorption (Rhymer, 2002). Grains are

tempered, heated and subjected to roller crushing. Optimum process conditions vary for

each cereal and for each end use. Too little moisture results in breakage of kernels and

dust formation and insufficient starch gelatinization (McDonough et a1.,1997).

Coming from the micronizer the lentils are hot and can be successfully

compressed between rollers to produce a flaked product which, as noted above, has

increased starch digestibility and capability for moisture absorption. The more pliable

texture of the lentils increases their suitability for inclusion in snack products without

further pretreatment.

2.3 Shelf Life Testing

According to Perchonok (2002) shelf life is the point which the product no longer

represents its initial definition. Measurements need to be taken that reflect the

characteristic product quality. Microbiological safety needs to be addressed. Initial

testing can serve as an indication of the likelihood that the product will remain free from

contamination. A pH below 4.6, storage below 21oC or above 38oC, and low water

activity (a*) will inhibit microbial growth.
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Water activity is a measure of the free water that is available within the product

that can be used to sustain microorganisms. By definition it is the ratio of partial pressure

of water in the food to the vapor pressure of water at the same temperature (Baker et al.,

1988). The lower the a,u the less chance enough water will be available to support

microbial growth or to promote undesirable chemical changes within the food such as

lipid oxidation and enzymatic activity. As moisture increases water activity increases

along with reaction rates. A water activity below 0.6 can prevent growth since mold and

yeasts require 6.1 and bacteria requires an aru of 0.91 to survive (Perchonok,2002).

Water activity may change throughout the storage period if moisture uptake or

loss occurs. Testing of shelf-life should be done on the final product as well as

ingredients which may be a limiting factor in the longevity of the product. It should also

be conducted after the product has gone through the distribution chain to see if any

stresses occur due to handling. In addition to sensory evaluation, analytical testing

including moisture, nutrient content, color and textule/viscosity can be done if this is

suitable to the product in addition to sensory evaluation (Perchonok,2002).

2.4 Product Development

2.4.1 New Product Definition

A snack bar made from MFL qualifies as a new product under two of the seven

categories as noted by Fuller (1994).It uses a new form of an existing product and it is a

reformulation of an existing product as seventeen nutritional/energy/granola./cereal bars

surveyed in the marketplace contained no lentils or pulses of any kind.

2.4.2 New Product Rationale
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A snack bar made fi'om micronized flaked lentils addresses all of the five reasons

noted by Fuller (1994) for developing new food products.

One reason is to extend the product life cycle of the snack bar. This product has

been in the market place for many yeals with original marketing strategies aimed at

athletes and fitness-minded individuals to replace energy stores lost during exercise

(Matz,1996). Recently this food product has been targeted at more specialized markets

in order to lengthen the growth period. For example, snack bars are being manufactured

especially for women. Clif Bar Inc. has developed a product specifically targeted to

women fortified with nutrients to specifically address women's needs including soy

protein, calcium, folic acid, zinc, iron, and antioxidants. The snack bar contains 170 to

180 calories and 3 to 4.5 grams of fat, relatively low amounts compared to a chocolate bar

(Hollingswofth,2002). Other snack bars have been made specifically for those with

diabetes, as nutrition supplements, as having particular nutrients such as protein, and

simply as energy bars. Snack bars are used as health remedies as well (Pszczola,1999).

According to Sloan (2003) teen and young adults 16-24 years old are the largest group of

snack eaters so that targeting bars to this specific group would also lead to expansion of

the growth phase.

In the United States snacl< bars/.qranola bars sales were reported at approximately

1.3 billion U.S. dollars for 1999 tAnon, ZOO0) and represented a 13.l|oincrease over the

prior year. Drug stores accounted for 43Vo of the 1999 sales, mass merch andisers 407o,

and food/grocery retailers the lemainder. A list of the ten brands which comprised these

sales are given in Table 2.4. In 2002 the U.S. snack barlgranola bar sales increased2l%o
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Table 2.4. Snack bar/granola bar sales by brand.

Rank

I
2

J

4
5

6

7

8

9
10

Brand

Kellogg's Rice Krispie Treats
Kellogg's Nutrj-Grain
Quaker Chewy
Private Label
Sunbelt

Quaker Fruit and Oatmeal
Slim Fast
Kellogg's Nutri-Grain Twists
Nature Valley
Nabisco Snackwells

Totaì

Source: Anon,2000.

1999 $ Sales

I40,071,552
t35,499,664
I21,030,696
7r,952,432
62,853,490
60,562,299
56,954,516
55,815,049
52,520,012
47,047,616

7,247,',lIr,104

Vo Change
Year Ago

3.0
-r2.6

-0.6
5.9

13.6

62.6
488.2
403.6
2t.9
-4I.I

13.1

7o Share of
Category

tt.2
10.9
r0.2
5.8
5.0
4.9
4.6
4.5
4.2
3.8

100.0
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over 2001 indicating that snack bars are still in the growth period of the product life cycle

(Sloan,2003).

Retail sales of energy and nutrjtional bars have also increased in Canada (Bum,

2003). Sales fol the 52 week period ending February 22,2003 increased 33Vo in terms

of dollars and 40%o in terms of volume over the prior year. The confectionary category

accounted for $40 million of these retail sales (Anon, 2003).

Changes in the marketplace provides a second reason for development of new

products. Sloan (2003) suggests that the reason snack bars are one of the fastest growing

market segments in food history is due to new nutrient recommendations, busy

lifestyles and promotion of new nutritional benefits and functional ingredients. For

example, Sun-Rype fruit and veggie bars, containing I00Vo fruit and vegetables, are a

new market ently and are becoming very popular due to the claim that a single bar will

provide three servings of fruits and vegetables, a food gloup promoted by health

professionals (Burn, 2003).

Functional ingredients can be found in snack bars. Oats contain B-glucans which

affect the lowering of low-density lipoprotein (LDL) cholesterol. Antioxidants in

blueberries may leduce the risk of cancer and heart disease as well as provide protection

against oxidative stress which has been linked to aging (Payne, 2000). Cranberries also

have provide a source of antioxidants and contribute to urinary health. Other essential

nutrients include anthocyanins, ploanthocyanins, phenolics, organic acids vitamins and

minerals (Van Drunen,2002). According to Van Drunen (2002) cranberries are also

beneficial in fighting periodontal disease and high blood pressure.
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Health promoting components (functional ingredients) found naturally in

lentils/pulses include oligosacharides, which act as prebiotics to promote healthy flora in

the intestine (Klahorst, 2000); fibre, which has a cholesterol reducing effect; L-arginine,

which helps to reduce the risk of heart disease (Pszczola, 1999); folate, which reduces the

risk of neural tube defects in newborns (Burrington, 2000); calcium, needed to maintain

strong bones; phytate, which is thought to potentially prevent cancers and cardiovascular

disease (Messina, 1991); and trypsin inhibitors which may be anti-carcinogenic

(Kennedy, 1995). These ingredients may provide health benefits if found in sufficient

quantities in the micronized flaked lentil snack bar being developed in this study.

Technological advancement, a third reason for developing new products, makes it

possible to develop snack bars from intact lentils because of the partial cooking and

increased water hydration capacity offered by the new micronization process. Methods

available for identifying and quantifying low levels of nutrients in foods as well as

determination of the beneficial effect of these nutrients when ingested by humans

provides the opportunity to include these "health" components in snack bars.

Govertment policy is keeping pace with the trend toward eating healthy food.

Mandatory nutrition labeling has been legislated federally so that by 2006 all packaged

products in Canada will contain nutrient content information in a consistent format to

enable nutrient comparisons between products. In addition, five nutrient claims will be

allowed. Low sodium to reduce hypertension, high calcium to reduce osteoporosis,

saturated and trcms fat to reduce rjsk heart disease, high fruit and vegetables for reduction

of some cancers, and low felmentable carbohydrate to reduce tooth decay (Canada
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Gazette,2002). New products being developed should keep these claims in mind.

A local plocessing company wants new products developed from micronized

flaked lentils in order to promote corporate and financial growth. The company has

developed a variety of processed pulse and cereal products for food use to expand their

sale opportunities. Adding valne to the micronized flaked lentils by developing a food

product incorporating their use provides an additional purpose for buying lentils and

increases the processor's return.

2.5 Snack Bar Production

2.5.1Processing

Review of the literature suggests a number of methods for preparation of snack

bars. Azlyn et al., (1989) prepared bars in a single batch method combining all of the

ingredients and baking to produce bars that were 2 inches long by 1 inch wide and Vzinch

thick. Berglund et al., (1992) used a similar method but cooked the binder to 82"C before

combining it with the cereal mixture. Bars were 2.5 cm square and 1.6 cm thick. This is

similar to a method described by Matz (1996) which used a moister, cohesive dough

followed by mild baking to preserve nutrients forming a bar-like structure. This method

can be compared to bar cookies where both batch and continuous processing parameters

are available.

A process for producing fruit and nut bars for army rations was reported by Gillies

in 1914. Fruits such as dates, figs, maraschino and raisins were chopped and dried to

approximately 7 -I4Vo to facilitate the production process and optimize palafabllity. Too

much moisture resulted in too much pulp and too little moisture resulted in a dry product.
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A mixture of 43 grams of dehydrated fruit (average 87o moisture) and nuts or sesame

seeds were mixed and pressed with about 200 pounds of force per square inch to form

bars that were 1 inch by 3 inches by Vz inch thick. Addition of lecithin was required to

soften the texture. It was also used to prevent the bars from sticking in the press. Samples

stored for 6 months at 100"F wele fair to good as judged by a ten member trained sensory

panel and showed no significant changes in color, flavor and texture. Changes also were

not observed for color, texture and flavol of bars stored at 70oF lor 12 months. After 24

months, flavor latings wele significantly lower although still deemed to be a good quality

product. Color did not change over the two year period. These products had been

packaged under vacuum and sealed in a flexible pouch composed of polyester, aluminum

foil and polyolefin.

Mass ploduction of snack bars is similar to that of other types of confectionary bar

products where a continuous process of extrusion and layering is implemented (Murphy,

1990). The first step, done in either continuous or batch format, is to combine the dry

products with the binder ensuring that the binder is distributed thoroughly in order to coat

all of the dry products completely. The mixture is directed to pass between cooled

forming drums. The resulting material is extruded as a sheet onto a belt for the layering

process. This belt consists of a series of rollers which are set to control the size and

density of the product. After cooling, rotary knives cut the sheets into strips. The strips

are fed to a guillotine cutter which cuts the appropriate length. A drying step may be

required to lower moisture to attain the water activity level needed for pleservation

(ÌMaÍ2,1996). Estevaz et al., (1995) used a flow line design for bar manufacture similar
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to that shown in Murphy (1990) which includes optional processing steps of layering with

caramel or chocolate for example and enrobing the bar totally or partially with caramel or

chocolate.

In large scale production, a critical point in the process is rolling of the bars.

Levine (2002) notes that this is not like rolling dough as the flow property of the mixture

is particulate in nature rather than viscous. In both cases, successful rolling depends on

the pressure set at the first contact and that set at the end. In viscous flow, the effect of

force being exefted is seen sideways and from the top while with particulate flow is it

only seen from the top. With pafiiculate flow the contact of the material with the rollers

is uneven as some components may exeft a different force than others. Dough surface is

constant and sticks to the roller surface. Dough under pressure will not compress because

density is consistent. Snack bar material, on the other hand, is not of a consistent density

and therefore will be altered as pressure is applied. According to Levine (2002) a totally

satisfactory process has not been developed to address this phenomenon of particulate

flow. Hopper fill, where the product mass is in the centre, has an effect on the final

product. Product may be more dense at the centre which undergoes higher pressure than

at the edges where a smaller portion of the material is fed.

2.5.2Formulation

Studies have been done that use snack bars as a product for incorporation of

various food ingredients that offer specific benefits. Ingredients included in a typical

recipe attests to the adaptability of the snack bar for inclusion of a wide variety of

ingredients (Table 2.5).
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Table 2.5. Typical formulation for snack bars.

Ingredient

Binding Syrup
Oats

Crisped Rice
Coconut
Almonds
Raisins

Source: Murphy, 1990.

Parts by Weight
7o

40
25

10

10

10

5
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Bergland and coworkers (1992) made granola bars in order to demonstrate the use

of waxy hull-less barley. Bars containing barley flakes in addition to a barley extruded

crisp cereal or a 50/50 blend of barley and rice extruded crisp cereal were compared with

bars made from old fashioned oatmeal and extruded crisp rice cereal. The binder used

was granulated sugar, high fructose corn syrup, skim milk and a maltodextrin. Bars with

barley flakes and 50/50 crisp barley/rice cereal had significantly higher acceptability

scores for appearance, texture and flavor than the oatmeal bars based on evaluations from

ei ghty-five consumers.

The purpose of a study by Azlyn et a1., (1989) was to develop a high fibre, low

calorie snack bar. Fibre sources came from com and wheat bran and were included at 10,

20 and 307o of either bran type. Nine combinations making up 10, 20 and 30Vo total fibre

from both wheat and corn were ploduced. Wheat flour was used to make up to the 307o

level where necessary. Other ingredients included fructose, corn oil, water lecithin, nonfat

dry milk powder, salt and gum. Fifteen trained panelists evaluated the 15 bars in

duplicate for flavor, appearance and texture acceptability using the hedonic scale where

1-poor or unacceptable; 5=neither/nor; 9=optimum. Three samples with the highest

flavor, appearance and texture values as determined by the trained panel, were evaluated

by a75 member consumer panel. No significant difference was found in the acceptability

value (neither like nor dislike) between these three bars (p < 0.05). The authors

concluded that all three bars were acceptable as the average score was above 5 which was

the level arbitrarily set in a study done by Polizzoto et al., (1983). Moisture for the three

bars ranged fuom32.5 to 32.87o.
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The objective of a study conducted by Estevez et al., (1995) was to develop high

energy, high protein snack bars by including walnuts in the formulation and to determine

shelf life. Cereal nut formula I included oats, wheat gerTn, and walnuts as dry

ingredients. Binder composition included honey, brown sugar syrup and palm syrup,

sunflower, oil, lecithin and glycerol. Cereal nut formula 2had all of the ingredients of

formula 1 plus wheat extrudates and puffed amaranth with brown sugar cover. Cereal nut

formula 3 had all of the ingredients of formula 1 plus wheat extrudates and toasted

amaranth with brown sugar cover. These three samples all contained 187o walnuts.

Three more samples were prepared replacing I87o walnuts with l27o walnuts by adding

more oats and wheat gelm. In addition to proximate analysis to determine energy and

protein of the bars, moisture content and water activity were measured as an indication of

shelf life.

All samples had a protein efficiency ratio higher than 807o indicating good protein

quality compared to casein, with lysine being the most limiting amino acid. The bar

containing oats and wheat germ with no amaranth contained the highest protein content,

intermediate lipid and carbohydrate content. All of the bars had caloric content which

was similar and high due to the high carbohydrate and lipid content.

Quality and acceptance were judged on samples containing I87o walnuts which

were the samples that also contained the higher moisture levels. Twelve judges evaluated

quality of the bars for appearance, colour, aroma, acidity, sweetness, astringency,

crispness, bitterness and taste. The snack bar containing puffed amaranth had

significantly higher mean scores for colour and aroma than the bar containing no
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amaranth, and significantly higher taste scores than both of the other samples (p<0.05).

Before storage, acceptability was highest for the sample containing no amaranth.

After storage at 37"C for 15 days the sample containing the toasted amaranth had the

highest acceptability, changing very little over the time period. The sample containing

puffed amaranth also changed little but had a lower acceptability score overall perhaps

due to the higher bitterness, astringency and acidity, and lower sweetness and crispness

than the other samples. Initial moisture content ranged froml.T for the bars containing no

amaranth to 9.4 for those containing the puffed amaranth. Water activity ranged from

0.56 to 0.50. Bars with nuts had higher moisture and water activity.

Energy bars containing various carbohydrate and protein levels were formulated

by Painter and Pdsecaru (2002) and their conesponding glycemic index (GI) levels

measured in young adult females. The GI is a measure of how fast and for how long the

blood glucose level rises after consuming a food. Higher GI levels have been thought to

be associated with type II diabetes and obesity. Relating the ingredients in the snack bars

to the conesponding GI patterns may lead to the recommendation of certain ingredient

combinations for particular energy requirements.

Three types of bars fotmulated included protein bars consisting of soy, rice, casein

and 50Vo soy, complex carbohydrate bars made from wholewheat flour, white flour, oats

and barley, and sugar bars made from sucrose, fructose, high fructose corn syrup and

glucose. All bars were 200 kcal, the most common amount for energy bars, and

contained 23Vo flat. They found that generally the protein bars produced the lowest GI

level with the sugar bars producing the highest. Since glucose containing sugar bars
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produced the most drastic inclease in GI they suggested using only a small amount of this

ingredient in bar formulations suitable for sustained energy activities. Fructose, oats and

barley would be more suitable for this application. Bars containing the highest protein

levels were least acceptable with the simple sugar bars rated most acceptable overall.

Sucrose was the most acceptable of the four sweeteners with glucose the least (Painter

and Prisecaru,2002).

Maurer et a1., (2002) developed a granola bar containing3l%o com syrup,307o

toasted oats, I6Vo dehydrated cooked red ol black beans and97o sucrose. 
'Water activity

of the bars was 0.28 and final formulations contained protein, fibre, folic acid and fat in

levels allowable for nutrient claims. Latin American consumers rated the bars more

acceptable than the group from the United States with almost"757o stating they would

purchase the bar.

Sipahioglu et al., (2002) utilized a variety of grains and legumes in a fruit flavored

cereal bar. Wheat, brown rice, barley, oats, buckwheat and beans were soakedfor 4 hours

prior to cooking at 720'C for'30 and 60 minutes. After 30 minutes soaking dried fruit

was mixed with modified starch and cooked at 100"C for 10 minutes. These mixtures

along with flavor and color were blended and packed to produce the bars. The product

had a pH of 4.9, water activity of 0.97 and average acceptability of 7.6 on a 9 point scale.

Patents found in the U.S. patent office list ingredients as well as proportions for

inclusion in snack bars (Leach , I99l) and methods fol snack bar manufacture (McKenzie,

2000).

2.5.3 Ready Made Bars
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Jack et al., (1997) compared conslrmer perception of fresh fruit with manufactured

snacks including snack bars. Manufactured snacks generally were perceived as

convenient which included the storability aspect and lack of waste and mess, and were

consistent in quality.

Boustani and Mitchell (1990) studied the acceptability of seven commonly

available cereal bars. Results from eight consumers who evaluated the bars in pairs for

preference revealed that the two bars containing chocolate were most preferred. An

apple, hazelnut bar was least preferred. Differences in preferences were not statistically

significant (p<0.05).

King et al., (1998) used a range of eighteen snack bars including cereal fruit bars,

energy bars and chocolate bars to investigate two new projective mapping techniques

compared with sorting data collection. The objective was to determine the ability of these

techniques to produce spatial product maps useful in sorting bars by attributes from data

generated by twenty-four consumers. All of the methods distinguished the bars based on

use although one method (unstructured projective mapping with multidimensional

scaling) also distinguished the bars by the chocolate content which suggests that this

method may provide more information. King et al., (1998) concluded that this process

could be beneficial in consumer focus grollps whele more information, in addition to

acceptance, is being sought.

2.5.4ld,eal Characteristics of Snack Bars

Snack bal quality depends on the quality and amounts of ingredients in relation to

each other (Murphy, 1990). Oats is the major ingredient of snack bars. Too many oats
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can lead to unpleasant texture of snack bars. The amount needs to be balanced with the

other ingredients so that the oat flavor and texture do not dominate. Including nuts tends

to increase acceptability providing a less mealy texture. Soft and chewy bars are

sweetened using a binding syrup of various sugars as well as fat, possibly milk and

flavorings. The amount of sweetener is similar to that in chocolate bars. To ensure that

the integrity and the crispness of the cereal portion is maintained, glycerol may be added.

Other sweetening components cor-rld include malt extract, molasses, honey and natural

flavorings.

2.6 The Product Development Process

The five stages of the product development process as outlined by Cooper (1993)

are shown in Figure 2.I.Inittal ploduction feasibility and development of the product are

found in stages I and 3. Stage 2 is detailed work on production, financial analysis and

product descriptions so that a business plan can be developed. Stage 4 involves testing

and validation of the new product which includes ensr,u'ing product quality. Results from

consumer preference tests shor-rld conclude that at least 507o of the consumers like the

new product at least somewhat more than the product they are using now. Stage 5 is

launching of the marketing plan and the final product.

The product development process involves a great deal of work. At each

sequential stage it is essential that a "Go" decision is assessed very carefully before

proceeding to the next stage. According to Best (1991) one rule of thumb states that only

l)Vo of the products ever make it to consumer testing and only 107o of those appear in the

marketplace.
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Figure 2.1. Summary of the five stages of product development as adapted by Cooper (1993).

Stage OverallObjective

Preliminary Investigation A quick purview of the project

Detailed Investigation Major homework completed -

business case plans compiled

Overview

Develop the Product Following through
with the business case

plans

Final Justification, Testing Final prototype

Activities

ractivities to be conducted in this study 2consumer input (focus groups) will be a part of the product formulation, market and technical assessment

Preliminary market assessmentr'2 Preliminary technical assessmentr'2
Preliminary financial assessmentr
Make recommendations and plan for Stage 2'
Conduct user needs-and-wants study (Step 1)'
Do competitor analysis (Step 2)
Do market analysis (Step 3)
Perform detailed technical assessment (Step 4)
Run a concept test (Step 5)
Conduct financial analysis (Step 6)
Develop the business case including the product definition or protocol,
the project justification from information gathered to date and from this
case, plan for Stage 3 and further (Step 7)
Continual consumer input and feedback is sought throughout the
process as prototypes are manufactured and testedr'2
Work out reasonable time frames and adhere to them to keep project
on track in as little time as possible.
Review previous analysis of competitors, markets and finances as

these can change as the development process continues.
Conduct extended lab tests to meet product quality and specifications.
Conduct preference tests (recommend at least 5OVo prefer the product
"somewhat" or very much over the brand they are currently using).
Do a limited production run.
Ensure regulations and legal issues are dealt with.
Revision and finalization of marketing and production plans.
Revisions and finalization of financial plans.

Full Production and Launch ofProduct
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Use of consumer focus gloups is a qualitative research method that is versatile and

is the technique most commonly used (Chambers and Smith, 1991). Focus groups can be

used during four of the first five main stages in product development as outlined by Baker

et al., (1988).

Idea generation can include opinions from consumers regarding products that they

would like to have or changes to existing products which would satisfy their needs.

During initial development consumers are asked to plovide attributes for the products

which help determine the attributes for testing by consumer panels. Preliminary

evaluation of the products, the third stage of the development process, will be the

opportunity for consumers to relate the liking of the product to attributes that they can

describe. After this information has been used in the consumer testing a focus group

might again provide input regarding the results and whether interpretation was coffect.

After the final product testing other issues such as packaging, preparation instructions and

labeling can be probed with the use of focus groups (Chambers and Smith, 1991).

Once feasibility is determined the actual development of the product proceeds.

Two problems can occur. The data collected thus far may be misinterpreted so that what

consumers described is not necessarily translated into the developed product. Things

change over the product development process so that, compared to when the project

started, the product no longer holds value to the customer (Cooper, 1993).

2.7 Tools for Product Development

The goal is to develop a product that consumers like. There are some constraints

and difficulties in collecting and analyzing preference data from consumers. Consumers
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may not understand the meaning of attributes provided on a questionnaire or be able to

provide them if none are given. It may be difficult for them to separate attributes which

are positive when overall the ploduct is disliked. Data collected from hedonic testing

may not produce a normal distribution but a bi- or multi-modal distribution (Greenhoff

and MacFie,1994).

Multi-dimensional pleference mapping techniques have been used to overcome

some of these problems. Data are collected from consumers who assess six or more

products on a number of crjtelia. These data can include scaled acceptance (dislike

extremely to like extremely) and ranking for preference, or suitability of the product for a

specific use (Greenhoff and MacFie, 1994).

Responses to the products are analyzed using multivariate statistical procedures

which are graphically represented in a two or three dimensional plot containing individual

consumer responses and test ploducts or, data from consumers are plotted on space

containing data from descriptive sensory or instrumental analysis.

2.7 .l lnternal Preference Mapping

Internal preference mapping, also known as MDPREF, looks at the consumer

responses alone. Instead of assuming that all of the consumers in the group are following

the same behaviour when assessing their acceptability, data from each consumer are

assessed separately.

