
usE oF PEA (pßum s!!i!um L.) FLouRS AND FRACTTONS AS FooDTNGREDIENTS: EFFECT ON TPXíURE, SENSORY RESULTS, ANTIOXIDANTACTIVITY AND TOTAL PHENOLIC CONTENT

by

Heather Maskus

A thesis submitted to the Facurty of Graduate studies of

The University of Manitoba

In partial fulfillment of the requirements of the degree of

MASTER OF SCIENCE

Department of Food Science

University of Manitoba

V/innipeg, Manitoba

Copyright O 2008 by Heather Maskus



THE UNTVERSITY OF MANITOBA

FACULTY OF GRADUATE STUDIES

COPYRIGHT PERMISSION

Use of Pea (Pisum sativum L.) Flours and Fractions as Food Ingredients:
Effect on Texture, Sensory Results, Antioxidant Activify and Total Phenolic

Content

BY

Heather Maskus

A Thesis/Practicum submitted to the Faculty of Graduate Studies of The University of

Manitoba in partial fulfillment of the requirement of the degree

of

MASTER OF SCIENCE

Heather Maskus @ 2008

Permission has been granted to the University of Manitoba Libraries to lend a copy of this
thesis/practicum, to Library and Archives Canada (LAC) to lend a copy of this thesis/practicum,
and to LAC's agent (UMlÆroQuest) to microfilm, sell copies and to publish an abstract of this

thesis/practicum.

This reproduction or copy of this thesis has been made available by authority of the copyright
owner solely for the purpose of private study and research, and may only be reproduced and copied

as permitted by copyright laws or with express wriffen atthorization from the copyright owner.



I herby declare that I am the sole author of this thesis.

I authorize the University of Manitoba to lend this thesis to other institutions or
individuals for the purpose of scholarly research.

Heather Maskus

I further authorize the University of Manitoba to reproduce this thesis by photocopying
or by other means, in total or in part, at the request of other institutions or individuals
for the purpose of scholarly research.

Heather Maskus

II



ACKNOWLEDGEMENTS

My advisot, Dr. Susan Amtfield, without question provided her knowledge, and

guidance throughout the duration of my project, so to her I offer my never ending

appreciation for giving me not only the opportunity for my Master of Science degree

but also for providing all the tools necessary to complete this degree. As well, the other

members of my committee, Dr. Fulcher and Dr. Lukow, who provided their expertise

on many other aspects of my project, sincerely, I thank-you.

To all those who have helped me along the way, including all the assistance I

have received from Anne-Sophie Bellido at the Canadian International Grains Institute,

Kathy Adams, Dave Niziol and all those at the Cereal Research Center and Alison Ser

of the Food Science department, thank-you for your technical expertise. Michael

Stringer, Marcia McFadden, Shuliu Li and Sirak Golom; all of whom are promising

students and all of whom I could not have completed my work without, thank-you for

all of your help.

My many, many office mates as well as the other Food Science students who

have offered their experience; i wish all the best in theìr endeavours and thank them for

being apart of my life.

Financial support from the Saskatchewan Pulse Grower's Association as well as

from the Agri-Food Research and Development Initiative, Agriculture and Agri-Food

Canada and the Barlow Fellowship are gratefully acknowledged.

IV



Abstract

The purpose of the research was to formulate food products such as tortillas and

extruded, expanded snack food products using pea flour and pea fractions. Tortillas

were made from 5 different formulations of pea flour, pea hull and wheat flour. Each

was evaluated for diameter, thickness and rollability characteristics as well as colour,

cohesiveness and firmness. Through optimization by response surface methodology for

cohesiveness and firmness of tortillas, it was found that 27o/o pea flour and, 5Yo pea hull

from the Eclipse yellow pea variety and 26Yo pea flour and 4%o pea hull from the

Cooper green pea variety could be incorporated in tortillas without compromising

texture based on results from the 2006 crop year. Through sensory testing, it was found

that these optimized formulations scored a seven of nine on a nine point hedonic scale,

similar results for the control wheat flour tortillas.

Pea flour, pea hull and pea starch were also used to make an expanded, extruded

snack food product. By testing the shear strength, bulk density and expansion ratio of

the final products and comparing the attributes to existing products on the market, it

was apparent that a texturally acceptable product was created. Pea flour tended to have

a positive effect on the texture of the extrudate (up to 50%;o pea flour addition which was

tested). Processing temperature also had a significant effect on the expansion ratio and

bulk density of the final product but did not affect shear strength. Of three samples

tested in sensory evaluation, the sample which most closely represented ideal product

characteristics was a 50%o whole yellow pea flour sample without added hull and

extruded at a final barrel temperature of 120"C as opposed to a 50Yo whole yellow pea
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flour without added hull processed at 135"C or a 50Yo whole yellow pea flour with 10%

added hull processed at 135"C.

The antioxidant activity of tortillas and extrudates made using pea flour and pea

fractions was tested using the ABTS, DPPH and ORAC methods while total phenolic

content was measured using the Folin-Ciocalteau method. A reduction in antioxidant

activity and total phenolic content occurred in processed pea flour, pea hull and wheat

flour tortillas. For extrudates, a reduction occurred in antioxidant activity and the total

phenolic content when using the ABTS and Folin-Ciocalteau methods respectively

while the ORAC method indicated that the antioxidant activity increased with

processing. These differences may have occurred due to the reaction of different

antioxidants with different antioxidative capacity between each method. Temperature

of processing likely had an impact on the results for antioxidant activity and total

phenolic content. By incorporatingpea flour and pea fractions in tortillas and extruded,

expanded snack foods, pea producers will benefit from the use of peas in a value added

food product while consumers will benefit from having a product using a nutritionally

superior ingredient.
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CHAPTER 1: INTRODUCTION

Canadianproduction of dry field peas (Pisum sativum L.) is responsible îor 50Yo

of the exported pea market (Agriculture and Agri-Food Canada,2006). In the export

market, Canadian peas are used equally for both human food and animal feed, those

which remain in Canada are mostly used for animal feed with only about l}Yo of

domestic peas used for food (Agriculture and Agri-Food Canada,2005). More value

may be added to this crop by increasing its use in domestic foods. The objective of this

research was to formulate food products using pea flour and pea fractions as ingredients.

Specifically, different concentrations of pea flour and pea fibre blended with wheat

flour to make tortillas and pea flour, pea fibre and pea starch in different concentrations

were used to make an expanded snack food product. The quality of the final products

was assessed using texture analysis as well as through sensory analysis. Antioxidant

activity and total phenolic content of the final products were determined and compared

to the values for the blends used to make the products.

Use of peas in food products not only increases the value of the crop at the farm

level but it will also provide products which are superior as compared to similar

products which do not contain pea components. Peas are high in fibre and contain both

insoluble and soluble fibre. Peas are high in protein, and contain the essential amino

acid lysine, which is limited in cereal crops. Peas are also low in fat. On the market,

there are a limited number of products which contain pea or pea fractions apart from

soups. Some research efforts have used pea fractions as ingredients in the past. Some

examples of products include pea protein gels, pasta-like products and the use of pea

fibre in meat products.



The hypotheses for this experiment are as follows:

o As the concentration of pea flour in tortillas increases, it will interrupt

the gluten network in the wheat based product and cause failures in the

texture of tortillas at a critical point.

o The addition of pea fibre in tortillas will increase the absorption of water

by the tortilla blend.

The antioxidant activity of the composite pea flour tortillas will be

higher for samples with additional pea fibre due to an increased

concentration of antioxidant activity in the hull component of the peas.

As the concentration of pea flour increases in extruded snack foods, the

expansion of the products will decrease in comparison to control samples

The increased level of pea fibre added to extrusion formulations will

limit the air cell size in extruded snack foods.



CHAPTER 2: REVIE\ry OF LITERATURE

2.1. Canødiøn pea production ønd utilization

Of the production of dry field peas (Pisum sotivum L.), Canada contributes25o/o

of the world supply and 50Yo of the exported pea market (Agriculture and Agri-Food

Canada,2006). Saskatchewan is the main grower of Canadian peas and accounts for

78o/o of national production (Agriculture and Agri-Food Canada, 2006). Ninety percent

of the peas that remain in Canada are used for livestock feed (Agriculture and Agri-

Food Canada, 2005) while Canadian peas on the export market are used equally for

both animal feed and human food (Agriculture and Agri-Food Canada,2005).

Several dry pea types are grown in Canada which include yellow, green, small

yellow, maple and marrowfat (Agriculture and Agri-Food Canada,2005). Cultivars

may vary in size, shape, colour, leaf structure, maturity, yield, mildew resistance and

cooking quality (Saskatchewan Pulse Growers' Association,2005). Primary processing,

which involves cleaning and sorting, makes up the majority of the pea processing

industry, however, secondary processing, including splitting, canning, drying, milling or

other processing applications (Agriculture and Agri-Food Canada, 2005) to make the

commodity ready for consumer consumption, will continue to grow at a faster rate.

2.2. Composition of peøs

The pea seed is composed of three parts, the seed coat, the cotyledon and the

embryonic axis, representing respectively 10yo, 89Yo and 1o/o of the whole seed

depending on the variety (Dueñas et al., 2004). Peas are known for their beneficial

nutritional profile, which is discussed in greater detail below.



2.2.l.Fat

Peas typically contain approximately

polyunsaturated fatty acids representing

Q.allgl I00g and 0.0849/100g respectively).

0.242% of the whole seed, mostly being 18: 1

is mostly 16:0 (0.125gl100g). (USDA,2008)

1.2Yo fat. The majority of this is made of

0.495% being mostly 18:2 and 18:3

Monounsaturated fats are responsible for

while saturated fats make up 0.161% and

2.2.2. Protein

Peas are composed of approximately 25Yo protein. The major amino acids

present include glutamic acid, aspartic acid, arginine, lysine and leucine in

concentrations of 4.1960/0,2.8960/0,2.188yo, 1.772% and 1.760% respectively (USDA,

2008).

2.2.3. Fibre

According to the USDA Nutrient Data Laboratory (2008), peas contain

approximately 26%o total dietary fibre. Dalgetty and Baik (2003) found that insoluble

dietary fibre in pea seed and pea flour was 113% and 5.3o/o respectively, while soluble

dietary fibre was found tobe 8.7%o for both the pea seed and pea flour.

2.2.4 Carbohydrates

Carbohydrates are present in peas at a concentration of approximately 600/o

according to the USDA (2008). The most abundant carbohydrate in peas is starch,

accounting for 43%o of the whole seed with branched amylopectin (linear chains of



(1---+4) a,-D-glucose residues bonded with (1---+6) o-linkages) making up 50-70% of the

starch. The remainder of the starch is amylose, consisting of u-(1---4) linked with D-

glucopyranosyl accounting for 33-49% (Ratnayake etal. 2002). Pea starch granules are

generally oval shaped and 2-40 ¡tm in size (Ratnayake et al. 2002). It is possible to

isolate pea starch using two methods; pin milling and wet milling. Pin milling,

commercially the most common method, involves extensive particle size reduction

followed by air classification. Wet milling, alternatively, utilizes a 0.02o/o sodium

hydroxide alkaline treatment and repeated filtration through polypropylene screens

(Ratnayake et al. 2002)

The swelling power and solubility of legume starches varies greatly with regard

to. GelafinizaÍion of pea starch begins at the hilum where the crystalline structure is

disrupted, moving next to the central portion of the granule where B polymorphs are

arranged causing swelling in the central part of the granule (Ratnayake et al. 2002).

Gelatinization temperatures at onset, peak and final gelatinization stages of smooth pea

starch are 55-61"C, 60-675"C and 75-80'C respectively (Ratnayake et al. 2002).

These properties of pea starch contribute to the functionality of peas as a food

ingredient.

2.2.5. Minerals

The ash value of field peas is typically 2.65yo, representing the major minerals,

potassium, phosphorous, magnesium, sodium, calcium and iron (981,366,115, i5, 55

and 4.43 mg/100g pea respectively) (USDA, 2008).



2.2.6. Antioxidants

The determination of antioxidanf activity is important because it relates to the

scavenging of reactive oxygen species (ROS) which are responsible for the oxidative

degeneration of tissues such as proteins, lipids and DNA (Wu et al., 2004). Some

common antioxidant compounds include include p-hydroxybenzoic acid, protocatechuic

acid, vanillic acid, p-coumaric acid, ferulic acid and apigenin-8C-glucoside (Dueñas et

a1.,2004, Lopez-Amores et a1.,2006 and Troszyúska et a1.,2002). Depending on the

pea variety as well as environmental conditions, concentrations of these compounds

may differ. For instance, protocatechuic acid was found in concentrations of 2.77 p,glg

and 19.82 pglg in the cotyledon of ZP-849 and Fidelia varieties respectively while the

pea hull of these varieties contained 50.15 ¡rg/g and 76.99 ¡rglg for ZP-849 and Fidelia

variety peas respectively (Dueñas et al., 2004).

The seed coat is generally rich in antioxidants, likely to ward off oxidative

stresses such as those from ultra violet light and heat (Troszyúska et a1.,2006). There

are many methods that may be used to measure antioxidant activity and four will be

discussed, including oxygen radical absorbance capacity (ORAC), 2,2-diphenyl-l-

picrylhydrazyl (DPPH), 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)

as well as a method to determine total phenolic content (TPC). Although the methods

essentially measure antioxidant activity (AOA) of the samples (with the exception of

the total phenolic method), the use of different radicals as well as extraction solvents,

preparation methods and experimental conditions can cause variations between the

results of the methods.



Although some data exist on the antioxidant and total phenolic potential of peas,

information is lacking on the effects of processing antioxidants in products ufilizing

peas as an ingredient.

2.2.6.1. DPPH

The DPPH method is based around the method established by Brand-Williams

et al. (1995). Antioxidants are permitted to react with the free radical, DPPH. As the

free radical is reduced, the DPPH chromagen loses its absorption at 515nm as the odd

nitrogen electron is reduced by the reception of a hydrogen atom from the antioxidant

present. The loss of absorption can then be related to the ability of the compound being

tested to retain the absorption of the free radical as it is protected from oxidation.

A good antioxidant is one which is capable of quickly donating the H+ atom

causing a rapid decrease in the absorbance of DPPH chromagen. With the exception of

being in the presence of some Lewis bases, solvent types and oxygen, DPPH is a

relatively stable free radical (Molyneu x, 200 4).

The unpaired electron is delocalized over the entire DPPH molecule, causing a

deep violet colour and preventing dimerization, which would normally occur in the case

of other free radicals. With reduction of DPPH to DPPH+, the violet colour is lost and

yellow colour remains due to the presence of the remaining picryl group (Ozcelik et al.,

2003). In the reaction, the DPPH molecule is intended to represent free radicals formed

whose activity is to be hindered by the antioxidant.

DPPH can be used in aqueous and non polar solvents in order to analyze both

hydrophilic and lipophilic antioxidants. Lipophilic antioxidants can be determined



without the use of solubilizing agents such as B-cyclodextrin which is used in the

ORAC method. p-Cyclodextrin has been shown to have strong interference in HO'

scavenging capacity estimation (Cheng et al., 2006).

Pea varieties, when analyzed for their antioxidant activity using the DPPH

method ranged from 0.03-2.75 pmol trolox equivalents (TE)/g and 0.01-1.28 pmol TE/g

for yellow and green peas respectively (Xu and Chang, 2007). Different extraction

solvents played a significant role in the antioxidant analysis, 70Yo meÍhanol and 80%

acetone yielded the highest AOA values for yellow and green peas respectively (Xu and

Chang, 2007). Xu et al., (2007) similarly found that the AOA of yellow and green peas

using the DPPH method was 1.95 pmolTE/g and 1.53 ¡rmolTE/g respectively with no

significant difference between the types of pea.

2.2.6.2 ABTS

Re et al. (1999) used 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) or

ABTS to produce a blue green chromophore through a reaction of ABTS with

potassium persulfate. Absorption maximum is measured at 645, 734 or 815 nm through

the addition of an antioxidant to the pre-formed radical cation a reduction of ABTS

occurs causing a loss of blue green colour. Therefore the degree to which the

decolourization of the ABTS* free radical colour is inhibited may be determined as a

function of concentration and time. This value is then related to the reactivity of the

antioxidant capacity of Trolox which is used as a standard under the same conditions.

AOA values for peas using the ABTS method is lacking in literature.



2.2.6.3 ORAC

ORAC is a high throughput method for the determination of AOA. During the

radical-antioxidant reaction, fluorescent intensity is measured. A fluorescent probe,

fluorescin, is used as the free radical because it has a specific end point and as it is

oxidized, will lose its fluorescence. This measures the peroxyl radical scavenging

capacities of specific antioxidants. The difference between the area under the curve

(AUC) for the reference sample and the test sample is taken and the measurement is

recorded in ORAC units (¡rmol TE)/g). (Cheng et al., 2006)

The data compiled by the USDA ORAC database (2007) indicates AOA for dry

peas. This source indicated that the hydrophilic and total ORAC values for "peas, split

mature seeds raw" and "peas, yellow, mature seeds, raw" have a hydrophilic as well as

total ORAC values of 524 pmolTE/l00g and 741 pmolTE/100g respectively. Higher

values for "peas, yellow, mature seeds, raw" are likely due to the presence of the seed

coat, which has higher AOA as indicated previously.

2.2.6.4 Total Phenolic Content

Both the seed coat and the cotyledon of peas are rich in phenolics. Generally, a

high concentration of phenolics is associated with a high AOA (Dueñas et al., 2004).

Phenolic AOA is generally dependant on their structure, polyphenols, for instance tend

to have greater antioxidant capacity than monophenols (Troszyúska et al., 2006).

Yellow and green peas demonstrated total phenolic concentrations as indicated

by Xu and Chang (2001) of 1.4 mg gallic acid equivalents (GAE)/g when extracted with

70o/o methanol. The USDA (2007) obtained similar results and found that peas
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contained approximately 80mg GAE/100g depending on variety. The structure of

phenolics greatly affects their antioxidant capacity, flavonoids tend to have greater

AOA when compared to non-flavonoids (Lopez-Amores et a1.,2006).

However, AOA cannot be directly correlated to the TPC of the sample

considering that different phenolic compounds exhibit differences in their AOA as

explained previously. Also, many factors tend to alter free radical scavenging ability of

an antioxidant, including interactions with other endogenous compounds, the nature of

the free radical and the substrate requiring protection by the antioxidant (Del Pozo-

Insfram et al., 2006).