Yackinous et al., (1999) found that traditional methods of determining preferences

for ranch salad dressings i.e. analysis of variance, multiple comparisons procedures and

response surface methodology for sample selection yielded small differences among the
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mean acceptability values. Internal preference mapping indicated that especially for

younger women, liking increased as garlic amounts increased. Garlic flavor was a

stronger driver of acceptance than fat level. The least liked samples in terms of texture

were those that contained the highest fat level.

2.7 .2 External Preference Mapping

External preference mapping (also known as PREFMAP) relates the product

acceptability to attdbLltes intensity measurements obtained from a descriptive panel,

and/or instrumental and chemical data. It is a way to divide a number of products on the

basis of sensory charactedstics and consumer acceptance simultaneously (Greenhoff and

MacFie, 1994).

Hough and Sanchez (L998) used extemal preference mapping to study the effect

of flavor and texture of powdered chocolate milk drinks made with gums. Preferences of

adults and children were related to descr-iptive profiles as well as viscosity testing.

Statistically no advantage was found for selecting the vector model over the ideal point

model. The circular ideal point model contained the langes of the formulation whereas

the vector model did not, therefore, it was not the prefened model choice. Adults were

in agreement about the drink characteristics they preferred while the children had more

variable preferences indicating segmentation.

To relate descriptive sensory data to consumer acceptability of wheat noodles,

Tang et al., (2000) used extemal preference maps that were developed from models

derived from partial least sqLrares legression. Independent variables in the model, or the

predictors, were the mean descdptive attribute intensities. Consumer acceptance overall,
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as well as for specific attributes were the dependent variables. High weighted regression

coefficients indicated the attributes with the most important contribution to the consumer

acceptance parameters. Salty aftertaste had the greatest influence on consumer overall

acceptance. This was related to results from 'Just right" scales. For samples that were

least prefened the salt level was deemed to be too low by at least 50Vo of respondents.

Overall, samples that wele most accepted received 607o or more of the responses in the

'Just right" category with less lhan 307o in the "too low" categories.

The preference mapping method is gaining in popularÌty and can be successfully

used to aid in decisions regarding which of several product formulations should be moved

forward to market launch, and for specific product categories to provide information on

possible consumer use segmentation and brand positioning (Jaeger et al., 2000).

Advantages of using the statistical techniques associated with preference mapping

include:

1) the possibility of understanding why people prefer some products more than

others when the differences between products can be detected. Sensory descriptive

profiling and/or instrumental data can help to determine which differences impact on

consumer acceptance (Greenhoff and MacFie, 1994).

2) individual responses may yield clusters of respondents which have particular

demographic characteristics such as similal age, ethnic background, socio-economic

status, etc. These groups could have totally opposing product preferences, i.e. a bimodal

distribution could result. A mean scole of 5 from data collected using the 9 point scale

may erroneously suggest consllmers neither like nor dislike the product when in fact
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some may really like it and others really dislike it depending on a particular demographic

characteristic such as age, gender, etc. (Greenhoff and MacFie, 1994).

3) in external mapping it is possible to determine the relationship between the

preference for a characteristic and its amount so that either a continued increase or

decrease in a characteristic will result in increased preference (vector model). It is also

possible to develop a more complex model and determine an optimum level (ideal point

model) This is most appropriate particularly if the sample set contains high and low levels

in an attempt to arrive at an optimum (Schiffman et al., 1981).

Disadvantages of extemal preference mapping include:

i) quality of instrumental/sensory data has a great impact on the inte¡pretation of

the data (Greenhoff and MacFie,1994).

2) usually the external data through principal component analysis are reduced to

one to three dimensions which explain a large portion of the variability. The assumption

is made that these same three dimensions ale what drive consumer preference. Usually

they do and you can always go back and examine the other dimensions if they do not.

(Greenhoff and MacFi e, 1994).

3) it is difficult to assess the significance of the models that are derived. One

method is to include one or more duplicate samples to see if their position on the map is

similar. Another method would be to obtain responses from double the number of

consumers as required, divide the group arbitrarily in half, produce the maps and find out

if they are similar. (Lawless and Heymann, 1998).

4) at least six products need to be evaluated (Greenhoff and MacFie, 1994).
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5) research suggests that trained panel responses to sensory stimuli are not similar

to those of consumers (Jaeger et al., 2000).

Heyd and Danzart (1998) used the evaluation of coffee by an expert panel, and

369 consumers to ilh-rstrate some of the disadvantages of extemal preference mapping. In

this example the expert panel did not discriminate between two samples which were

given different preference ratings by the consumers. In other words the data from the

expert panel could not be satisfactorily modeled to the preference data.

In their study on apple valieties, Daillant-Spinnler and coworkers (1996) found

that internal preference mapping using the vector model for consumer acceptability

separated the varjeties differently based on whether the apples were peeled or unpeeled.

They also found that most consumers prefer firm, juicy and sweet apples. Also indicated

was the possibility of a new breeding line as consumer vectors lay in the direction of

acidity. Heyd and Danzalt (1998) suggested that a quadratic model may be more

appropriate noting that using the vector model for relating the consumer preference to

sensory descriptors may not reflect what consumers actually think about the attributes as

it contains no optimum.

Elmore et al., (1999) used internal and external preference mapping to study the

creaminess of 8 pudding samples as it related to consumer preference and descriptive

panel data. They evaluated22 descriptive attributes and did analysis of variance with

sample, judge and replicate as main effects and all two-way interaction effects. Sixteen

of the twenty-two attributes resulted in a significant sample effect so these attributes were

chosen for further analysis. Principal component analysis of the sensory data from eleven
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panelists found that 87Vo of the variability was explained by the first three principal

components. Subsequently, data from 75 consumers were analyzedindividually and

models chosen according to the AUTOFIT procedure. The vector model was selected for

the majority of consumers although the elliptical and circular models also were selected

for some consumers suggesting that the "more is better" concept for the vector model

does not apply to all consumers who prefel particular levels or a small range of levels.

Flavor and appearance attributes impacted on creaminess preference so that in future it

was recommended that these attributes be included in textural studies.

A study conducted by Bower and Whitten (2000) examined eight cereal bars for

their plefelence attributes. Fifty-six consumers who regularly ate cereal bars were asked

to complete a number of tasks including evaluation of preference on a 9 point hedonic

scale. Eleven trained panelists evaluated the snack bars for fifty attributes including

texture, color, appearance, aroma and flavor. They used partial least squares regression to

determine what characteristics of the snack bars drove consumer acceptance.

Partial least squares regression is a multivariate statistical method which can be

used to relate the consumers' opinions of products to the product attributes in order to

better understand what dlives consumer preferences. This method explains both the

response variation and the prediction variation so that when the predictors are highly

correlated and prediction can be made for new observations from the equation that is

formed. Factors are sought which explain both the response and the predictor variation.

The first factor is the first approximation to X and the first approximation to Y. The

second factor is the second apploximation to X and the second approximation to Y.
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Loadings are the correlations between how each of the consumel's and each attribute

relates to the principal components or factols that are generated. Weights are the linear

combinations of the original varjables and are similar to eigenvalues in the analysis. The

weights show which predictols are represented the most in each factor. Large weights in

absolute value are more important than small weights in replesenting the factors (SAS.

1,999).

Rower and Whitten (2000) found that caramel flavor, nutty aroma, thick

appearance and chocolate flavor were attributes that positively influenced the degree of

liking. Liking was negatively influenced by fruity bars with sour, aromatic and sweet

attributes attached to them. Textural attributes were less influential but "partial

resistance", a characteristic related to chewiness, seemed to have some positive influence

on degree of liking. Bower and Whitten (2000) concluded that the bars in this study were

found to be significantly different in acceptability. Information regarding the attributes

responsible for product lilcing provided more information than the acceptability testing on

its own.

2.7.3 Experimental Design for Recipe Formulations

A number of advantages have been cited for using the experimental design

approach to product development in contrast to the one variable at a time technique.

Successful implementation of the experimental design hinges on identifying the important

product attributes and what ingredients and processes lead to these and then measuring

appropriate responses. In selecting the design, a smaller number of runs is preferred due

to cost considerations but it is necessary to include enough runs so that the experimental
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effor and goodness of the model fit can be tested (Hu, 1999).

In recipe formulation a change in one ingredient results in the change of at least

one other ingredient because the total proportion is set to a maximum of 7007o. The ratio

of ingredients is inter-dependent. A mixture experimental design is appropriate in this

case which uses a different model than the usual factorial experiment. The design space is

represented as a contained figr-rre for more than two ingredients. Figure 2.2 represents the

design space for a design with three ingredients.

The model used is a Scheffé polynomial model which has the same number of

components as well as the same degree as the model from factorial experiments but a

smaller number of coefficients. In the quadratic model for the mixture experiment, X, *

X, cannot be considered an interaction effect because X, and X,ate not independent of

each other, that is one variable cannot be changed without having an effect on the other.

This actually describes the nonlinear mixture effect of the two factors.

Models for the first and second deglee Scheffé polynomials in the general form

are shown below:

z=LBj*Xj

Z=LBj.Xj+lB¡r*Xj*Xk
j=l i<k=2

(first-degree model)

The first-degree or linear model is the simplest in which case the assumption is

that the recipe ingredients are additive in their effect on the response (index of quality)

that is being measured. In practice it is usual that the index of quality from more complex
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Figure 2.2. Region in the simplex coordinate system for a three component mixture
design with design points 1=constraint plane centroid (PlaneCent); 2=interior
(Interior); 3=vertex (Vertex); 4=centre of edges (CentEdge).

J

Source: Design-Expert Software (2000)
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formulations is better estimated by a polynomial model. Most often a second-degree or

quadratic model is appropriate for describing the simplex design surface (Hu, 1999).
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Processing was done at InfraReady Products (1998) Ltd., Saskatoon, SK. Eston

lentils were tempered and held to equilibrate at room temperature in a 2 metfrc tonne

tempering bin. A gas fired 2 ton capacity Micronizer Model No. MR20 was used for

processing. Immediately after micronization, lentils were fed through a Turner Ipswich

Flaker Model No. 460 with roller mill set to produce the desired thickness. Final

moisture and temperature were recorded. Details regarding the processing parameters for

four batches of lentils are found in Table 3.1.

MATERIALS AND METHODS

3.L Materials

CHAPTER 3

3.1.1 Micronized Flaked Lentils

Table 3.2 lists the product, manufacturer, ingredients, nutrient information and

other details for components that were used to produce the experimental lentil bars. All

products were purchased from retail supermarkets except for liquid honey which was

obtained from the local honey cooperative.

Four commercial snack bars were purchased from retail supermarkets. Label

information regarding manufacturer, ingredients and nutrient content are shown in Table

3.34-D.

3.1.2 Ingredients

3.1.3 Commercial Samples

3.2 Methods

3.2.1 Bar Formulation and Feasibility
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Table 3.1. Detailed processing parameters for micronized flaked lentils.

Batch # Received

I

2

J

42

July, 2000

May,2001

May,2002

Sept.,2002

Lot # Grade Crop
Year

- unknown
rForeign material was 0. I7o wheat with 0.l%o discoloured seed
25ample not used due to high level of obviously visible foreign material

200007

r2l0ll

r4202

Tempering
Vo hr

t

2

1

t999

2000

200t

2001

Final Initial
Temperature Moistureoc 

vo

16.5 16

15.14 t6

126

r20-t25

TT5-TT7

Final
Moisture

Vo

12.22

10.15

8.24

Flake
Thickness

mm

8.02

10.07

1.2-r.4

r.3-L4

1.3-1.6

r;7-t.8
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Table 3.2. Product, manufacturer, ingredients, nutrient information and other comments for components of lentil snack bars.

Product

Low Fat Sweetened
Condensed Milk

Honey

Oats - Quick
cooks in 3 to 5 minutes
(rolled slightly finer than
large flake oats to allow
for a shorter cooking time)

Manufacturer

prepared for
Eagle Family Foods Inc.
Gahannia, O}f43230

Bee-Maid

Quaker
The Quaker Oats
Company of Canada,
Peterborough, ON K9J 7F2

Canola Oil

Ingredients

concentrated partly
skimmed milk, liquid sugar
lactose

Canbra Foods,
Iæthbridge AB TlJ 3Y4

l00%o rolled oats,
naturally contains oat bran

Nutrient Information and other comments

per 30 mL serving (2 Tbsp)
energy II7 Cal
protein 3.0 g
fat 1.5 g
carbohydrate23 g

per 30 g serving (1/3 cup)
energy 114 Cal
protein 4.2 g
fat2.0 g
carbohydrate 20 g
dietary fibre 3 g
no additives or preservatives - T007o whole

grain- low fat

per 10 mL serving (2 tsp)
energy 83 Cal
protein 0 g
fat9.2 g

carbohydrate 0 g
lowest in saturated fat among vegetable oils
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Table 3.2. Product, manufacturer, ingredients, nutrient information and other comments for components of lentil snack bars.
(cont'd)

Product

Dried Cranberries

Manufacturer

prepared for
Sunfresh Limited,
Toronto, ON M4T 2S8
Montreal, QC H2M 2R9

Olive Oil Pam

Ingredients

cranberries, sugar,
sunflower oil

Nutrient Information and other comments

Per 40 g. serving
energy 119 Cal
protein 0.1 g
total fat 0.6 g
total carbohydrate 33 g
dietary fibre 2.3 g
sodium 1 mg
potassium 16 mg
calciumÙVo
iron ZVo

Vitamin AjVo
Vitamin C ÙVo

may contain traces of peanuts and/or other
nuts

per 0.5 g 0.6 second spray
energy 4 Cal*
protein 0 g
fat0.4 g
carbohydrate 0.1
*approx. 2 Cal are absorbed by food

I00Vo extra virgin olive oil,
grain alcohol, soya lecithin
and propellants isobutane

and propane
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Table 3.3. Manufacturer, ingredients and nutrient content for commercial snack
bar samples.

A. Low Fat Ginseng Blueberry Chewy Energy Bar

Manufactured by: Sunny Crunch, Markham, Ontario. L3R 1G2
Ingredients: granola cereal, rolled oats, wheat flakes, brown sugar, soyabean oil, honey,
whey powder, glycerine, sliced almonds, honey, soya lecithin, Canadian Ginseng, flavor
enhancers (citric acid, malic acid, tartaric acid, natural and artificial flavors, may contain
peanut traces
Nutrition Information: per 30 g (1 bar serving)

Energy 118 Cal
Protein 1.8 g

Fat2.2 g

Carbohydrate 23 g
Ginseng 50 mg

B. Nature Valley Crunchy Granola Bar - Oats 'n' Honey - 100Vo All Natural
Ingredients

Imported by: General Mills Canada,Inc. Mississauga, Ontario IAW 5K2
Ingredients: rolled oats, sugar, vegetable oil (canola), refiner's syrup, honey, salt, crisp
rice ( rice flour, soy protein, sugar, malt, salt), soy lecithin. Contains soy ingredients. May
contain traces of peanuts and/or other nuts.
Nutrition Information: per 23 g (l bar serving)

Energy 106 Cal
Protein 1.9 g
Fat4.4 g
Carbohydrate 69.6 g

Sugars 6.0 g
Starch 8.6 g
Dietary Fibre 1.4 g
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Table 3.3. Manufacturer, ingredients and nutrient content for commercial snack
bar samples. (cont'd)

C. Quaker Granola Bar - Chewy - Honey Raisin with Caliþrnia raísins - CBl

Manufactured by: The Quaker Oats Company of Canada Limited
Peterborough, ON KgJ 782
Ingredients: granola (Quaker rolled oats, rolled whole wheat, brown sugar, coconut oil,
modified milk ingredients, dried unsweetened coconut, honey, almonds, natural flavor),
glucose, raisins coated with hydrogenated cottonseed and./or soybean oil, corn flakes
(milled corn, sugar, sa1t, barley malt, corn syrup), crisp rice (rice flour, sugar, malt
extract, salt), glycerin, hydrogenated vegetable oil, shortening (soybean and/or cottonseed
and/or modified palm oil), inveft sugar, brown sugar, honey, sorbitol (less that 0.5 g per
serving), salt, natural flavor (contains gluten), soy lecithin, BHA (a preservative), citric
acid. May contain traces of peanuts and nuts.
Nutrition Information: per 26 g (1, bar serving)

Energy 106 cal
Protein 1.4 g
Fat2.6 g

Carbohydrate 19 g
Sugars 7.3 g
Starch 11 g

Dietary Fibre 1.0 g
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Table 3.3. Manufacturer, ingredients and nutrient content for commercial snack
bar samples. (cont'd)

D. Quaker Oatmeal to Go - Oats and Honey - CBz

Manufactured by: QTG Canada Limited, Peterborough, ON KgJ 7Bz
Ingredients: instant quaker oatmeal (whole grain rolled oats with oat bran), icing sugar
(may contain corn starch or wheat starch), salt, iron (coated with hydrogenated soybean
oil), niacinamide, thiamine mononitrate (Vitamin B1), calcium pantothenate pyridoxine
hydrochloride (Vitamin B6), folic acid, glucose, brown sugar, hydrogenated vegetable oil
shortening (canola, palm and/or cottonseed, soybean), glycerin, invert sugar, coconut oil,
sorbitol) less than 1.0 g per serving), honey, salt, soy lecithin, vanilla extract, natural and
artificial flavours, BHA (preservative), citric acid Contains wheat, soy, coconut, and
sulphite ingredients. May contain traces of peanuts and other nuts.
Nutrition Information: per a7 g Q bar serving)

Energy I94 cal
Protein 3.2 g
Fat 5.5 g
Carbohydrate 33 g

Sugars 13 g
Starch 18 g
Dietary Fibre 2.5 g

Additional Comments:
Goodness on the Go:
All of the nutrition of a bowl of Quaker Oatmeal
L007o wholegrain Quaker oats

Source of dietary fibre
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A recipe was formulated based on percentage by weight of ingredients using

published guidelines (Robbins, 1976) both with and without dried blueberries (Appendix

1A) from Lentil Batch #1 (Table 3.1).

Sensory evaluation was conducted in two parts. A research group, consisting of

four members, evaluated the bals to determine if the product was viable. A positive

response warranted further testing with a small group of consumers to obtain quantitative

data regarding acceptability and attrjbute analysis.

The consumers consisted of a group of students enrolled in a sensory evaluation

class in the Faculty of Human Ecology at the University of Manitoba. Consent was

obtained from ten consumers. Consumers evaluated the bars in individual booths

equipped with fluorescent lights. Samples were placed in resealable plastic snack bags

(16.5 x 8.25 cm), assigned thlee-digit random number codes and presented in balanced

order. The blueberry lentil bar was presented with a commercial sample (Table 3.34).

The ten consumers evaluated both snack bars for overall acceptability on a 9 point

scale from "like extremely" to "dislike extremely". Attribute analysis was performed to

obtain opinions regarding the colol, amount of bluebenies, sweetness, blueberry flavor,

thickness, firmness, chewiness and moistness. A ten point scale was used with 5-6 being

'Just right" and endpoints described as shown in Table 4.1.

3.2.2 Quality Criteria

3.2.2.1Lentil Quality

As an indicator of the degree of lentil cooking by micronization and therefore

softness, DSC was used to measure starch gelatinization following the method of
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Biliaderis et al., 1980. Instrumentation was a Dupont 9900 thermal analyzer with a 910

DSC cell base. Analysis, conducted by personnel in the Department of Food Science at

the University of Manitoba, was run in duplicate for the four batches of lentils obtained

from the processor (Table 3.1) as well as a raw sample of Eston lentils.

3.2.2.2 Moisture Content

The method for determining the percentage of total solids (7o total solids) was

based on the two-stage AACC Method 44-I5A (American Association of Cereal

Chemists, 2000). Analysis was done in duplicate.

Lentil snack bar samples were held in double wrapped foil at room temperature

for approximately 4 weeks before analysis. Commercial snack bars were removed from

the original packaging just prior to analysis. A Fisher Isotemp Oven Model 655F was

preheated to 130+2oC. Fifteen to eighteen grams of representative crumbled sample were

placed into moisture dishes and held on top of the oven for approximately L7 hours.

Sample weight after drying in air was recorded.

The air dried sample was ground in a Proctor Silex Automatic Coffee Mill E1657

for I minute (samples with no cranberries) to 2 minutes (samples with cranberries) to a

powder like consistency. Apploximately 2 grams of the ground sample were placed in

moisture dishes and dried in the oven at 130+2'C for t hour. Samples were held in a

desiccator approximately 45 minutes before weighing.

3.2.2.3 Water Activity

Lentil snack bar samples were held in double wrapped foil at room temperature

for approximately 3 weeks before analysis. Commercial snack bars were removed from
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the original packaging just prior to analysis.

Water activity (a,u) was measured using the AWSprint - Novasina Swiss- made

TH-500 instrument which was calibrated and set to 25oC. Samples were crumbled and

placed in the plastic sample dish (4 cm diameter by I cm high) to the fill line (aboutVz

full). Samples were tested randomly and duplicates performed. The next sample to be

tested was prepared after the previous duplicate sample was placed in the machine.

Samples were covered prior to testing to prevent moisture loss.

3.2.2.4 Nutrient Content

Weights for each ingledient for each lentil bar sample were entered into the Owl

Software TechWizard Vers. 3 program (2003) which uses the USDA nutrient database.

Note that the following substitutions were made as the actual ingredients used were not

found in the database: regulal fat sweetened condensed milk for low fat sweetened

condensed milk, regular cranbenies for dried, olive oil for canola oil and raw lentils for

micronized flaked lentils. Nr"rtrient content was based on a 30 g serving size for one

snack bar (CanadaGazette,2002). For comparison to a snack bar containing no lentils

each sample was also analyzed substituting oats for all of the lentils.

3.2.3 Consumer Focus Groups

3.2.3.1Samples

Revisions to formulations were based on the results from the preliminary work

and appear in Appendix 1B and 1C. Dried fruit was changed from blueberry to cranberry

due to its more appealing appearance and lower cost. Two commercial snack bars were

also presented as described in Table 3.38 and C. Micronizedflaked lentils from Batch 2
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were used (Table 3.1).

Procedures fol panelist recruitment and selection were approved by the Ethical

Review Board of the Faculty of Human Ecology, University of Manitoba. See Appendix

2A for the Approval Certificate.

Advertisements for volunteel tasters were placed in the Lance community

newspaper for the Winnipeg South area for two consecutive weeks, in one issue of the

University of Manitoba Bulletin, a bimonthly newspaper (once monthly during June, July,

August and December), on the University of Manitoba web-site in the classified section,

and in an e-memo which was distributed to all employees of the University of Manitoba

with e-mail accounts. Respondents were sent the information letter, consent form and

questionnaires (Appendix 3A). Of the 33 inquiries made approximafely 367o participated.

The consent form and questionnaires were completed and brought to the session. Four

focus groups were conducted on four days, 2 at 19:00, I at 16:45 and I at I2:l5,with

three or four participants each for a total of 14 consumers.

3.2.3.3 Methods

The outline shown in Appendix 4 was followed for each focus group to elicit

discussion. Four samples, one plain and one cranberry lentil bar plus two commercial

snack bars were presented individually wrapped in resealable plastic snack bags (16.5 x

8.25 cm) and labeled with a three-digit random number. Deionized water was available

for rinsing as required. General comments were solicited regarding reasons for selecting

snack bars, likes and dislikes, followed by sample observation ending with tasting of the
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samples. Sessions were audio recorded and lasted from 60 to 90 minutes.

3.2.4 Mixture Design Experiment

As noted by Greenhoff and MacFie (L994) at least eight products need to be

assessed by both a descriptive panel and a consumer panel in order to obtain reliable data

for internal preference mapping analysis. Samples need to be different enough so that

consumers can provide preference ratings based on actual perceived attribute differences.

A mixture design experiment was chosen as the method for selecting six lentil bar

formulations. Two commercial snack bars representing different types of bars were used

to complete the set of eight.

Steps in recipe design were followed according to Hu (1999) - ingredient

screening, mixture experiment design, model building, model test and finally model

application where optimization and pledictions can be made based on the significant

model.

All of the five ingledients were included in the design as they all have an effect on

the flavor and texture of the product which ultimately affects the quality and acceptability

of the snack bars. Minimum and maximum levels for each of the five ingredients were

set based on the preliminaly formulation trying to incorporate as many MFL as possible,

having samples with and without dried cranberries, and increasing honey overall to

compensate for increased overall dry ingredients that would result for some formulations

(Table 3.4). For each of the 25 experimental runs the total of the proportions for the five

ingredients was approximately I (Table 3.5).

A d-optimal mixture design experiment was selected using the computer program
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Table 3.4. Ingredient proportions used with corresponding percentages of preliminary formulation.

Ingredient

Sweetened
Condensed Milk

Honey

Micronized
Flaked Lentils

Granola

Dried Cranberries

Preliminary
Formulation

(g)

Minimum
Proportion

220

30

140

180

80

rlndicates decrease from original propoltion
2Indicates increase from original proportion

Percentage of Maximum
Preliminary Proportion
Formulation

0.28

0.06

0.19

0.20

0

18

33

lr

1

t4t

28t

100 I

Percentage of
Preliminary
Formulation

0.40

0.r2

0.37

0.40

0.r2

18 12

167 1

711

44t

100
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Table 3.5. Proportions of ingredients used for 25 runs used in mixture design experiment.

Standard Run Order
Order

t9 1

r72
183
t34
155
2t 6s

23 7s

695
22 gs

25 105

1 I 15

7 lzs
20 t3
1l t4
g 15s

4t6
2r7
t2 18
g 195

320
16 2t
24 22s

10 23

524
14 25

Point Type'

CentEdge
CentEdge
CentEdge
Vertex
PlaneCent
CentEdge
Vertex
CentEdge
CentEdge
CentEdge
CentEdge
Vertex
CentEdge
CentEdge
CentEdge
Vertex
Vertex
Vertex
Vertex
CentEdge
Interior
Vertex
Vertex
Vertex
Vertex

SCM2 Honey MFL3 Granola Dried
Cranbeuies

0344
0.28
0.40
0.37
0.35
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.40
0.34
0.28
0.40
0.28
0.40
0.37
0.28
0.33
0.31
0.28
0.40
0.28

0.724 0.194

0.06 0.2'7

0.r2 0.19
0.r2 0.19
0.09 0.29
0.09 0.19
0.06 0.19
0.09 0.19
0.r2 0.37
0.06 0.32
0.t2 0.37
0.06 0.19
0.06 0.21
0.06 0.19
0.06 0.32
0.06 0.22
0.12 0.28
0.r2 0.28
0.06 0.37
0.12 0.19
0.09 0.27
0.06 0.31
0.06 0.31
0.06 0.19
0.r2 0.20

0344 0.004

0.28 0.12
0.25 0.05
0.20 0.12
0.20 0.07
032 0.r2
0.40 0.07
0.32 0.12
0.22 0.02
0.35 0.00
0.22 0.02
0.40 0.07
0.28 0.00
0.29 0.12
0.35 0.00
0.20 0.12
0.20 0.r2
0.20 0.00
0.20 0.00
0.35 0.07
0.28 0.03
0.20 0.00
0.20 0.09
0.35 0.00
0.40 0.00

tMixture design points defined in Figure 2.2
2Sweetened Condensed Milk
3Micronized Flaked Lentils
aProportion of ingredient in total formulation where I x - 1

sReplicated samples
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Design-Expert (Stat-Ease, 2000). The 25-run design was not blocked and contained 15

runs used to fotm the model, 5 to test for lack of fit and 5 which were replicates (Table

3.s).

3.2.4.1 Sample Preparation

The formulations for each of the 25 runs were determined using the proportion for

each ingredient as noted in the design, multiplied by 650 which was the total weight in

grams from the preliminary formulation including dried cranberries.

Baking was completed within a one week period. Five runs were baked on each

day with duplicate runs 6 and 8; 9 and 11; 10 and 15; 1 and12; 19 and22 baked on

different days (Table 3.6).

Granola was made for all of the 25 batches on the same day in 5 lots and stored

for approximately one week. The methods for granola and lentil bar preparation are given

in Appendix 1B (plain bars) and Appendix 1C (cranberry bars). Micronized flaked lentils

from Batch 3 were used (Table 3.1). Ingredients and sources are listed in Table 3.2.

Percent yield on a per batch basis for each of the twenty-five samples was

calculated as: cooked weight + raw weight x 100. Percent cooking loss (%CL) was 100 -

Vo Yield.

3.2.4.2 Measurement of Response Variables

An expert panel of seven members was recruited to evaluate the intensity of the

flavor and texture attributes of the twenty-five lentil bar samples using a 15 cm line scale.

These panelists had worked in the area of sensory evaluation and had evaluated many

products to determine their flavor and textural characteristics using a variety of
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Table 3.6. Baking schedule for mixture design experiment.

Day

I
2
J

4
5

Run Number

1,2,6,9,10
3,7,8,4,5
TI,12,13,14,25
16,I7,18, T9,20
21,22.23,24,15
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measurement methods.

3.2.4.2.1Part L - Development of Sensory Evaluation Method

Panelists used the reference sample (Appendix 1D) to:

1. Determine the method to evaluate samples (Figures 3.I and3.2)

2. Determine attributes to evaluate, definitions, order for evaluation, endpoint

descriptors (Table 3.7).

3. Determine intensity of the attributes for the reference sample (Table 3.7).

Samples were prepared for serving one day before the panei evaluation. Samples

were removed from the freezer about 15 to 30 minutes before cutting. Approximately 0.5

cm was removed from the edges. Seven pieces were cut approximately 10 cmx 4 cm x I

cm thick. Each piece was placed individually in a resealable plastic snack bag (16.5 x

8.25 cm). A three-digit random number was assigned to each of the 25 runs. The

reference sample was labeled REF. Panelists were each given two reference samples.

3.2.4.2.2 Part 2 - Evaluation of 25 Samples

Panelists were instructed to evaluate the reference sample first and then to

evaluate the coded samples in relation to the reference sample, recording results in

Figures 3.1 and 3.2. Filtered water was available for rinsing between samples.

A random order for evaluation of the 25 samples was selected for each panelist.

A break was taken after every five samples with a longer break after the first 15.

3.2.5 Consumer Panel

3.2.5.1 Sample Preparation

The six lentil snack bar formulations (LB1 to LB6) selected from the mixture
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Figure 3.1. Ballot used for flavor evaluation by expert panel in mixture design
experiment.
Panelist No. Date

Method for Evaluation
Thoroughly rinse your mouth with water. Take a bite about 1 cm wide from the end of the

bar. Note: Chew carefully as the odd hard seed may be encountered.

Instructions
Place a vertical line across the horizontal line at the point that best represents the intensity
of the attribute in the sample.

Evaluate the samples in the following order:

Sweetness
REF

I

low

Oat Flavor

low

Fruity

low

Toasted

REF
I

low

REF
I

Stickiness to Touch

Iow

Comments

high

REF
I

high

REF
I

high

high

high
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Figure 3.2. Ballot used for texture evaluation by expert panel in mixture design
experiment.
Panelist No. Date

Method for Evaluation
Thoroughly rinse your mouth with water. Take a bite about 1 cm wide from the end of the

bar. Note: Chew carefully as the odd hard seed may be encountered.

Instructions
Place a vertical line across the horizontal line at the point that best represents the intensity
of the attribute in the sample.

Evaluate the samples in the following order:

Initial Bite

soft

Cohesiveness

low

Moistness

dry

REF
I

Chewiness

low

REF
J

Toothpack

low

REF
I

hard

REF
I

high

REF
I

wet

high

high
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Table 3.7. Attribute definitions, reference point and endpoint descriptors used by expert panel n=7.

Attribute Definition
(evaluated in order listed)

Sweetness

Oat Flavor

Fruity

Toasted Flavor

Stickiness to Touch

Initial Bite

Cohesiveness

Moistness

Chewiness

Toothpack

taste associated with sucrose

flavor of cooked oats

flavor of fruit

perceived after oat flavor,
possibly a spicy note

arnount finger adheres to sample surface

assessed by compressing
the sample with the front teeth

the amount the sample remains
together throughout chewing

the amount of moisture
perceived during chewing

the amount of chewing required to
reduce the sample to a state ready to swallow

the amount of sample adhering in or
around the teeth after swallowing

Marked
REF Point

7.5

7.5

7.0

7.5

7.5

7.5

7.5

1.5

7.5

7.5

Descriptor Descriptor
For 0 cm For 15 cm

low

low

low

low

high

high

high

high

high

hard

high

wet

high

high

low

soft

low

dry

low

low
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design experiment (Table 4.15) were prepared using the standard method (Appendix 1B

or 1C). Micronized flaked lentils from Batch 2 were used (Table 3.1). In order to

produce enough samples three batches of lentil snack bars were made during two

consecutive days. The six samples were prepared in a different random order for each of

the three batches, one batch baked on one day and two batches the following day. Each

batch was wrapped in two layers of aluminum foil and kept in the dark at room

temperature from 9 to 13 days before evaluation.

Lentil snack bar samples for panel presentation were prepared approximately 24

hours pr-ior to evaluation by trimming about I cm from the edges and cutting into pieces 5

cm x 3 cm. Each batch made 28 lentil bars each weighting approximately 19 grams each.

Bars were placed in resealable plastic snack bags (16.5 x 8.25 cm) and labeled with three-

digit random numbers.

3.2.5.2 Commercial Samples

Two commercial snack bars (CB 1 and CB2) (Table 3.3C and D respectively) were

selected that demonstrated contrasting flavor and textural characteristics. These bars

were held at room temperature and used within the recommended six month expiry

period.

Samples of CBI and CBZwere cut to a length of 5 cm and measured2.5 cm and 4

cm in width respectively. CBI samples each weighed approximately 13 grams. CB2

samples each weighed approximately 29 grams. The commercial snack bar samples were

placed in resealable plastic snack bags in the same manner as for the lentil bars.

3.2.5.3 Panelist Recruitment and Selection
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Ethical procedurcs were followed and approved according to the protocol outlined

by the Joint Ethics Review Board at the University of Manitoba. (See Appendix 2B for

Approval Certificate). A letter of invitation included a consent form, questionnaire

regarding food likes/dislikes and allergies, and a questionnaire regarding personal

information and consumption of snack bars. These were completed by consumers

agreeing to participate on the panel (Appendix 3B). Women aged 18 to 50 were invited

to participate based on the target group fol the lentil bars. An e-mail was sent to

members within the Faculty of Human Ecology and an announcement made in

undergraduate and graduate foods courses as part of the recruitment process. Posters

were also placed throughout the faculty. Sixty-two consumers agreed to participate. An

honorarium was provided.

3.2.5.4 Sensory Evaluation Methods

Consumer testing was conducted over four days during one week with up to eight

panelists evaluating the bars at one time. Panelists were instructed to perform the

following tasks. The first part of the evaluation was to indicate how much the sample

was liked and how often it would be pulchased. The second part included a series of

'Just right" scales where panelists gave their opinions of the following attributes:

stickiness to touch with your fingers, sweetness, cereal/grain flavor, cranberry flavor (if

present), firmness, chewiness and moistness by checking the appropriate box on a 7 point

scale with end points "not enough" and "too much" and mid point'Just dght". Ballots

are shown in Figr-rres 3.3 and3.4.

All eight snack bar samples were presented at once in a Latin square design which
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Figure 3.3. Ballot used by consumer panel for overall acceptability and purchase
behaviour.

Instructions

Your task for each of the eight snack bar samples is to
I. Evaluate how much you like the bar.
2. Determine how often you would purchase it.
3. TelI us your opinion regarding the flavor and texture characteristics.

Evaluate the samples in the order that the questionnaires appear in this handout. Taste
only as much sample as required to coinplete the three parts of the study.

Rinse with water before tasting each sample,

Part L -
Taste the sample and check the box beside the phrase which best describes how much you
like it.

Sample Number_
tr Like Extremely

tr Like VeryMuch

¡ Like Moderately

n Like Slightly

tr Neither Like Nor Dislike

o Dislike Slightly

s Dislike Moderately

¡ Dislike Very Much

¡ Dislike Extremely

Part2 -
How often would you purchase the bar given that the price is similar to bars found in
the market place?

n Every Opportunity

tr Very Often

D Frequently

c Sometimes

D Now and Then

o Not Very Ofteir

tr Never

Comments

Panelist No.
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Figure 3.4. Ballot used by consumer panel for rating of attributes usÍng "just right" scales.
Panelist No._

Part 3 - Check the box which best describes your opinion about each of the characteristics listed.

Samole Number
Stickiness to Touch With Your Fingers

Not Enough

Sweetness

TEtrtrtrtrE]

Not Enough

Cranberry Flavour

trDtrtrtrtrtr

Not Enough

CereaVGrain Flavour

trtrtrDtrtrT

Just Right

Not Enough

Firmness

trtrtrtrtrtrtr

trtrtrtrtrtrtr

Not Enough Just Right Too Much

Chewiness

EtrtrtrtrT]E

Just Right

Just Right

Not Enough

Moistness

Too Much

Just Right

Not Enough

Comments

trEtrtrtrNT

Too Much

Too Much

Just Right

Too Much

Just Right

Too Much

Too Much
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is recommended in order to eliminate caffy over and adaptation effects (MacFie et al.,

1989). Panelists sat in individual booths and evaluated samples under incandescent light.

Filtered water at room temperature and crackers with unsalted tops were available for

cleansing the palate before each sample. Damp cloths were provided to clean fingers

after evaluating stickiness to touch.

The six lentil snack bar samples selected from the mixture design experiment

(Table 4.15) as well as the reference sample (Appendix lD) were prepared using the

standard method (Appendix 1B or 1C). Micronized flaked lentils from Batch 2 were used

(Table 3.1). The seven samples were prepaled in random order and baked during one

day. Each batch was wrapped in two layers of aluminum foil and kept in the dark at room

temperature from 8 to 10 days before evaluation.

3.2.6 Descriptive Panel

3.2.6.1 Sample Preparation

Samples were prepared approximately 24 hours prior to evaluation by trimming

about I cm from the edges and cutting into pieces 2 cm x 2 cm. Each batch made 100

pieces of approximately six grams each. Three pieces were placed in resealable plastic

snack bags (16.5 x 8.25 cm) and labeled with three-digit random numbers. Two sample

bags (a total of six pieces) were presented for the reference sample.

3.2.6.2 Commercial Samples

The same commercial snack bar samples were used as for the consumer panel

(Table 3.3C and D). Samples were cut to a length of 2 cm and three samples were placed

in resealable plastic bags in the same manner as for the lentil bars.
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Ethical procedures were followed and approved according to the protocol outlined

by the Joint Ethics Review Board at the University of Manitoba (See Appendix 2B for the

Approval Certificate). A letter of invitation included a consent form and questionnaire

regarding food likes/dislikes and allergies which were completed by potential participants

(Appendix 3C). An e-mail was sent to members within the Faculty of Human Ecology

and posters were placed throughout the Human Ecology building as part of the

recruitment process. Eleven panelists were selected based on availability and interest in

the project. An honorarium was provided.

3.2.6.3 Panelist Recruitment and Selection

Descriptive analysis methods are suitable for applications in product development

(Stone and Sidel, 1993). The Quantitative Descriptive Analysis method was selected

with some modifications from the procedures given by Stone and Sidel (1993).

Training was conducted two to three times per week over a three-week period.

Each session was approximately 45 minutes. The first session included an introduction of

the overall research project and an orientation to sensory evaluation which included

panelist and leader responsibilities as well as training and overall objectives. An exercise

was completed to learn the use of the line scale where intensity was related to the

proportion of a shaded circle (Appendix 5).

3,2.6.4 Sensory Evaluation Methods

Training sessions were conducted with four objectives:

i) to agree as a group on the definition for each attribute, the technique for

evaluating it and the standard samples and descriptors which corresponded to the
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2) to place the reference sample on the line scale for each attribute based on the

average panel score (Figure 3.5).

3) to determine the appropriate order for attribute evaluation.

4) to practice evaluating samples in order to decrease individual and group

variability.

The ballot shown in Figure 3.5 reflects the work that was accomplished as a result

of the training sessions. Attributes were evaluated in the order they appear on the ballot.

For flavor one half of the sample was used as the sample size. After evaluating hardness

and cohesiveness resulting in half of the sample being in the mouth, this piece was used

for cohesiveness of mass and moisture absorption which were both evaluated after about

10 chews. Chewiness and adhesiveness to teeth were evaluated on the other half of the

sample. This left one piece for reevaluation of any of the attributes if necessary. Table

3.10 shows the range of standard deviations for four samples from the last training

sessions. Flavor attrjbutes generally produced higher standard deviations which is not

unusual for a complex food product that panelists have not been previously exposed to.

Sensory testing of the samples was replicated during two sessions one day apart.

Sample order for each panelist was assigned based on an eight-sample Latin square

design following the procedure of Bower and'Whitten (2000). Samples were given

three-digit random code numbers. Panelists sat in individual booths and evaluated

samples under red light. Filtered water at room temperature and crackers with unsalted

tops were available for cleansing the palate before each sample.
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Table 3.8. Flavor attribute definitions, endpoint descriptors with corresponding standard samples for descriptive panel n=LL.

Standard Technique: Thoroughly rinse with water. Take a bite of one half of the sample (approximately 1 cm). Rinse with water
after sample.

Attribute

sweet

sour/fruity flavor

grarny

Definition

the taste associated with
sucrose in solution

the taste associated with
the description of sour/fruity

the taste associated with the flavor
of granola (oat based product)

the taste associated with the flavor
of micronized flaked lentils (MFL);
appearing toward the end of
the evaluation

lentil

'standard sample

0 on line scale

low
(27o sucrose)r

low
(dried cranbeny -
mental reference)

low
(granola - mental
reference)

low
(MFL - mental
reference)

15 on line scale

high
(107o sucrose)

high
(dried cranbemy -
mental reference)

high
(granola - mental
reference)

high
(MFL - mental
reference)
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Table 3.9. Texture attribute defÏnitions, endpoint descriptors with corresponding standard samples for descriptive panel
n=1L.

Attribute

stickiness to touch

Definition

hardness

the degree to which the
surface of the sample
adheres to the finger

cohesiveness

Technique

the force required to bite
completely through a

sample placed between the
incisors

hold the sampler in one
hand and evaluate the top
of the sample with the
forefinger of the opposite
hand by pressing gently on
the sample for 2 seconds
and releasing

cohesiveness of mass

the amount of deformation
undergone by the material
before rupture when biting
completely through the
sample using the incisors

place sample between the
incisor teeth and bite
down evenly at a rate of 1

second, evaluating the
force required to compress
the food and bring incisors
together

0 on line scale

low
(crackef)3

the degree to which the
chewed sample holds
together in a mass

place the sample between
the incisors and compress
fully

15 on line scale

low
(hard cooked egg
white)

high
(lentil bar - #2 July
2st02)

chew the sample with the
molars for about 10 chews

low
(cornmeal muffin)

high (peanut)

low
(carrot)

high
(raisin)

high
(brownie)
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Table 3.9. Texture attribute definitions, endpoint descriptors with corresponding standard samples for descriptive panel
n=11. (cont'd)

Attribute

moisture absorption

chewiness

Definition

the amount of saliva
absorbed by the sample
during mastication

the length of time required
to masticate a sample at a
constant rate of force
applicationx to reduce it to
a consistency suitable for
swallowing
Note: Rate of force
application is equal to that
required to penetrate a

gum drop inaVz a second

adhesiveness to teeth

Technique

rSample refers toVzof the 2 cm square piece presented
2Unsalted top saltine cracker
3Standard sample
'Iwlzzlers

chew the sample for about
10 chews and evaluate the
amount of saliva absorbed

place sample in mouth and
masticate at 1 chew per
second. Judge the degree
of chewiness as the
number of chews required
before the product is ready
for swallowing.

the amount of sample
adhering on/in teeth after
mastication of the sample

0 on line scale

low
(licoricea)

low
(white bread)

after the sample is
swallowed, feei the tooth
surfaces with the tongue

15 on line scale

high
(cracker)

high
(72 a tootsie roll)

low
(carot)

high
(jujube)
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Figure 35. BaIIot used by descriptive panel for rating of flavor and texhire
attributes, þage 1 of 2)
Panelist No. Date

Overall hocedure
Evaluate.the reference @@ sample first and noúe its position on the line scale indicating
the intensity of the attibute. For the texture attributes use the technique provided for
sample handling. Evaluate the fi¡st coded sample for all of the attributes on this page
befo¡e continuing with the second sample. Place a vertical line across the horizontal line
at the point which best describes the intensity of the attribute.

Coded sample order from left to right:

Stickiness to Touch

Technique Hold the sample in one hand and evaluate the top of the sample with the
forefinger of the opposite hand by pressing gently on the sample for 2 seconds and
releasing to determine the degree to which the surface of the sample adheres to the finger.

REF
I

low
cracker
Flavor -
Thoroughly rinse with water. Take a bite of one half of the sample (approximately I cm).
Rinse with water after each sample.

Sweetrress
Rtr

I
Iow

SourlFYuity

low

Grainy

Iow

Lentil

RUr
I

low
Com¡nents:

high
lentil bar

Rtr
I

RSF
I

high

high

hish

hish
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Figure 35. Ballot used by descrtptive panel for rating of flavor and texture
atfributes. þagc 2 of 2)

Panelist No.
Proceed with the following atüibutes once the first page for all of the rÀi"r it
completed,
Coded sample order from Ieft to righû
Texture -
Eardness
Technique Place sample at its midpoint between the incisor teeth and bite down evenly at
a rate of I second evaluating the force required to compress the food and bring incisors
together. 

Rm
1.

low
egg white
Cohesiveness
Technique Place *re sample at its midpoint between the incisors and compress full¡
evaluating the âmount of deformation undergone by the material before rupture.

REF
I

low
co¡nmeal muffin t

Cohesiveness of Mass
Technique Chew the sample with the molars for about 10 chews evaluating the degree to
which the chewed sample holds together in a mass.

'REF

I
.low
caffot
Moisture Abso4rtion
Technigue Chew the sample for about 10 chews and evaluate the amount of saliva
absorbed by üs sample during mastication.

REF
I

low
licorice
ChewineÈs
Technique Place approximately one half the sample in the mouth and masticate at 1 chew
per second, Judge the degree of chewiness as the number of chews required before the
product is ready for swallowing.

REF
I

hish
peanut

Iow
whitê bread
Adhesiveness to Teeth
Technioue After the sample is swallowed, feel the tooth surfaces with the tongue and
evaluate the amount of sample adhering on/in the teeth.

REE
I

hish
raisin

low
carrot
Comments:

high
brownie

high
cracker

hig¡1
/z a tootsie roll

high
jujube
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Table 3.10. Range of standard deviations for each attribute for four samples
evaluated during the last training session.

Attribute

Sweetness
SourÆruity Flavor
Grainy
Lentil
Stickiness to Touch
Hardness
Cohesiveness
Cohesiveness of Mass
Moisture Absorption
Chewiness
Adhesiveness to Teeth

Range of Standard Deviation

7.8 to 2.1
2.5 to 3.1
1,.6 to 2.1
2.2 to 2.8
L4 r.o 2.8
1.2 to 2.0
2.1to 2.4
I.7 fo 2.8
Ll to 2.0
I.l to 2.2
1.3 to 2.8
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All statistical analyses were performed using the Statistical Analysis System (SAS

Institute Inc., 1999). Level of significance was set at p < 0.05 for all analysis of variance

procedures and means comparisons tests. Tukey's test was used to test for mean

differences in all cases except for the descriptive panel data where LSD (least significant

difference) was performed.

3.2.7.1 Bar Formulation and Feasibility

Mean scores and standald deviations for the lentil snack bars and commercial

snack bars were calculated. PROC GLM was performed to determine if the two samples

differed in overall liking. Frequencies for each descriptor for the 'Just right" scales were

tabulated.

3.2.7.2 Quality Criteria

PROC GLM was performed to determine if samples were significantly different

for DSC gelatinization temperature and enthalpies and both moisture methods. Tukey's

test was used for testing significant sample differences. PROC CORR was used to find

Pearson correlation coefficients.

3.2.7.3 Mixture Experiment

For each sensory attribute measured, intensities marked on the 15 cm line scale

were converted to numbers from 0 to 15 measuring the distance in centimeters from the

left end of the scale. Mean values for each of the attributes were entered as dependent

responses into the Design-Expert Program (Stat-Ease, 2000) for each of the 25 runs.
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Descriptors checked on the acceptance scales were converted to numbers as

follows: 9 = "like extremely", 1 = "dislike extremely"; for the purchase behaviour scale, 7

= "purchase every opportunity", | = "purchase never" and for the'Just right" scales,l =

"not enough" , 4 ='Just right" ,'7 = "too much".

Analyses of variance were performed on acceptance and purchase behaviour data

using PROC GLM. Panelists and samples were used as main effects. The denominator

for the F test for the main effects was the error mean square.

Frequencies for each category were tabulated for each of the attributes for the

'Just right" scales. Frequencies for categories 1 to 3 were combined into one category

called "not enough", categories 5 to J werc combined into one category called "too

much".