2.2.6.5 Effect of processing on antioxidant activify and total phenolic content

Depending on the material evaluated, both increases and decreases in AOA and

TPC have been observed following thermal processing. Muffins analyzed by Li et al.

(2007) using purple wheat bran exhibited a decrease in total phenolics from the raw

material to the baked state. Specifically, methanol extracts of the purple wheat bran,

heat treated purple wheat bran, the purple wheat bran muffin and wheat bran muffin

resulted in a TPC of 3.34, 3.68, 0.26 and 0.35 mg ferulic acid equivalents (FAE)/g

respectively. It is likely that these reductions were the result of diluting the raw flour

with other ingredients as well as due to the binding or damage of aromatic structures of

the phenolics when subjected to high temperature processing as was observed by

Granito et al. (2007) when assessing the cause of the reduction on TPC of beans from

l9l7mgll00g to 854mg/100g following thermal processing.
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AOA also changed following thermal processing. It was found that after

processing of beans, AOA was reduced from 51.7I glI00g to 18.86 g/100g (Granito et

a1.,2007). However, Wu et al. (200$ concluded that the effect of processing on AOA

was dependent on the vegetable studied and that the most thermally resistant foods

tended to include those which contained active polyphenolic flavonoids rather than

vitamins. Randhir et al. (2007) also supported this notion; stating that where increases

in AOA occurred, there was likely a synergistic effect of other phltochemicals and

changes in the structures of thermally altered phenolics.

2.3. Cønødian consumption of dry peas

Canadian consumption of field peas in Canada in 2007 was l.22kglperson

(Statistics Canada, 2007). This amount has increased slightly since 1981, where

consumption was O.94kglperson, but the value has remained stable for the past 7 years

(Statistics Canada,2007). Some of the barriers to increased consumption of field peas

are due to the inconvenience to cooking peas as well as antinutritional components

which are present in peas, such as phytic acid.

2.3.1. Antinutritional factors

Phytic acid is a natural antinutritional substance found in peas and other pulses.

It is the hexaphosphoric ester of cyclohexane (inositol hexaphosphoric acid) (Febles et

a1.,2002). Capable of complexing with minerals (divalent cations) and proteins, it is

undesirable due to its ability to limit absorption of these components in the body.

However, phytic acid has also been recognized for its abilities as an antioxidant,
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capable of stopping free radical generation in the body which has been linked to

degenerative diseases, coronary heart disease and cancer (Febles et a1.,2002). In raw

pea seeds, phytic acid has been found in concentrations of 1.19-1.33 g/100g (Alonso et

al., 1998) and is characteristically found in the cotyledon of seeds (Alonso et al., 1998).

Alonso et al. (2000) found that extrusion significantly reduced phytic acid,

condensed tannins and polyphenols.

2.3.2. Cooking time

A major barrier to the consumption of peas in North America involves their long

cooking times and the need to pre-soak peas before use. In order to overcome this

obstacle, milling of dry field peas into flour for convenient incorporation of the pea

flour in commonly consumed products, such as tortillas or extruded, expanded snack

foods is recommended. In order to mill peas into flour, they first must be cleaned,

tempered, pitted, split, and separated into their hull and cotyledon fractions. However,

development of suitable product formulations is necessary in order to incorporate a

functional amount of pea flour in products. Rasper (1976) found that when ground

legumes were used in bread, the gas retention of the dough was inadequate. Pea fibre

has also been used in breads. Dalgetty and Baik (2006) incorporated pea hulls in bread

at levels of 3, 5 and 7Yo, and the results indicated that levels of 5%o could be utilized

without altering bread texture. This study will investigate the feasibility of

incorporating pea flour, pea hull and pea starch in extruded, expanded snack foods as

well as the use of pea flour and hull in composite blends in wheat flour tortillas. This

approach is based on the faú that tortillas are unleavened bread and will be able to
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incorporate a greafer percent of pea considering that the tortilla will not be as greatly

affected by the lack of ability of peas to retain air cells in the tortilla.

2.4. Tortilltts

A flour tortilla is defined as a round, chemically leavened flat bread which is

produced from gluten structured dough (Serna-Saldivar et a1.,2004)

2.4.1. Consumption data of tortillas

Over a span of four years,2000 to 2004, the growth rate of tortilla sales in the

United States has been 57Yo. Being the second highest selling product in the packaged

bread category, United States wholesale prices for tortillas (corn and wheat) in 2004

were greater than four billion dollars (Serna-Saldivar et a1.,2004). In Canada, tortilla

sales have contributed to increasing consumption of cereals by 23% from the early

1990's to the late 1990's (Statistics Canada,2007). Wheat tortillas were preferred to

corn torlillas at a ratio of 2:1 (wheat:corn) by the average American consumer and are

consumed in an amount of 4.5 billion pounds of wheat flour tortillas per year (Serna-

Saldivar et al., 2004).

2.4.2. Factors affecting tortilla quality

Desirable wheat flour tortillas are characterized by a soft, flexible crumb

structure which does not crack when folded. It should be light coloured, opaque and

well puffed (Pascut et al., 2004). In order to achieve these properties, interactions

among many different factors must be balanced. These will be further discussed.
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2.4.2.1. Farinograph absorption/Water addition

In tortilla formulation, the amount of water added to the flour to make dough is

directly related to the farinograph absorption (FAB) of the flour. In a study by

Srinivasan et al. (2000), flour with an FAB of 62.6 for 500 Brabender Units (BU) was

made into tortillas using 3 levels of water 50.5% (low), 52.5% (normal) and 54.0Yo

(high). It was observed that with decreased water levels, the tortilla properties of

diameter and thickness were unchanged; however, rollability suffered and was inferior

to the control. Thicker, smaller diameter tortillas resulted when an increased level of

water was used. These tortillas also had similar or better rollability as compared to the

control due likely to the plasticizing effect of wheat protein by the water to improve

fluid like properties (Srinivasan et al., 2000). When using triticale composite flour

blends, Serna-Saldivar et al. (200$ found that the composite flour reduced the optimum

water absorption of the flour. Because the use of composite flour of pea will

significantly alter the absorption of water, it is necessary to test different FAB values

for the tortillas (Srinivasan et al., 1999)

2.4.2.2. Mixing Time

Mixing time of dough also has an effect on the quality of totillas. Under (3

min) and over mixing (11 min) of dough resulted in tortillas with lower hardness and

resilience as compared to control dough tortillas (7 min) (Serna-Saldivar et a1.,2004).

Where tortillas made from undermixed doughs had smaller diameter and shorter shelf

life compared with the control, overmixed doughs yielded thinner tortillas, larger in

diameter with a shorler shelf life. (Sema-Saldivar et al. 2004) Again, the use of a
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composite flour will affect mix times, as mixing is a function of protein development.

Serna-Saldivar et al. (2004) observed that triticale composite flours resulted in a shorter

mix time than for wheat alone.

2.4.2.3. Fibre

Both soluble and insoluble fibres in tortilla/pea composite flour appear to affect

the final quality of tortillas but by different mechanisms. Using 8% soluble fibre,

resulting tortillas were characterized by a dense, pasty crumb (Seetharaman et al.,1997).

This is a result of insuffrcient gluten development as well as extensive starch

gelatinization. Other effects of using increased levels of soluble fibre (carboxy-methyl

cellulose (CMC) in this case) included longer mixing times and also, the dough was not

as manageable for the dough mixing/tortilla forming equipment (Seetharaman et al.,

1997). Using scanning electron microscopy (SEM), it was observed that at 8% soluble

fibre, a smooth film consisting of CMC and protein covered the starch granules

(Seetharaman et al., 1997). This resulted in long, wide gaps and indicated poor gluten

development due to a lack of interconnected strands within the protein matrix

(Seetharaman et al., 1997). Fully gelatinized starch granules were present in the tortilla

following baking. Starch gelatinization was also affected by soluble fibre levels in

tortillas. Due to greater moisture retention at the surface when soluble fibre was present,

the starch was near total gelatinization at the surface where, in control tortillas, starch

on the surface retained its birefringence. This was due to a low availability of water as

well as the heat and environmental conditions to which the tortillas were subjected

(Seetharaman et al., 1997).
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Insoluble f,rbre also had an effect on tortillas. In this case, dough containing 8%

insoluble f,rbre was observed to have a thin film of protein matrix enveloping starch and

fibre particles (Seetharamaî et al., 1997). Overall, it appears as though the gluten

structure, associated with additional insoluble fibre had a stronger gluten structure,

however, the gluten network was physically disrupted by insoluble fibre particles

causing the collapse of air bubbles and decreasing shelf stability (Seetharaman et al.,

1997). Air bubbles and channels present were smaller, contributing to the dense crumb

of the tortilla. Larger diameters, higher moisture contents and shorter shelf life were

characteristic of tortillas containing insoluble fibre (Seetharaman et al., 1997).

2.4.2.4. Protein

Wheat protein, in particular, gluten, is developed during mixing. Gluten forms

as an elastic, thin, continuous film covering starch granules which holds them in place

(McDonough et al., 1996). This creates a cohesive network within the dough. When

tortilla dough is hot pressed, surfaces are dehydrated and the gluten/starch matrix

shrinks causing the formation of a semi-continuous surface (McDonough et al., 1996).

This allows the tortilla to puff and expand when steam and leaving gases are formed.

Although not air tight, the starch/protein network captures heated air and is capable of

retaining moisture for a brief period following baking (McDonough et al., 1996).

Generally, hard red winter wheat flour is used for the commercial production of

flour (Pascut et al., 2004). Typically, this is bread quality flour with moderate to strong

protein quality and dough strength. When using weak protein flours for tortilla

production, wheat proteins with different functionality may help to improve the texture
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of the end product (Pascut et aL,2004). By using flour with a higher protein quality, or

through the addition of vital wheat gluten, the eventual breaking of tortillas due to

staling may be delayed (Pascut et a1.,2004).

When gluten was used to enhance tortillas, the product was thicker, smaller in

diameter and had better rollability during storage as compared to control tortillas

(Srinivasan ef al., 1999). Following fractionation and reconstitution of wheat proteins

from wheat flour, it was found that gluten is mainll' responsible for the variation that

different cultivars of wheat contribute to baking quality (Uthayakumaran and Lukow,

200s).

2.4.3. Determining tortilla quality

The evaluation of textural properties of tortillas is important to determine the

acceptability of the final product. Instrumental methods may be used initial to

determine an optimized formulation for the product. Final acceptability may be

determined with a sensory test.

2.4.3.1. Rollability

Rollability of tortillas is a good indication of the textural quality of tortillas.

Rolling of tortillas around a cylindrical dowel will give an indication of its ability to be

rolled as when it is used. The response of the tortilla can be assessed on a 6 point scale

(1-no signs of cracking,Z-edge cracking only, 3-edge cracking andlor cracking in the

center, 4-cracking and breaking on one side, 5-cracking and breaking on both sides

(clean break) but still rollablc, 6-unrollable).
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Srinivasan et al. (2000) determined rollability of wheat flour tortillas varying in

mixing times, and temperature of dough mixing during shelf life storage on a 5 point

scale (1 being unrollable to 5 being no signs of cracking or breaking). It was found that

all tortillas initially had a perfect score of 5 and that after 15 days of storage, the dough

mixed at a lower temperature (30'C) was the first of the samples to become unrollable.

2.4.3.2. Physical Characteristics

In the human eye, colour is perceived three dimensionally from the response of

red, blue and green receptors. When quantifying the colour of food, the CIELAB L*,

a* and b* values are used on a scale to measure lightness (L*), red (+a*), green, (-a+),

yellow (-b*) and blue (+b*). In order to relate these values more closely to human

perception, a* and b* values may be converted to hue and chroma values (Berrios et al.,

2004).

Colour of tortillas based on the L*, â* and b+ values can be used to determine

the uniformity of the samples and is useful in characterizingthe attributes of the tortillas

especially after reformulation, changes in processing or throughout shelf life studies.

Diameter and thickness of tortillas may also be used to characterize the final product.

As indicated earlier, limited water availability, particularly when novel ingredients are

included, can result in smaller diameter, thicker tortillas (Srinivasan ef aL,2000)
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2.4.3.3. Texture

The texture of a food influences how a food is processed and handled. It also

plays a major role in food habits and is a determining factor with regard to shelf life and

consumer acceptance. Instrumental methods are convenient to use to test texture

considering that the test can be done under controlled conditions and with more strictly

defined parameters (Stable Micro Systems, 2000).

In a compression test, each sample used must be identical in terms of size and

shape in order to obtain repeatable measurements. In a penetration test, the probe is

generally smaller and is more sensitive to deviations in the product structure, however,

using a larger probe, the larger the surface area being tested and therefore, the lower the

sensitivity of the probe to the sample surface (Stable Micro Systems, 2000).

2.4.3.3.1. Cohesiveness (area under the curve)

Cohesiveness is evaluated as the positive AUC (force (g)*time(s)) and is

commonly a parameter used to describe meat, fish and poultry but has also been used to

describe baked products such as tortillas, pancakes or pizza crust (Stable Micro Systems,

2000). A larger AUC indicates greater work to perform the test and therefore greater

energy to complete the task (Stable Micro Systems, 2000). Serna-Saldivar et al. (2004),

measured tortilla extensibility using the strips of tortillas (35x75mm). Grips held the

tortilla strips 30mm apart and the strip was extended at l.Omm/sec to determine the

work during extension of wheat flour and triticale flour tortillas. It was found that as

triticale was added to the flour, work required during extensibility was reduced from

1,561 gx¡¡¡¡ for 100% wheat to 44I gxmm for 100% triticale tortillas.
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2.4.3.3.2. Firmness (peak force)

Hardness or firmness of a sample may be assessed through the use of a

penetration/puncture test. The probe is made to penetrate the sample and the force (g)

required to reach a determined depth or time under defined conditions is measured. The

greater the force to break the sample, the more resistant the material and therefore, the

firmer the sample (Stable Micro Systems, 2000). Using a triticale blend, it was found

that as the level of triticale increased from 100% wheat to l00o/o triticale, the force to

rupture tortillas decreased from 54.3g to 11.2g respectively (Serna-Saldivar et al., 2004).

Uthayakumaran and Lukow (2005) determined that for wheat tortillas made

from different cultivars which varied in their glutenin-to-gliadin ratio as well as their

protein content, force to break in a penetration test as measured by a TA.XT2 texture

analyzer ranged from 914.0gto 1571.9g.

2.4.3.4. Sensory Evaluation

Although instrumental texture tests indicate quantitative values of defined

parameters, they are not indicative of the level of consumer acceptance of a final

product. There are several reasons to cor¡elate instrumental texture measurements with

sensory evaluation; 1) quality control, 2) consumer response predictions, 3) determining

sensory sensations perceived by experimental outcome 4) to develop instrumental

methods to simulate sensory responses (Stable Micro Systems, 2000).

By observing reaction to food traits based on sight, smell, taste, touch and

hearing, sensory evaluation is a scientific method capable of evoking, measuring,

analyzing and interpreting those consumer responses to determine sentiment about a
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final product (Stone and Sidel, 2004). A hedonic scale is a method that can be readily

applied to consumer testing.

2.4.3.4.1. Consumer acceptance nine point hedonic scale

In the 1940's, the nine point hedonic scale was f,rrst used by the Food Research

Division in Quartermaster Food and Container Institute of Chicago (Stone and Sidel,

2004). The basis of the hedonic scale is to determine consumer preference or

acceptance through a continuous scale of like and dislike statements. Although

panellists tend to avoid selecting extremes of the scale, the method has proven to be

reliable, with reproducibility of responses among different groups of people who form

the sensory panel (Stone and Sidel, 2004). The tests are also easily understood from the

panellist perspective, with little instruction necessary to complete the evaluation (Stone

and Sidel, 2004).

The performance of specif,rc attributes of a product such as appearance, flavour

and texture can also be measured in a sensory evaluation and compared to a control

sample through liking ratings and preference (Maskowitz ef a1.,2006). Results may be

fuither examined by correlating consumer responses to other forms of analysis such as

physical or chemical analyses or other, more descriptive, sensoïy analyses (Maskowitz

et a1.,2006).

A substitution of 50o/o triticale for wheat in tortillas was found to be acceptable

without affecting texture, colour, flavour and overall acceptability (Serna-Saldivar et al.,

2004).
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2.5. Extrusion

Extrusion processing is a commonly used method of making foods, in particular

snack foods. It is a thermal process which combines shear forces to create a change in

the structure of food materials (Thakur and Saxena, 2000). Gelatinization of starch and

the denaturation of protein are some of the changes that extrusion may induce (Suknark

et al., 1997, wang et al., 1999). The amino acid lysine, which is present in peas, may

also undergo Maillard browning during extrusion cooking of a pea blend (Alonso et al.,

2000, Athar et al., 2006, Wang et al., 1999). Expanded extrusion processing has been

done with peas and is under the patent application process (Berrios et a1., 2008).

Extrusion of split and whole dry field peas were puffed using the addition of sodium

bicarbonate and high amylase corn starch using eight barrel sections with a temperature

profile of no heat added, 60oc, 80oc, l00oc, 100oc, 120"c,140'c and 160'c for each

of the respective zones. Screw speed was set at 500 rpm with a feed rate of 25 kg/h and

a die diameter outlet of 3.5mm (Benios et al., 2008).

Brittle foams produced from starch are commonly used to make snack foods

using extrusion processing. By metering the feed material through a temperature and

pressure gradient and eventually through a die, wáter becomes heated and flashes off

upon exiting the apparatus as the pressure drops leaving the aerated structure. By

altering parameters and blend formulations, bubble nucleation and vapour diffusion will

change the characteristics of the foam structures (Hutchinson and Siodlak, 1987).
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2.5.1. Consumption data of snack foods

Pepsi-Co (2003) reported that in 2002 Sl.6 billion dollars worth of snack foods

such as potato chips, tortilla chips, pretzels, popcom, nuts and extruded snacks were

consumed by Canadians. Pepsi-Co (2007), in their 2007 annual report, indicated their

leading brand of puffed, extruded snacks had worldwide retail sales of about 3 billion

dollars.

2.5.2. Factors affectin g extrusion

Many factors will affect the final product generated by extrusion. These include

the ingredient blend (moisture, protein, starch and fibre) as well as parameters defined

by extrusion conditions such as screw speed, screw configuration, feed rate and barrel

temperature.