Intemal preference mapping was performed using PROC FACTOR and PROC

PRINQUAL with the nonmetlic MDPREF option to determine if consumers could be

segmented based on their preferences for the snack bars. In this case the principal

component analysis uses a matrix where the columns correspond to people and the rows

to the objects which is the transpose of the type of matrix that is usually used in

multivariate analysis. The bi-plot produced is the resulting transformed preference space

that accounts for the most variance in the data. Vectors are replesented by the consumers

and points by the samples. The first principal component represented by the X axis is the

overall preference. One end points in the most preferred direction by the consumers and
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the other end to the least pleferred. Vectors pointing in roughly the same direction are

those judges with similar preferences. Samples that ale grouped tend to have similar

patterns of preference across the consumers. Similal characteristics within this grouping

might be an indicator of what consumers plefer. The second principal component is

orthogonal to the first and is interpreted differently depending on the data being analyzed

(SAS Institute Inc., 1999).

3.2.7 .5 Descriptive Panel

Intensities marked on the line scales by each panelist for each attribute were

measured as for the expert panel (Section3.2.7.3). PROC GLM with the MANOVA

option was used to test for differences between two or more samples using all eleven of

the dependent variables at the same time. If a significant difference was found for

samples, analysis of variance determined which attributes significantly differentiated the

samples. A repeated measures two-factor analysis of variance was performed for each

attribute with panelists, replications and samples as fixed effects as recommended by

O'Mahony (1986). The main effects of panelist, replication and sample were tested as

well as the two-way interactions of panelist and replication, panelist and sample, and

replication and sample using PROC GLM. The denominator for the F test for the main

effects and interactions was the error mean square. If the panelist by sample interaction

was significant it was used as the error term to test the sample effect (Stone and Sidel,

19e3).

PROC FACTOR was peformed using the overall mean values for each of the

71



attributes with correlation, principal component and no rotation selected as the options.

Loadings were plotted to illustrate the relationship of the snack bar samples and the

sensory attributes.

Loadings (calculated by PROC IML (interactive matrix language) and weights for

each factor including the mean values of the eleven sensory attributes (x variables -

predictor variables) and the mean values for consumer acceptance and purchase behaviour

(y variables - response variables) were determined using PROC PLS (procedure partial

least squares) with the details option. Loadings were plotted to give the relationships

between the attributes and consumer acceptability/purchase behaviour. Regression

coefficients, the product of loadings and weights, provided insight into the importance of

the predictors in the model. The higher the coefficient the higher the importance. A

prediction equation was developed from the predictors with higher coefficients.

3.2.7 .6 External Preference Mapping
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The majority of the ten consumers from the preliminary work on blueberry snack

bars were females from 17 to 24 years of age who ate snack bars either at least once a

week or a few times ayear mostly as a daytime snack (Figure 4.1). Brands eaten included

Kellogg's Nutri-grain, Nature Valley, Quaker, President's Choice, and Kellogg's Rice

Krispies.

Mean scores and standard deviations for the bars were 6.7+13 and 5.3+1.3 for the

lentil snack bar (Appendix 1A) and commercial snack bar (Table 3.34) respectively

which correspond to "like moderately" and "neither like nor dislike". Samples were

significantly different (p = 0.025). For the lentil bar sample 90Vo of the responses fell in

the "neither like nor dislike"category or higher (Figure 4.2). Panelists commented that

the lentil snack bar contained fruits which added nicely to the taste, was rich in grains,

had nice chewy mouthfeel, grainy feel was good, not too hard, texture was good,

blueberry flavor was low, flavor and aftertaste were weird and very different, tasted like

seeds, had more taste elements (than the commercial snack bar), bar fell apart while

cherving so that marshmallow, honey or something to hold grains together was required.

For the commercial snack bar sample 407o of the responses fell in the "dislike

slightly" category (Figure 4.2). Comments included not very "exciting" but okay flavor,

texture was chewy which was okay, not too hard, soft and did not stick to teeth which was

good, the flavoring was too heavy, taste was very unique but it had a kind of almond
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Figure 4.L. Consumer group for bar formulation and feasibilityz agérgender and
snack bar consumption patterns.
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Figure 4.2. Percentage of responses for each hedonic category for experimental and
commercial blueberry snack bars from preliminary consumer study n=10.
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aftertaste which was too strong, had a cleaning agent taste, there was a strong flavor that

seemed to mask any other flavor, blueberry taste was overbearing on sweetness and

artificial like, initial bite was very tough.

Frequencies from the 'Just right" scales are shown in Table 4.1. For both the 5 and

6 scale values combined ('Just right"), the experimental sample had a higher frequency

for amount of blueberries (4 vs. 1), sweetness (8 vs. 4), firmness (8 vs. 6), with the same

number for chewiness (7 vs. 7). The commelcial sample had a higher frequency for color

(4 vs. 3), bluebery flavor (4 vs.2), thickness (9 vs. 3) and moistness (5 vs. 2). For the

lentil sample the following attributes with their corresponding description are given for

those attributes whose highest frequency did not fall in the 'Just right" zone: color - too

dark, blueberries - too few (tied with 5-6), blueberry flavor - too little, thickness - too

thin, moistness - too little.

From this preliminaty work it was determined that further development could

proceed as the lentil bar sample on average was "liked moderately". Improvements to be

made included: lighten the color, increase the amount of blueberries and blueberry flavor,

and increase the thickness and moisture level. The color and moisture problems could be

rectified by decreasing the oven temperature from 350oF (180"C) to 300"F (150"C).

Increasing the amount of blueberries would increase the flavor. Increasing the amount of

total ingredients and keeping the pan size the same would increase the thickness. These

aspects were incorporated into samples prepared for the consumer focus group study. It

was detetmined that due to the high cost and restricted availability of dried blueberries,

dried cranberries would be substituted.
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Table 4.L. Number of responses in each category for attributes from "just right" scales from preliminary consumer study
n=10.

Scale Value

I
)
3

4
c¡i:

Èi¡
7
8

9
10

Colorr
Amount of
Blueberries2 Sweetness3

00
02
0l
03il
?8
50
20
00
00

rl=too light 10=too dark
21=too few 10=too many
31= not enough 10=too much
al=too little 10=too much
51=too thin 1O=too thick
61=too soft 10=too firrn
71=too little 10=too much
81=too little 1O=too much
eExperimental Sample
toCommercial Sample
tt5-6 

= "just right" for all of the scales

03
01
01
444t,?a10
t0
00
00

Blueberry
Flavora

00
00
1l
10
{5
.4 il,03
01
01
00

11
22
3T
20
1åj
L,!01
01
00
00

Thickness5

00
20
30
20
[: 5]r)*
00
01
00
00

Firmness6

00
00
11
l2
7+
!200
01
00
00

ChewinessT Moistnesss

00
00
0l
11(t
ä<7!1l
10
00
00

00
00
l0
53
¿ii-4
l2
l0
00
00
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Costing of the lentil bals based on a single batch using retail prices determined

that the product had market potential. More detailed financial information is presented

Section 4.4.2.

4.2 Quality Criteria

4.2.lLentil Quality

Four batches of lentils obtained from the commercial processor resulted in

differences in the textural quality of the snack bars. Batch I and2 produced lentil bars

with consistently soft lentils. Batch 3 produced a large percentage of lentils that were

hard and definitely perceptible in the final product. Batch 4 had a high degree of foreign

material and was not used. To determine if degree of starch gelatinization had an effect

on the lentil hardness, DSC was done. A lower enthalpy value indicates a higher degree

of starch gelatinization due to processing. The processed samples ranged from2.2r"o 4.6

J/g (Table 4.2) which is in range of 3.2 J/g, the value found by Cenkowslci and Sosulski

(1997) for lentils micronized at 25.87o wet basis moisture content. Theoretically the raw

sample should have a highel enthalpy value than the processed samples as no

gelatinization would have taken place. This raw sample was taken from a different crop

year than the processed samples and therefore comparison with the processed samples is

difficult.

The samples with the lowest enthalpies, Batches 3 and 4, weÍe not exhibiting the

softest lentils therefore it may be concluded that starch gelatinization is not a good

indicator of micronized lentil hardness in a snack bar. Other factors such as the "hard to

cook" phenomenon which is influenced by growing conditions and storage may have had a
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Table 4.2. Raw and micronized flaked lentil (MFL) means" and standard deviations
(SD) for lentil starch DSC, gelatinization temperatureb and enthalpy change..

Sample

Raw
MFL-Batchl-July'00
MFL-Batch2-May'01
MFL - Batch 3 -May '02
MFL-Batch4-Sept'02

G elatinizati on Temp eratured

uMeans afe averages of duplicate samples
bvalues are expressed as oC

"Values are expressed in Joules per gram of sample as is
oValues are mean and (SD); means with the same letter are not significantly different
(p < 0.05).

70.5 (1.6) ab

73.1 (0.0) a
71.8 (1.9) ab

70.9 (0.4) ab

70.3 (0.9) b

Enthalpyd

2.60 (0.01) ab
3.47 (0.12) ab

4.58 (0.32) a
3.28 (0.37) ab

2.23 (r.3)b
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larger effect than the micronization process. Batches with poor quality micronized lentils

were grown in200l which was a very dry crop year producing lentils with initial moisture

of 8 to I07o compatedto I27o from the 2000 crop year (Table 3.1). Alterations in

tempering parameters may be necessary to compensate for the lower moisture.

Development of a screening procedure for the raw product to predict micronized lentil

softness suitable for inclusion in snack bars is advised.

4.2.2 Moisture Content

CB2 had a significantly higher Vo total solids i.e. significantly lower moisture than

all of the other samples (Table 4.3). CBl had the second highest 7o total solids and was not

significantly different from LB3 and LB6.

Of the lentil bar samples LB1, LB3 and LB6 had significantly higher 7o total solids

than the other lentil bar samples ranging from 90 to 9I7o. LB4 had least 7o total solids

which was significantly lower than the other lentil bars except for the reference snack bar

andLB2. Moisture levels found for LB3 and LB6 and the commercial snack bars were

within the same range as the walnulcereal bars made by Estevez et al., (1995) which was

7.7 to 9.4Vo. These levels were lower than the 327o found in the fibre bars made by Azlyn

and colleagues (1989).

4.2.3 Water Activity

Water activity ranged from 0.454 for CBl to 0.622TorLBZ (Table 4.4). According

to Troller (1989) foods with an a* of below 0.78 to 0.80 should not promote growth and

toxin production. Yeasts and molds are more tolerant of lower water activities as noted in

Troller and christian (1978) some existing as low as 6.1 to 6.2. while a,u can be an
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Table 4.3. Snack bar sample means'and standard deviations (SD) for 7o total
solids.

Sample

CB2
CB1
LB3
LB6
LB1
LB5
REF
LB2
LB4

7o Total Solidsb

92.04 (0.10) a

97.r3 (0.34) b
90.90 (0.11) bc
90.77 (0.07) bc
90.18 (0.26) c

88.50 (0.03) d
88.10 (0.01) de

87.98 (0.12) de

87.43 (0.40) e

uMeans are averages of duplicate samples
bValues are mean and (SD); means with the same letter are not significantly different
(p < 0.05)
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Table 4.4. snack bar sample means" and standard deviations (SD) for a,,.

Sample

CBz
CBl
LB3
LB6
LB1
LB5
REF
LBz
LB4

â*o

0.457 (0.00i) a

0.454 (0.004) a

0.533 (0.000) c
0.523 (0.002) c

0.s10 (0.004) b
0.s88 (0.002) d
0.579 (0.003) d
0.622 (0.000) e

0.s86 (0.001) d

uMeans are averages of duplicate samples
bvalues are mean and (SD); means with the same letter are not significantly different
(p < 0.05)
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indicator of possible microbial growth it is important to be aware of other possible factors

such as pH, salt, sugar and honey that can also provide preservative effects either alone or

in combination (Troller, 1987).

LBZ had water activity which was significantly higher than all of the other

samples. It had the highest level of sweetened condensed milk. The other samples were

grouped as follows: LB5, LB4 and the reference sample were significantly higher than

LB3 and LB6 which were significantly higher than LBI which was in turn significantly

higher than both CB2 and CB1. LBl had the lowest amount of sweetened condensed milk.

Comparing the water activity levels for bars in this study to those of Estevez and

colleagues (1995) showed three lentil bars within the range of 0.50 to 0.56, LB1, LB3 and

LB6. The commercial samples were lower than those from the Estevez study. Water

activity of bars made by Maurer et al., (2002) and Sipahioglu et al., (2002) was 0.28 and

0.97 respectively indicating that a wide range of water activities can be found for these

products.

A correlation of -0.91 was found between Vo total solids and water activity with an

associated p value of 0.0006 which is expected (Baker et al., 1988). No significant

correlation was found between these two physical moisture measurements and the mean

moisture scores from the descriptive panel.

4.2.4 Nutrient Content

LB3 contained the highest amounts of calories and total carbohydrate and lowest

amounts for dietary fibre, protein, iron and folate (Table 4.5). This could be because it had

the highest level of granola which contains canola oil and lowest level of lentils (Table
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Table 4.5. Major nutrients in lentil bars (30 g serving size).

Sample Energy

(kcal)

IJOI gz

LB1
LB2
LB3
LB4
LB5
LB6

Total
Fat
(e)

87 91 2.3 2.1
84 88 2.t 2.5
98 101 3.1 3.4
77 80 1.6 2.1
82 86 1.6 2.1
94 97 3.0 3.3

Total
Carbohydrate

(e)

UO o

rNutrient content of bars containing lentils and oats
2Nutrient content of bars replacing lentils with oats

Source: Owl Software TechWizard Vers. 3 (2003)

UO

Dietary
Fibre

(e)

o

13.2 13.9
t2.4 L3.2
14.3 14.9
12.0 t2.8
r2.9 13.8
13.3 13.9

UO

Protein

(e)

o

3.r
3.0
2.8
3.2
3.4
2.9

UO

t.6
1.5
T,6

1.5

1.5

r.6

Iron

(me)

o

4.1 3.2
4.4 3.5
4.0 3.2
4.r 3.1
4.5 3.3
4.2 3.4

uoo

Folate

rae)

1.0
1.0
1.0

1.0
1.0

1.0

UO

0.6
0.6
0.7
0.6
0.6
0.1

o

34.8 4.6
36.2 4.5
29.3 4.8
38.6 4.3
42.8 4.6
30.4 4.8
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4.6). LB4 contained the lowest amounts for calories, total fat, total carbohydrate.

Compared to LB3 it had half the granola and 387o more lentils. LB5 contained the highest

amount of dietary fibre, protein, iron and folate. This sample had the highest amount of

lentils. LB6 contained the highest amount of fat. It had almost the same level of granola

as LB3 and higher sweetened condensed milk. One lentil bar (30 g) would provide from 8

fo l07o of the daily adult recommended intake of 400 ¡,tgforfolate.

Calories, carbohydrate, fat and protein levels for lentil bars generally fit the

definition of a bar classified as carbohydrate/energy and endurance (Deis, 2000).

According to Deis (2000) these bars contain between 160 to 250 calories and are high in

carbohydrate suited to replenish energy lost during exercise and to aid in muscle recovery.

Generally a200 calorie lentil bar contained 25 to 30 grams of carbohydrate, 5 to 15 grams

of protein and2 to 6 grams of fat (Table 4.5).

Snack bars with oats only, provided more calories, fat and carbohydrate and less

dietary fibre, protein, iron and folate than those containing lentils (Table 4.5). This is to be

expected based on the nutrient contribution of the lentils (Table 2.2). Inclusion of lentils

provided 6 to 9 times more folate compared to a bar containing only oats (Table 4.5).

According to Health Canada's Nutrient Content Claims (Canada Gazette,2002) all lentil

bars would provide a source of dietary fibre, non-heme iron and folate. LB7,LB2,LB4

and LB5 would provide a good source of folate.

4.3 Consumer Focus Groups

4.3.1 Consumer Profiles

Most of fhe 14 consumers participating in the focus groups ate snack bars
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Table 4.6. Lentil bar ingredients in grams for one batch.

Sample

LB1
LB2
LB3
LB4
LB5
LB6

Sweetened
Condensed
Mitk

189
260
782
208
22r
2t5

Honey

lOne batch

59
39
72
46
59
39

Micronized Granola
Flaked
Lentils

169
116

t31
189
208
r43

195
176
260
130
130
254

Dried Total
Cranberries Weightt

47
0
0

78
26

0

6s9
651
651
65r
644
651
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occasionally with equal numbers represented from the other categories @igure 4.3). These

consumers met the criteria of having eaten snack bars at least once. One-half of the group

were 35 to 45 years old and one-half were 45 to 55 years old. About half the group ate bars

sometimes, most often to replace breakfast. The majority of respondents (877o) ate bars as

a snack, most often in the afternoon. Granola and nutri-grain bars of various brands were

the type eaten most often with most selections coming from the fruit and nut groups.

4.3.2 Consumer Responses

Development of the new product should include properties that consumers look for

in snack bars. They need to be nutritious, contain natural products, be low in fat and taste

good (Table 4.7). Comments about the cereal bars currently found in the market can be

used to guide the development of the bar. It was found that consumers desired sweetness

at the appropriate level, flavor that is evident and not off, and texture that is not too hard,

too gummy, too crumbly or too sticky. Addition of fruit and nuts could add to the appeal

of the bar (Table 4.8).

Suggestions to improve the flavor of the plain and cranberry lentil bars included:

- add other ingredients such as finely ground nuts (perhaps almonds), raisins,

culrants, strawberries, dates, oranges, coconut, cinnamon, vanilla, dried lemon,

dried pineapple

- decrease sweetness in the cranberry bar so that the fruit flavor comes out

- increase the amount of cranberries, use less lentils and more oatmeal

The suggestion to improve texture was to compress the bar more like the Nature Valley

sample (Table 4.9).
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Figure 4.3. Consumer focus groups: age and snack bar consumption patterns.
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Table 4.7. Comments from four focus groupsl regarding what consumers look for in snack bars.

Attributes Comments

Flavor

Texture

specific flavor such as apple cinnamon
variety of flavors to satisfy all family members
taste/good flavor

chewier
harder, crunchier
not crumbly

low fat (compared to chocolate bar)
low calorie
balance between carbohydrate and protein
healthy

honey vs sugar, fruit, not aspartame or other additives, calcium, no refined sugar, oatmeal, nuts, raisins, protein

brand names and specials vs no name

nice packaging

Nutrition

Ingredients

Price

Other

L3 to 4 participants per group; n=14
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Table 4.8. Comments from four focus groupsr regarding commercial snack bars.

Attributes

Flavor

Positive Comments

Nature Valley - Oats and Honey

Texture

sweet enough
nutty taste
tasty

tastes like high fibre, high protein

not sticky
like texture a little hard
not too chewy
not too hard
not too gummy
light flaky
doesn't break apart
crunchy

looks nutritious/trealthy
due to oatmeal, granola,

and other grains

high in fibre
hard/looks too hard
drier, crispy, crunchy
cookie-like, nice color, plain
oily, easy to break

Nutrition

Negative Comments

need something like raisins
or cinnamon

not appetizing/appealing

Appearance

dry texture needs raisins like rice crispy cake
or currants to improve softer

initial bite not so good
sticks to teeth abitbut

can get it off

'3 to 4 participants per groupl n=14

Positive Comments

Quaker Oats - Honey and Raisin

smells good, stronger, sweet
tastes good, high fat
ma¡shmallow taste

more like a healthy cookie
not as sweet

Negative Comments

buttery taste
stale?

some flavor I don't
like

too sweet

prefer drier textue
greasy and sticky on

holding
breaks apart in mouth
soft and falls apart
sticky texture sticks to teeth
too flexible

tastes sweeter, too
unhealthy

like a dessert bar,
cookie or treat

too light in color
like white flour product
too nalrow
sticþ

raisins sound healthier

like rice crispy cake
lots of different colors/

looks inviting
airy not as compressed
moist
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Table 4.9. Comments from four focus groupsr regarding micronized flaked lentil bars.

Attributes

Flavor

Positive Comments

aftertaste okay

Texture

Plain

not sticky but still chewy
doesn't melt in mouth
not too hard and

not too soft
a bit of moisture
stays together
not sticky
doesn't break

seems like it would have
good nutrition based
on tasting it

Negative Comments

Nutrition

a little sweet
not a lot of flavor
bland, not enough zip
unappealing pepper taste

on initial chewing
uncooked flavor

could be more compressed
a little sticky on bottom
dry

Positive Comments

fruit gives nice sharp taste fruit not necessary to increase
not too sweet sweetness
like fruit fruit not fresh

a little too much fruit

Cranberry

Negative Comments

fruit adds to servings for food group

a bit too súcþ
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Table 4.9. Comments from four focus groupsl regarding micronized flaked lentil bars. (cont'd)

Attdbutes

Appearance

Positive Comments

looks colorful
looks nutty

would like to try this
based on appearance

looks high in fibre
looks substantial
looks healthy
good thickness
looks the ideal texture between

ha¡dness of fi¡st sample

Qt{ature Valley) and falling
apart of second (Quaker)

lools nutritious
looks interesting
attractive
lovely color

stays with you/feels like you
getting something/filling

Plain

Negative Comments

likebird seed no green look
green things make it

less appealing, looks old

looks unappealing but better with fruit

Other

Positive Comments

t3 to 4 participants per goupi n=14

better as I eat more/ kind of grows on you
more inclined to try if'knew

ingredients

Cranberry

Negative Comments

better with fruit
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It appeared that these consumers were focused on flavor more than texture when it

came to making improvements in the bar reinforcing the fact that taste is important when

developing products (Katz,1999). Comments were made about the texture but few

improvements were noted either due to its desirability, its comparability to existing

products or its reduced importance in acceptability criteria. Attributes used by the

consumers to describe the flavor and texture of the product included sweet, bland, fruit

amount, sticky, hard, soft, chewy and dry. The lentil bars in general were perceived as

nutritious and filling. Generally the appearance was favorable although negative

comments included like bird seed, green things made it look less appealing and looked old

(Table 4.9).

Results from these focus groups provided input for the next stages of development.

Comments provided direction for setting the constraints for the ingredients in the mixture

design experiment. The lentils generally were not as well liked as granola so that varying

the ratio of lentil to granola would likely provide a range in acceptability. The sweetness

level could be varied and would also produce a range in acceptability. Dried cranberries

for the most part seemed to improve the bar so that including formulations with

cranberries is important with perhaps a lower amount of sugar to compensate for their

inherent sweetness. Excluding cranberries in some formulations would be necessary for

consumers that do not like cranberries. Hardness/softness could be adjusted with different

liquid to dry ingredient ratios.

Data from these focus groups were also used for recruitment in the quantitative

study. Since the aspect of "nutritious" was noted it was used as a description of the bar as
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well as the fact that lentils were a component. This would appeal to those that like to try

new products and that liked lentils eliminating the "guesswork" that was part of the

assessment procedure during the focus groups. Attributes provided by the group were

included in the attribute analysis (i.e. 'Just right" scales).

4.4 Mixture Design Experiment

1.4.1 Yield

Percent yield for one batch of each of the twenty-five lentil bar formulations ranged

from94.76 to 98.38 with corresponding cooking losses from5.24to L627o (Table 4.10).

No trend was noted for relating yields to ingredient amounts.

4.4,2 Cost of Production Estimate

An estimate of the costs of production for the cranberry lentil bar was made based

on the formulations and work completed for the mixture design experiment. The material

cost for a 30 gram bar was $0.195 (Table 4.1 1A). The major input was sweetened

condensed milk representing about 50Vo of the total cost with dried cranberries and honey

the next highest at about I27o each of the total. Micronized flaked lentils and canola oil

were the lowest cost ingredients at 3.4Vo each of the total. Lentils were a slightly lower

cost than the oats.

Adding packaging, labor and overhead increased the cost by approximately 347o to

50.294 per bar (Table 4.118). It should be noted that material prices are retail, labor is set

at $12.00 per hour with ovelhead estimated at twice the labor cost. An estimated 720bars

would be made in one hour in an automated commercial scale facility. The estimated

retail price of a 30 g cranberry lentil bar would be lower than four of seven nutritious
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Table 4.10. Cooked yield of one batch of lentil bars for 25 formulations from the
mixture design experiment.

Run SCMI
Order

L

2

J
4
5

6

7

8

9

10

11

12

13

l4
15

16

T7

18

T9

20
2L

22
23
24
25

0343
0.28
0.40
0.37
0.35
0.28
0.28
0.28
0.28
0.28
0.28
0.28
0.40
0.34
0.28
0.40
0.28
0.40
0.37
0.28
0.33
0.37
0.28
0.40
0.28

Honey

Ingredients

0.r23
0.06
0.r2
0.r2
0.09
0.09
0.06
0.09
0.r2
0.06
0.r2
0.06
0.06
0.06
0.06
0.06
0.12
0.r2
0.06
0.r2
0.09
0.06
0.06
0.06
0.12

MFL2 Granoia Dried
Cranberry

0.193

0.27
0.19
0.19
0.29
0.19
0.19
0.19
0.37
0.32
0.31
0.19
0.27
0.19
0.32
0.22
0.28
0.28
0.37
0.19
0.27
0.37
0.37
0.19
0.20

0343
0.28
0.25
0.20
0.20
0.32
0.40
0.32
0.22
0.35
0.22
0.40
0.28
0.29
0.35
0.20
0.20
0.20
0.20
0.35
0.28
0.20
0.20
0.35
0.40

0.003

0.12
0.05
0.t2
0.07
0.r2
0.07
0.12
0.02
0.00
0.02
0.07
0.00
0.r2
0.00
0.r2
0.12
0.00
0.00
0.07
0.03
0.00
0.09
0.00
0.00

Yield
(vo)

Cooking
I-oss (%)

94.76
96.55
97.28
97.20
96.00
96.54
96.20
97.58
96.95
95.7t
96.23
95.99
95.90
97.32
98.38
97.62
97.15
95.5t
97.66
95.54
96.94
97.12
96.45
96.75
96.25

rsweetened Condensed Milk
2Ivhcronized Fl aked l-entil s
3Proportion of ingredient in total formulation where I, ^ 

= I

5.24
3.45
2.72
2.80
4.00
3.46
3.80
2.42
3.05
4.29
3.77
4.01
4.10
2.68
r.62
2.38
2.85
4.49
2.34
4.46
3.06
2.88
3.55
3.25
3.75
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Table 4.11. Cost estimate and market pricing comparison for 30 gram micronized
flaked lentil bar.

A. Material Cost

Materials

MFLI

SCM2

Oatmeal

Cost for 25 runs
($)

DriedCranberries 10.48

Cooking Spray 6.98

Canola Oil 299

Honey 10.64

Aluminum Foil 4.I7

Total Material Cost for Bar:

3.01

44.42

5.11

Cost for 1 run
($)

0.12

r.78

0.20

0.42

0.28

0.r2

0.43

0.77

Cost for 1 bar 7o of
($) Total Cost

rMicronized Flaked læntils
2 Sweetened Condensed Milk

0.006

0.099

0.011

0.023

0.016

0.007

0.024

0.009

$ 0.195

B. Retail Price
Total Cost Before Retail Markup of 50Vo:

Material Cost for Bar (above)

Package
Labor
Overhead .(ZxLabor)

Retail Price:

3.4

50.6

5.8

TI.9

8.0

3.4

t2.L

4.7

0.195
0.050
0.016
0.033
0.294

0.59

$

$
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Table 4.LL. Cost estimate and market pricing comparison for 30 gram micronized
flaked lentil bar. (cont'd)

C. Price Comparison

Sample Manufacturer

A
B
C
D
E
F
G

Quaker Honey Raisin
Adams Body Smarts
Clif Luna Bar for Women

Quaker Trail Mix
Quaker Oatmeal to Go
Kelloggs' Vector Bar
Power Bar

Retail Price/30 grams

$

0.51
0.89
1.24
0.71
0.47
0.61
0.95

Iæntil Bar
Retail Price
Compared to
Competitors'

$

0.08 higher
0.30lower
0.65lower
0.12lower
0.12 higher
0.02 higher
0.36lower
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snack bars currently found in supermarkets (Table 4.1IC). It is unlikely that this bar

would be able to compete for snack bar market share with large multinational companies

but would be financially viable in a specialized market.

4.4.3 Expert Panel

Mean values for each of the sensory attributes for each of the 25 formulations were

used to construct models for each attribute (Table 4.I2). A linear model was appropriate

for all of the responses except toasted. A quadratic model was suggested for toasted and

was reduced to having combinations of sweetened condensed milk (SCM) and granola and

SCM and dried cranbenjes in the model as significant effects. Toasted had an outlier at

3.513 which was only .013 above the recommended limit and leverage at 0.6018 which

should not be close to 1. All of the other responses fell within the recommended limits.

Square root transformation was necessary for fruit flavor. All of the other responses

required no transformation.

Significant models were used to predict formulations for six lentil bars. Sensory

characteristics for these six samples were based on comments from the consumer focus

groups. These characteristics were identified by the gl'oups and comments were provided

as to whether they did or did not like these particular characteristics. High and low

combinations of the characteristics would result in lentil bars displaying a range of flavor

and textural attributes with a corresponding range in acceptability as follows:

1. low sweetness with high fruit flavor

2.high sweetness, no fruit flavor

3. high oat, no fruit flavor
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Run
Order

Point Typet

I
2
3

4
5
6
7
8

9
10
11

L2
13

l4
15
16
17
i8
19
20
2t
22
23
u
25

Proportion of Ingrediens

CentEdge
CentEdge
CentEdge
Vertex
PlaneCent
CentEdge
Vertex
CentEdge
CentEdge
CentEdge
CentEdge
Vertex
CentEdge
CentEdge
CentEdge
Vertex

. Vertex
Vertex
Vertex
CentEdge
Interior
Vertex
Vertex
Vertex
Vertex

SCNf'? Honey MFL3 Granola Dried sweeta oat fruiry4 toasteda
Cran- flavora
berq,

0.34 0.t2
0.28 0.06
0.40 0.72
0.37 0.12
0.35 0.09
0.28 0.09
o.28 0.06
0.28 0.09
0.28 0.t2
0.28 0.06
0.28 0.12
0.28 0.06
0.40 0.06
0.34 0.06
0.28 0.06
0.40 0.06
o.28 0.12
0.40 0.L2
0.37 0.06
0.28 0.t2
0.33 0.09
0.37 0.06
0.28 0.06
0.4 0.06
0.28 0.t2

0.19 0.34
0.27 0.27
0.19 0.25
0.19 0.20
0.29 0.20
0.19 032
0.19 0.40
0.19. 0.32
0.37 0.22
0.31 0.34
0.37 0.22
0.19 0.40
0.26 0.27
0.19 0.29
0.31 0.34
0.22 0.20
0.28 0.20
0.28 0.20
0.37 0.20
0.19 0.34
0.27 0.28
0.37 0.20
0.37 0.20
0.19 0.35
0.20 0.40

0.00 7.4
0.12 7.5
0.04 9.8
0.r2 9.3
0.07 8.3
0.t2 6.9
0.0'7 6.L
o.Lz 7.9
0.01 7.3
0.00 5.4
0.01 6.6
0.07 6.6
0.00 8.0
0.12 7.2
0.00 5.7
0.12 9.2
0.12 8.1

0.00. 9.7
0.00 6.4
0.06 8.6
0.03 6.2
0.00 6.t
0.09 6.0
0.00 6.8
0.00 7.0

Mixture design points defined in Figure 2.2,

7.8
5.2
5.6.
5.9
6.3
6.0
6.2
7.4
.74

8.7
8.7
6.2
7.8
6.2
9.0
5.5
7.2
6.6
8.3
7.8
8.4
5.6
7.4
8,1

9.1

0.1 9.2
5.2 7.2
t.7 6.7
5.3 6.4
3.2 8.4
4.4 5.8
1.7 7.7
5.4 6.6
0.8 9.8
0.2 9.3
1.5 9.0
4.5 6.9
0.3 7.7
5.0 7.5
0.2 9.1
6.0 6.9
5.3 '7.7

0.2 7.5
0.1 8.5
3.9 6.2
2.0 8.6
0.1 8.6
3.2 83
0.3 7.6
0.1 7.6

Mean Va]ues n=7

9.0
6.2
9.5

10.7
7.0
6.5
6.9
5.8
1.8
4.7
8.6
5.1

7.6
5.7
5.6

6.9
r0.2
5.9
7.4
7.8
6.7
5.8
9.7
6.7

6.8
9.5
5.1
5.3
5.9
7.3
9.7

1.0
8.7
6.2
8.8
6.9
7.7
8.3
6.7
6.4
6.2
7.4
6.6
6.t
7.1
7.7
6.6
6.8

7.4
8.3
6.9
7.2
7.2
7.5
9.7
8.3
5.7
8.1

5.5
7.6
6.6
8.5

8.5
6.4
7.9
6.0
6.7
6.7
6.3
6.4
7.t
6.5
7.O

Milk;

7.0
6.2
8.5
9.9
7.9
6.9
5.5
7.6
6.7
4.9
6.4
5.2
6.6
6.5
6.3

7.3
8.4
8.1

5.7
7.2
6.7
5.5
6.5
7.6
6.4

8.6
9.0
6.9
6.7
8.1

8.3
9.0
6.1
9.6
8.6

10.2
8.4
8.1

7.6
8.3

7.8
7.8

10.1

8.2
7.9
8.9

10.0
7.9
7.9

9.9
7.0
8.1

8.2
8.6
8.6
6.2
7.2
8.7
8.0

10.0
7.7
8.6
6.7
8.2
8.0
1.5
7.t
9.2
8.6
8.0
9.2
8.4
7.8
8.5

1S=high; ft,15=hard; , lS=wet
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4. low oat, high fruit flavor

5. soft, chewy, moist, moderate fruit flavor

6. not as soft, less chewy, drier, no fruit flavor

Note: Stickiness to touch and toothpack were kept as low as possible for all of the

samples.

The numerical optimization option in the Design-Expert Program was used to set

minimums, maximums and targets for each of the sensory characteristics depending on

each of the six bar characteristics listed above (Table 4.I3). Formulations were selected

based on the solution with the highest desirability score, optimizing the amount of lentils

where possible and minimizing toothpacking and stickiness to touch (Table 4.I4). The six

bar formulations shown in Table 4.15 were selected for further study.

4.5 Consumer Panel

4.5.L Demographic Data

The majority of the 62 consumers (86Vo) were 18 to 29 yearc of age with almost

equal numbers making up the other two age groups 30 to 39 and 40 to 49 (Figure 4.4).

Fifty-five percent ate snack bals at least once per week with 3l7o of respondents eating

them at least once per month. Of the 48 consumers making a single response as to when

the bars were eaten, "as a snack" was the response chosen by 837o. Nature Valley and

Quaker brands were each chosen by 2I7o of the consumers as the brand most often

purchased.

4.5.2 A,cceptability and Purchase Behaviour

CB 1 and CB2 were highest in acceptability with mean values 7 .I and 6.5
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Table 4.13 Criteria entered into the Design-Expert numerical optimization option for selection of six lentil bar samples.

Sensory Attribute

sweetness

oat flavor

fruity

toasted

sticky to touch

initial bite

cohesiveness

moistness

chewiness

toothpack

Bar I
low sweet;
high fruit

Bat 2
high sweet;
no fruit

Irunlmum

target = 7 .2

maximum

target = 7 .8

minimum

target=7.4

target = 7 .6

target = 7 .4

target = 8.5

minimum

Bar 3
high oat;
low toasted;
no fruit

maximum

target = 7 .2

minimum

target = 7.8

minimum

tatget = 7 .4

target = 7 .6

tatget = 7 .4

target = 8.5

minimum

Bat 4
low oat;
high toasted;
high fruit

target = 7 .6

maximum

minimum

minimum

minimum

target=7.4

target = 7 .6

target = 7 .4

target = 8.5

minimum

Bar 5

soft;
chewy;
moist;
moderate fruit

target = 7 .6

minimum

maximum

maximum

minimum

tnget=7.4

target = 7 .6

target=7.4

target = 8.5

minimum

Bar 6
less soft;
less chewy;
less moist;
no fruit

tatget = 7 .6

tatget=l.2

tnget= L.4

target=l.8

minimum

minimum

minimum

maximum

maximum

minimum

target = 7 .6

target = 7 .2

minimum

target = 7 .8

minimum

maximum

maximum

minimum

minimum

minimum
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Table 4.L4. Solutions (Sol) for six lentil bar samples generated from the Design-Expert numerical optimization option.

Bar # SoI # SCM' Ho2 MFL3 GR4 DC5 Sw6 oF7 FRS

Ingredients

1

2
J

I
2
J

4
5

6
7

0.29 0.09

0.38 0.06
0.36 0.07
0.40 0.06

0.28 0.11
0.28 0.11
0.29 0.10
0.28 0.11
0.31 0.10
0.28 0.11
0.32 0.09

0.32 0.07
0.31 0.08

0.34 0.09
0.34 0.10
0.37 0.08
0.34 0.11

0.26 0.30

0.21 0.34
0.20 0.34
0.26 0.27

0.19 0.40
0.20 0.40
0.19 0.40
0.2t 0.40
0.19 0.40
0.21 0.39
0.19 0.39

0.29 0.20
0.28 0.2r

0.32 0.20
0.31 0.22
0.31 0.20
0.31 0.20

41
2

0.01 1.0

0.02 7.2
0.03 7.3
0.01 7.3

0.02 6.9
0.01 6.9
0.02 7.0
0.00 6.8
0.01 6.9
0.01 6.8
0.01 7.0

0.12 7.6
0.12 7.6

0.04 7.6
0.04 7.6
0.04 7.6
0.04 8.1

51
2
4J
4

7.2

Mean values n=7

7.2
1.2
7.0

8.3
8.5

8.2
8.6
8.2
8.5
8.1

TOe STio Bu

2.6

0.5
0.8
0.4

7.8

8.2
8.1

8.0

7.6
7.8
1.7
8.0
8.0
8.0
8.0

7.6
7.5

8.3
8.3

8.0
8.1

6.6

7.5
1.5
7.8

0.8
0.5
0.1
0.4
0.4
0.5
0.5

CO12 MO13 CHr4 Tprs DEr6

7.6

7.4
1.4
7.0

1.6

1.3 7.4
7.5 7.3
7.4 1.4
7.3 1.4
7.5 7.4
7.3 7.4
7.5 7.4

5.9
6.r

1.r
7.2
6.8
7.2

7.4
1.5
6.8

7.5
7.4
7.5
7.4
1.5
7.4
7.5

6.6

6.4
6.5
6.6

5.5
5.6

8.5

1.9
7.8
8.2

8.1

8.2
8.1

8.3
8.0
8.4
8.0

8.4
8.4

8.7
8.6
8.5
8.5

r.4
t.4
r.4
t.4

8.0 0.826

1.9 0.703
7.9 0.702
8.2 0.690

8.2 0.702
8.4 0.699
8.2 0.699
8.4 0.696
8.2 0.694
8.4 0.693
8.2 0.689

7.8 0.814
1.8 0.807

8.6 0.67t
8.6 0.670
8.4 0.666
8.8 0.659

6.5
6.5
6.5
6.4
6.4
6.4
6.4

6.5
6.5

7.4
7.4

7.1 6.5 6.5
7.8 6.5 6.6
7.6 6.7 6.6
8.5 6.0 6.3

7.5
7.5

7,7
7.2

7.r
7.r
7.0
7.6
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Table 4.14. Solutions (Sol) for six lentil bar samples generated from the Design-Expert numerical optimization option.
(cont'd)

Bar# Sol# scMr Ho2 MFL3 GR4 DCs SW6 oF7 FRs Toe sT10 Blr COr2 MO13 CH14 Tpls DE16

6t
2
J
4
5

Ingredients

0.36 0.06
0.35 0.06
0.33 0.06
0.33 0.06
0.40 0.06

lsweetened condensed milk
2Honey
3Micronized Flaked Lentils
aGranola
sDried cranberries
6sweetness

TOat flavor
8Fruity
eToasted

losticky to touch
tlinitial bite
l2Cohesiveness
l3moistness
laChewiness
lsTooth pack
tÐesirability value based on criteria entered into the Design-Expert numerical optimization option

0.19 0.36
0.19 0.37
0.19 0.38
0.19 0.39
0.20 0.33

0.03 7.0
0.03 6.9
0.03 6.7
0.03 6.5
0.01 7.4

7.2
7.3
7.4
1.5
7.2

Mean values n=7

0.8
0.9
0.9
0.9
0.3

8.1
8.1

8.0
8.0
8.1

7.r
7.0
6.7
6.5
8.0

7.8
7.9
8.1

8.2
7.2

7.7
7,8
1.9
8.0
7.2

6.3
6.2
6.0
5.9
6.5

7.8
7.9
8.0
8.0
7.7

7.7 0.683
7.7 0.683
7.7 0.682
7.1 0.679
8.0 0.665
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Table 4.15. Bar formulations selected from the Design-Expert numerical optimization option for presenting to consumer and descriptive
panels.

Sample

LB1

LB2

LB3

LB4

LB5

Description Solution #
Selectedl

low sweet
high fruit

high sweet
no fruit flavor

low toasted
no fruit flavor

high toasted
high fruit

soft
chewy
moist
mod fruit

less soft
less chewy
less moist
no fruit flavor

Rationale

only solution
provided

maximize
lentils

highest
desirability

highest
desirability

highest
desirability

SCM2

LB6

0.29

0.40

0.28

0.32

0.34

* add to lentil proportion
rsolution # selected from options presented in Table 4.L4 generated by the numerical optimization procedure
2Sweetemed Condensed Milk; 3Micronized Flaked Lentils

Honey

0.09

0.06

0.11

o.07

0.09

MFL2

lowest SCM
lowest sticþ

0.26

0.27

0.19

0.29

0.32

Granola

0.33

0.30

0.27

0.40

0.20

0.20

Dried
Cranberries

0.06

0.07

0.01*

0.19

0.02x

0.r2

0.04

0.39 0.03*
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Figure 4.4 Consumer panel: age and snack bar consumption patterns.
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respectively corresponding to "like moderately" (Figure 4.5). LB7, LB3 and LB6 with

mean values of 5.9, 6.0 and 6.0 respectively were not significantly different from CB2

although the mean score coffesponded to "like slightly". LB\LB4 and LB5 were liked

significantly less than both the commercial bars with mean values of 5.6, 5.6 and 5.2

respectively which coresponded to "like slightly" forLBZ andLB4 and "neither like nor

dislike" for LB5. No significant difference in liking was found between any of the lentil

bars although LB5 had the lowest mean score corresponding to "neither like nor dislike".

Selecting a wider range of constraints for the mixture design experiment may have helped

to separate the lentil bars so that a wider range of acceptability could be found. The initial

intent was to include a relatively high percentage of lentils in the snack bars in order to

maximize their nutritional benefit and increase lentil consumption. On the other hand

lowering the lentil level may increase demand for the snack bars so that increased

consumption would offset the decreased amount used.

Samples with the highest purchase behaviour scores followed the same trend as

those with the highest acceptability scores agreeing with Moskowitz (1994). The mean

purchase behaviour scores for CBI and CB2 (4.1 and 3.6 respectively) corresponded to

"would purchase sometimes" (Figure 4.5). As for acceptability, LB1, LB3 and LB6 were

not significantly different from the two commercial snack bars. Purchase behaviour mean

values forLB2, LB4 and LB5 indicated that these samples would be purchased

significantly less often than the two commercial samples. All lentil snack bars had mean

values that showed no significant differences coresponding to "would purchase now and

then". Moskowitz (1994) suggests that determining the proportion of the responses for the
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Figure 4.5. Snack bar sample means" for acceptability and purchase behaviour
from consumer panel n=62.

LO
o
Gte
ofn7
o
IDg6
oF
=o)qËþ
à>
-o
(E

cLq
o()
o

tr
Go1
E

c
5.2

%:

%^
LB5

c
5.6

%

Ø^
LB4

c
5.6

%"

Ø,,

^

LB2

BC

5.9

%,"

W
LB6

BC BC

'Means are the averages of 62 panelists; mean values with the same uppercase letter
within the attribute "acceptability" are not significantly different (p < 0.05); mean values
with the same lower case letter within the attribute "purchase behaviour" are not
significantly different (p < 0.05)
lAcceptability:1=dislike extremely 5 = neither like nor dislike 9 = like extremely;
Purchase Behaviour: 1=never 4 = sometimes 7 = every opportunity

6

%,"

%
LB3

6

%,

^

LBl

AB

6.5

%^,

%
cB2

6 Acceplability ¡ Purchase Behavfour

A

7,1

%,

^

cB1

IL3



top two categories may be a more appropriate indicator of purchase behaviour. For the

first two categories, "every opportunity" and "very often", LB I had the highest number of

responses for the lentil bal samples at I}Vo which is slightly higher than CB2 at 87o

(Figure 4.6). Not surprising the most liked bar, CB1, had the highest frequency at237o of

the responses falling in both the "every opportunity" and "very often" categories. Even

though consumers were asked their opinions regarding purchase behaviour given that the

price would be similar to bars found in the marketplace different prices would be used

depending on the consumers' usual purchasing patterns. More reliable purchase behaviour

data may be obtained by using the price the consumer is accustomed to paying.

To determine the distribution of the data for each of the samples, frequencies for

each category were plotted. Categories with the highest frequencies corresponded to the

mean value forLB2, LB3 and CB1 (Figure 4.J8, C and G). Categories where the highest

frequencies were lower than the mean value were found for LB4 and LB5 (Figure 4.7D

and E) and categories where the highest frequencies were higher than the mean value were

found for LB 1, LB6 and CB2 (Figure 4.7 A, F and H). Therefore, the data showed normal,

skewed and in the case of LB5 possibly a bivariate distribution.

Figure 4.8 shows the percentage of responses that are at 5 (neither like nor dislike)

or higher using the guideline of Polizzoto et al., (1983) who stated that an acceptable

product was one which was rated at the half way point or better on an acceptance scale.

Even though the mean scores were the same for LB2 and LB4 the frequency scores infer

that LB4 was less acceptable as there were only 68% responses with scores over 5

compared to 82Vo 1orLB2.
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Figure 4.6. Percentage of responses for each category for purchase behaviour" of
snack bars from consumer panel n=62,
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Figure 4.7. Number of responses for each category for acceptability of snack bars by the consumer panel n=62.
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Figure 4.8. Percentage of responses for each category for acceptability" of snack bars from
consumer panel n=62.
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"Just right" scales are often used to determine the optimum level of an ingredient

based on consumer opinion of the appropriate level for an attribute and therefore may

provide insight for ploduct development (Vickers, 1988).

For sweetness of the lentil bar samples, of the three categories, "not enough", 'Just

right" and "too much", LB1, LB4 had the highest fi'equency in the'Just right" category

(Figure 4.9A). LB2had equal frequency for'Just right" and "not enough". LB3, LB5 and

LB6 had the highest frequency in "not enough". For the commercial samples CBl had

equal frequency for'Just right" and "too much" and CB2 had the highest frequency in the

'Just right" category.

For cranberry flavor, of the three lentil bars that contained cranberries ,LB4 had the

highest frequency in the'Just dght" category while both LB1 and LB5 had "not enough"

cranbeny flavor (Figure 498). Amount of cranbeny in the sample reflected the frequency

as LB5, the sample with the least cranbelries, had the highest frequency in the "not

enough" category (7 47o), LB I (mid level cranberry) the next highest (57 7o) andLB{ (most

cranberry) the lowest frequency for "not enough" (397o) only slightly lower than the

frequency for'Just right" (40%o).

LB6 was the lentil bar sample with the highest frequency in the 'Just right"

category for cereal/grain flavor (Figure 4.9C). All of the other lentil bar samples had the

highest frequency in the "too much" category with LB4 the highest at 50Vo. The

lentil:granola ratio for LB6 and LB4 was 1:1.77 and 1:0.69 respectively suggesting more

granola than lentil was thought to be "better" by these consumers. Both the commercial
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Figure 4.9. Frequencies (Vo) in for'¡not enought', "just righttt and t'too much" categories for all attributes from'Tust rightt'scâles from consumer panel n=6

Çuo
É

guo
>40o
g20
6EOlt

A. Sweetness

LBí LBz Ltr} LB4 LBs LB6 CB1

@ not enough øjusl¡igtlf Itoo much

D SlickircsstoTor¡cfr

o 8orE.OJ 
ffi9.,] ffi

g,:] WWW

I.BI LE2 LE3 La4 LE6 I-E CBI CEE

E¡ rid enor¡gh ø¡ust rigl¡t ttoo mudl

B. Cranberry Flavor

LBl LB4 LBs

gnol €nough øíusl rlght ltoo much

Nîtm
$æù66
ð¡o
9ngo
l!