2.5.2.1. Moisture

Moisture content affects many aspects of extrusion. An increase in moisture

content will cause a reduction in viscosity, causing a reduction in torque and specific

mechanical energy input as well as reducing the temperature of the outgoing product.

The expansion ratio (ER) and specific length also tend to be lower with a higher

moisture content, which also directly relates to an increase in bulk density (BD). As

Chinnaswamy and Hanna (1988) indicated, when decreasing moisture content from

30Yoto 14Yo, an increase in the ER for corn starch extrudates was observed (from 7.5 to

14.2). Moisture content lower than 14%o resulted in a limited expansion ratio for corn

starch. At l4yo moisture, expansion was likely due to restricted material flow which
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increased the time the material was exposed to extrusion temperatures to encourage

gelatinization, and increased shear rate of the material in the barrel. Very high shear

rates occurring at very low moisture content caused much greater increases in

temperature and residence times which results in starch degradation and dextrinization

and reduced expansion potential (Chinnaswamy and Hanna, 1988).

2.5.2.2. Protein

Typically, protein added to a starch based material during extrusion, interferes

with the components necessary for expansion (Falcone and Phillips, 1988)

2.5.2.3. Starch

The two major components of starch are amylose and amylopectin. In terms of

expanded extruded products, amylopectin has a positive effect, due likely to the

branched nature of the polymer, while amylose has a more negative functionality in

terms of expanded extrusion, due likely to the alignment of linear chains preventing the

formation of bubble nucleation (Falcone and Phillips 1988).

Starch gelatinization determines the degree to which a product is capable of

expanding and is dependent on temperature, shear rate and moisture content of the feed

material. Degradation of starch will occur if the temperature of extrusion is too high

and consequently ER will be reduced (Chinnaswamy and Hanna, 1988).

24



2.5.2.4. Fibre

As the concentration of bran is increased, the average air cell size decreases

while the number of air cells increases yielding a denser extrudate structure. It was

found by Jin et al. (1995) that with the incorporation of 30o/o fibre in extrudates, cell

walls tended to be thicker than at 10%o fibre addition. Overall, bran used in expansion

extrusion limits the formation of large air cells due to its nature of interference in the

starch network. This causes the air cell walls to be weaker and incapable of capturing

steam during the flashing off process before the extrudate is able to harden to a brittle

foam structure (Jin et a1.,1995).

2.5.2.5. Screw Speed

Starch has been extruded using a moisture content of l4%o (db) at screw speeds

of 75 to 190 rpm and feed rates ranging from 1 5 to 170 g/min with a barrel temperature

of 140"C (Jin et a1.,1995). The optimizedparameters for expansion were found to be

150 rpm with a 60glmin feed rate. At high screw speeds, it is thought that there was a

lower level of starch gelafinization due to shorter residence time thus reducing

expansion (Jin et a1., 1995). At lower screw speeds, it is thought that molecular

degradation of starch occurred due to an increase in residence time, rendering the starch

incapable of expansion (Jin et al., 1995). Thinner cell walls as well as larger air cell

sizes were observed at lower screw speeds (Jin et al., 1995). Mechanical damage to

food molecules, which are less cohesive than gelatinized, undamaged starch, also

increased with higher screw speeds due to an increase in shear rate (Jin el al., 1995).
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With regard to extrudate expansion, screw speed was not a significant factor, however it

significantly changed the internal structure of the extrudate (Jin et al., 1995).

2.5.2.7 . Screw Configuration

Screws are divided into three sections; feed, transition (compression) and

metering. Each section is composed of many different screw segments. In the

transition section, mixing of the ingredients occurs and the feed is worked into

continuous dough from its original loose, flour like state direction of the discharge in

the presence of heat provided and produced by frictional energy. The metering section

hosts a rapid increase in temperature of the material due to an increased shear rate. In

order to further improve mixing, kneading disks are used, which increase the conversion

of mechanical energy to heat. Therefore, by changing the configuration of each section

by altering the screw segments present, it is possible to achieve a much different end

product.

2.5.2.7. Feed Rate

A lower bulk density is achieved by increasing the feed rate because this will

increase the ER as well due to increased viscosity and shear rate in the extruder barrel.

However, too great a feed rate will overwhelm the apparatus and cause a backup in the

extruder barrel.
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2.5.2.8. Temperature

A decrease in product temperature is achieved by decreasing barrel temperature.

This will lead to decreased dough temperature and higher dough viscosity which results

in a higher torque and die pressure.

In a study done by Chinnaswamy and Hanna (1988), barrel temperature was

increased from i10oC to 140"C. Initially, ER increased from 11.5 to 13.2, however,

temperature greater than 140"C resulted in a decreased expansion ratio to 10.2. The

temperature used for extrusion will depend on the material being extruded. Corn grits

and starch were found to have the best extrusion properties at a temperature of 170-

200"c.

2.5.3. Determining extrudate quality

Texture is a major determinant of overall quality for snack foods. The

microstructure of food is a result of both physical and chemical factors and defines the

texture of the product (Jin et a1.,1995). Texture can be characferized by shear strength,

ER and BD.

2.5.3.1. Shear Strength

Shear strength is measured as the shear force required to break a product relative

to its cross sectional area and is typically indirectly related to the expansion volume.

Therefore the greater the expansion volume, the lower the shear strength (Chinnaswamy

and Hanna, 1988). The strength of extrudates relates to the cell wall thickness of air

pockets, thicker walls require more force to break (Jin et aL,1995).

27



2.5.3.2. Bulk Density

Unlike expansion ratio, bulk density accounts for expansion of the product in all

directions (Falcone and Phillips, 1988) and is measured as mass of product residing in a

specified unit of volume (Obatolu et al., 2006).

2.5.3.3. Expansion ratio

ER accounts for expansion of the extrudate in a perpendicular direction and is

measured as the cross sectional area of the extrudate divided by the cross sectional area

of the die hole (Obatolu et al., 2006). Expansion of material depends on processing

material used as well as the processing conditions. The expansion of a product relates

to the texture of the product, for instance, crispness (Chinnaswamy and Hanna, 1988).

Berrios et al. (2008) were able to obtain expansion ratios of legumes ranging from 1.38

for garbonzo beans to 24.15 for split pea formulated with a leavening agent and Hylon

V corn starch.

2.5.4. Sensory Evaluation Just About Right Scale

A scale method is used in the Just-About-Right (JAR) test to analyze the

desirability of specified characteristics of the product. The test provides directional

information with regard to optimization or reformulation of the product through a

combination of intensity testing and hedonic scaling. The JAR test assumes panellist

familiarity of characteristics for the product. Centering bias is another problem which

may occur with this test when multiple samples of varying intensity are tested. The

tendency of the panellist is to place the sample with intermediate intensity in the "Just
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Right" position. It is important to prevent the compounding of intensity results with

hedonic scores and therefore, an alternative method to JAR should be used to for

directional reformulation data (Lawless and Heymann, 1998).

The consumer texture profile technique as describedby Szczesniak et al. (1975)

modifies the JAR test by separating the ideal characteristics from the actual sample

intensity characteristics. The scales and attributes tested are identical. Approximately

30 respondents appear to be adequate to generate reliable results. The method remains

useful for determining directional information on the reformulation of the product

however, it may be impossible, physically and technologically, to provide consumers

with their ideal product (Szczesniak et al., 1975). This method was initially used to

evaluate the textures of puddings and cereals but may be readily applied to other foods

requiring texture analysis.

Using a lentil base, it was determined through sensory evaluation that samples

with an ER of 8.75 to 10.24 were most optimal for a continued hedonic sensory analysis

(Berios et al., 2008).
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CHAPTER 3: PHYSICAL CHARACTERISTICS AND SENSORY
EVALUATION OF COMPOSITE PEA AND WHEAT FLOUR TORTILLAS

3.1Abstract

Composite pea and wheat flour tortillas were made using 5 different

combinations of pea flour, pea hull and wheat flour. Tortillas were evaluated for their

physical characteristics including diameter, thickness, rollability, colour (a*, b*, L+ and

greenness), cohesiveness and firmness. Using response surface methodology, it was

found that an optimized formulation to maximize pea flour and pea hull inclusion based

on the cohesiveness and firmness values obtained through TA.XT2 texture analysis was

27%o pea flour and 5%o pea hull for the yellow pea (Eclipse) and 26%o fl.our and 4o/o hull

for the green pea (Cooper). Verification of the optimized formulation through sensory

evaluation of the appearance, flavour, texture, overall acceptability and intent to

purchase indicated that pea flour tortilla formulations were similar to the scores

obtained for the control tortilla and were generally around a score of 7 or like

moderately on a 9 point hedonic scale. These results indicate the potential for the

inclusion pea flour in a tortilla product without affecting the quality of tortilla beyond

consumer acceptability thereby increasing the consumption of peas in North America

by their inclusion in a popular product such as tortillas.

3.2Introduction

Dry field peas (Pisum sativum L.) are of considerable value to the Canadian

economy. However, the consumption of this crop is low in North America. Canadians

consume approximately l.22kg of peas per person in a year, an amount that has
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remained relatively stagnant over the past 7 years (Statistics Canada,2007), despite a

protein content of about 25%o and a fibre level of another 15% (USDA, 2008). Peas also

contain many minerals including potassium, phosphorous, magnesium, calcium and iron.

Total ash content of peas is generally 2.6% (USDA, 2008). The consumption plateau of

peas may be accounted for by a lack of preparation convenience, especially the need to

pre-soak. This may be resolved by milling peas into flour and using it to replace a

portion of wheat flour in commonly consumed products.

Tortillas, on the other hand, are increasing in popularity among North

Americans and have been characteized the fastest growing sector of the baking

industry (Ames et al., 2003). There has been increased use of tortillas in the United

States (Holt et aI., 1992) with growth from 1997 to 2000 increasing from two to four

billion dollars (Srinivasan et aL.,2000 and Serna-Saldivar et aL.,2004). Potentially, the

use of a wheat/pea composite flour blend to make tortillas could increase the

consumption of peas in Norlh America and provide a nutritional advantage to

consumers as compared to a wheat tortilla counterpart. However, in doing this, tortillas

must be capable of maintaining their properties which are necessary for high quality

products.

By definition, tortillas are flatbread, chemically leavened and structurally based

on gluten dough (Serna-Saldivar et a1.,2004). Commercially, they are made using hard

red winter wheat to produce moderately strong dough (Pascut et al., 2004). In terms of

quality, tortillas are characterized by a soft, non-sticky, pliable texture which folds

easily without cracking or breaking (Ames et al., 2003, Pascut et al., 2004 and Bejosano

et a1.,2005). Ideally, they are also puffed in appearance, opaque and light coloured
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(Pascut et al., 2004 and Bejosano et al., 2005). The puffed nature of a tortilla is

dependent on the ability of the gluten network to retain steam generated by heat and

leavening agents (McDonough et al., 1996). Tortilla texture is directly indicative of

quality and can be assessed through both instrumental methods as well as sensory

evaluation (Stable Micro Systems, 2000).

Assessment of tortilla texture may be done using instrumental methods such as a

penetration test where the force necessary to puncture the tortilla in a given time in used

as an index of hardness (Stable Micro Systems, 2000) and work to break the tortilla as a

function of force and time may be used to indicate the cohesiveness of the tortilla

(Stable Micro Systems, 2000). This method uses both shear and compressive forces

generated through penetration to characterize ßrtLllas (Stable Micro Systems, 2000). A

subjective, rollability test may also be used to characterize tortillas. This method has

been used on either a 5 or 6 point scale as demonstrated by Srinivasan et al. (2000) and

Bejosano et al., (2005).

Tortilla quality will change greatly with the use of inclusions such as pea flour.

The effect of adding pea flour to tortillas has not been previously studied. However,

other additives have been used in tortillas. These include the replacement of 24Yo

cowpea flour or 460/o peanut flour for wheat flour in flour tortillas (Holt et al., 1992),

wheat flour tortillas made incorporating fractions of soluble or insoluble dietary f,rbre

(up to 8%) (Seetharaman et al., 1997), maize and bean tortillas (Mora-Avilés et al.,

2007), wheat and triticale tortilla blends (Serna-Saldivar et al., 2004), nixtamilized

waxy barley tortillas (Ames et a1.,2003) as well as 70%o maize and 30o/o soybean

tortillas with added sugar and salt (Obatolu et al., 2007). These inclusions affect the
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diameter, thickness, rollability, diameter, colour, objective and subjective texture

measurements of tortillas.

Sensory analysis may be used to assess the acceptability of the final product

using a nine point hedonic scale. The basis of the hedonic scale is to determine

consumer preference or acceptance through a continuous scale of like and dislike

statements. Although panellists tend to avoid selecting extremes of the scale, the

method has proven itself to be reliable with reproducibility or responses among

different groups of people who form the sensory panel (Stone and Sidel, 2004). The

tests are also easily understood from the panellist perspective with little instruction

necessary to complete (Stone and Sidel, 2004). Response surface methodology is a

useful tool to optimize wheat pea composite tortillas to manage with sensory evaluation

(Holt et a1.,1992).

The objective of this experiment was to develop a tortilla made from a blend of

wheat and pea flour with acceptable textural properties. This is to be done through

mechanical testing of tortillas made of various pealwheat composite blends, response

surface methodology to determine an optimal blend and a sensory analysis to verify the

optimized tortilla formulation.

3.3 Møteriøls ønd Methods

3.3.1 Pea composite flours

Tom Warkentin of the Crop Development Center (CDC) in Saskatoon,

Saskatchewan, Canada supplied four varieties of whole yellow peas; Alfetta, Eclipse,

SW Midas and CDC Mozart, as well as two varieties of whole green peas; Cooper and
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Camry. Peas were harvested from the 2005 and 2006 crop year at 3 growing locations:

Davidson, Indian Head and Rosthern Saskatchewan. The climatic data for these

growing years and regions may be seen in Appendix A. Using the Canadian

International Grain Institute (CIGI) special crops method, peas were split, dehulled and

milled to flour. Specifically, peas were weighed and analyzed for moisture content

using a Seedburo@ moisture meter (Seedburo Equipment Company, automatic moisture

meter model 12004, 1022 west Jackson Blvd, Chicago lll). Pitting of peas using a gap

with of 5/8"was done to initiate cracks in the seed coat using a pitting machine (SK

Engineering and Allied Works Bahraich -271801- India). Peas were then tempered for

5 h to 14% moisture content. Heat at70"C with occasional stirring was applied for20

min to the peas using a heater (SK Engineering and Allied Works Bahraich - 271801-

India). Overnight cooling of the peas in cooling towers (SK Engineering and Allied

V/orks Bahraich -271801-India) was done following heating.

The next day, peas were dehulled and split after moisture content was measured.

A sheller (SK Engineering and Allied Works Bahraich -271801- India) dehulled the

peas. To separate the hull from the cotyledon, aspiration was used (SK Engineering and

Allied Works Bahraich -271801- India). A hammer mill (Jacobson Inc, Minneapolis

MN) with a screen size of l.5164 was used to mill the split pea seeds to flour while a

coffee grinder (Black and Decker CBG100W, Towson, Maryland) was utilized to grind

the hull fraction to powder of particle size less than 850 ¡rm.

Canada Western Red Spring (CWRS) straight grade wheat flour (Laura variety)

was provided by CIGI which was used as the base for the tortillas. The flour was

characterized by CIGI, having a protein content of 13.26% (combustion nitrogen
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analysis), a moisture content of 13.41Yo and wet and dry gluten at34.4Yo and I1.2Yo

respectively.

Combinations of pea flour, pea hull and wheat flour were used to compose five

different composite flours which included I5o/o pea flour with 0%ohull, 15% pea flour

with 5Yo hull,25o/o pea flour with I .5Yo hull, 35o/o pea flour with 0% hull and finally

35o/o pea flour with 5% hull. Flours were made on an as is basis, mixed, and stored at

4'C in Ziploc@ bags until used.

3.3.2 Tortilla procedure

Composite flour moisture content was assessed using the AACC Moisture Air-

Oven Method (44-154) (AACC,1999)

AACC method 54-2I (small bowl) (AACC, 1982) was used to determine the

Farinograph absorption of the composite flour samples.

Tortillas were made using the method described by Ambalamaatil et al. (2006)

by mixing 1009 flour (14% moisture basis) with 1.5g baking powder (Magic

commercial brand, Kraft Foods, Toronto, ON), 1.5g sodium chloride (Fisher Scientific,

Ottawa Ontario) and 99 of vegetable shortening (Crisco, commercial brand, Orrville,

Ohio) in a 2009 mixer Qrlational MFG. Co., Lincoln, Nebraska) for 2 min. Water

addition was dependent on the FAB of the composite flours to reach 500 FU less 10mL.

Water addition was tested for each tortilla blend at FAB-8mL, FAB-10mL, FAB-I2mL,

it was found that FAB-1OmL was optimal for the composite flour blends. After distilled

water was added, the tortillas were further mixed for a total of 7, 6.2 and 3 minutes for

compositions of 15yo, 25yo and 35Yo respectively. Mixing times were tested for
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different formulations of tortilla dough. Three doughs of each formulation were mixed

and the peak mixing time was observed for each. The average peak mixing time was

used to make tortillas. After forming dough into 35g balls, each was placed in a plastic

container and covered with a damp cloth to rise for 5 minutes at room temperature. A

lubricated Doughpro press pre-heated to 93"C at a thickness level between "thick" and

"thin" (Proprocess Corporation, Perris, California) was used to press the balls into

tortillas for 8s. Using a spatula, the tortillas were transferred to a 220"C frying pan.

They were cooked for 30s on one side, flipped and cooked for 40s on the second side,

flipped again and cooked on the initial side for an additional 10s. Before tortillas were

placed in a polyethylene bag and left to cool overnight at 25oC, they were cooled on a

wire rack for I min.