E Firmr¡ess

LBI LEA LB3 LB4 LE6 IÆ CBI CE¿

E not enough ø¡ust r¡ght ltoo mudl

ô¡(o

Ëæ
8ao
ð' 40

520
Éo
E
t.L

C. @real/Qaln Havor

LBI LBz LE} LB4 LE6 LB6 CBf CEz

@ not enoug h øÅjuslright I too mudì

GMoistness

LBI LEz LEI . LB4 LB5 Lffi CBI CB2

gnot enough U ¡ust r¡ght ltoo mudr

o¡îæ
tr

s'60
>40(,
5zoa
Fo
IL

F. Cf¡ewiness

LBI LB2 L&} LB4 LB6 LB6 CBI CB2

E not enough øJust rlght ltoo mudt

LL9



samples had highest frequencies in the 'Just right" category for cereal/grain.

LB1, LB4, LB5 and LB6 had the highest frequency in the 'Just right" category

(Figure 4.9D) for stickiness to touch. Both LB2 and LB3 hadTgVo and 637o respectively

in the "too much" category. LB2 contained the highest amount of sweetened condensed

milk and LB3 contained the highest amount of honey. CB t had over 73Vo of the responses

in the 'Just right" category and CB2 had 66 7o in the "too much" category.

LB1, LB3, LB4, LB5 and LB6 all had highest frequencies (at least 50%) inthe

'Just right" category for firmness (Figure 4.98). LBZ had the highest frequency (537o) in

the "not enough" category. It was the only sample that contained an equal amount of

lentils and granola and had the highest level of sweetened condensed milk. CB1 had 637o

of the responses in the 'Just right" category and CB2 had 847o in the "not enough"

category.

For chewiness, all of the lentil bar samples had the highest frequency in the 'Just

right" category from 53Vo fol LB2 to 42Vo for LB3, LB5 and LB6 (Figure 4.9F). CB t had

the highest frequency in the" just right" category while CB2 hand the highest frequency of

responses in the "too much" category.

For moistness, LB1, LB3 and LB6 had the highest frequency in the 'Just right"

category (Figure 4.9G). Frequencies for LB2 were similar for all three categories.

Frequencies were highest in the "not enough" category for LB4 and LB5 (537o and 477o

respectively). These two samples had the lowest amount of granola with the top two

levels of lentils. Both the commercial samples had the highest frequency in the 'Just

right" category.
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A higher percentage of attributes that have the majority of responses in the 'Just

right" category may be an indication of a more acceptable product. Product improvements

would be based on which category the majority of responses fell. For example, if the

highest frequency of responses was in the "too much" category then less of that attribute

would be desirable. If the highest frequency was in the "not enough" category then more

of that attribute would be desirable. Of all of the lentil bars LB6 had the highest

percentage of attributes with the majority of responses in the 'Just right" category ß3qo)

which was the same as CB1 (Table 4.16).Increasing sweetness by increasing honey and./or

sweetened condensed milk would improve LB6. LBz had the lowest percentage of

attributes in the'Just right" category with all attributes needing improvement except

chewiness.

4.5.4 Internal Preference Mapping

From principal components analysis it was determined that the first two

components accounted for 507o of the variation (Figure 4.10). The first component,

illustrated along the x-axis, differentiated the acceptability levels of the commercial snack

bar samples from the lentil samples. The second component, illustrated along the y-axis,

differentiated the lentil bars containing the cranberries, which is found in the top section,

from the plain lentil bars in the bottom section. Each arrowed line represents a consumer

with longer lines showing a higher acceptability. Therefore, the further from the origin the

more acceptable the product. These results confirmed that CB 1 was highest in

acceptability due to its distance from the origin. Of the lentil bars containing cranberries

LB4, the sample containing the most cranberries had the highest acceptability with LB5,
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Table 4.16. Percentage of attributes in '(just right" category and suggested improvements
for snack bars.

Sample

CB1
LB6
LB1
LB4
CB2

LB3

LB5

LBz

7o attnbutes with majority
of responses in JR category

837o n=6
83Vo n=6
717o n=J
7I7o n=7
50Vo n=6

50Vo n=6

437o n=J

TJVo n=6

lJR frequencY = "not enough" frequency
2JR frequencY = "too much" frequency

Suggested improvements

I sweetnessl
l sweetness
I cereaV grain; 1 cranberry fl avor
I cereal/grain; 1 moistness
istickiness to touch; lfirmness;
I chewiness
I cereal/grain; 1 sweetness;
I stickiness to touch
! cereaU grain; 1 sweetness;
1 cranberry fl avor; 1 moistness
! cereal/ grain; 1 sweetness2;
I stickiness to touch; l firmness;
I moistness2

122



Figure 4.10. Groupings of consumers based on acceptability of snack bars using
loadings from the fïrst two principal components n=62.
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the sample containing the fewest cranberries showing the lowest acceptability. Within the

plain lentil bar group LB2 showed the highest acceptability with LB3 and LB6 lower and

similar in acceptability due to their close proximity.

Four consumer groupings for acceptability of snack bars were shown. Those who

found the commercial samples most acceptable were found in group 1 which contained the

largest number of consumers (Figure 4.10). This information indicates that development

of a product similar to these commercial samples would be most likely to succeed.

Fifteen consumers found cranbemy lentil bars more acceptable while fourteen found the

plain lentil bars more acceptable. Even though fruit was mentioned by the focus group

membels as being a positive ingredient the consumer panel did not seem to have a

preference for the lentil bars with fruit or without fruit. Developing the product with or

without cranberies would appear to have no marketing benefit. Four consumers found

none of the eight samples acceptable suggesting that there could be a market for some

other type of bal for this consumer group perhaps bars substituting savory ingredients for

sweet.

To determine if a marketing segmentation advantage was apparent consumers from

within each of these groupings wele compared to their demographic characteristics of age,

frequency, time of eating, brand and flavor of bar eaten. No trends were noted (Appendix

6). Using a larger more diverse consumer group may have yielded valuable information

regarding specific target groups for the lentil bars.

4.6.L Multivariate Analysis of Variance

4.6 Descriptive Panel
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A significant Wilks' lambda value of 0.0722 with F=6.35 and p < 0.0001 was

found for the samples indicating that the attributes evaluated contributed to differences

among the samples.

4.6.2 Analysis of Variance

All of the models for each of the sensory attributes were significant indicating that

sources of variability included the effects that were used in the analysis (Table 4.17 and

Appendix 7- Tables A to K). Significant interaction was found for sample by replication

for stickiness to touch. This is plotted in Figure 4.11 showing that LB2 was less sticky for

the second replication and LB3 was more sticky. This may have been the result of

exposure to air caused by time vadations when preparing samples.

Significant panelist by replication interactions for grainy, lentil, cohesiveness of

mass and chewiness are shown in Figure 4J2A to D. It appeared that for grainy and lentil

flavors and cohesiveness of mass, panelist 7 found replication one to be higher in intensity

than replication two. This same trend was found for panelist 9 for grainy and lentil flavors

and for panelist 4 for chewiness. Panelist 6 found replication I lower in intensity than

replication 2 for chewiness. Since the replications were performed on different days there

may have been some factors which varied for these panelists from day to day such as stress

and concentration levels which can affect sensory ability.

Significant panelist by sample interactions were shown for stickiness to touch,

sweetness, sour/fruity flavor, grainy flavor, lentil flavor, hardness and cohesiveness of

mass and are plotted in Figure 4.I3A to G. A crossover interaction occurs when one or

more panelists scores the ploduct opposite to the panel as a whole. For example panelist 7

r25



Table 4-17 - Summary of probabilities for main effects and two-way interactions of attributes for eight lentil bar measured by
descriptive panel n=L1.

Fixed Effects df Sticki- Sweetness Sour/
ness fruity
To Touch Flavor

model
panelist (p)
replication (r)
sample (s)
p*r
p*s
s*r

105

10

2

7

10

70
l

<0.0001
<0.0001
0.1801
<0.0001
0.0558
<0.0001
0.0067

<0.0001
<0.0001
0.4933
<0.0001
0.2417
<0.0001
0.2777

Grainy Lentil
Flavor Flavor

<0.0001
<0.0001
0.1271
<0.0001
0.1966
0.0281
0.3715

Attributes

<0.0001
<0.0001
0.0073
<0.0001
0.0062
0.0006
0.2433

Hard-
NCSS

<0.0001
<0.0001
0.3240
<0.0001
0.0040
0.0052
0.5272

Cohes- Cohes- Moist- Chew Adhesive-
iveness iveness ness ness ness to

Teeth

<0.0001
0.022r
0.8494
<0.0001
0.8443
0.0006
0.0628

0.0171
0.0476
0.2360
0.0009
0.5327
0.0922
o.0676

0.0028
0.2588
0.0429
0.0247
0.0007
0.0094
0.9245

0.0021
0.0057
0.4483
<0.0001
0.0828
0.1404
0.1241

0.0162
0.0258
0.0467
0.0386
0.0290
0.0854
0.3052

0.0014
<0.0001
0.6467
0.0164
0.5047
0.7015
0.3475
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Figure  .ll.Plot of sample*replication interaction for stickiness to touch from
descriptive panel n=L1.
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Figure 4.l2.Plots of panelist*replication interaction for grainy flavor, lentil flavor, cohesiveness of mass and chewiness from
descriptive panel n=11.
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Figure 4.13. Plots of panelist*sample interaction for stickiness to touch, sweetness, sour/fruity fÏavor, grainy flavor, lentil
flavor, hardness and cohesiveness of mass from descriptive panel n=LL.
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Figure 4.13. Plots of panelist*sample interaction for stickiness to touch, sweetness, sour/fruity flavor, grainy flavor, lentil
fÏavor, hardness and cohesiveness of mass from descriptive panel n=11. (cont'd)
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rated CB2 highest of all of the samples in lentil flavor whereas for the majority it is one of

the lowest samples for lentil flavor (Figure 4.138). This type of interaction can be caused

by a true difference in perception. Perhaps inadequate rinsing between samples caused

residual flavors to remain. It could also be caused by confusion on the part of the panelist

regarding the definition of the attributes or the endpoints on the line scale (Stone and

Sidel, 1993). A less serious consequence of significant interaction is a magnitude

interaction. This is found when panelists are not scoring the samples at the same relative

attribute intensity which may be due to differences by panelists in use of the line scale as

shown for stickiness to touch (Figure 4.13A). Knowing about these interactions leads to

further undelstanding regarding panelist performance. The use of reference samples and

training reduces interaction but due to the nature of sensory evaluation and inherent

panelist variability interactions are not unexpected. Re-testing the sample effect using the

panelist by sample interaction as the emor term resulted in no significant sample effect for

cohesiveness of mass (Appendix 7). All of the other attributes showed significant

differences between the samples. Mean values for each attribute for all of the samples

with results from the least significant difference test are shown in Table 4.18.

LB3, LB6 and CBZ were significantly more sticky to touch than the other samples

(Table 4.18). LB4 and LB5 were less sticky than LB1 andLB2. LB3 and LB6 had the

lowest ratio of sweetener to dry ingredients. These samples had the highest level of

granola perhaps indicating that granola resists absorption of the sweetener to a greater

degree than the lentils. The granola was prepared by mixing oil and honey into the oats

and heating so that perhaps the oil acted as a barrier.
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Table 4.18. Snack bars sample meansr and standard deviations (SD) for sensory attributes.

Stickiness to
Touch

Sweetness

SourÆruity
Flavor

Grainy Flavor

I-entil Flavor

Hardness

Cohesiveness

Cohesiveness
of Mass

LBlb

5.6 (2.s) b

7.9 (1.7)bc

s.9 (2.2)b

9.5 (1.3) ab

1.1 (2.4) a

6.3 (1.2)b

6.5 (1.8) a

8.2 (1.8) a

LBz

5.0 (1.8) bc

6.6 (2.0) d

2.7 (2.0) d

8.5 (2.1) c

5.8 (2.4) bc

4.2 (1.5) e

6.0 (2.4) a

7.9 (2.3) a

7.4 (t.6) a

5.8 (1.7) c

3.9 (2.L) abc

LB3

8.4 (3.0) a

7.r (2.L) cd

3.4 (3.0) cd

8.7 (1.8) abc

5.4 (2.5) c

5.5 (i.3) bc

6.4 (2.2) a

7.t (2.0) a

7.5 (1.6) a

6.8 (1.4) abc

4.4 (2.3) ab

Moistness 7.1 (1.6) a

Chewiness 7.2 (1.8) a

Adhesiveness 4.1 (1.7) abc

to Teeth

LB4

8.4 (3.0) a

8.6 (1.7) b

8.6 (3.5) a

8.4 (2.2) c

6.5 (2.8) ab

6.3 (1.e) b

6.3 (2.2) a

8.4 (2.r) a

6.7 (2.0) ab

1.3 (1.9) a

4.9 (2.4) a

oMeans 
¿ìre averages of 11 panelists

bvalues are mean and (SD): means with the same letter within the same row are not significantly different (p<0.05)

LB5

3.8 (1.5) de

6.e (2.4) d

4.3 (2.4) c

8.5 (1,5) bc

6.5 (2.8) ab

a.5 (1.3) de

6.t (2.1) a

7.3 (t.5) a

1.4 (t.4) a

6.7 (2.2) abc

4.8 (2.6) a

LB6

7.8 (3.0) a

6.7 (1.e) d

2.6 (2.4) d

9.5 (1.5) a

5.3 (2.5) c

6.1 (1.8) bc

6.2 (t.5) a

7.4 (2.2) a

7.3 (2.1) a

6.9 (1.9) ab

4.5 (2.5) ab

CB1

4.5 (2.2) cd

10.5 (2.2) a

6.1 (4.3)b

4.6 (3.0) e

1.7 (1.9) d

7.7 (1.9) a

6.4 (2.6) a

7.3 (t.9) a

CBz

1.7 (2.8) a

t0.0 (2.4) a

2.4 (3.3) d

s;7 (3.6) d

2.4 (3.6) d

5.3 (3.5) cd

3.e (2.8) b

6.5 (3.4) a

6.4 (2.0)b 4.e (2.r) c

6.0 (2.1) bc 7.2 (2.7) a

3.1 (1.4) c 3.6 (2.1) bc
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For sweetness CB I and CBZ were significantly sweeter than all of the lentil bar

samples. Of the lentil bar samples LB4 was significantly sweeter thanLB2, LB3, LB5 and

LB6 (Table 4.18). The ratio of sweetener to dry ingredients was mid range for this sample.

LB2 was the sample with the highest ratio of sweetener to dry ingredients and had the

lowest level of sweetness indicating that the equal proportions of lentil and granola may

have had a masking effect on sweetness.

LB4, the sample with the highest cranberry level, had significantly more sour/fruity

flavor than all of the other samples (Table 4.18). CBI was not significantly different from

LB 1 which contained the next highest level of cranberries. LB5 contained the lowest level

of cranberries and was found to be not significantly different from LB3, a plain sample,

perhaps indicating the level was not high enough to yield a perceptible difference from the

samples containing no fruit. Analysis from the just right scales determined thatT4Vo of the

consumers felt the level of clanbeny flavor in LB5 was not enough. As expected other

plain samples showed low levels for sour/fruity that were not significantly different from

one another.

The commercial snack bals had significantly less grainy flavor than all of the lentil

bars with CB t having significantly less grainy flavor than CB2 perhaps due to its raisin

component (Table 4.18). LB6 had significantly more grainy flavor thanLBZ, LB4 and

LB5 again likely due to the low lentil:granola ratio.

All of the lentil bars had significantly higher lentil flavor than the commercial

snack bars (Table 4.18). LB4 and LB5 had the highest ratio of lentil to granola, I.45:7 and

1.6:1 respectively, and showed significantly higher lentil flavor than LB3 and LB6 which
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had the lowest ratio of lentil to granola 0.53:1 and 0.56:1 respectively.

For hardness, CB 1 was significantly harder than all of the other samples (Table

4.18). LB2 and LB5 were significantly less hard than all of the samples except CB2.

For cohesiveness CB2 was significantly less cohesive than all of the other samples

(Table 4.18). Honey, an ingredient used for binding snack bar components, is quite low on

the list of ingredients (Table 3.3D) which may account for the low cohesiveness found in

CB2. This may also contribute to CB2 being significantly less moist than all of the other

samples. None of the lentil bars were significantly different from one another. Ratios of

dry to liquid ingredients of the lentil bars ranged from 1.17 to 1.56 which may not be large

enough to produce differences in moisture perception although significant differences in

the physical moisture measurements were noted (Section 4.2.2).

LB1, LB4 andCB2 were significantly more chewy than CB1 and LB2 (Table

4.18). Inclusion of the cranberies may have contributed to the significantly higher

chewiness for LB4 and LB 1.

CBi showed significantly less adhesiveness to teeth than LB3, LB4, LB5 and LB6

with no significant differences shown between CB2,LB? and LB1 (Table 4.18). LB4 and

LB5, samples with the highest mean value have the second and third highest sweetener to

dry ingredient ratios (0.79 and 0.83 respectively) and they also contain cranberries.

4.6.3 Principal Components Analysis (PCA)

Selection of the appropriate number of components or factors to be retained for

interpretation can be based on a number of criteria (Lawless and Heymann, 1998):

1) Eigenvalues ( L) arc equal to the variances of the components. An eigenvalue
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should be greater than 1 as that indicates that more variance is explained than with a single

variable.

2) The scatter plot of eigenvalue vs. principal component number shows a quick

decline and then a point where the curve levels off. The start of the leveling portion

indicates the appropriate number of principal components. This is also referred to as a

scree test.

3) The number of principal components coffespond to a preset level of the

percentage of the variance explained which may be 70, 80 or 857o for example.

4) Use common sense so that the variables contributing to the principal component

should have a similar meaning and those contributing to different principal components

should have different meanings.

Three factol's wele selected in this study. All of these factors had an eigenvalue

greater than I (Table 4.I9), a breakpoint shown by the scree plot (Figure 4.I4) and 86Vo of

the variability was explained with these three factors. The fourth factor was not included

as its eigenvalue was only one, it explained only 97o more of the variability and was not

adding information regarding importance of the attributes.

Interpretation of the principal components is key in describing the relationship

between each of the attributes as well as how they relate to the principal components that

are formed. Loadings are calculated by determining the correlations between the original

variables, in this case the attributes, and the new variables, those transformed by PCA.

Attributes that are heavily loaded (positively or negatively) on a particular factor or

principal component would have the largest influence on that factor. To interpret the
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Table 4.l9.Yariance, eigenvalues and loadings for sensory attributes measured by
the descriptive panel determined by principal component analysis.

Parameter

Percentage Variance
Cumulative Percentage

Variance

Eigenvalue (.1.)

PCl1

45.7

45.7

5.0

Stickiness to Touch
Sweetness
SourÆruity Flavor
Grainy Flavor
Lentil Flavor
Hardness

Cohesiveness
Cohesiveness of Mass
Moistness
Chewiness
Adhesiveness to Teeth

PC2

26.0

7L7

2.9

-0.25
-0.83
0.15
0.92
0.96

-0.33

0.68
0.70
0.88
0.r4
0.79

lPrincipal component
zBold numbers indicate values over 0.40 as reconlmended by Stevens (1992)

PC3

14.6

86.3

r.6

Loadings

.0.7Lb

0.49
0.94
-0.30
-0.06
0.72
0.s0
0.s8
0.05
-0.09
-0.15

0.10
0.24
0.27
o.r4
0.fi
0.13
-0.36
0.02
-0.37
0.97
0.44

136



Figure 4.14. Scree plot for determination of number of factors to retain from the
principal component analysis of attributes evaluated by the descriptive panel n=LL.
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importance of loadings a common rule of thumb can be used. Factor loadings of +0.3 are

minimal, +0.4 are more important and those of +0.5 or higher are considered to be of

practical importance. The highel the sample size the lower the loading has to be before it

is significant (Hair et al., 1995). Stevens (1992) suggests that a loading value of +0.40 is

appropriate. Since the variance explained by the factor is the squared value of the loading

it would contribute about I57o of the variance for that component.

Principal component 1 explained 467o of the variability (Table 4.I9). Using 0.40

as a guideline this component was composed of sweetness, grainy flavor, lentil flavor,

cohesiveness, cohesiveness of mass, moistness and adhesiveness to teeth. The second

principal component which explained 267o of the variability was composed of stickiness to

touch, sour/fruity flavor and hardness. The third principal component was composed of

chewiness and explained I5Vo of the variability. In summary the new principal component

one or factor one was made up of a sweet, lentil, flavor with cohesive/adhesive textural

parameters. The new principal component two or factor two was made up of sour/fruity

flavor with hard, sticky to touch textural parameters.

Figure 4.15 shows these attribute loadings plotted with the coordinates of the snack

bars for PC1 and PC2. Attributes and samples close to one another indicate that they are

related, those in opposite quadrants indicate a negative relationship. Arrowed lines point

in the direction of increasing amount of the attribute. By drawing a line perpendicular from

the sample to the extended anowed line one can determine how the samples rank in terms

of the amount of the attribute. This is illustrated in Figure 4.16 for stickiness to touch.

The sample with the most sticlciness to touch would be CB2 since it is at the pointed end
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Figure 4,15. Loadings from the fTrst and second principal components for
attributes and snack bars evaluated by the descriptive panel n=L1.
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Figure 4.16. Illustration for determining relative amount of stickiness to touch for
snack bar samples.
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of the affow. In decreasing amount of stickiness to touch the samples are LB3, LB6,LB2,

LB5, CBl, LB1 and LB4.

LBZ,LB3, LB5 and LB6 showed higher levels of grainy and lentil flavors and

adhesiveness to teeth with lower levels of sweetness and hardness than CBl (Figure 4.15).

LB 1 showed higher levels of moistness, cohesiveness and cohesiveness of mass and lower

levels of stickiness to touch and LB4 the highest level of sour/fruity of all of the lentil bars

and lowest level of stickiness to touch. CBI had highest levels sweetness and hardness.

CB2 had highest levels of stickiness to touch lowest levels of sour/fruity flavor with low

cohesiveness and cohesiveness of mass.

A clearer picture of the differences in attribute intensities forLB2, LB3, LB5 and

LB6 is shown by plotting PC2 and PC3 the chewiness factor (Figure 4.11). LB2 was

lowest in chewiness. LB3 and LB6 showed highest amounts of stickiness to touch. The

plot showing PCl and PC3 (Figule 4.18) also indicated thatLB2 seemed to be different

than LB3, LB5 and LB6 as it had a highel level of cohesiveness and moistness and lower

sweetness than these samples. LB5, the sample with the highest ratio of lentils to oats

(1.60:1), was shown to have the highest grainy and lentil flavors compared to LB2, LB3

and LB6.

LB 1 and LB4 had the highest levels of cranbenjes and CB t had raisins so that

finding these samples grouped with the sour/fruity attlibute on the top portion of Figure

4.15 is not surprising.

4.6.4 External Preference Mapping

From the partial least squares regression analysis done to relate the attribute
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Figure 4.l7.Loadings from the second and third principal components for
attributes and snack bars evaluated by the descriptive panel n=LL.
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Figure 4.18. Loadings from the first and third principal components for attributes
and snack bars evaluated by the descriptive panel n=L1.
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intensities from the descriptive panel to the acceptability/purchase behaviour of the

consumers it was found that two factors accounted for 657o of the variability for the

attributes and9lVo of the variability in the consumer acceptability/purchase behaviour

(Table 4.20). Adding more factors would provide no more information regarding

acceptability. Grainy and lentil flavors had loadings over 0.40 and were most heavily

loaded in factor one. Stickiness to touch, sweetness, hardness, cohesiveness of mass and

chewiness had loadings over 0.40 and weLe most heavily loaded in factor two.

A plot of the loadings (Figure 4.19) shows that acceptability and purchase

behaviour were found in the same quadrant indicating their relationship. Hardness and

sweetness were also found in this quadrant indicating that these attributes have a positive

influence on acceptability. Attributes found in the opposite quadrant farthest from

acceptability/purchase behaviour indicating a negative influence on acceptability included

lentil and grainy flavors. Stickiness to touch, cohesiveness of mass and chewiness had

some effect on acceptability.

Regression coefficients, required for the prediction equations, are a combination of

the correlations of all of the attributes (loadings) with the amount of liking associated with

the attributes (weights) and were calculated as the product of the loadings and weights

(Table 4.20). The higher the reglession coefficient either in a positive or negative

direction the more it contributes to the acceptability/purchase behaviour. Regression

coefficients for factor one were highest for sweetness, grainy and lentil flavors. This

finding agrees with Bower and Whitten (2000) who concluded in their study of

commercial snack bars that aromas and flavors have the most influence on consumer
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Figure 4.19. Loadings of acceptability and purchase behaviour (y variables) with
snack bar attributes (x variables) evaluated by the descriptive panel n=11.
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Table 4.20.Yariance, loadings, weights and regression coefficients for attributes (x
variables) and consumer acceptability data (y variables) for the first two factors
from the partial least squares analysis.