3.3.3 Diameter, thickness and rollability

Diameter of tortillas was evaluated using a ruler. Three measurements from

each tortilla were taken and the values were averaged. Three thickness measurements

using a vernier calliper were taken and averaged from 3 measurements from each

tortilla. Rollability was measured three times for each tortilla formulation on a 6 point

scale, 1 no indication of cracking, 2 edge cracking only, 3 edge cracking and/or

cracking in the center, 4 cracking and breaking on one side, 5 cracking and breaking on

both sides but still rollable, 6 unrollable after being rolled around a one centimetre

diameter wooden dowel. An average rollability score was recorded.
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3.3.4 Colour

Colour was measured spectrophotometrically using a Minolta

Spectrophotometer (CM- 525i, Japan) The Minolta was calibrated against a white

calibration plate and L*, â+ and b* readings were taken (observer: 2 C, Illuminate 1: C

and illuminate 2). Three readings were taken on each side of the tortilla in a random

area while avoiding darker bubbles if possible. Each reading by the spectrophotometer

given was an average of 3 readings.

3.3.5 Rheology

Instrumental testing of tortillas cooled to room temperature took place 24 h after

they were made using a TA.XT2 Texture Analyzer (Texture Technologies Corp.,

Scarsdale, NY/Stable Micro Systems, Godalming, Surrey, UK). Tortillas were

positioned blister side down on a frame and punctured with a cylindrical probe (TA 108,

18 mm diameter). The cohesiveness of the tortillas, measured as AUC (g"s) as well as

the firmness of tortillas measured as peak force (g) was used to characteize tortilla

texture properties. The TA.XT2 settings for the test used are given in Table 1.

Table 1: Test parameters for tortillas using TA.XT2 texture analyzer

Parameter Setting

Test mode Compression

Pre-test speed 1.0 mm/s

Test speed 1.0 mm/s

Post-test speed 10.0 mm/s

Distance 40.0 mm

Trigger force 1.0 g
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3.3.6 Response Surface Methodology

Response surface methodology was used to optimize the tortilla blends using the

Design Expert Software (Version 7.1, Minneapolis, Minnesota). The level of pea flour

was set to a maximum between 15o/o and 35o/o and was given the greatest importance

level (+++++). Pea hull was set to be maximized in optimization between }Yo and 5Yo

with a moderate importance level (+++). Response variables peak force and area were

also set to a maximum. Peak force maximum in the range of 426-8959 and was given

an importance level of moderate importance (+++) while the range for area was set to

1516.33 and 5I92.I8 with the same importance level as peak force (+++). Optimization

criteria may be found in Table 2. The ranges given for peak force and area were the

range obtained for the values for the control wheat flour tortillas.

Table 2: Optimization criteria of pea flour and pea hull in pea and wheat composite
flour tortillas using Design Expert software

Variable Range Weight Importance

Pea flour

Pea hull

Peak force

Area

r5-35%

0-s%

426-895g

15 16.33-

5192.18gx9

+++++

+++

+++

+++
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3.3.7 Sensory evaluation

Formulations for green and yellow peas were determined through optimization

results. Green pea optimization revealed a concentration of 260/o Cooper pea flour and

5% Cooper ground pea hull while Eclipse yellow peas were used at a level of 27o/o pea

flour combined with 5% ground pea hull. The varieties were selected based on acreage

of yellow and green pea varieties (which may be found in Appendix B), those with

greatest acreage were selected as the varieties to be used for sensory evaluation.

Tortillas for sensory evaluation were made following the same method as

described previously for tortillas. However, after tortillas were made they were frozen

at -40"C for two weeks until the sensory analysis.

A nine point hedonic scale was used to assess the attributes of three tortillas,

yellow pea blend, green pea blend and wheat flour control in terms of consumer

acceptability. Seventy-two un-trained panellists were recruited from the University of

Manitoba Faculty of Agricultural and Food Sciences. The panellists were presented

with one quarter of a tortillain a random order and coded with a random three digit

number, which they were asked to assess in a random order. Panellists were given

water to rinse their palate between tasting of different samples. Characteristics of the

tortillas that they were asked to evaluate included appearance, flavour, texture, overall

opinion and intent to purchase. VolunteeÍs were given a small snack as compensation

for their time. Examples of the sensory forms as well as the ethics approval forms may

be found in the Appendix E.
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3.3.8 Statistical Analysis

Tortilla characteristics were considered to be significantly different when p<0.05.

This analysis was done using Statistical Analysis Software (SAS, version 9.1) using a

Tukey test. Three replications of each tortilla were made and were tested in triplicate

for diameter and thickness (n:9 for each tortilla formulation), rollability of 3 tortillas

was tested for each formulation (n:3), n:18 for colour measurements per tortilla

formulation and n:6 for cohesiveness and hrmness values for each tortilla formulation.

3.4 Results and Discussion

3.4.1 Diameter, thickness and rollability

As shown in Table 3, the addition of pea flour to wheat flour caused a

significant increase (p<0.05) in the diameter (from about 76.7cm to 17.3cm for control

and treatment respectively) of the tortilla but did not have as great an affect on the

thickness of the tortilla since the control (1.06mm) was significantly thinnerthan only

the 2005 crop year tortillas (1.26mm) but not the 2006 crop year tortillas (1.06mm)

(Crop year growing conditions found in the Appendix A). In terms of rollability,

control tortillas had a significantly lower score (1.00 more desirable) than the wheat and

pea composite flour tortillas (2.85 and 2.16 for 2005 and 2006 crop year respectively)

(Table 3).

When comparing the effect of crop year of peas, diameter was found to be

unaffected by crop year, where both thickness and rollability of the 2005 crop year were

significantly larger than the 2006 crop year (Table 3).
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Table 3: Physical characteristics of tortillas by crop year

Characteristic Control

a+

b'lc

L*

Greenness (-b+/a*)

-0.64 + 0.gg>" -0.3g + 2.69^^

2g.74L2.g4>^6 2g.41+. 5.7g^o

g0.g6 + 1.66>" 79.36 r 3.34^o

35.68 + 46.7g>a -ß.42+24.21^"

-0.20 + 3.4g^"

30.14 +6.00^"

79.04 + 3.31 ^o

-0.98 r 68.93^o

Diameter (cm)

Thickness (mm)

Rollability (1-6)

16.71X.0.37'b

1.06 + 0.24<b

1.00 + 0.000"

i7.26 +. o37r"

1 .26 +.0.18 v"

2.85 + 1.g50b

17.32L0.33v"

1.06 + o.17vo

2.16 +. 1.42ø^

Cohesiveness (gxs;

Firmness (g)

8468.23+ 1892.31â' 3626.91 x.110g.12'o 3435.83 + 1275.60'o

910.88 r 106.29â" 758.44 +. 143.74r'b 685.17 + 154.4g'o

Results shown as average * standard deviation, significant difference for each
characteristic between crop years is indicated by a different letter in the same row
(p<0.05)

^n:540 (6 varieties x 5 formulations x 3 samples x 6 replications)
>n:108 (18 samples x 6 replications)
v n:270(6 varieties x 5 formulations x 3 samples x 3 replications)
< n:54 (18 samples x 3 replications)
o n:90 (6 varieties x 5 formulations x 3 replications)
o n:l5 (5 samples x 3 replications)
' n:l80 (6 varieties x 5 formulations x 3 samples x 2 replications)
â n:30 (15x2 replications)

The effects of crop year were slight in terms of tortilla diameter, thickness and

rollability as seen in Table 3. Diameter was unaffected by differences in crop year;

however, the thickness of the 2005 tortillas was greater than that of the 2006 tortillas.

The thickness may be correlated to the hardness of the tortilla edge, which tended to be

much harder than for the control tortillas, causing a hard edge which curled slightly,

This also correlated with the results from the rollability test which indicated that

rollability scores of the 2005 of the crop year were higher and less desirable than for the

2006 crop year. Crop year differences may be explained by differences in temperature
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and rainfall for the seasons. Peas from both the 2005 and 2006 yearc were obtained

from the same three growing locations; Indian Head, Davidson and Rosthem

Saskatchewan. Climate data from Environment Canada (2006) indicates that generally,

the 2005 crop year had cooler temperatures than the 2006 crop year and the total rainfall

of the 2005 crop year had a greater rainfall during the pea growing season than in 2006

(climate data found in Appendix A). These climate differences could potentially alter

the protein content of the peas or other properties which may alter the functionality of

peas as it is used as flour.

Some varietal differences were found between diameter, thickness and

rollability of the peas (Table 4). Cooper (17.46cm)had a significantly larger diameter

than all varieties with the exception of Camry while the control sample had a

significantly smaller diameter (16.71cm) compared to the treatments. With regard to

thickness, the control (1.06mm) and Midas (1.l4mm) were significantly thinner than

Eclipse (1.23mm). For rollability, the control tortilla (1.00) was significantly lower

than only the Eclipse variety tortillas (2.63) when looking at the effect of pea flour

concentration using data from all cultivars.
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Table 4: Ph

Characteristic Control

a*

b*

L*

Greenness

sical characteristics of tortillas accordin

-0.64 +
0.ggvb
28.74 +
2.g4Yu
80.86 +
1.66Yu
35.68 +
46Jïf u-b*laa

Diameter (cm)

Thickness
(mm)
Rollability

Yellow Pea varieties
Ecli
1.40 + 1.67 + I.4g + t.37 +
0.49>u 0.54>u 0.60>u 0.50>b
28.49 + 28.97+ 29.89 + 28.89 +
5.90>u 5.95>u 6.47>u 6.r2>u
80.86 + 80.61+ 80.47 + 80.86 r
1.70>u r.72>u 1.73>u r.7g>u
-23.52 + -19.11 + -23.96 + -23.59 +
14.64>b g.14>b 1337>b 10.53>.

t-6
Cohesiveness
(g*s)

Firmness (g)

16.71+
037<"
1.06 +
0.23<b
i.00 +
0.00"b

Alfetta Midas Mozart

to varie

ResultslistedaSaveragefstandarddeviation.Significantdifferenceisindicateduyos¡
'-":n9 (5 formulations x3 tortilla replications x 3 measurements x 3 readings/measurem enf x 2crop years)

17.26 + 17.23 i 17.t7 * t7.23 +
0.33 ^b.d 0.30^.d 0.40^.d 0.32^b.d
1.23 + 1.16 + 1.14 + 1.15 +
o.zl^u o.l7^ub 0.19^b o.ig^ub
2.63 + 2.42 + 2.54 + 2.43 +
1.72øu 1.69tub 1.6ltub 1.65tub

I n:762 (l formulation x 18 tortilla ieplications x 3 measurements x 3 readings/measurement)
'n:90 (5 formulations x 3 tortilla replications x 3 measurements x 2 crop years)<n:54 (1 formulation x l8 tortilla rôplications x 3 measurements)
s n:30 (5 formulations x 3 tortilla replications x 2 crop years)
o n: 18 (1 formulation x 18 replications)
rn:60 

(5 formulations x 3 tortilla replications x 2 trials x 2 crop years), â n: 3 6 ( 18 tortillas x 2 trials)

8468.23 +

r8g23fu
910.88 +

106.29^u

3479.35 + 3350.58 + 3687.47 L 3587.17 +
l0ï4.2g'b 102g.60'b r253.41'b Ígl.gTrb
719.01 + 698.35 + 744.69 + 736.99 +
15g.571ru 13g.26'u r57 3fu 155.36ru

Green Pea varieties
Cooner Cam
-3.74 +
3.01>'
29.77 t
5.64>u
76.36 +
¡ r.Þb
J.OO

20.28 +
27.2>u

-3.95 +
3.22>"
29.65 +
5.54>u
76.04 +
3.72>b
26.72 +
I 1.06>u

17.46 +
0.35 ^u
1.14 +
0.23^ub
2.47 +
7.7Løub

17.38 +
n ^^ÂabcU.JJ
I.I4 +
0.21^ub
2.53 +
r.Tgtub

3586.02 +

1300.g5rb
717.20 +

167 3{^

3497.62 +

t50532tb
714.52 +

t7t.6fu
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Slight variety differences were also found for the diameter, thickness and

rollabitity characteristics of tortillas. The green pea variety tortillas, in particular

Cooper, tended to have a larger diameter than the yellow pea varieties. These

differences could in part be due to the particle size of the pea flour milled from these

peas, which would be a direct result of the composition, starch or protein, of the

peas. Further work needs to be done on the effect of particle size on the properties

of tortillas blended with pea and wheat flour. However, the addition of any variety

caused a significant increase in diameter in comparison to the control, likely a result

of a reduction in gluten which has been linked to the characteristic texture of

tortillas (McDonough et al., 1996). In terms of thickness, slight differences were

found between varieties, Eclipse resulted in the thickest tortillas. This again, may in

part be due to the hard outer edge of treatment tortillas which had a much less soft,

pliable outer edge as compared to the control due to a lack of gluten to provide the

elastic properties of tortillas. In terms of rollability, it was found that the thickest

tortilla, Eclipse variety, had the highest rollability scores, indicating rolling

problems. These scores likely reflected the dry, hard outer edge of the tortilla due to

a lack of gluten to provide the elastic characteristic and water retention of tortillas.

The control tortilla had a significantly smaller (p<0.05) diameter than pea

flour torlillas as seen in Table 5. With each increasing increment of percent pea

flour added, the tortillas became significantly smaller in diameter. For thickness,

the 25o/o and 35Yo formulations were found to be significantly thicker than the

control and the I5o/o pea flour tortillas and rollability for the 35Yo pea flolr
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formulations were significantly greater (less desirable) than the other treatments as

well as the control (Table 5).

Table 5: Diameter, thickness and rollability characteristics of pea and wheat
composite flour tortillas by formulation
Category Diameter Thickness Rollability

7o Flour 15

25

35

17 .51 + 0.32'u

17 .23 + 0.25Yb

17 .10 + 0.3 i >'

I.I2 + 0.23>b

r.20 + 0.20vu

1.18 + 0.i6>u

1.06 + 0.23^b

1.25 + 037'b

1.65 + 0.64âb

4.1g + 1.390u

1.00 + 0.00åbControl 16.7I + 037^d

7o Hull 0

1.5

5

17.34+0.35>u 1.15+ 0.20>u

17 .23 + 0.25f b r.20 + 0.20Yu

17 .27 + 0.39>ub 1.15 + 0.19>u

2.57 + 7.70'u

1.65 + 0.64^b

2.86 + 1.g30u

1.00 + 0.00*bControl 16.1I + 037^" 1.06 + 0.238^b

Type

Results are given as the average * standard deviation. Significant difference of
samples followed by different numbers within the same section (o/o f7our, % hull or
type) within a column (p<0.05)
> n: 276(2 formulations x 6 varieties x 2 crop years x 3 trials x 3 replications)vn: 108 (1 formulation x 6 varieties x 2 cropyears x 3 trials x 3 repiications)'
^n:54 (l formulation x 18 tortillas x 3 replications)
<n: 360 (4 varieties 5 formulations 3 tortilla replications 3 measurements 2 crop
years)
on: 180 (2 varieties 5 formulations 3 tortilla replications 3 measurements 2 crop
years)rn: 72(2 formulations x 6 varieties x 2 crop years x 3 trials)ân: 36 (1 formulation x 6 varieties x 2 crop years x 3 trials)
+ n:18 (1 formulation 18 tortilla replications)t^n: 

120 (4 varieties 5 formulations 3 tortilla replications 2 crop years)
^ n: 60 (2 varieties 5 formulations 3 tortilla replications 2 crop years)

Yellow 17 .22 r 0.34'o

Green 17 .42 + 034øu

Control 16.7I t 037^"

Ll7 + 0.19<u

Ll4 + 0.22øu

1.06 + 0.23^b

2.50+1.65vu

2.50 + r.74^u

1.00 + 0.00*b
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The addition of pea hull did not have as much of an effect on diameter, thickness

and rollability of tortillas as seen in Table 5. The control again,had a significantly

smaller diameter than treatments and tortillas with no added hull (but treated with added

pea four) had a significantly larger diameter than tortillas with 1.5Yo added hull. Control

tortillas also were significantly thinner (p<0.05) than tortillas with added hull. Tortilla

rollability of the control and those with 1 .5Yo added hull were signif,rcantly lower than

samples containing 0o/o and 5%ohull using data from all varieties and concentrations.

Formulation of tortillas according to percent of pea flour added had a definite

affect on the diameter, thickness and rollability of tortillas. Likely, the increasing

increments, in addition to dilution of gluten normally present in wheat flour tortillas, also

interfered with the gluten network present resulting in a decreasing diameter as percent

flour was increased (unlike the control tortilla which had the smallest diameter). Likely

there is a balance between the reduction in gluten, the elasticity of the tortilla and the

structure of the gluten network present. Considering these reactions, it is seen that the

control tortilla, with the greatest content of gluten, has the greatest extensibility resulting

from a complete gluten network, although it has a smaller diameter, without force applied,

it has extensibility potential when the tortilla is stretched during compression a result of

the extent of the gluten network present. As the amount of pea flour is increased in the

formulation, the diameter decreases, however, not for the same reasons of why the

control tortilla has a smaller diameter but because of a lack of a gluten network, resulting

in poor extensibility of the tortilla as verified by the lack of the extensibility'cohesiveness

of the tortillas subjected to a compression/penetration test. The lack of extensibility is
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likely due to the interference of pea flour with the gluten network. The thickness of the

treatment tortillas became greater as the concentration of pea flour was increased in

tortilla formulation with the lowest value for the control. These properties were reflected

in the rollability scores of the tortillas of which the 35Yo flour tortillas had the least

desirable rollability scores. Rolling thick, dry, hard tortillas lacking gluten caused

interferences with the little gluten structure which was present and resulted in measurable

cracking. The effect of hull addition on the other hand had less of an affect on the

outcome of the diameter, thickness and rollability of tortillas partially because the hull

content which was added was in lower quantities compared to the pea flour.

The effect of pea type (green or yellow) can also be seen in Table 5. For diameter,

it was found that green pea tortillas were significantly larger (p<0.05) than yellow pea

tortillas which were significantly larger (p<0.05) than the control. No significant

difference was found between the green and yellow pea tortillas in terms of thickness, but,

the control tortillas were significantly thinner (p<0.05) and had a significantly lower

(p<0.05) rollability score than both of them.

Previous research which dealt with the use of inclusions in tortillas found similar

results. When insoluble fibre was added to tortilla formulations, the resulting

characteristics of the tortillas were larger diameters, higher moisture contents and shorter

shelf life as indicated by Seetharaman et al. (1997). Gluten tended to have a more

positive effect on tortilla properties as demonstrated by Srinivasan et al. (1999) who

noted that a thicker tortilla with a smaller diameter resulted from tortillas formulated with

additional gluten.
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3.4.2 Colour

The addition of pea flour to wheat flour overall only had a significant effect

on the L* and "greenness" values, where the control was found to be significantly

greater in both cases (Table 3). In terms of crop year, no difference was found in a+

and L* values, however, for b* and greenness values; the 2006 crop year tortillas

had significantly higher values than the 2005 crop year tortillas.

Varietal diftêrences were more pronounced in terms of colour as seen rn

Table 4. The a* values of yellow pea variety tortillas were significantly greater

(p<0.05) than the control which was significantly greater (p<0.05) than green pea

variety tortillas. However, for b* values, no significant differences were found

between the varieties. Control and yellow pea varieties had a significantly greater

0<0.05) L* value than green pea variety tortillas and, without surprise, the green

pea variety tortillas had a significantly greater greenness value than the yellow pea

variety tortillas. There were no differences due to variety within each of the pea

types (green and yellow).

Colour data for tortilla formulation was separated into yellow and green pea

types (Table 6). For yellow pea flour tortillas, the a* values for increased flour and

hull content caused significant increases in positive values, indicating that the green

level of tortillas increased by increasing yellow pea flour. Significant increases in

b* values was the result of increased yellow pea addition to tortilla blends. An

increase in hulls had less of an effect than added flour, 1.5% hull addition was

significantly lower (less yellow, than the )Yo and 5o/o hull addition). As pea flour

was added to tortilla blends, the L* value was significantly reduced. Pea hull had a
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significantly lower L* value at 5o/o hull incorporation. In terms of greenness,25o/o

pea flour had a significantly greater value than 35% pea flour while hull

incorporation resulted in a significantly lower greenness value for }Yo while there

was no significant difference between 1.5%o and SYohull addition (Table 6).

Green pea flour tortillas a* values were significantly lower with the addition

of increased flour content while for hull, the a* values for )Yo and 5o/o were

significantly lower than 1.5% hull addition. For b* values, as flour percentage was

increased, bx became significantly greater while 0% hull was significantly greater

than 1 .5Yo hull and 5o/o hull was significantly greater than I.SYo. L* values were

significantly lower with an increase in green pea flour while 0o/o and 1.5olo hull were

significantly greater than 5o/o hull for L+ values. Greenness values significantly

decreased (became more green) as green pea flour addition increased from 159io to

25o/o,however, no significant difference was found between the25Yo and35%o green

pea flour formulations. Hull changes did not significantly change the greenness

values of green pea flour tortillas

Overall, with respect to colour differences, crop year differences between

2005 and 2006 may be a result of climate differences. L* (Lightness), b* (blue and

yellow) and greenness values were greater for the 2006 crop year which had a hotter,

drier climate and may have caused a bleaching of the peas. Variety differences in

colour were coffelated to the pea type used. Green peas resulted in lower values for

a* values while yellow peas resulted in higher values for b* colour.
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Table 6: Colour data for tortilla formulations by type of pea (green or yellow)

Flour
Control

r5%

2s%o

-0.64+
0.gg^d

1.25+
0.4J<"
1.441L
0.34tb
1.73*
0.5g<u

35%

Hull
Control

0%

r.5%

5%

28.74+
2.94;b
23.58t
r.7g<d
26.05+
1.950'
36.03+
232<u

Yellow Pea Types
L*

-0.64+
0.ggtd
122+
0.53 

<"

1.44+
0.34tb
1.76+
0.51<u

80.86+
r.66^b
82.02+
r.2l<u
81.42+
0.63t'
79.02+
1.03<d

n:l08 (18 replications x 6 measurements)

'n:144(2varietiesx2formulationsx3replicationsx6measurementsx2cropyears)on:72(2varietiesxlformulationx3replicationsx6measurementsx2cropyears)

'n=144(4varietiesxlformulationx3replicationsx6measurementsx2cropyears)

28.74+
2.94àu

29.34*
6.74<u
26.05+
1.g5tb
30.28+
636<u

reenness

35.68+
46.79àu

-22.14+
14.07<b"
-19.07+
5.47tb
-24.10!
12.01<"

^*

80.86+
1.66^b

8132+
1.g3 

<u

81.42+
0.630u

79]2+
1.56<"

-0.64+
0.ggâu

-0.89+
0.4gtu
-2.51+
0.510b
-7.44+
1 .16t'

Green Pea Types
b* L*

35.68+
46.79^u

-28.62+
16.11<'
-19.01+
5.47'b
-18.22r
5.41<b

28.74+ 80.86+
2.94^b 1.66^u

24.57+ 79.69+
l.58td r.25rb
27.35+ 77.59+
7.96"" 0.72""
36.04+ 72.01+
1 .100u 1.22'd

-0.64+
0.ggâu

-4.36+
3.39'"
-2.57+
0.510b
-3.96+

3.4f"

28.74+
2.94^b"
29.87+
6.27tub
27.35+

r.96"'
30.74+

5.76'u

35.68+
46.7ï^ub

48.26+
l22.7glu
1 1.03+
2.20"b"
4.98+
0.93t'd

80.86+
r.66^^
76.72+
4.05'b

77.59+
0.72"b
74.98+
3. g4t"

35.68+
46.79^u

15.92+
t7 .16'u
1 1.03+
2.20"u
31.31*
124.49'u

crop years)
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3.4.3 Rheology

3.4.3.1 Cohesiveness

The addition of pea flour signif,rcantly reduced (p<0.05) the cohesiveness

values for wheat flour tortillas from about 8500 to 3500 gxs (Table 2). There was

no significant difference for cohesiveness between the 2005 and, 2006 crop years

(Table 3) or between the pea varieties (Table 4).

Formulation, in particular the percent of pea flour added, had a significant

effect on the cohesiveness of tortillas as seen in Table 7. Each increase in percent

pea flour added to wheat flour tortillas significantly reduced (p<0.05) the

cohesiveness of the tortillas (about 8500, 4600,2800 and 2300 gxs for the control,

I5Yo pea flour, 25%o pea flour and 35%o pea flour respectively). Addition of hull and

pea type did not have as great an effect on the cohesiveness of tortillas and no

significant differences were found in the cohesiveness of treatment tortillas;

however, the control sample tortillas again had a significantly greater cohesiveness

value.

Tortilla texture is a function of gluten which provides the elastic properties

of tortillas which are reduced when pea flour is used to replace wheat flour in

tortilla formulations. This explains the decreasing cohesiveness values with added

pea flour in torlilla formulations. As the concentrations of pea hull and flour were

increased, the ability to roll the tortillas around a 1 cm diameter wooden dowel was

decreased. This may partially be explained by the ability of fiber to hold water over

the pea flour fraction and contribute to the structure of the tortilla. The effects of
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increasing pea flour and pea hull were also reinforced by the rollability tests

performed on the products.

3.4.3.2 Firmness

The addition of pea flour and fibre tended to decrease the firmness values of

wheat flour tortillas. There was no significant difference in the firmness value

based on crop year differences (Table 7) or between different pea varieties (Table 4).

As the concentration of percent pea flour used increased, tortilla firmness

became significantly lower, fhe I5%o and 25o/o pea flour had a significantly greater

firmness value (about 840 and 790 g respectively) as compared to fhe 35Yo pea flour

tortillas (approximately 570 g) (Table 7). The addition of hull was identical to that

of pea flour with 0o/o and 1.5Yo addition having a significantly greater firmness value

as comparedto 5Yo pea hull addition to tortillas (Table 7). Pea type did not have a

significant effect on the firmness values of pea flour tortillas (Table 7).

Firmness was not as greatly influenced by the addition of pea flour and hull

as cohesiveness. Lower firmness values due to a lack of interconnected gluten

network to hold tortilla structure to provide resistance against the puncture force

explains the lower firmness values for increasing levels of pea flour in pea

composite fl our tortillas.
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Table 7: Composite flour tortilla cohesiveness and firmness by pea flour (%), pea

hull (%) and type (yellow, green or wheat flour control)
Composition Cohesiveness Firmness

Flour 15

25
35

4598.00 +.751.45>b 841.57 + 82.83>"b
3792.54 X.465.24f " 7g1.11 +77.61Yo
2334.15 r 489.78>o 567.38 + 86.86>"

o/o Pea
Hull

Control
0%
r.5%
5%

8468.23 + 1892.31 910.88 + 106.29

3825.50 * 132334>o 2q3.68 + 150.28>"b

3792.54+ 465.24fo 7g1.11 +77.61f'
3106.65 +. 1207 33>o 665.27 + 166.85>"

Type Control
Yellow
Green

8468.23 +7892.31^" 910.88 L 106.29
3526.14x1r06.43<þ 724.78 t r47.95<b
354t.92+t370.03'b 715.96+.764.97@h

Results are shown as the average * standard deviation. Significant difference
indicated by different letters in the same columns of the same composition criteria
(flour, hull and type) when p<0.05
>n: 108 (2 formulations x 6 varieties x 2 crop years x 3 trials x 2 replications)
r n: 54(1 formulation x 6 varieties x 2 cropyears x 3 trials x 2 replications)

^n:27 (1 formulation x 18 tortillas x 2 replications)
<n:180(4varietiesx5formulationsx3tortillareplicationsx2measurementsx2

crop years)
tn:120(2varietiesx5formulationsx3tortillareplicationsx2measurementsx2

crop years)

3.4.4 Response surface methodology and optimization

Results of response surface methodology for the optimization of wheat and

pea composite flours tortillas from the 2006 crop year are shown in Table 8. The

optimized level of pea flour and pea hull is relatively similar between varieties.

Overall, the greatest desirability (58.9%) was demonstrated by the Midas variety for

yellow peas and Camry (52.1%) for the green pea varieties. However, the

differences between the amount of pea flour and pea hull which has been optimized

for addition into wheat flour tortillas is slight. Essentially, incorporating 26-27%

pea flour and 4-5%o pea hull will yield a predicted firmness value and predicted

cohesiveness value of about 6209 and 3000 gx5 respectively regardless of variety.
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The results of optimization were verified when selected varieties were made

for sensory evaluation. The varieties Eclipse and Cooper were selected for sensory

evaluation based on their acreage values ln2006. The acreage of the pea varieties

may be found in Appendix B.

Table 8: Response surface methodology optìmization results of composite pea and
wheat flour tortillas based on instrumental texture measurements cohesiveness and
firmness values

variety "/o Pea o/o Pea Predicted Predicted Desirability
Flour Hull Firmness Cohesiveness

(e) (exs)
Yellow
Pea
Mozar| 26.1 3.9 651.024 3120.78 48.6%

Midas 27.1 5.0 629.940 2960.91 58.9%

Eclipse 26.1 4.6 617.856 2871.95 505%

Alfetta 25.8 5.0 629.654 2997.93 49.6%

Green Pea

Camry 25.8 5.0 625.577 3106.10 5Z.I%

Cooper 26.2 4.0 610.904 2980.66 48.4%
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Figure 1: Actual and predicted values of f,rrmness for composite Cooper green pea
and composite Eclipse yellow pea and wheat flour tortillas used for sensory
evaluation

Figure 1 illustrates the level of predictability of response surface

methodology optimization to predict actual values of firmness for composite flour

tortillas. As indicated, the predicted value was slightly higher than the actual

frrmness value measured using a TA.XT2 texture analyzer.

Figure 2 illustrates the level of predictability of response surface

methodology optimization to predict actual values of cohesiveness for composite

flour tortillas. As indicated, the predicted value was not significantly different from

actual firmness value measured using a TA.XT2 texture analyzer.
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Figure 2: Actual and predicted values of cohesiveness (gxs) for composite Cooper
green pea and composite Eclipse yellow pea and wheat flour tortillas used for
sensory evaluation

The response surface methodology optimization results indicated the point

of maximum content of pea flour and pea hull incorporated while minimizing the

reduction in cohesiveness and firmness values of tortillas. While not part of the

optimization, the results were reflected in the rollability values of tortillas, where

problems arose at the 35o/o pea flour level.

3.4.5 Sensory evaluation

Results of sensory evaluation are shown in Figure 3. The only significant

differences found were in terms of the appearance of the tortillas. Panellists deemed

that the Eclipse yellow pea tortillas had a significantly more favourable appearance
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as compared to the control tofiillas. The Cooper green pea tortillas had a slightly

lower acceptance score, but were not significantly different from the yellow pea

tortillas or the control tortillas. The average sensory score of all attributes was

approximately 7 or "like moderately". The frequency of tortilla characteristic

responses for sensory evaluation can be found in the Appendix C.

Appearance
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Flavour lntent to
purchase

Sensory attribute

Overall
Opinion

Texture

E Control n Coopergreen pea 26-4 e Eclipse yellow pea27-5

Figure 3: Sensory evaluation results of composite wheat and pea flour tortillas
Significant difference indicated by different letters in the same sensory attribute
category

The sensory results for composite pea flour tortillas had similar results to the

control, however reasons for the moderately like score may be difference. The

sensory scores of texture for pea flour tortillas were due to the lack of gluten for the

texture results while the score of control tortilla texture resulted from an abundance

of strength from the gluten quality and content resulting in control tortillas being too

chewy. The variety Laura used in the control is known to be a relatively strong,

hard red spring wheat. Flavour scores, of pea flour tortillas, although lower than the
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control were not significantly different. The off flavours and astringent qualities of

peas were likely reduced during processing. In terms of appearance, the control had

a lower score than the pea flour tortillas. The control was characterized by pale

appearance and blisters, whereas, the colour of both green and yellow tortillas was

found to be attractive to the panellists.

3.5 Conclusions

From these results it appears to be possible to produce a pea and wheat

composite flour tortilla with the aid of mechanical texture optimization followed by

verification with sensory analysis (i.e. acceptability to consumers in terms of

appearance, flavour, texture and overall acceptability). The formulations of pea

flour, pea hull and wheat flour that can support texturally acceptable characteristics

for tortillas were found to be at a level of 27Yo Eclipse yellow pea flour, 5% Eclipse

yellow pea hull as well as a formulation containing2íYo Cooper green peaflour,4o/o

Cooper green pea hull with the remainder of these formulations made up with wheat

flour. The wheat flour used for the base of the tortilla formulations as well as for

the control had an effect on the final characteristics of the final product. Different

wheat flours could be explored to give the best properties for composite flour

tortillas. However, future research regarding the shelf life of these tortillas as well

as scale up testing of these formulations is necessary. As well, the functionality of

specific particle sizes as well as protein content, starch characteristics should also be

studied to see how differences in peas will affect the outcome of the final product.
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CHAPTER 4: EXTRUSION PROCESSING AND SENSORY EVALUATION
OF AN EXPANDED, PUFFED PEA SNACK PRODUCT

4.1 Abstract

Pea (Pisum sativum) based expanded snack foods were developed using

formulations varying in pea flour, pea f,rbre and pea starch using extrusion

processing. The product physical characteristics which included shear strength,

bulk density and expansion index were characterized. It was found that the

incorporation of pea fibre had the greatest effect on the texture of the final product

where as the addition of pea flour only slightly affected the physical properties of

the product. Temperature also had an effect on the physical properties bulk density

and expansion ratio. However, temperature.had no significant effect on the shear

strength of the samples. Of three samples tested in sensory evaluation, the sample

which most closely represented ideal product characteristics was a 50o/o whole

yellow pea flour sample without added hull and extruded at a ftnal banel

temperature of 135oC, indicating the potential to include pea flours and fractions as

a snack food product.

4.2lntroduction

Pulse crops including peas, beans, lentils and chickpeas are of major

economic importance to the Canadian economy. Saskatchewan is the major

producer of Canadian dry field peas, accounting for 78%o of national production

(Agriculture and Agri-Food Canada,2006). In terms of land use, this represents 2.9

million tonnes of peas produced in 2007 . Canadian dry pea exports were valued at

$500 millionin2007 and 2008 (Agriculture and Agri-Food Canada,2008). Of the
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Canadian food use for Canadian peas, 10% (of the volume which is not exported) is

consumed domestically. Secondary processing of peas following cleaning and

sorting usually involves splitting, canning, drying or milling (Agriculture and Agri-

Food Canada,2005).

Extrusion processing of foods, in particularly snacks, is a very large market

segment. A $1.6 billion dollar market share was reported by Pepsi-Co (2007) in

terms of Canadian consumption of snack foods including potato chips, tortilla chips,

pretzels, popcorn, nuts and extruded snacks in 2002. Worldwide sales of the

leading brand of Pepsi-Co puffed extruded corn snacks was approximately $3

billion in2007 as indicated in the Pepsi-Co annual report.

Extrusion processing is a high temperature, high pressure method to produce

snack foods through the metering of feed material through temperature and pressure

changes and eventually exiting through a die. Screws are divided into three sections:

feed, transition (compression) and metering. Each section is composed of many

different screw segments differing in their abilities to transport, mix and shear the

dough. Depending on the configuration used, the outcome of the final product is

changed. Water present in the system becomes heated and immediately dissipates

when the pressure drops upon exiting the die, leaving aî aerafed, brittle foam

structure. By altering the moisture, protein, starch and fibre in the ingredient blend

as well alter parameters defined by extrusion conditions such as screw speed, screw

configuration, feed rate and barrel temperature the viscosity, shear, component

interactions/interferences, specific mechanical energy, torque, pressure, temperature,

air cell sizelfrequency, mechanical damage to food components, bulk density and
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expansion index will change. This results in differences in bubble nucleation and

vapour diffusion which change the characteristics of the structures (Hutchinson and

Siodlak, 1987, Chinnaswamy and Hanna, 1988, Falcone and Phillips, 1988, Jin et

aL.,1995)

Texture is a major determinant of overall quality for snack foods. The

microstructure of food is a result of both physical and chemical factors and defines

the texture of the product (Jin et al., 1995). Texture can be characterized by shear

strength, expansion ratio and bulk density which are generally conelated to one

another.

In order to verify instrumental texture analysis with consumer acceptability,

sensory analysis must be completed. A Just-About-Right test is useful to gather

directional information regarding a new product to guide fuither development by

combining intensity and hedonic scaling by asking consumers opinions about how

specified characteristics compare with what they consider to be ideal for each

attribute (Lawless and Heymann, 1998). However, this may result in a confounding

of the measurement and therefore it is recommended that a modified approach be

taken to this method as suggestedby Szczesniak et al. (1975). This involves the use

of a consumer texture profile technique which separates ideal characteristics from

the actual sample intensity characteristics.