Parameter

Percentage Variance (x variables - attributes) 45.2
Cumulative percentage variance (x variables) 45.2

Percentage Variance (y variables - acceptability and
purchasebehaviour) 88.1

Cumulative percentage variance (y variables) 88.1

Attributes

Stickiness to Touch 0.04
Sweetness 0.47
Sour/Fruity Flavor 0.I1
Grainy Flavor -0.56
Lentil Flavor -0.63
Hardness 0.26
Cohesiveness -0.10
Cohesiveness of Mass -0.10
Moistness -0.23
Chewiness -0.03
Adhesiveness to Teeth -0.L7

Acceptability 0.19
Purchase Behaviour 0.16

Factor 1

Loadings Weights RCt

Factor 1

Factor 2

0.11
0.42
0.05

-0.42
-0.45

0.35
-0.r4
-0.24
-0.31
-0.09
-0.41

0.69
0.73

20.2
65.4

8.9

0.0044
0.1974
0.0085
0.2352
0.2835
0.0910
0.0140
0.0240
0.0713
0.0027
0.0697

0.1311
0.1168

Loadings V/eights RCt

lRegression Coefficient = Loadings * Weights
zBold numbers indicate values over 0.40 as recofitmended by Stevens (1992)

97.0

0.4L2
0.75
0.39
0.29
0.07
0.51

0.37
0.47
0.37
0.44
0.21

0.49
0.28

Factor 2

0.22
-0.01
0.25
0.13
0.01
0.68
0.64
0.24
0.43
-0.09
-0.r4

0.80
0.60

0.0902
-0.0075
0.0915
0.0377
-0.0007
0.3468
0.2368
0.1 128

0.1592
0.0396
0.0294

0.3920
0.1680
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acceptability. Regression coefficients for factor two were highest for hardness,

cohesiveness, cohesiveness of mass and moistness.

A ploposed prediction equation for factor one, the flavor factor, would be:

Yl*Y2 (Consumer Acceptability/Purchase Behaviour) = 0.L914 (sweetness) -

0.2352 (grainy flavor) - 0.2835 (lentil flavor).

A proposed prediction eqr-ration for factor 2,lhe texture factor, would be:

Y7*Y2 (Consumer Acceptability/Purchase Behaviour) = + 0.3468 (hardness) -

0.2368 (cohesiveness) - 0.1128 (cohesiveness of mass) -0.1592 (moistness).

In further product development work to determine the optimum formulation, the

descriptive panel would evaluate sweetness, grainy and lentil flavors, hardness,

cohesiveness, cohesiveness of mass and moistness in new formulations and the mean

scores entered into the equations. The higher the result the more likely the product

formulation would be acceptable to a consumer group comparable to the one in this study.

New formulations could be generated in the numerical option of Design-Expert

using data from the original mixture experiment. Levels for ingredients and attributes

could be set at a high level for attributes related to sweetness and hardness variables and at

a low level for attributes related to grainy and lentil flavors, cohesiveness, cohesiveness of

mass and moistness. A solution selected with a desirability of 0.59 is shown in Table

4.21. The caution with this approach is that the ingredient constraints that were used

initially may be too restrictive for the snack bar that would ultimately be the most

acceptable to the consumer. This also assumes that expert and descriptive panels are

evaluating the attributes equally and that no other ingredients would be added.
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Table 4.21. Constraints for selecting lentil bar sample based on attributes from regression coefficients used in
prediction equations for factor 1 and factor 2.

Name

sweetened
condensed milk maximize
honey maximize
lentils minimize
granola minimize
sweetness maximize
oat flavor minimize
toasted minimize
initial bite maximize
cohesiveness minimize
moistness minimize

Goal
Lower
Limit

The solution provided the following formulation with corresponding attribute mean values associated with the lentil bar.

Upper
Limit

Formulation
Ingredient

Sweetened Condensed Milk
Honey
Lentils
Granola

0.28
0.06
0.19
0.20
5.40
5.20
5.80
5.10
5.50
4.90

Lower
Weight

0.40
0.r2
0.37
0.40
9.80
9.10
9.80
9.70
9.10
9.90

Upper
IVeight

1

1

1

1

1

1

1

1

1

1

Proportion

lmportance

0.40
0.09
0.22
0.29

1

1

L

1

1

I
I
1

1

I

Attributes Mean Value from 0 to 15

sweetness 8.2
oat flavor L3
toasted flavor 7.7
initial bite 6.1
cohesiveness 6.5
moistness 7.4

3

J

3

J

5

3

J

5

3

J
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Using a factorial design with two factors, lentils and sweetened condensed milk,

set at two levels with honey staying constant and granola added in the amount required to

make up the I007o could also generate formulations to be presented to a descriptive panel.

The factorial points are shown in Table 4.22 wirh the experiment including three centre

points for a total of seven runs. Optimum regions for sweetness, lentil and grain flavors,

hardness, cohesiveness, cohesiveness of mass and moistness would be generated.

Data from the 'Just right" scales were used to confirm the importance of the highly

weighted attributes based on the most acceptable sample which was CBl. Sweetness and

hardness wele the attributes which had the highest positive influence on acceptability and

purchase behaviour, lentil and grainy flavols, cohesiveness, cohesiveness of mass and

moistness the highest negative influence (Table 4.20). For CB1 frequencies were the

highest in the 'Just right" category for hardness, cereal/grain flavor and moistness (Figure

4.9). Frequency for the 'Just dght" category was equal to the "too much" category for

sweetness. Cohesiveness and cohesiveness of mass were not evaluated using 'Just right"

scales.

Given that higher levels of sweetness and hardness and low levels of grainy and

lentil flavors, cohesiveness, cohesiveness of mass and moistness are more acceptable to

consumers of the bars containing no cranberries, LB6 would be chosen as the most likely

candidate for further development. AlthoughLB2 appeared to be more acceptable from

the internal preference mapping results (Figure 4.10) it was "not firm enough", had "too

much cereallgrain flavor" (Figure 4.9) and showed a high level of moistness and

cohesiveness (Figure 4.18). LB6 on the other hand had'Just right firmness, cereaT/grain
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Table 4.22, Proposed 22 factorial design for formulations used to develop lentil bar
prototypes.

range from original
mixture design 20-40

Factorial Levels

læntils

low, low
low, high
high, high
high, low
centre point

Proportion of Ingredient

Sweetened
Condensed Milk

752

15

25
25
20

llngredient used to make up to I00Vo for the formulation
2Reduce from original mixture design based on negative influence of lentil flavor on
consumer acceptability
3lncrease from original mixture design based on positive influence of sweetness on
consumer acceptability

30-40

Honey

30
40
40
30
20

Granolal

6-12

153

15

15

15

7.5

20-40

40
30
20
30
52.5
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' flavor and moistness" (Figure 4.9) and was sweeter than LB2 (Figure 4.18).

Of the lentil bars containing cranberies LB4 was the most acceptable according to

interral preference mapping results (Figure 4.10).It also was'Just right" for sweetness and

firmness (Figure 4.9), sweeter (Figure 4. 18) and harder' (Figure 4.15) with less

cohesiveness and moistness (Figure 4.19) than LB1, the next most acceptable sample.
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CONCLUSIONS, I.IMITATIONS AND RECOMMENDATIONS

5.L Conclusions

It was hypothesized that a nutritious snack bar acceptable to women could be

made by partially replacing oats with micronized flaked lentils and that sensory attributes

of snack bars influence consumer acceptability.

All lentil snack bars provided a source of dietary fibre, non-heme iron and folate

(Canada Gazette,2002). LBl,LBz, LB4 and LB5 provided a good source of folate.

Folate level for lentil snack bars was I to I}Vo of the recommended daily requirement of

400 pg for adults. Inclusion of lentils provided 6 to 9 times more folate compared to a

snack bar containing only oats. Generally a 30 gram lentil snack bar provided calories,

carbohydrate, fat and protein at levels that fit the definition of a carbohydrate/energy

endurance bar (Deis, 2000).

CHAPTER 5

Focus groups provided information regarding acceptability for particular sensory

attributes at different intensities based on tasting plain and cranberry lentil snack bars as

well as commercial snack bars. This information was used to select six lentil bar

formulations from a twenty-five run mixture design experiment that exhibited various

flavor and texture characteristics. Two commercial snack bars varying in flavor and

textural characteristics were also evaluated.

Commercial snack bars were most acceptable and would be purchased more often

(p< 0.05) by 62 women 18 to 50 years of age who consume snack bars. Three of the

lentil snack bars (LB 1, LB3 and LB6) showed no significant difference from one of the
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commercial snack bars for these two acceptance measurements. The six lentil snack bars

showed no significant difference from one another with five of the six obtaining mean

values corresponding to "like slightly" and "would purchase now and then".

Internal preference mapping confirmed that the majority of consumers preferred

the commercial snack bars. Equal numbers of consumers found the plain and cranberry

lentil bars acceptable so that the addition of fruit for this particular consumer group

appeared to provide no benefit. Separation of the lentil snack bars on the two dimension

acceptance plot showed that LB4 was more acceptable than the other two cranberry lentil

snack bars and thatLB2 was more acceptable than the other two plain lentil snack bars.

Attribute appropriateness measured by'Just right" scales determined that among

the lentil snack bars LB6 had the highest percentage of attributes falling in the 'Just right"

category, a percentage equal to CB1, the most acceptable sample.

Measurements of flavor and texture attribute intensities by an eleven member

descriptive sensory panel were related to acceptance and purchase behaviour

measurements from the consumer panel using partial least squares regression. Based on

the magnitude and direction of the loadings it was found that sweetness and hardness had

the highest positive influence on acceptability and grainy and lentil flavors had the

highest negative influence on consumer acceptability. Acceptability was also influenced

to some extent by stickiness to touch, cohesiveness of mass and chewiness.

Two prediction equations were developed using regression coefficients (the

product of loadings and weights) from factor one and factor two. These two factors

explained 657o of the variability due to the product attributes andgTVo of the variability
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due to the consumer acceptance. Factor one contained the flavor attributes sweetness,

grainy and lentil flavors. This finding agrees with Bower and Whitten (2000) who

concluded in their study of commercial snack bars that aromas and flavors have the most

influence on consumer acceptability. Factor two contained the texture attributes

hardness, cohesiveness, cohesiveness of mass and moistness. Sweetness and hardness

had a positive influence on acceptance. Grainy and lentil flavor, cohesiveness,

cohesiveness of mass and moistness had a negative influence on acceptance.

The prediction equations were:

Equation Factor 1: Y1xY2 (Consumer Acceptance/Purchase Behaviour) =

0.I974 (sweetness) - 0.2352 (grainy flavor) - 0.2835 (lentil flavor)

Equation Factor 2'. YI*Y2 (Consumer AcceptancelPurchase Behaviour) =

0.3468 (hardness) - 0.2368 (cohesiveness) - 0. 1 1 28 (cohesiveness of mass)

- 0.1592 (moistness).

In future work on lentil snack bar plototypes mean values for sweetness, grainy

flavor, lentil flavor, hardness, cohesiveness, cohesiveness of mass and moistness as

determined by a descriptive panel would be substituted in the above equations to obtain a

value for acceptance. Prototypes with higher acceptance values would be selected for

further development.

From this study it would appear that a nutritious snack bar acceptable to women

can be formulated with MFL and that further work on a micronized flaked lentil snack bar

is warranted.

5.2 Limitations
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1. The consumer sample was relatively small and biased. The majority of the 62

consumers attended university courses in a health related discipline.

3. Nutrients of the lentil snack bars were determined by a database which does

not provide information on exact ingredients used, for example, low fat sweetened

condensed milk, dried cranbenies and MFL.

2. The process for making the snack bars is still at the bench top stage.

4. Micronized flaked lentil quality is variable likely due in part to climatic

conditions as well as processing conditions.

5.3 Recommendations

1. Chemically analyze the lentil snack bars for basic nutrients as well as folate

and fibre.

2. Ensure that the micronization/flaking process has accounted for variation in

raw lentil quality due to climatic conditions so that consistent lentil quality is achieved.

Develop a sensory and/or instrumental method(s) for predicting the softness of the

micronized flaked lentils before they are incorporated into the snack bar product.

3. Reset the criteria in the numerical optimization option of Design-Expert to

formulate lentil snack bars with high sweetness and hardness and low moistness,

cohesiveness, oat and toasted flavors. These were attributes measured by the expert panel

that were found to influence the acceptability of this consumer group. A descriptive

panel would evaluate these new formulations for sweetness, grainy and lentil flavors,

hardness, cohesiveness, cohesiveness of mass and moistness. The mean values for each

of these attributes would be used in one of the two coffesponding prediction equations to
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determine a Consumer Acceptance/Purchase Behaviour Value. The higher the value the

more acceptable the snack bar is likely to be.

4. For final justification and validation of the product, its market and production:

i) increase the size of the consumer sample to one hundred or more (Stone

and Sidel, 1985).

ii) recruit female consumers of snack bars who are 18 to 50 years of age at

a central location so that results represent the opinions of a diverse group of consumers.

iii) ask consumers "How much more do you like the new snack bar

compared to your usual snack bar?". To ensure product success Cooper (1993)

recommends that at least 507o of the consumers should prefer the new product

"somewhat" or "very much more" over the product they are currently using.
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Formulation and rationale for selectÍng ingredient proportions for
blueberry lentil snack bars

Ingredients: On a Vo of total raw weight basis
180 g low fat sweetened condensed milk 36Vo low fat sweetened condensed milk
130 g micronizedflaked lentils (Batch 1t) 267o micronizedflaked lentils
I45 ggranola 2

40 g dried blueberries, chopped

Compared to guidelines by Robbins (L976):
Sweetened condensed milk - 36Vo of total weight - within guideline (30-5080)

Honey - I07o of weight of sweetened condensed milk - within guideline (L0-407o)

Fat - 1.67o of weight - within guideline (2-20%o)

Oatmeal - I9Vo of weight - within guideline (2-207o)

Lentil - 267o of weight - outside guideline (2-207o) too high by 67o

Method:
Place milk in 3L bowl.
Add lentils and granola alternately in five batches starting with lentils.
Mix thoroughly (by hand) after each addition.
Add blueberries and mix thoroughly.
Spread evenly in a2I cm square aluminum cake pan lined with aluminum foil sprayed
with non-stick aerosol vegetable oil.
Bake at 150"C for 30 minutes.
Cool on rack for 30 minutes. Remove baking foil. Cool for another 30 minutes. Cut into
10 bars approximately Zcm x 10 cm x 1.5 cm thick. Wrap in ziploc freezer bags. Over
wrap with large freezer bags. Place in freezer bag and store at -18C for future testing.

Baked Yield: 10 bars approximately 460 g each

rSee Section 3.1.1 for details regarding lentils

2280 gquick cooking rolled oats

80 g canola oil
50 g liquid honey

Combine all ingredients and mix thoroughly.
Bake at I20"C for t hour and 50 minutes stirring every 15 minutes.
Cool. Place in plastic container and store at -18C for future use.

Yield: 350 g cooked

Appendix 1A

207o quick cooking rolled oats,6Vo canola
o1l,3.5Vo liquid honey

87o dned blueberries, chopped
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Plain
Ingredients:
220 g low fat sweetened condensed milk
30 g honey
180 g lentils (Batch 2t)
220 ggranola2

Method:
Combine sweetened condensed milk and honey. Add lentils and granola alternately in
four batches mixing well after addition. Spread evenly in2l cm square aluminum baking
pan lined with aluminum foil sprayed with non-stick aerosol vegetable oil. Bake at
150"C3 for 30 minutes. Cool on rack for 15 minutes, remove foil and cool another 15

minutes. Wrap in foil and place infreezer bag for storage at -18"C until required for
testing.

Yield: 14 bars approximately 38 g each

rSee Section 3.1.1 for details regarding lentils

2280 gquick cooking oatmeal
80 g canola oil
50 g honey

Mix all ingredients thoroughly. Spread on jelly roll pan and bake at I20oC for 90 minutes
stirring every 15 minutes.

3180"C for second batch presented to two focus groups in Human Ecology

Formulation for plain lentil bars presented to focus groups

Appendix 1B
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Formulation for cranberry lentil bars presented to focus groups

Ingredients:
220 g sweetened condensed milk (low fat)
30 g honey
L40 glentils (Batch 21)

180 g granola2
80 g dried cranberries, cut into small pieces

Method:
Combine sweetened condensed milk and honey. Add lentils, granola and cranberries
altemately in four batches mixing well after addition. Spread evenly in 21 cm square
aluminum baking pan lined with aluminum foil sprayed with non-stick aerosol vegetable
oil. Bake at 150oC3 for 30 minutes. Cool on rack for 15 minutes, remove foil and cool
another 15 minutes. Wrap in foil and place in freezer bag for storage at -18"C until
required for testing.

Yield:14 bars approximately 38 g each

rSee Section 3.1.1 for details regarding lentils
2280 gquick cooking oatmeal
80 g canola oil
50 g honey

Mix all ingredients thoroughly. Spread on jelly ro11 pan and bake at 120oC for 90 minutes
stirring every 15 minutes.

3180"C for second batch presented to two focus groups in Human Ecology

Appendix 1C
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Ingredients:
22I g sweetened condensed milk (low fat)
58.5 g honey
182 g lentils (Batch 31)

195 g granola2
39 g dried cranberries, cut into small pieces

Method:
Combine sweetened condensed milk and honey. Add lentils, granola and cranberries
alternately in four batches mixing well after addition. Spread evenly in 2I cm square
aluminum baking pan lined with aluminum foil sprayed with non-stick aerosol vegetable
oil. Bake at 150"C for 30 minutes. Cool on rack for 15 minutes, remove foil and cool
another 15 minutes. Wrap in foil and place in freezer bag for storage at -18"C until
required for testing.

Yield: 28 bars approximately 22 g each

rsee Section 3.1.1 for details regarding lentils
2280 gquick cooking oatmeal
80 g canola oil
50 g honey

Mix all ingredients thoroughly. Spread on jelly roll pan and bake ar.I20C for 90 minutes
stirring every 15 minutes.

Formulation for cranberry lentil bars presented as a
reference sample to the expert panel

Appendix 1D
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Appendix 2A

Ethics Approval for Consumer Focus Groups
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Date:

Ref:

lo:

From:

Subject:

INTER.DEPARTMENTAL CORRESPONDENCE

June 15,2000

0008

TTIE T]NTVERSITY OF MANITOBA

M. Vaisey-Genser and Donna Ryland, Foods and Nutrition

Nancy Higgitt, Chair, Ethics Review Committee

"Nutrient Dense Snack Bars - ConsumerOpiniont and Sensory Characterization"

Your memo dated June 13, 2000 adequately addresses the questions asked by the ERC. It now
meets ethical euideline¡ for research with human subjects.

The Ethics Review Committee approves the proposed research procedures for implementation.

!ud
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Appendix 2B

Ethics Approval for Consumer and Descriptive Panels
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11 September 2002

Appendix 28

TO: Donna Ryland (Advisor M. Vaisey-Genser)
Principal Investigator

FROM: Wayne Taylor, Chair
Joint-Faculty Research Ethics Board (JFREB)

Re: Protocol #J20022094

"Sensory Bvaluation of Nutritious Snack Bars"

APPROVAL CERTIFICATE

Please be advised that your above-referenced protocol has received human ethics approval
by the Joint-Faculty Research Ethics Board, which is organized and operates according
to the Tri-Council Policy Statement. This approval is valid for one year only.

Any significant changes of the protocol and./or informed consent form should be reported to
the Human Ethics Secretariat in advance of implementation of such changes.
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Appendix 3A

Recruitment Package for Consumer Focus Groups
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THE UN¡WRSMY OF MAMTOBA

August 16,2001

Dear Colleague,

FÁcr.iLTy oF HUMAN Eco¡.ocy

DEPARTMENT OF FOODS AND NUTRITTON

As part of the research requirement for my gratluate degree I am looking for women 35 to 55 years old to
participate in consumer focus groups to gather their opinions about nutritional snack bars.

Criteria for volunteers are that they have eateq nuhitional snack bars such as glanola, nutri-grain and
energy bars at least once, We will meet in small groups to tàlk about the texture, flavor and nutritional
aspects of these products using examples of the ba¡s to facilitate discussion. The single session you
would attend will be about I Vzto 2 hours and will be øpe recorded for transcription at a later date.

A krown risk is an allergy to the ingredients of the snack bars evaluated. A questionnaire completed by
participants rqgarding allergies and food aversions will be used to screen any potential health risks.
Information regarding the project will be given once the session is completed.

Results will not be reported by individuals'names nor will any names be associated with the results.
Participants will be identifìed by number only. All data will be kept strictly confidential by myself under
lock and key until published or for three years whichever is shorter.

If you would like to be part of this research, please read and frtl in the required consent forrn and
questionnaire attached to this request and bring them to the session which will be held on

Humar Ecolog Building
!9innipeg, Manitoba
Câ¡adâ R3T 2N2

(204) 47+8Un
QM) {t+7592FAX

Manitoba Fort Garry Campus (room number posted on entrance door). See enclosed map for building
(f22) and parking location (W). Contact me at 474-8U77f.or more information or if the time is not
suitable as we rvill be running additional sessions.

A $10 gift certihcate redeemable at the University of Manitoba bookstore will be provided as an
honora¡iun

Thank you for considering this request and we hope you will be able to assist us with this research.

Sincerely,

Donna Ryland, Graduate Student
Department of Foods and Nutrition

Enc.

in the Ellis Building on the University of

Ma¡ion Vaisey-Genser, Advisor
Departrnent of Foods and Nutrition
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Project Title: Nutritional Snack Bars

Contact Person: I)onna Ryland, Graduate Studen! Foods and Nutrition Departuenl Room 400FÏIurnan Ecologr Builrting
phone 474-8û71 email ryland@rx.umanitoba.ca

Names of Investigaiors: M. Vaisey-Gense¡ D. Rylancl, Department of Foods and Nutition
Please tick either YES or NO in response to each of the following quest¡ons.

i. Do you understancl that you have been asked to take part in a resøarch study? Yes 

-'No -2. Have you read the information or hea¡d the verbal explanation by the contact person regarding the study? Yes 

- 

No 

-3. Do you understand the benefits and risks involved in taking part in the research stucly? Yes No.-

4. Do you understand that you will be eating nutritional snack bùs and discussing your opinions about these ba¡s? Yes 

- 
No

5. Have you had an opportunity to ask questions and discuss the study? Yes 

- 

No 

-6. Do you understand that you are free to withdraw from the study at any time'without having to give a reason and without any
detriment to your ongoing association with the University of Manitoba? Íes 

- 

No 

-7. Do you understancl you are required to notify the contact person if you are unaúle to contitrue v¡ith the stutly? Yes 

- 
No 

-8. Do you understand that you can refuse to answer any questions? Yes _ No 

-_9. Has the issue of confidentiality been descrjbed to you and do you understand a) who will have access to the information you
provide, b) that no reports will identify you as an individual? Yes _ No _
10. Do you agree to have the session tape recorded? Yes _ No _

Consent Form - Focus Group Participants

I agree to take part in this study

Signature of Participant

Participant No. _

Address

Þmail Add¡ess

Signature of Contact Person

Printed Name of Participant

Yes_No_

õate

Telephone Number

Date
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QUESTIONNAIRE - Nutritional snack Bar study - consumer Focus Grouþ
rnforrnation provided in this questionnaire will be kept strictly confidential.
Paficipant No. _

1. How often do you eat nutritional snack bars such as granola, nutri-grain and energy?
More than once per week _
Once per week-
Once per month

2. Do you eat this type of product to replace a meal? Yes _ No _ Sometimes _
If yes or sometimes, check the meal replaced.

Brealdast

Occasionally

3. Do you eat this type of product as a snack? Yes _ No _
If yes, check the time of day most often eaten.

Moming_
Aftemoon

Lunch
Dinner-

4. ÌVhat product do you eat most often?

Evening

Type

Brand

5. A¡e you allergic to any food products or beverages?
Yes 

-No 
If yes, note them below.

FIavor

6. A¡e there any food products or beverages specifically, or food flavours and textures generally, that you
would prefer not to evaluate? Yes _ No _ If yes, note them below.