Typically, extruded snack foods are characterized as being high in fat and

low in nutritional value. However, the incorporation of nutritionally superior

materials has been studied with respect to extruded snacks. These ingredients

include whole and split peas (Berios et al., 2008), garbonzo beans (chickpeas)
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(Benios et al., 2008), black bean flours (Benios et al., 2008), cassava and pigeon

pea flour (Rampersad et al., 2003),lentil flours and apple fibre (Berrios et al., 2008),

yellow corn meal, soy fibre and cane sugar (Jin et al., 1995) and sorghum and

cowpea flours (Falcone and Phillips, 1988).

There is now an opportunity to include more nutritious ingredients in snack

foods. The rising costs of corn and wheat coupled with consumer demand for more

healthful products has created the opportunity for ingredients such as peas to be

used in food products. The nutritional profile in terms of protein content and fibre

levels are generally superior as compared to corn which is typically used as the basis

for puffed extruded snack food products. When comparing the glycemic index of

corn meal to pea flour it was found that corn grits, green pea grits and yellow pea

flour had a glycemic index relative to white bread of l00Yo, 70% and 70%o

respectively (Hardacre et a1.,2006). A glycemic index ranging from44 to 49 was

found for three different varieties of peas (Chung et al., 200S) indicating that peas

do not cause as large a spike in the blood glucose level following consumption as

compared to white bread or corn grits. The objective of this experiment is to

develop apea based snack food using pea flour, pea fibre and pea starch to produce

an acceptable product in terms of texture characteristics. Product texture

acceptability is evaluated through a variation of the Just-About-Right sensory test.
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4.3 Materials and methods

4.3.1 Formulations

Whole yellow pea flour (Eclipse variety), split green pea flour without hull

and finely ground pea fibre (pea hull) was donated from Best Cooking Pulses of

Portage la Prairie, Manitoba. A native, food grade pea starch made from yellow

Canadian field peas was donated by Nutri-Pea Limited (Portage la Prairie,

Manitoba) (Specification sheets may be found in Appendices F, G and H). Five

different formulations with varying concentrations of pea flour, pea f,rbre and pea

starch totalling 2.5kg were made for both yellow and green pea flours on an as is

basis. The formulations included 30o/o peaflour-}Yo pea hull-7OYo pea starch (30-0),

30Yo pea flour-l0% pea hull-60o/o pea starch (30-10), 40Yo pea flour-5% pea hull-

55o/o pea starch (40-5), 50o/o pea flour-0% pea hull-50o/o pea starch (50-0) and 50Yo

pea flour-7}o/o pea hull-4}Yo pea starch (50-10). Each formulation was run

singularly with the mid point (40-5) processed in triplicate. Straight pea starch was

run as the control.

Moisture content of formulations was determined using the AACC moisture

air oven method 44-I5A (AACC, 1999).

Final extruded samples made in this experiment were compared to

commercial samples readily available in the market. Two commercial samples were

used, Frito-Lay Canada Cheetos Pufß O (Cambridge, ONT) as well as Hawkins

Cheezies Corn Snacks O (Belleville, ONT).
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4.3.2 Extrusion

Blends were extruded with an APV co-rotating twin screw extruder

(MPF19-25 , 2.2kW motor, I9l25D, APV Baker Ltd. Peterborough England) and a

circular die hole with a 4.5mm diameter using a high shear screw configuration.

Prior to extrusion, blend feed and moisture injection rate were calibrated. Total

moisture content of the blends was adjusted to l5Yo through the addition of water.

Temperature of extrusion was set to 30oC,70"C and 90oC for the first three of five

barrel temperature zones respectively. The effect of temperature was also

investigated; temperatures were tested by varying the final two barrel temperatures

to 110oC, 120"C and 135'C. Screw speed was kept at a constant 240rpm.

Following extrusion, the extrudates were dried in a convection oven at 135'C for 5

minutes, allowed to cool and placed in a polyethylene bag overnight. Texture was

analyzed the following day. A table of extrusion conditions and screw

conf,rguration may be found in Appendices I and J.

4.3.3 Texture analysis

Texture analysis was done with a Zwick Roell texture analyzer (BDO-

FB005TN, Zwick GmbH & Co. KG Germany) using a shear three point bend test in

the compression mode. Extrudates were cut into 4cm lengths and laid across three

point bending stand with bar gap set at one millimetre. A Warner Bratzler shear

probe was used to break the samples. The resulting curve was evaluated using

testXpert II v1.41 software (Zwick GmbH &. Co., August-Nagael-Strasse) to

measure the maximum force G.Ð and strain at maximum force (mm). Test
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conditions for compression used a preload of lN, and a pre-load speed of

50mm/min for up to 60 sec.. Force was zeroed after pre-load, cycle speed was

positioned controlled 1Omm/min, standard travel set to 25mm, the upper force limit

lKN and maximum test duration was 1min.

4.3.4 Expansion ratio

Expansion ratio was calculated for the extrudates as the cross sectional area

of the extrudate divided by the cross secti onal area of the die outlet. Each

measurement was taken ten times and the results were averaged.

4.3.5 Bulk density

Unlike expansion ratio, bulk density accounts for expansion of the product in

all directions (Falcone and Phillips, 1983) and is measured as mass of product

residing in a specified unit of volume (obatolu et a1., 2006). Ten 4mm samples

from each extrusion run were weighed and divided by the approximate volume of

the sample to calculate the bulk density.

4.3.6 Shear strength

Shear strength is measured as the shear force required to break a product

relative to its cross sectional area and is typically indirectly related to the expansion

ratio (Chinnaswamy and Hanna, 1988). Ten measurements of shear strength were

taken for each sample to obtain anaverage result.
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4.3.7 Sensory evaluation

Sensory evaluation of extrudates was done following the consumer texture

profile method outlined by Szczesniak et al. (1975) with some modif,rcations. In

summary, the method combines the use of texture terminology to describe a product

with a scaling technique to provide directional information about the product. Sixty

three panellists were recruited; the results of 56 which were complete were used for

calculations. Panellists were presented with a ballot and asked to assess 3 tangible

products made using whole yellow pea flour including: a formulation with 50Yo pea

flour, 0olo hull and 50o/o starch processed at barrel temperatures of 30,70,90, 135

135o, and a formulation with 50Yo pea flour, 0% hull 50% starch at 30,70,90, I20

and 120'C and a formulation made with 50% pea flour, 70Yo peahull,40Yo starch

and processed at barrel temperatures of 30,70,90, 135 and 135"C. In addition an

intangible "ideal" product, the characteristics of which vary from panellist to

panellist based on their opinion was used to get the perception of the product by

each panellist of an ideal snack food. Predetermined characteristics evaluated

included: toothpack, bad texture, hard, puffiness, soft, crispiness and good texture

on a continuous scale with 7 anchor points (a copy of the ballot can be found in

Appendix K) with the far left anchor representing the absence of the characteristic

in the product and the far right anchor indicating a strong prevalence for the

characteristic in the product. The difference between the sample characteristic

tested and the ideal value for the characteristic was taken for the opinion for each

panellist. The average of the difference was taken for all panellists and the results

averaged.
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4.3.8 Statistical analyses

Extrudates were evaluated for significant difference at p<0.05 using

Statistical Analysis Software (SAS, version 9.1) and differences located using a

Tukey test. Each blend was run once with exception to the mid point blend (40%

pea flour and 5%o pea fibre) which was run in triplicate. Ten samples were used for

texture analysis and the results were recorded as an average. Optimization of pea

blend formulations was done using Design Expert software (version 7.1,

Minneapolis, Minnesota). The criteria for optimization required that flour

incorporation was a maximum between 30 and 50Yowithan importance of +++, hull

incorporation was a maximum between 0o/o and 10% with an importance of +++,

bulk density was minimized but in the range of 0.050g/cm3 to 0.797 glcm3 given an

importance of +++, shear strength in the range of 8.86N/cm2 to 31.24N/cm2 with an

importance of +++ and expansion ratio was to be in the range of 8.00 to 17.83,

values which were chosen to reflect results from commercial samples analyzed (Full

optimization results are shown in Appendix D). Statistical analyses are shown in

Appendices L through O.

4.4 Results and discussion

4.4.lExpansion ratio

The expansion ratio of pea based snacks ranged from 5.53 for the 50-10

green pea formulation to 14.7 6 for the 3 0-0 green pea formulation as seen in Figure

4. Generally, a greater expansion ratio is more desired in puffed snack foods as this

is correlated with a lighter, crisper product. Optimal expansion of corn starch was
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studied by Chinnaswamy and Hanna (1988). They found that by testing 25Yo

amylose com starch and a 3mm die opening with a temperature range of 120-180'C

the best conditions for expansion ratio of corn starch was at 140'C 14oá moisture

(db), 150 rpm screw speed and feed rate of 60glmin yielded an expansion ratio

value of 16.1. Expansion ratio will depend on the extrusion conditions as well as

the blend formulations which are being tested.
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Formulation (%pea flour-o/o pea hull)

EI green pea s yellow pea

50-1 0

Figure 4: Expansion ratio of yellow and green pea puffed, extruded products
varying in concentrations of pea flour and pea hull (n:10 for all formulations except
for the 40-5 samples where n:30)

As compared to literature values for other pulse crop extrudates, Berrios et al.

(2008) achieved expansion ratios of 10.50 to 12.13 for garbonzo beans (chickpeas)

and by using fine pin milled black bean flours at 160oC, a feed rate of 25kglh and an

18% moisture content produced an expansion ratio of 6.74 + 0.86. Using twin

screw extrusion Berrios et al. (2004) extruded black beans at 200 rpm with an

80g/min feed rate and a 20o/o fofal moisture content expanded to a ratio of 6.70 but

this was increased to 13.45 with the addition of 0.5Yo sodium bicarbonate. These

68



values are similar to the range obtained in this study which uses pea flour and pea

hull in conjunction with pea starch. This is expected considering the similar nature

of beans, chickpeas and peas in terms of protein, starch and fibre. Using a twin

screw extruder, 160"C process temperature, 500rpm screw speed, 25kg/h feed rate,

and with two 3.5mm die openings the expansion ratio of whole pea was 12.45 while

the ratio for whole pea with corn starch (Hylon Y af 20o/o of the formulation)

increased to 76.46, a value slightly higher than compared to the current study

(Berrios et al., 2008). Split pea flour expanded to aratio of 20.72 and increased to

24.21 with2}Yo Hylon V com starch added (Berrios et al., 2003). The differences

between the whole pea and split pea flours may be explained by the presence or

absence of hull in the flours.

A level of 30o/o pea flour was not found to be significantly different than a

level of 50Yo pea flour or the starch control in terms of expansion ratio as seen in

Table 9. Level of pea flour did not have as great an influence on the expansion ratio

as the level of pea hull did. When pea hull concentrations were increased from 0%o

(1 1.9 expansion ratio) to either 5%o or 10Yo, expansion was significantly reduced to

5.70 and 5.94 respectively (Table 10). Pea type (Table 11) also had a significant

effect on expansion ratio; however, this is likely confounded by the presence of pea

hulls in whole yellow pea flour which expanded significantly less (6.53 expansion

ratio) compared to hull-less split green flour (8.11 expansion ratio).
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Table 9: The effect of pea flour on bulk density, shear strength and expansion ratio
Pea flour Bulk Density Shear Strength Expansion Ratio

30%
40Yo ^
50Yo 

<

Starch v

0.1 1+0.02
0.t2lj0.02b
0.10+0.03'
0.27L0.04u

cm
18.12+6.61
21.56+6]f
1 5.80*7.91'
34.69t6.964

8.77+3.84u
5.70+1.10b
8.30+3.80u
6.7g]E0.ggub

Values given as an average + standard deviation, different letters within the same
column indicate significant difference (p<0.05) between the different levels of pea
flour
< n:40;2peatypes x 2 formulations x 10 replications

^ n:60; 2 peatypes x 1 formulation x 3 triali x 10 replications
v n:10; 10 replications

Table 10: The effect of pea hull on bulk density, shear strength and expansion ratio
Pea hull Bulk Density

¡-r--,3r
Shear Strength Expansion Ratio

5o/o^

rco/o<

Starchv

0.10+0.03'

0.12+0.02b

0.1 1+0.02b'

0.27+0.04u

m
t2.72*6.98c

2T.56L6JIb

21.20t4.86b

34.69t6.964

ILI2+3.754

5.70+1.10b

5.94+1.ßb

6.78]t0.ggb

Values given as an average + standard deviation, different letters within the same
column indicate significant difference (p<0,05) between the different levels of pea
hull
< n:40; 2peatypes x 2 formulations x 10 replications

^ n:60; 2peatypes x 1 formulation x 3 trials x 10 replications
Y n:I0; 10 replications
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Table I 1: The effect of pea type on bulk density, shear strength and expansion ratio
Pea Type Bulk Densitv

lslcm3l
Shear Strength Expansion Ratio

/cm
Split green 0.1 1+0.03" 16.71+7.65 8.II+ 4.32u

o.t2+0.02b 2\.l6t5.g7b 6.53tt.27b

0.21L0.04^ 34.69+6.964 6.79+0.ggub

(n:70)

Whole yellow >

(n:70)

Starchv (n:10)

Values given as an avelage t standard deviation, different letters within the same
column indicate significant difference (p<0.05) between the different levels of pea
type
> n:70; 1 pea type x 5 formulations x 10 replications (+ 2 extra trials of the
midpoint 40-5 sample x 10 replications)
vn:10; 

10 replications

When Rampersad et aI. (2003) extruded cassava and pigeon pea flour, lower

expansion ratios were obtained as compared to those found in this study. Using a

single screw extruder, a blend moisture content of 72o/o, temperature profile of 120-

125"C,520 rpm screw speed and 300g/min feed rate, expansion ratios of 1.68, 1.55,

1.38 and 1.18 were obtained for 0o/o,5%o,I0Yo and l5Yo added cowpea flour to

cassava flour. Clearly, as cowpea flour was incorporated, expansion ratio decreased,

an effect that was not as clearly seen in this study, as expansion ratio was more

strongly related with the addition of pea hull than with pea flour. Differences

between the level of fibre in cassava and cowpea, differences in the amylose and

amylopectin ratios of starch as well as differences in the processing parameters and

equipment may explain the discrepancies found between Rampersad et al. (2003)

and the current study.
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Fibre addition significantly affects the expansion ratio of lentils (Benios et

al., 2008). Without apple fibre addition, the expansion ratio was 30.7 while with

added f,rbre this value was only 6.6-8.2 depending on starch source used (Berrios et

al., 2008). Therefore, the effect of fibre was greater than that of starch source used

for lentil extrudates. It was speculated that this effect was due to the decreased level

of starch content in the dough due to the replacement of starch with fibre (Berrios et

al., 2008).

This effect of fibre was also observed by Jin et al. (1995) while investigating

the extrusion outcomes of yellow corn meal, soy fibre and cane sugar. It was found

that using twin screw extrusion with a f,inal barrel temperature of 121oC, a 3.08mm

die opening,45.4kglh feed rate, total moisture content of 20Yo and a 325rpm screw

speed that as fibre content increased from 0o/o-20o/o, the extrudate texture was more

compact and less expanded. It was also observed that air cells were smaller and

more numerous when observed with scanning electron microscopy, and cell walls of

which were seen to be thinner at lower bran contents of l0o/o than compared to the

thicker cell walls observed at 30Yo fibre. The effect of fibre was more thoroughly

explained as the presence of bran causing a limiting effect on the expansion and

extensibility of air cell walls, causing them to be incapable of steam retention and

thus at a precarious point, the air cell bursts (Jin et al., 1995).

The effect of temperature (Table 12) also had a significant effect on

expansion ratio. It was found that as temperature of the final two barrels was

decreased from 135oC to 120"C to 110'C; the expansion ratio was significantly

increased with increments of 6.64, 9.01 and 1 1 .28, respectively, as seen in Table 12.
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Falcone and Phillips (1988) investigated the extrusion of sorghum and cowpea

blends under different conditions. Formulations of 100% sorghum, 67Yo sorghum-

33%o cowpea,33Yo sorghum-67Yo cov'ryea, 700yo cowpea, and a temperature range

of 160"C -205"C with moisture contents ranging form 13-25o/o for single screw

extrusion with a 7mm circular die opening using a screw speed of 180 rpm were

studied. From this study the role of temperature on extrusion can be seen, as

expansion tended to be greates{ at 175"C, however, this was dependent on the

formulation of the blend.

Table 12: The effect of extrusion processing temperature on bulk density, shear
strength and expansion ratio ofpea extrudates

Temperature Bulk Shear Expansion
of processing Density Strength Ratio

(g/cm3) (N/cm2)
1 10'C

I2O"C

135'C

0.t3*:0.024 22.42L3.73u 11 .28Lt.63u

0.11+0.02b 20.63+7.24u g.0r+2.29b

0.12+0.02b ß.69+6J7u 6.64+r.2g"

n:20

Berrios et al. (2008) investigated specifically the extrusion of pea flour using

160oC, 500 rpm, 25 kglh feed rate and two die openings of 3.5mm diameter and

were able to achieve an expansion ratio of 12.45 for whole pea flour, similar to

results obtained for this study, while for split pea flour, an expansion ratio of 20.72

was achieved, greater than what was obtained for this study. This difference could

be due to processing conditions and equipment differences as well as particle size,

composition of peas in terms of fibre, protein and starch content and quality as
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amylopectin exerts a positive effect and amylose a negative effect on expansion

ratio (Falcone and Phillips, 1988).

4.4.2Bulk density

Expansion ratio and bulk density generally are correlated; as expansion ratio

increases, bulk density decreases. However, a lack of correlation between bulk

density and expansion ratio may occur considering that bulk density accounts for

expansion in all planes while expansion ratio only accounts for expansion in one

direction (Falcone and Phillips, 1988). Bulk density of the pea extrudates ranged

from 0.06g/cm3 for the 50-0 green pea sample to 0.140g/c-3 fo, 30-0 yellow pea

samples (Figure5). Berrios et al. (2004) used a twin screw extruder with the

parameters of 200 rpm screw speed, 8Og/min feed rate and 20%o total moisture

content for the extrusion of black bean flour to produce a bulk densities of 0.35,

0.32,0.33, 0.28, 0.26 and,0.24 glcm3 for control, 0.1, 0.2,0.3, 0.4 and,0.5Yo sodium

bicarbonate addition respectively. These values were all greater than the range of

bulk density incurred in the current study utilizing pea flour, pea fibre and pea

starch for extrusion. A lower bulk density is generally more desirable considering

that it indicates a lighter, crisper final product.
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Figure 5: Bulk density of yellow and green pea puffed, extruded products varying in
concentrations of pea flour and pea hull (n:10 for all formulations except for the 40-
5 samples where n:30)

As seen in Table 9, as the concentration of pea flour used in blend

formulations was increased, the bulk density as compared to the control was

significantly reduced, suggesting that the addition of pea flour had a positive effect

on the final extruded product. However, the only signif,rcant difference found in the

addition of pea flour was between 40Yo and 50Yo, where 50Yo pea flour was

significantly lower in bulk density than the 40% formulations. Cassava flour and

pigeon pea flour were blended in ratios of 100:0,95:5,90:10,85:15 and extruded

with a single screw extruder with a moisture content of Qo/o (db) at 120-I25"C and

a 520rpm screw speed using a 300g/min feed rate (Rampersad et al., 2003). It was

found that bulk density increased with increasing pigeon pea flour addition; }yo,5yo,

ITyo, 15% had 0.27, 0.29, 0.30 and 0.33 glcm3 bulk density respectively

(Rampersad et al., 2003). The opposite effect was found in this study, in that the

addition of pea flour decreased the bulk density of the extrudates. This could be due
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to the functionality of cassava as compared to pea starch as the base for extruded

snacks as well as differences between pigeon pea and dry field peas in terms of fibre,

starch and/or protein content as interactions between these components. Processing

conditions may also have had an effect. The moisture content used in the study by

Rampersad et al. (2003) was considerably lower (12%) than the 15olo moisture

content used in the current study.

Pea hull was found to be more influential than pea flour inclusion in terms of

bulk density. The lowest bulk density observed (0.06g1cm2) was in a sample where

pea flour was added but additional pea hull was not incorporated; (50-0 green pea

sample as seen in Table 10). This reflects the results from expansion ratio. The

study by Jin et al. (1995) using yellow corn meal, soy fibre, pure sugar cane in a

twin screw extrusion process and a final barrel temperature of 12I.ioC, 3.08mm die

opening, 45.4kglh feed rate and moisture content of 20o/o with screw speed of 325

rpm found that as fibre level increased from 0-20%o, bulk density decreased however,

further increase to 40Yo fibre caused an increase in bulk density.

The significant differences for bulk density values found between the types

of pea used may again be attributed to the presence of hull in the whole yellow pea

flour compared to the absence of hull in split green pea flour (Table 11). However,

when either flour was added to pea starch, a positive effect on bulk density was

demonstrated as compared to the bulk density of extruded pea starch.

As temperature decreased from 135'C and 120"C to 1iO"C, bulk density

became significantly greater as seen in Table 12. In this case, bulk density and

expansion ratio were not correlated, as explained through the rationale that
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expansion ratio only accounts for expansion from the cross sectional area while bulk

density accounts for expansion in all directions. The effect of temperature depends

greatly on the material which is being extruded and its physical properties; for

instance gelatinization temperatures as well as amylopectin and amylose content

will cause different properties of extrudates at different processing temperatures. In

the Falcone and Phillips (1988) sorghum and cowpea experiment, of the parameters

which were discussed in the previous section, the lowest bulk density results of

0.26glcm3 was obtained for 100% sorghum at 175"C and 20.5Yo moisture content.

In this study, it appears that as the percent of cowpea incorporated in the blend

increases, the temperature required achieving the lowest bulk density also increases.

However, the lowest overall bulk density was achieved at a lower temperature using

I00% sorghum.

When bulk density of the test samples was compared to bulk density of

commercial samples, one commercial sample had a bulk density of 0.39+0.10g/cm3

while another sample had a bulk density of 0.18+0.02g1cm3. The test samples were

generally less than both of these samples indicating that the samples produced in

this study had a structure that was less dense than those products typically found on

the market.

4.4.3 Shear strength

Shear strength of samples ranged from 5.20 to 25.01 N/cm2 for samples 50-0

green pea and 50-10 green pea (24.53 N/cm2 for the 40-5 yellow pea sample)
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respectively as seen in Figure 6. Extruded pea starch in comparison had much

greater shear strength than all treatments at34.69 N/cm2 (Table 9).

As pea flour was added to the formulation in increasing amounts, shear

strength was reduced, 50yo pea flour was significantly lower than 40%o and the pea

starch (Table 9). The addition of pea fibre on the other had a much greater effect.

The samples with added flour, but with no added pea hull had significantly lower

shear strength as seen in Table 10. Jin et al. (1995) also indicated the effect of fibre

on shear strength. Yellow corn meal, soy fibre, pure sugar cane were subjected to

twin screw extrusion, a temperature of 121.1oC, 3.08mm die opening, 45. kglhfeed

rate, moisture content of 20o/o and a 325 rpm screw speed. A Warner Bratzler

shear blade was used to cut through the cross sectional area of the samples and

indicated that shear strength increased with increasing sugar and fibre content.

Breaking strength was related to microstructure suggesting that thicker cell walls

resulted in greater shear force

With respect to pea type used, there was no signif,rcant difference between

using the shear strength for whole yellow pea flour or the split pea flour (Table 1l).

In terms of temperature, no significant difference was found between extrudates

processed at 110"C, 120"C and 135'C (Table 12).

Commercially available samples had a very large difference in terms of their

shear strength. One product had shear strength of 8.86+4.40N/cm2 while the other

product had shear strength of 31.24+11.84N/cm2. The test samples in this study had

shear strengths which were generally intermediate to this. Falcone and Phillips

(1988) compared their sorghum/cowpea blended extrudate force at failure (1.ü) to
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that of fried or baked commercial corn snacks. The force at failure Q.t) that was

comparable to fried/baked commercial corn snack (-23N) and was obtained with

samples made of 670/o sorghum and 33o/o cowpea processed at i90oC and 23o/o

moisture content (27N) as well as the 33%o sorghum sample blended with 67%

cowpea processed at 190'C using a23Yo moisture content.

30-0 30-10 40-5 50-0 50-10

Formulation (% pea flour-o/o pea hull)

ffilgreen pea H yellow pea

Shear strength of pea snack extrudates

Figure 6: Shear strength Q.l/cm2) of yellow and green pea puffed, extruded products
varying in concentrations of pea flour and pea hull (n:10 for all formulations except
for the 40-5 samples where n:30)

4.4.4 O.ptimization of formulations

When using response surface methodology for the optimization of extruded

blends, three different outcomes were suggested to attain a minimum bulk density in

the range of 0.08 to 0.28 g/cmi , shear strength 8.86 to 31.24N/cm2 and an expansion

ratio of 6.0 to 17.8 so that they would be comparable to commercial products: the
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results may be found in Table 13. The outcomes suggest the use of 50Yo green pea

flotx, 7 .34 o/o pea fibre made up to 100% using pea starch. This formulation yields

predicted values for bulk density, shear strenglh and expansion ratio of 0.109 glcm3 ,

18.590 N/cm2 and 8.00 respectively. A second formulation option was given as

50Yo green pea flour with 6.74Yo pea fibre and made up to 100% with pea starch.

This formulation resulted in predicted values for bulk density, shear strength and

expansion ratio of 0.105 glcm3, 17.439 N/cm2 and 8.54 respectively. The final

suggested formulation incorporated a lower amount of pea fibre using 5OYo green

pea flour, 6.60% pea fibre and made up with pea starch. The result of this

formulation gave predicted values of 0.105 g/cm3, 17.l74Nlcm2 and 8.67 for bulk

density, shear strength and expansion ratio respectively. The optimization of the

formulation reinforces the more significant effect that pea f,rbre has on the

characteristics of the extrudates. Where green pea flour may be incorporated at its

maximum tested value of 50Yo, pea fibre restricts the formulation and itmay be seen

that increasing the level of pea fibre caused an increase in bulk density and shear

strength and lowered the expansion ratio of the predicted values in the product.
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Table 13: Optimizafion of extrusion formulations for pea flour and pea hull (made
up to 100% with pea starch) for bulk density (g/cm3), shear strength (N/cm2) and
expansion index using design-Expert software
Pea fype Pea Pea Bulk Shear Expansion

Flour 7o Hull 7o O^::lll Strensth Index
/cm

Green

Yellow

50

50

50

50

50

50

7.34

6.74

6.60

7.34

6.74

6.60

0.1 08

0.1 05

0.105

0.1 13

0.r12

0.1t2

18.590 8.00

t7.439 8.54

t7.r74 8.66

18.650 6.64

18.343 6.72

t8.273 6.74

The optimization of whole yellow pea flour in extrudates was unable to

achieve the parameters set for the optimization of green pea flour with regard to

setting expansion index to be at least a ratio of 8. V/ith this parameter compromised,

the outcomes of optimization may be seen in Table 13. When 50% whole yellow

pea flour was formulated with 734% pea fibre, bulk density, shear strength and

expansion ratio were predicted values of 0.1l3glcm3, 18.650N/cm2 and 6.64

respectively. As the level of pea fibre was reduced to 6.74%o, the bulk density, shear

strength and expansion ratio was 0.1I2g1cm3,18.343N/cm2 and 6J2 respectively.

Further reduction of pea fibre additionto 6.60Yo did not cause any large changes in

the predicted values for bulk density, shear strength and expansion ratio which were

0.1 l2g/ cm3, 18.272N/cm2 and 6.7 4.
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4.4.5 Sensory evaluation: effect of pea flour, pea hull and temperature

Hardacreet al. (2006) made use of a Just-About-Right scale to assess the

texture of expanded snack food wafers made of corn, lentil and other ingredients.

Thirty-seven subjects were recruited to give their preference of characteristics of

different wafers including colour (too light to too dark), hardness (too soft to too

hard), taste (too strong to too bland) and toughness (very tough to very brittle) on a

1-5 scale with the 3 point indicating that the characteristic was at the just right level.

A similar approach was used in this study with panellists indicating on a 1-7 point

scale at what intensity pre-determined characteristics were present in each of three

yellow pea samples while the ideal, intangible product characteristics were assessed

separately from the actual samples. Whole yellow pea flour was used in the sensory

analysis for two reasons, firstly, the acreage grown for yellow peas is much greater

than for green peas in Canada, and therefore, would be more feasible to produce at a

large scale. Secondly, the yellow pea extruded products are closer to what is seen in

the market in terms of appearance for colour and although colour was not assessed

in this sensory evaluation, it was felt that the use of green pea would confound

negative opinions about colour in the texture data.
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From the sensory evaluation results in this study, it is possible to see which

samples either over performed (positive score) or underperformed (negative score)

what panellists considered being ideal for each textural characteristic (Figure 7).

Raw data from the sensory panellists is given in Appendices P-S. For toothpacking,

it was found that all samples had more tootþacking than what would be considered

ideal. The 50-0 yellow pea sample processed at 120"C had a greater degree of

toothpack than the other two samples. The lower temperature of processing likely

caused this effect considering that the final product would have higher moisture

content and would stick to the teeth more when chewed. The samples also had more

of a bad texture than compared to an ideal sample. Where as the 50-10 yellow pea

sample at 135'C and the 50-0 yellow pea sample at 120"C had the same degree of

bad texture compared to the ideal sample, the 50-0 at 135"C was less severe and

closer to the ideal sample. When extrudates were tested for how hard they are, it
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was found that while the 50-10 at 135'C sample over performed or was harder than

what panellists consider being the ideal level of hardness, but the 50-0 at 135"C

sample underperformed in terms of hardness. The 50-0 sample at 120"C however,

was nearly ideal in terms of its hardness value. The samples varied greatly in terms

of their puffiness. Where the 50-10 at 135'C sample was considered to be too puffy,

the 50-0 sample at I20"C was considered to not be puffy enough. However, the 50-

0 at 135oC sample was considered to be nearly ideal in terms of puffiness. The

attribute soft reflected the hardness of the samples, where the 50-10 at 135"C

sample underperformed or was not soft enough while the other two samples were

slightly too soft but they were both very close to the ideal level of softness desired

for puffed snack food products in the opinion of the panellists. In terms of

crispiness of the products, the 50-10 at 135oC sample was almost exactly ideal while

the 50-0 at 135"C sample was slightly less crispy than the ideal and 50-0 at 120"C

sample was much less crispy than it should heave been ideally. When samples were

assessed for their degree of good texture, panellists indicated that 50-0 at 135oC

sample had the closest texture to what they consider to be the ideal texture while the

other two samples were similar in their degree to which they underperformed in

terms of good texture. Generally, the product deviated the least from the ideal

sample was the 50-0 whole yellow pea flour extruded at 135"C. However, it should

be recognized that whole yellow pea flour was used to make the yellow pea flour

meaning that a natural percentage of pea hull was incorporated in this product.

84



4.5 Conclusions

The use of pea flour, pea fibre and pea starch has potential to be used in

many food products as demonstrated here as a puffed, extruded snack food. Images

of these products are shown in Appendix T. Not only is the use of pea fractions

technologically feasible, sensory evaluation indicates that the product characteristics

closely resemble what consumers indicate to be ideal in terms of specified

characteristics. Product characteristics could also be altered by changes in particle

size of flours, protein content and level of starch degradation, factors that were not

investigated in the current study. The product could be further characferized by

investigating peak frequency of the compression curve and bubble frequency and

size. Future work in terms of shelf life stability, scale up as well as market research

is necessary to create aftnal marketable product.
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CHAPTER 5: ANTIOXIDANT ACTIVITY AND TOTAL PHENOLIC
CONTENT OF FOOD PRODUCTS FORMULATED \ilITH PEA FLOUR

5.1 Abstract

Tortillas and puffed extruded snack food products were made with varying

concentrations of pea flour and pea fibre. For tortillas, the antioxidant activity was

measured for the blends and the processed product using ABTS and DPPH

antioxidant methods while total phenolics were measured through the Folin-

Ciocalteau method. The extrudates and blends used in extrusion were measured for

their antioxidant activity using the ABTS and ORAC methods while total phenolic

content was again measured using the Folin-Ciocalteau method. Processing of

composite pea flours to torlillas caused a reduction in antioxidant activity and total

phenolic content. Extrudate antioxidant activity as measured by the ABTS method

was reduced by processing, while increases were observed for the antioxidant

activity using the ORAC method. Extrudate total phenolic content was reduced

with processing. The results of the methods were compared through a correlation

analysis which indicated limited correlation between methods especially when

correlating different products and processing conditions.

5.2 Introduction

Growing concerns over heart disease and cancer are causing consumers to

consciously increase their consumption of antioxidative compounds. Antioxidants

are impoftant because they encourage the scavenging of reactive oxygen species

(ROS) which contribute to the degeneration of tissues such as proteins, lipids and

DNA (Wuet aL, 2004) causing degenerative diseases through oxidative damage
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(Troszyiska et al., 2007). For instance, in an epidemiological study discussed by

Xu et al. (2007), the increased consumption of foods high in phenolic, antioxidant

compounds such as fruits, vegetables, legumes and cereals was related to a

decreased instance ofdisease such as cancer, aging and cardiovascular disease. This

new antioxidant initiative has lead to the development of functional foods and

neutraceuticals which contain an increased level of antioxidants (Cheung et al.,

2006). The incorporation of peas in food products, such as tortillas, may increase the

consumption of antioxidants and thus, lower the instances of degenerative diseases.

Peas contain elevated levels of antioxidative compounds, particularly in the

hull component of the pea where these compounds are needed by the plant to ward

off oxidative damage from oxygen, light and other environmental stresses

(Troszyúska et al., 2002). However, the antioxidant content of peas varies due to a

number of factors including varietal differences, growing and harvesting conditions,

growing location as well as environmental factors (Troszyúska et al., 2002).

In plants, the major contribution to antioxidant activity is believed to be

through the dominant group of flavonoids, phenolic compounds (wu et al., 2004).

Research has identif,red common phenolic compounds present in pea to include p-

hydroxybenzoic acid, protocatechuic acid, vanillic acid, p-coumaric acid, ferulic

acid and apigenin-8C-glucoside (Dueñas et al., 2004,Lopez Amores et al., 2006 and

Troszyúska et al., 2002). The concentration of these compounds found was

dependent on the fraction of the pea used in the analysis (hull vs. cotyledon) as well

as the variety of pea that was used. Dueñas et al. (2004) found protocatechuic acid

in concentrations of 2.77 pglg and 19.82 p.glg in the cotyledon of ZP-849 and
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Fidelia variety peas, respectively, while its concentration in the pea hull was found

to be 50.15 p"glg and76.99 ¡t"g/gfor ZP-849 and Fidelia variety peas respectively.

Previous research has identif,red some of the common phenolic compounds

that contribute to antioxidant activity. However, research on the change in

antioxidant activity following food processing is limited. Some previous research

has been done of the change in total phenolic levels in processed beans (Granito et

a1.,2007). Li et al. (2007) studied the change in total phenolics and antioxidant

activity of muffins baked using purple wheat bran and Mexican blue corn

antioxidant activity following processing into tortillas and chips was studied by Del

Pozo-Insfram et al. (2006).

Wu et al. (200Q looked at how processing affects the AOA of foods.

Although previous studies have indicated that some vegetables result in an increased

AOA following cooking, these results are not consistent among all foods. Wu et al.

(2004) summarized these results indicating that foods more resistant to thermal

processing contain active polyphenolic flavonoids rather than vitamins and related

compounds, which will suffer a greater depreciation of antioxidant activity.

This research will focus on determining the antioxidant activity and total

phenolic content of food products made with pea flour and pea hull as ingredients.

These food products include tortillas as well as extruded puffed snack foods.

Tortillas will be evaluated for their antioxidant activity using the ABTS and DPPH

methods as well as total phenolic content using the Folin-Ciocalteau method.

Extrudate antioxidant activity will be measured using the ABTS and ORAC

methods while total phenolic content will be measured using the Folin-Ciocalteau
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method. Differences between the activity of raw blends and the final processed

foods will be evaluated.

5.3 Materials and Methods

5.3.1 Pea flour, pea hull and wheat flour blends for tortillas

Whole dry field peas were obtained from Tom Warkentin at the Crop

Development Center in Saskatoon, Saskatchewan. Four varieties of yellow pea

(Alfetta, Eclipse, SW Midas and CDC Mozart) as well as 2 varieties of green pea

flour (Camry and Cooper) were used. Peas were split and dehulled according the

CIGI Special Crops method. Three kilograms of peas were weighed into a small pail.