7. Check if you have any of the following.
Denturés _ Diabetes _ Oral or gum disease _ Hypoglycemia _ Hyperglycemia

- 

Hypertension _ Gastrointestinal Disorder _

8. Do you take any medications which affect your senses, especially taste and smell?
Yes_No_

9. Please check the appropriate age category.
35-45 yea¡s 

-
46-55 yea¡s 

- 

Thank you for completing this questionnaire.
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Recruitment Package for Consumer Panel
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UN IVE Rs I TY
op MANIToBA

THE GEORGE WESTON LIMITBD SENSORY AND FOOD RESEARCH CENTRE

September, 2002
Dear Colleague,

'We are seeking \ryomen volunteers aged 18 to 50 inclusive to participate in a study to find out the
acceptability of nutritious snack ba¡s as well as opinions about the texture and flavor of these bars. This
infonnation will be used as part of the process in developing a snack bar made from lentils. Lentils a¡e a
prairie grown crop that a¡e suitable to include in a nutritious ba¡ because they are low in fat and higher in
folic acid, i¡on, fibre and protein compared tô oats.

Criteria fo¡ volunteers are that you have eaten nutritious snack bars (eg. granola bars, energy bars, cereal
bars) at least once. You will be asked to taste the bars indicating how much you like them, whether you
would purchase therr¡ as well as your opinion regarding the texture and flavor. The single session you
would attend would take about t hour.

A known risk is an allergy to the ingredients of the snack ba¡s. A questionnaire regarding allergies
completed by those agreeing to participate will inform the resea¡cher of any possible risk Also included
are questions about snack ba¡ consumption. A summary of the results will be sent to participants within
two months from completion of data collection.

Sessions will take place in the George TVeston Limited Sensory and Food Resea¡ch Centre, Fou¡th Floor
Human Ecology Building during the week of September 30.

Results will not be reported by individuals'names nor will any names be associated with the results.
Participants will be identified by number only. All data will be kept strictly confidential by D. Ryland
and under lock and key until published or for five years whichever is shorter.

ffyou would like to be part of this research, complete the sign-up sheet indicating which time you will
attend. Read and fill in the required consent form and questiotnaire attached and return them to Donna
Ryland before your session. Any questions you have can be directed toher at474-8071.

Panelists completing the session will receive a $10 gift certificate redeemable at the University of
Manitoba bookstore.

We hope you will be able to assist us with this project.

Sincerely,
Donna Ryland, Gráduate Student
and
Marion Vaisey-Genser, Senior Scholar

Faculty of Human Ecology

Depârtment of Human Nutritional Sciences

Winuipeg, Manitoba
C¡natla R3T 2N2
m: (20$a74-Bïll
Fu: (2M) 474-7592
ryland@ms.mitoba.ca
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'lYritten Consent Form Panelist No

Resea¡ch Project Title: Sensory Evaluation of Nutritious Snack Bars

Researcher(s); Donna Ryland and Marion Vaisey-Genser

Faculty of Human Ecology

Department of Human Nutritional Sciences

This consent form, a copy of which will be left with you for your records and refe¡ence, is only part
of the process of inforrned consent. It should give you the basic idea of what the research is about
and what your participation will involve. If you would like more detail about something mentioned
here, or inforrnation not included here, you should feel free to ask. Please take the time to read this
carefully and to understand any accompanying information.

The study is being done to evaluate the acceptability and opinions of consumers regarding flavor
and texture attributes of nutritious snack bars including those made with lentils.

Criteria for volunteers are that you have eaten nutritious snack bars (eg. granola bars, energy bars,
cereal bars) at least once. You will be asked to taste snack bars indicating how much you like them,
whether you would purchase them, as well as your opinion regarding the texture and flavor. The
single session you would attend would take about I hour.

A concern is a possible allergy to the ingredients of the snack bars. A questionnaire regarding. .

allergies will be used to screen panelists with a potential health risk.

Panelists will be identified by number ánd all data related to personal inforrnation and results
obtained will be kept in a locked cabinet for 5 years or until data are published whichever comes
first. Access to information linking subject to number will be limited strictly to the researchers
named above. All data will be shredded after the time has expired. Data published will be given as

group means with no individual names given.

Information regarding the results will be sent to participants within two months from completion
of data collection.

A gift certificate for $10.00 redeemable at the Universify of Manitoba Bookstore will be given to
those completing the session.

l

Your sigrature on this forrn indicates that you have understood to your satisfaction the inforrnation
regarding paficipation in the research project and agree to serve as a subject. In no way does this
waive your legal rights nor release the researchers, sponsors, or involved institutions from their legal

Winnipeg, Manitoba
Canada R3T 2N2
Ph: (2M)474-8071
Fax: Q04) 474-7592

ryland@ms.umanitoba.ca
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andprofessionalresponsibilities. Youarefreetowithdrawfromthestudyatanytime,and/orrefrain
from answering any questions you prefer to omit, without prejudice or consequence. Your continued
participation should be as informed as your initial consent, so you should feel free to ask for,
clarification or nertr information throughout your participation. This study is being conducted by
Donna Ryland,474-8O7l under the supervision of Prof. Marión Vaisey-Genser,474-9901-

This research has been approved by the Joint-Faculty Research Board of Ethical Review at the
University of Manitoba. If you have any concerns or complaints about this project you may contact
any of the above-named persons or the Human Ethics Secretariat at 474-7122. A copy of this
consent form will be given to you to keep for your records and reference.

Participant's Si gnature

Telephone Number

Researcher and/or Delegate's Signature

Date

Email Address

Date
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PanelistNo.-

Please answer the following questions by placing a check (/) where appropriate.
All information will be kept strictly confidential.

1. Age a. 18-29 

-

2. How often do you generally eat products such as granola bars; energy bars, ðereal bars?
Check one only.

a. at least once a week 

-
b. at least once a month

QuestionnaÍre
Nutritious Snack Bars

b. 30-39

40-50

c. a few times a vear

d. other 

- 

please explain

3. When do you generally eat this type of product?

a. as a snack

b. in olace ofbreakfast

c. other- please explain

4. TVhat brand and flavor do you norrnally eat?

Brand

5. Are you allergic to any foodproducts? Yes- No- If yes, note thembelow.

6. A¡e there any foods specifically, or food flavors and textures generally, that you would prefer not to
evaluate? Yes 

- 

No 

- 

If yes, note thembelow.

lunch 

-dinner

7. Are you on a restricted diet? Yes 

- 

No 

- 

If yes, explain what these restrictions are.

Flavor

Thank you for completing this questionnaire.
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Recruitment Package for Descriptive Panel

186



UxIVERS ITY
or MANIToBA

THE GEORGE WESTON LIMITED SENSORY AND FOOD RESEARCH CENTRE
October,2002

Dear Colleague,

As part of research to complete my Master of Science degree I am inviting you to participate in a
trained sensory panel which involves tasting snack bars similar to granola bars that are made
from lentils. Prior experience is not necessary. This letter explains what your commitment
would be. If you have any questions please call Donna Ryland at 4j4-8071.

Ten to twelve panelists will take part in group and individual sessions where the flavor and
texture of snack bars will be evaluated. Other products may be used to aid in describing these
characteristics. Training sessions will include group discuision of sensory attributes and
evaluation of their intensities in various samples. Individual evaluation of the samples will
follow. There will be approximately 6 training sessions and 2 to 4 individual sessions held from
about 1 1:30 to 12:15 duríng a 3 to 4 week period. The study will take place in the George'Weston Limited Sensory and Food Resea¡ch Centre, Fourth Floor of the Human Ecology
Building with anticipated sta¡t date of Wednesday, November 6..

Remuneration will be in the form of a $50.00 gift certificate redeemable at the University of
Manitoba Bookstore.

A potential risk would be altergic reactions to food products. Completing the enclosed
questionnaire will alert the researcher to possible risk. If you are interested in helping us with
this research please complete the consent form and the questionnaire attached. Réturn these
forms to Donna Ryland by Monday, November 4.

We hope that you will be able to take part in this research and look forward to hearing from you.

Sincerely,

Donna Ryland, Graduate Student
and Marion Vaisey-Genser, Senior Scholar
Department of Human Nutritional Sciences

Faculty of Human Ecology

Department of Human Nutritional Sciences

Winnip€g, Madtoba
Canada R3T 2N2
Ph: QM)4l4-BAtl
Fax: (204) 474-7592

ryland @ ms.umanìtoba.ca
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U¡UIVERSITY
or MANIToBA

Faculty of Ifuman Ecology

Department of lfuman Nutritional Sciences

Research Project Title: Sensory Evaluation of Nutritious Snack Bars

Researcher(s): Donna Ryland and Marion Vaisey-Genser

This consent fonn, a copy of which will be left with you for your records and refeience, is only
part of the process of informed consent. It should give you the basic idea of what the resea¡ch is
about and what your participation will involve. If you would like more detail about something
mentioned here, or information not included here, you should feel free to ask. Please take the
time to read this carefully and to understand any accompanying infonnation.

The study is being done to evaluate the flavor and texture attributes of nutritious snack bars made
from lentils. Approximately six training sessions will be conducted where panelists meet as a
group to learn the flavor and texture attributes as well as the scale used to measure the intensity
of the attributes. Samples of snack ba¡s as well as other products useful in defining specific '
attributes will be tasted to familiarize panelists with procedures. Two to four têst sessions will be
held in individual booths. All sessions will be 30 to 45 minutes and take place on the fourth
floor of the Human Ecology Building.

Possible risk may be allergic reactions to food products sampled. Completion of the accompanying
questionnaire will alert the researche¡ to any potential risk.

Panelists will be identified by number and all data related to personal information and results
obtained will be kept in a locked cabinet for 5 years or until data are published whichever comes
first. Access to information linking subject to number will be limited strictly to the researchers

Written Consent Form

Wiruripeg, Manitoba
Canada R3T 2N2
Ph: (204) 47+8071
Fax (2M) 474-7592

ryland @ms.umanitoba.ca

Panelist No.
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named above' All data will be shredded after the time has expired. Data published will be given æ
group means with no individual narnes given.

You will receive a copy of the purpose of the study as well as the results within two weeks after the
study is completed.

A gift certificate for $50.00 redeemable at the-university of Manitoba Bookstore will be given to
those completing all of the required group and individual sessions.

Your signature on this form indicates that you have understood to your satisfaction the information
regarding participation in the resea¡ch project and agree to participate as a subject. In no way does
this waive your Iegal rights nor release the researchers, sporisors, år involved institutions from their
legal and professional responsibilities. You are free to withdraw from the study at any time, and /or
refrain from answering any questions you prefer to omit, without prejudice oi 

"on.éqo"nce. 
your

continued participation should be as informed as your initial 
"onr"it, 

so you should feel free to ask
for clarification or new information throughout your participation. This stu¿v is ueing ,on¿or,"¿
byDonnaRvtand,4T4-BoTrunderthe.oi.*iríon"ftt;i.'M;;;vaisey-Genser,4í4-gg¡r.,

This resea¡ch has been approved by the Joint-Faculty Research Board of Ethical Review at the
University of Manitoba. 

_ 
If you have any concerns or complaints about this project you may contact

any of the above-named persons or the Human Ethics Secretariat at 47i-7ízz. " 
A "õí of this

consent form will be given to you to keep for your records and reference.

Participant's Si gn ature

Telephone Number

Researcher and/or Delegate's Signature

Date

Email Address

Date

189



Sensory Evaluation of Nutritious Snack Bars

This information will be kept strictly confidential' 
panerist No.

1. Have you participated on sensory evaluation panels before?
Yes_ No _ If yes,

a) What product(s) did you evaluate?

Questionnaire

b) Was training part of the evaluation procedure? Yes 

-No -
If yes, indicate for which product(s).

2. Are you allergic to any food products? Yes 

- 

No 

-
If yes, note them below.

3. A¡e there any foods specifically, or food flavors and textures
generally, that you would prefer not to evaluate?

4. Do you take any medications which affect your senses, especially taste
and smell? Yes No-

Do vou smokè? Yes No

Are you on a restricted diet? Yes 

- 

No 

- 

If yes, explain what these restrictions are.

Thank you very much for completing this questionnaire.
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Appendix 4

Outline of focus groupl session for snack bars

1) Introduction of Moderator "and Group"

So that we don't feel like total strangers toward each other let's go around state our name and

what we spend most of our time doing.

I'm Donna and spend most of my time at the university working at my full-time job as food
research coordinator in the department and part-time as a graduate student. Next .......

The purpose of this discussion is to find out what your preferences are when you select and

eat nutritious snack bars. This focus group technique is commonly used when developing
new products to get information about how one can make these products suitable for the

people who are consuming them. I am interested in everyone's thoughts and will guide the

discussion and keep us on track.
Just a reminder that your personal responses will remain confidential with only myself
having access to the recording that I will be making of the session. The results will be

summarized and reported on a group basis.

2) General Questions

First of all let's think about why you choose cereal bars.

Possible responses - quick, tasty, fills the gap, healthier choice than chocolate bar or cookie,

fruit flavors, raisins, fibre source, nutrient source, convenient - eat on the go, no special

storage

Now that we've discussed why you choose the bar what do you look for when you select
the bar you do?

Possible responses - particular flavor, brand, low fat, price, amount of fruit, appearance

3) Specific Questions

Could you tell me what you like about this particular bar -
Possible responses - chewiness, flavor, sweetness, color, textural appearance

Explain in mole detail - flavor? ex. toasted

What could be improved about this particular bar?
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What would you change about the recipe to improve it?

Start with 2 commercial bars and proceedlo 2 experimental bars
940 - Nature Valley - Oats and Honey
628 - Quaker - Chewy - Raisin
774 -Experimental - Plain
873 - Experimental - Clanbeny

4) Summary
To summarize think of which sample you liked the best and why and perhaps which sample
yo u liked the least and why.

5) Identification of Samples and Project Summary2

6) Thank Participants.

Hand out honorarium ($10 gift certificates for University of Manitoba Bookstore)

tAdapted Chambers and Smith,1991.

2Project Summary

What we are doing is to use micronized flaked lentils to make a food product. Micronization
is a precooking step that uses heat to soften the lentils. Flaking is an abrasion technique
which helps with moisture absorption. Lentils are a good source of iron, fibre and are low
in fat. Compared to oats, on a per 100 gram basis raw, they contain less energy, less fat,
more protein, and more fibre.
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Exercise used during training to teach panelists the
appropriate way to use the L5 cm line scale

for measuring attribute intensities

Appendix 5
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Pánelist No.

Esti¡nate
ùertica]-

the proportiôn
mark across tt¡e

non9

of the circle
line, scale to

that is shaded and place
indicate that, amount-

none

aII

all

all

aLL

alI

aIl

a11..

all
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Demographic Characteristics of Groupings Created From Inte¡nal Preference Mapping

Group Aget How Often2

'l.aa
n=4aa

ab
aa

2
n=l5

a

a

a
a

a

a

a

a

a

a

a

b
b
a

3a
n=29 a

a

a

a

a

a

a

a

a

a

c

a

a

a

Appendix 6

When Eaten3

a

a

a

a

b
b
a

Brand

a&c

vanous
nahrre valley
gatorade

nature valley

quaker, nature
valley

president's choice,
quaker

no response
nutri-grain
body smaru,
sun-rype
clif bar
president's choice

kellogg's
president's choice

safeway no name
nature valley

nature valley
nestle/cadbury
variety
quaker

quaker
power bar harvest
quaker
nature valley
multi-grain
nature valley
president's choice

low fat
nature valley
natue valley
quaker
nature valley
quaker
nutri-grain
quaker
slim fast

a

a

a

a
a

b
b

Flavor

b-lu
c

a

a

a
a

a

a
a&c
a&b-br

a

a&c
a
a
a

c
a

b-lu
a

a

a&c
a

b-br

.a
b-br or lu

a

a

vanous
peanut butter
peanut butter
va¡ious

variety, peanut butter

bumble berry, any

no resPonse
strawberry, mixed berry
carameVchocolate,

variety
crunchy peanut butter
chocolate and
marshmallow

stra\ryberry
cranberry or chocolate

chip
chocolate chip
peanut butter or apple

cinnamon
apple, banana
chocolatey'vanilla
no response
banana nut, berry

trail mix
blueberry
apple
chocolate chip
strawberry
apple
almond and raisin

peanut buttel
peanut butter/almond
fruit/nut or chocolate chip
various
chocolate chip
apple and cinnamon
chocolate
chocolate

a

a

b
a

a

a

a

a

a

a

a

c
a

b
b
c
a

b
c
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Demographic Characteristics of Groupilgs Created From Intemal Preference Mapping (cont'd)

Group Aget

a

a

a

a

a

a

a

c
c

c
a

a

a

4a
n=14 b

a

c
b
a

a

a

a

a

a

a

a

a

How Often2 WhenEaten3

a

b
b
a

b-lu

a&b-lu&c
a&b-b¡
a

a

a&b-br

a

a&b-br
a
a

a&b-br&lu
a

a

a&b-br

a&b-br
b-br
a
a

a

a
a
b-br
a&b-br
a

a
a

a
â.

b
a

b
a

c
b
a

a

d
b
a

c
b
b
a

b
c
d-bwb&c
a

a

c
a

B¡and

bioprotein

power bar/harvest/rebar
various
powerbar/no name
quaker or no name

nufri-grain

nuti-grain
nutri-grain
safeway brand
president's choice
nature valley
nature valley -

suü-rype ,

nature valley

nutri-grain
chewy
quaker
sun-ryPe
president's choice
nature valley
quaker
vector
nutri-grain
no response
president's choice
quaker

no fesponse
president's choice

Flavor

chocolate and peanut
butter
not chocolate m fake fruit
no response
chocolate,/qanbery oat
chocolate chip, bumble
berry

blueberry, mixed berry,
raspberry

raspberry
sfrawberry
basic with chocolate chips
chewy
apple cinnamon
peanut butter
apple-strawberry-banana
apple or almond

strawberry
chocolate chip
hain mix
fruit to go
berries
apple crisp
bakecl apple
cranberry apple
strawberfy
no lesPonse
chocolate chip
raisin&honey or cranberry

apple
chewy, chocolate chip'
low fat apple cranberry

'a=l 8-29;b=30 -39 ;c4Q-50
2a=at least once a week; b=at least once a month; c=a few times a year; d=other
3a=as 

a snack; b=in place of brealdast (br), lunch (l) or ilinner (d;ic=other
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Table A - Stickiness to Touch

Source DF

Model 105

panelist 10

rep I
sample 1

panelist'Frep 10

panelist*sample l0
rep*sample 1

Appendix 7
Analysis of variance tables for all attributes evaluated by the descriptive panel

Error
Corrected Total

Table B - Slveetness

Source

Model

panelist
rep
sample
panelist'r'rep
panelist'tsample
rep*sample

Enor
Corrected Total

Table C - Sour/fruity

Source
Model

panelist
rep
sample
panelist*rep
panelist*sample
rep*sample

Sum of
Squares Mean Square

t318.43 r3.t3

262.78 26.28
3.99 3.99
584.'t 83.54
41.92 4.r9
437.87 6.26
41.r3 6.73

152.31 2.r8
1 530.80

Sum of
Squares Mean Square

938.16 8.93

130.78 13.08

0.93 0.93
363.016 5t.86
25.14 2.57
400.24 5.',72

r7.45 2.49

r31.40 t.96
1075.55

Sum of
Squares Mean Square
r9t1.45 18.26

423.65 42.37
12.50 12.50
181.23 112.46
73,61 7.36
580.02 8.29
40.44 5.18

366.92 5.24
2284.36

70
n5

F Value

6.03

12.01

1.83

38.38
1.93

2.81
3.09

DF

105

10

I
7

10

70
7

70
t75

Pr>F

<.0001

<.0001
0.1801
<.0001
0.0558

<.0001
0.0067

F Value

4.55

6.66
0.41
26.42
1.3 1

2.91

t.27

DF
105

10

1

1

10

10
'l

Error 10
Corrected Total 115

Pr>F

<.0001

<.0001
0.4933
<.0001
0.24t7

<.0001
0.2711

F Value
3.48

8.08
2.38
2r.46
t.40
1.58

1.10

Pr>F
<.0001

<.0001
0.12'7r

<.0001
0.1966
0.0287
0.3115
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Table D - Grainy

Source

Model

panelist
rep
sample
panelist*rep
panelist*sample
rep*sample

Error
Corected Total

Table E - Lentil

Source

Model
panelist

rep
sample
panelist*rep
panelist*sample
rep'Fsample

Enor
Conected Total

Table F - Hardness

Source

Model
panelist
rep
sample
panelist*rep
panelist*sample
rep*sample

En'or
Corrected Total

DF

105

10

1

7
10

10
1

70
115

Sum of
Squares Mean Square

1155.71 11.01

t73.r4 11.3r
t9.31 19.31

419.42 68.49
69.96 7.00
390.01 5.57
23.80 3.40

711.15 2.53
t332.86

Sum of
Squares Mean Square

r54r.06 t4.68
401.10 40.tt
3.14 3.14
610.63 87.23
93.04 9.30
413.56 5.91

19.58 2.80

222.65 3.18
r'763.71

Sum of
Squzu'es Mean Square

660.70 6.29
54.39 5.44
0.09 0.09
194.0 21.-t1

13.22 t.32
365.12 5.22
33.87 4.84

t66.63 2.38
82'7.3t

F Value Pr > F

4.35 <.0001

6.84 <.0001
7.63 0.0073
2'7.06 <.0001
2.16 0.0062
2.20 0.0006
1.34 0.2433

105

10

1

7
10

70
7

10
r75

F Value Pr > F

4.61 <.0001
12.61 <.0001
0.99 03240
27.43 <.0001
2.93 0.0040
1.86 0.0052
0.88 0.5272

DF

105

10

1

7

l0
70
7

10
r75

F Value Pr > F

2.64 <.0001
2.28 0.0221
0.04 0.8494
rt.64 <.0001
0.56 0.8443
2.r9 0.0006
2.03 0.0628
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Table G - Cohesiveness

Source
Model

panelist 10

rep I
sample 7
panelist*rep 10

panelistxsample 70
rep*sample 1

Error 10
Corrected Total 175

Table H - Cohesiveness of mass

Source DF
Model 105
panelist 10

rep 1

sample 1
panelist*rep 10

panelist*sample 10
rep*sample 7

Enor 70
Corrected Total 115

Table I - Moistness

Source DF

Model 105
panelist 10

rep I
sample 1
panelist*rep 10

panelist*sample 70
rep*sample 7

Error 10
Corrected Total I15

DF
105

Sum of
Squares Mean Squale
666.91 6.35

18.45 1.85
5.64 5.64
111.78 15.91

35.75 3.51
380.t2 5.43
55.18 7.88
276.25 3.95
943.16

F Value Pr > F
1.61 0.0171

1,.99 0.0416
1.43 0.2360
4.05 0.0009
0.91 0.5327
1.38 0.0922
2.00 0.0616

Sum of
Squares Mean Square
645.46 6.14
42.05 4.2t
13.98 13.98

57.03 8.15
118.50 11.85

405.72 5.80
8.18 1.17

230.01 3.29
815.47

Sum of
Squales Mean Square

508.76 4.85
10.79 7.08
t.47 1.47

13r.9r 18.84
44.19 4.48
229.73 3.28
30.01 4.30

t'77.30 2.53
686.06

F Value Pr > F
1.87 0.0028
1.28 0.2588
4.25 0.0429
2.48 0.0247
3.61 0.0007
r.76 0.0094
0.36 0.9245

F Value Pr > F

1.91 0.0021
2.79 0.0057
0.58 0.4483
7.44 <.0001
t.77 0.0828
1.30 0.7404
r.70 0.1241
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Table J - Chewiness

Source DF

Model 105

panelist 10

rep 1

sample 7
panelist*rep 10

panelist*sample 10
rep'Fsample 1

Enor 10
Corrected Total l"l5

Table K - Adhesiveness to teeth

Source DF

Model 105
panelist 10

rep 1

sample l
panelist*rep 10

panelist*sample 70
rep*sample 7

Enor 70
Corrected Total I'Ì5

Sum of
Squares Mean Square

5t5.31 4.91
67.5r 6.15
12.45 12.44
48.17 6.88
66.15 6.61

295.25 4.22
25.85 3.69

212.39 3.03
721.16

F Value Pr > F

1.62 0.0162
2.22 0.0258
4.r0 0.0461
2.21 0.0386
2.18 0.0290
r.39 0.0854
t.22 03052

Sum of
Squales Mean Squale

633.63 6.04
332.95 33.30
0.65 0.65
51.42 8.20
28.79 2.88
189.28 2.70
24.54 3.51

214.89 3.01
848.52

F Value Pr > F

r.97 0.0014
10.85 <.0001
0.21 0.6467
2.61 0.0164
0.94 05047
0.88 0.7015
1.74 0.3475
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