The weight was recorded and the moisture content was measured using a

Seedburo@ moisture meter (Seedburo Equipment Company, automatic moisture

meter model 1200A, 1022 wesf Jackson Blvd, Chicago Il1.). Peas were processed

through a Pitting machine (SK Engineering and Allied Works Bahraich -271801-

India) with a gap width of 5/8" after a handful of the corresponding pea was run

through the equipment to flush out any remaining pulses. The pitted peas as well as

the piuing dust were weighed. Tempering of the peas to l4o/o moisture content

followed pitting based on the equation:

(mL of water to add):((1 00-mc,)/(1 00-mcr)- l)*W

Where mc¡ represents the initial moisture content (Yo), mc¡ represents the final

moisture content (%) and W represents the weight of the sample (g). Water was

added slowly to the peas while continuously hand stining. The peas sat in the

closed pail for th before they were stirred again and left for an additional 4h (total
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of 5h tempering time). Moisture content and weight were recorded following

tempering. Peas were transferred to a heater (SK Engineering and Allied Works

Bahraich -271801- India) for 20 minutes once the temperature reached 70"C. Peas

were stirred often with a wooden spoon during heating. Peas were transferred back

to a pail following heating and then moved to cooling towers (SK Engineering and

Allied Works Bahraich -27180I- India) to cool overnight.

Dehulling and splitting of the peas took place the following day (16h). A

plastic bag was used to collect the flow of peas from the bottom of the cooling tower.

The peas were again weighed and the moisture content measured. A sheller (SK

Engineering and Allied Works Bahraich -271801- India) was used to remove the

hulls from the cotyledon. Shelled peas were weighed and then passed through an

aspirator (SK Engineering and Allied Works Bahraich -271801- India) to separate

the cotyledon fraction from the hull fraction. The cotyledon fraction as well as the

hull fraction \.vas weighed and the cotyledon yield was determined for each cultivar.

The split cotyledon fraction was milled into flour using a hammer mill (Jacobson

Inc, Minneapolis MN) with a screen size of 7.5/64". The pea hull fraction was

ground using a coffee grinder (Black and Decker) to a particle size of less than 850

pm.

CIGI also provided a straight grade Canada Western Red Spring wheat flour

(Laura var.) that was used as the control and base of the composite flours. The

protein content of the flour was 13.26% (combustion nitrogen analysis, Nx5.7) with

a moisture content of 13.41%o and wet and dry gluten at 34.4 and I 1 .2Yo respectively.

The characteristics of the wheat flour were predetermined by CIGI.
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Five composite flours were made of varying concentrations of pea flour,

ground pea hull fraction and wheat flour. The composition of these flours is

illustrated in Table 14. The levels of pea flour used ranged from I 5%o to 35o/o while

pea hull was incorporated at levels ranging from \Yo lo 5Yo. Composite flours were

made on an as is basis by weight, were well mixed and stored in Ziploc@ bags at

4oC until used.

Table 14: Composite flour formulations for yellow and green peas mixed with
CWRS (Lauravar.) wheat flour
Code Pea flour 7o Pea hull 7" Wheat f\our "/o
0-0 (control)
15-0
I 5-5
25-t.5
35-0
3 5-5

0

15

15

25

35
35

0

0

5

1.5

0

5

i00
85
80
73.5
65
60

All composite flours were made on an as is basis % by weight

5.3.2 Tortilla procedure

Moisture content for all composite flours was determined using the AACC

Moisture Air-Oven Methods (44-l5A) (AACC, 1999)

Farinograph absorption was determined for all composite flours using the

AACC method 54-21(small 50g bowl). (AACC, 1982)

Tortillas were made following the method described by Ambalamaatil et al.

(2006). One hundred grams of flour (14% moisture basis) was mixed with 1.5g of

baking powder (Magic, commercial brand), 1.5g salt (Fisher Scientif,rc) and 9 g of

shortening (Crisco vegetable commercial) in a 2009 mixer (National MFG. Co.,
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Lincoln, Nebr.) for 2 minutes. Distilled water was then added and mixed for a total

of 7, 6.2 and 3 minutes for I5Yo,25o/o and 35o/o pea flours respectively. Volume of

water varied depending on the Farinograph absorption value (mL of water required

to achieve 500 farinograph units) for the flour, 10mL less the FAB was used for the

tortilla dough formulation. Dough was formed into 35g balls, placed in plastic

containers, covered with a damp cloth and allowed to rest for 5 min. Dough was

pressed for 8 sec with a Doughpro press (Proprocess Corporation, CITY) to a

thickness level in between the "thick" and "thin" setting (approximately 1mm final

thickness) at93oC, transferred to a220oC frying pan for 30 sec, flipped and cooked

for 40 seconds, flipped and cooked for a final 10 sec. Tortillas were cooled on a

wire rack for I min before being placed in an open polyethylene bag to cool

overnight at25"C.

Tortillas were freeze dried (VirTis Genesis, Gardiner, NY) before all

chemical analyses. All tortilla results were recorded on a dry weight basis.

5.3.3 Pea flour, pea fibre and pea starch blends for extrusion

V/hole yellow pea flour (Eclipse variety), split green pea flour without hull

and finely ground pea fibre (pea hull) were donated from Best Cooking Pulses of

Portage la Prairie, Manitoba. A native, food grade pea starch made from yellow

Canadian field peas was donated by Nutri-Pea Limited (Portage la Prairie,

Manitoba) (Specification sheets may be found in Appendices F, G and H). Five

different formulations with varying concentrations of pea flour, pea hbre and pea

starch totalling 2.5kg were made for both yellow and green pea flours on an as is
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basis. The formulations included using 30, 40 and 50%o flour combined with 0, 5

and 70o/o pea fibre, the formulations are shown in Table 15. Each formulation was

run singularly with the mid point (40-5) processed in triplicate. Straight pea starch

was nm as the control.

Moisture content of formulations was determined using the AACC moisture

air oven method 44-15A (AACC, 1999).

5.3.4 Extrusion method

Blends were extruded with an APV co-rotating twin screw extruder

(MPF19-25 , 2.2kw motor, 79/25D, APV Baker Ltd. Peterborough England) and a

circular die hole with a 4.5mm diameter under a high shear screw configuration.

Prior to extrusion, blend feed and moisture injection rate were calibrated. Total

moisture content of the blends was adjusted to 15%o through the addition of water

while the first three of five temperature barrels of extrusion were set to 3OoC, 70"C,

and 90'C. The effect of temperature was investigated by changing the final two

barrel temperatures; temperatures were tested at 11OoC, I20'C and 135.C. Screw

speed was kept at a constant 240rpm. Following extrusion, the extrudates were

dried in a convection oven at 135'C for 5 minutes, allowed to cool and placed in a

polyethylene bag overnight until texture analysis the following day. A table of

extrusion conditions and screw configuration can be found in Appendices I and J.

93



Table 15: Formulations for extrusion of yellow and green pea flour pea fibre and
starch blends

Sample Code Pea flour 7o Pea hull %o Pea Starch %o

30-0
30-1 0

40-5
50-0
50-1 0

70
60
55
50
40

0

10

5

0

l0

30
30
40
50
50

5.3.5 Total phenolic content (TPC)

Total phenolic content (TPC) was determined using the Folin-Ciocalteau

method as described by Singleton and Rossi (1965) with modifications by Gao, et al.

(2002). 0.2 g of sample was extracted with 4 mL acidified methanol at room

temperature for 2h on a rotary shaker (8arpm). The mixture was centrifuged for 10

min on a table centrifuge (GLC-1, Sorual, Newton, CT) at 3000 rpm (906xg). The

supematant was decanted into polypropylene tubes and stored at -40'C until

analysis. Results were recorded as mg ferulic acid equivalents (FAE)Ig(dry weight).

5.3.6 Antioxidant activity (ABTS method)

The 2,2' -azino-bis (3 -ethylben zthiazoline)-6-sulfonic acid (ABTS) method

as described by Re et al., 1999 with some modifications was used to determine

antioxidant activity of samples. Two tenths of a gram of sample was extracted in

10mL of methanol at 150 rpm for 2 hours on a model oS3l rotary shaker

(Fermentation Design Inc., Allentown PA). Following which, the samples were

centrifuged at 13000 rpm (11337xg) for l0min using a Sorval SS-34 rotor.

Supernatant was decanted and stored at -40oC until analysis where lml. of extract

was added ro 3.9mL of diluted ABTS solution (ggpl of 140mM KzSzos added to
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5mL of 7mM ABTS solution and kept in darkness for 12-16h with absorbance

adjusted to 0.7 at734nm by the addition of the ABTS solution drop wise to 50%

methanol), incubated at 30'C in a water bath for 6 min and absorbance measured at

734 nm using 50% methanol as the reference. Absorbance of samples was

compared to a standa¡d curve of Trolox. Results were recorded as pmol Trolox

Equivalents (TE)/100g sample (dry weight).

5.3.7 Antioxidant activity (DPPH method)

The 2,2,-diphenyl-2-picryl-hydrazyl (DPPH) method was also used ro

measure the antioxidant activity of the samples following the method of Brand-

Williams ef al., (1995) with some modification. A 0.3g sample was extracted with

3mL of methanol by shaking for 2h on a wrist action shaker (RKVSD Laurel MD)

At 84 rpm. Samples were then centrifuged for l0 min on a table centrifuge (GLC-1,

Sorval, Newton, CT) at 3000 rpm (906xg¡. 0.1 mL of supernatant was added to 3.9

mL of DPPH working solution (0.00259/100mL methanol). Absorbance was

measured at 515nm at t:0min and again at t:3Omin. The o/o decolouration was

calculated as (l-((abs t:30)l (abs t:0))*100 and was compared ro the %

decolouration of known concentration of a Trolox standard curve. Results were

recorded as pmol TE/l00g sample (dry weight).

5.3.8 Antioxidant activity (ORAC method)

Antioxidant activity was analyzed using the ORAC method as described by

Li et al. 2007. A fluorescent probe, fluorescein was used in the assay to measure the
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antioxidant ability of the compounds present in the samples. A strong antioxidant

will be capable of inhibiting the loss of fluorescence of the probe when it is exposed

to the 2,2'-azobis(2-amidopropane) dihydrochloride (AAPH) radical. Solutions

prepared from extracting0.2g of sample in 10 mL of methanol which were shaken

for 2 h at room temperature were transferred automatically from a 96 well

polystyrene microplate (Corning Incorporated, Corning, NY, USA) using a

Precision 2000 Automated Microplate Pipetting System (BIO-TEK Instruments,

Inc.). Fluorescence filters with an excitation wavelength of 485l20nrn and an

emission wavelength of 528120nn were prepared for an FL,800 800 microplate

reader (BIO-TEK Instruments, Inc., Winooski, vT). Software was used from KC4

3.0. Firstly, 120p.1of the fluorescence working solution was added to each of the 96

well in the microplate. Twenty pl of the buffer solution (blank), Trolox standard,

diluted sample and 20 ¡rM of rutin control was then transferred to assigned wells.

The microplate was then incubated for 20 min at 37'c. Next, 60 pl of AAPH

(solution was added to the wells of the microplate and the plate was covered with an

adhesive sealing f,rlm. The covered plate was placed in the FL.800 microplate.

Fluorescence was measured for 50min at 37'C at one minute intervals. Fluorescin

was the substrate in the reaction where AAPH produces the peroxyl radical during

measurement. Each sample was measured in quadruplicate to produce ORAC

values as the area under the curve, which is calculated as;

AUC:0. 5 +l lfo+l/f|+ . . . +fos tfs+0 .5 (fsolfo)

wherefr: initial fluorescence reading at 0 min andf,: fluorescence reading at time

i min. ORAC results are recorded as TE ¡rmol/g.
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5.3.9 Statistical analysis

All data were recorded as means + standard deviation and analyzed by SAS

(ver 9.1) using Proc GLM and Tukey comparisons to test significant differences

(p<0.0s).

5.3.10 Chemicals

chemicals and reagents obtained from sigma-Aldrich (st. Louis Mo)

included ferulic acid, potassium persulfate (K2S2o8), ABTS, Trolox, DppH, Folin-

Ciocalteau. Fisher scientific Q.Jepean, Ontario) methanol and HCl were also used.

5.4 Results and Discussion

5.4.1 ABTS

Using the ABTS method, pea hull generally was higher in antioxidant

activity than pea flour as seen in Table 16. In terms of varietal differences for pea

flour, Midas (185.5+ 6.3 pmol TE/100g) had a signif,rcantly greater antioxidant

activity than most other varieties while the varieties with the lowest antioxidant

activity were Mozart, Alfetta and Eclipse (133.8, 134.0, 143.3 ¡rmol TE/100g

respectively). No significant differences were found between the different pea

varieties for antioxidant activity in pea hull.
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Table 16: Pea hull and pea flour antioxidant activity measured using the ABTS
(pmol TE/l00g) method
Variety Pea flour antioxidant Pea hull antioxidant

Alfetta Yellow Pea

Eclipse Yellow Pea

Midas Yellow Pea

Mozart Yellow Pea

Camry Green Pea

Cooper Green Pea

activi mol TE/l00
134.0+l Ll'

143.3+9.0b"

185.5+ 6.3u

i 33.8+13.8'

166.4+8.8ub

l59.g+123b

activi mol TE/l
182.3117.64

182.73L7.44

188.0+9.2u

174.8+10.f

177.7+9.4u

17r.7+14.3u

n:4, different letters within the same column represent significant differences
between varieties at p<0.05

When pea flour and pea hull were blended with wheat flour to make tortillas,

the greatest antioxidant activity was found to be in those formulations with the

greatest amount of pea flour and hull, while the lowest concentration was found for

the wheat flour control (60.2 ¡rmol TE/100g) as indicated in Table 17. Following

processing, the antioxidant concentration was greatest in both the control tortilla as

well as the tortillas with a higher concentration of pea flour with and without pea

hull. However, when looking at the percentage of antioxidant activity reduction due

to tortilla processing, it was found that the wheat flour control increased in

antioxidant concentration following processing while the pea flour and hull blends

decreased in their antioxidant activity following tortilla processing conditions. This

may indicate a difference in the stability of the antioxidants present in wheat as

compared to those found in pea as measured through the ABTS method. No

difference was found between green and yellow pea varieties.
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Table 17: Tortillas and blend antioxidant activity measured using the ABTS (¡rmol
TE/100g) method with formulations varying in pea hull and pea flour concentration
Formulation

15-0

1 5-5

25-t.5

35-0

35-5

99.7!20.9^'

109.g+17.9^'

50.1+lo.7v'

52.2+l4.lv"b

Blend (pmol Tortilla (pmol o/o 

^OATE/100e) TE/100s) Rerained

1 1 1.9+12.3 ^b' 57 .7+g.6vb

126.3+77 .o^ub 6g.0+ 1 6.5 
v u

t27.1+79.5^u 71.4L7r.gau

50.3

47.6

51.6

53.9

56.2

Different letters within the same column represent significant ¿ifferettces U"tween
formulations at p<0.05
> n:4' ^n:24, 

vn:48; 
6 varieties x 2 1r;rfüllareplications x 4 ABTS reprications

The processing conditions of pea extrudates for the whole yellow pea blends

had an antioxidant activity which ranged from 35.8 to 84.9 ¡rmol TE/l00g (30-0 and

40-5 formulations respectively) (Table 18). No significant differences were found

in the antioxidant activity of the blends except for the case of the 30-0 blend, which

was significantly lower. Following extrusion processing, the 50-10 sample had the

greatest amount of antioxidants, significantly greater amount than the other samples

with the exception of the 30-10 sample. This trend could be due to the presence of

increased hulls, the antioxidants of which are thought to provide protection of the

seed from oxidation from the elements during plant growth. The control sample, on

the other hand, increased in antioxidant activity when subjected to extrusion

processing. Using split green pea flour, the antioxidant activity of the blends

decreased with decreasing concentrations of pea flour and pea hull. Following

extrusion processing, similar reductions in the antioxidant activity of split green pea
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extrudates as compared to whole yellow pea extrudates were observed. Again, the

greatest retention of antioxidant activity was by samples containing greater amounts

ofadded pea hull.

Looking more specifically at the effects of extrusion temperature on

antioxidant activity of pea flour extrudates, Table 19 illustrates that as the

temperature of the two final barrels increased from 110" to 135oC, the antioxidant

activity levels significantly increased (with the exception of the whole yellow pea

sample where no significant difference is observed between the 135o and 110.C

samples). This indicates a change in the antioxidant profile of the samples under the

high temperature, high pressure conditions induced by extrusion resulting in an

increase in the measurable antioxidant activity of the samples. During tortilla

processing at a lower temperature, the antioxidant activity was generally lower than

the results obtained from extrusion processing.
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Table 18: Extrudates and blends antioxidant activity measured using the ABTS (pmol TE/l00g) method with fi

FormulationYellowblendYellowo/oAoAGreenblendG.eeru
hull and pea flour concentration

(pmol extrudate retained (pmol extrudate retainedTE/100g) (pmol TE/f 00g) (¡rmol
TE/l00Ð

30-0 35.8+6.6b 2]6+0.f 7 .7 64.7+2.7b 5.1+0.5d 7 .8

30-10 77.2+3.3^ 17.24+t.5ub 22.4 72.gtr2.2b 31.3+0.ga ß.0

40-5 g4.g+7.7^ g.0g+0.0'd 10.7 7g.6 +g.2ub 17.6+1.5b" 22.3

50-0 63.9+2.0a 10.22+r.0b"d 16.0 76.g+g.6ub rl.7+r.g"d 14.0

50-10 79.6L10.2u 22.95+0.0u 2g.g 104.r+4.5" 20.2+2.5b ß.4

: ti,xtrudates and blends antroxl

Differentletterswithinthesamecolumnrepresentsignilrcantdi,
n:4

ith formulations varying in
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Table 19: Effect of temperature on the antioxidant activity of extruded snack foods
using the ABTS method
Sample Extrusion Antioxidant Activity
formulation Temperature (pmot TF,/100g)

Green pea 50-10

Yellow pea 50-0

Different letters within the same column represent significant differences between
barrel temperatures in extrusion at p<0.05
n:2

5.4.2 DPPH

Using the DPPH method, pea flour was found to be lower in antioxidant

activity than pea hull as seen in Table 20. In terms of varietal differences, Eclipse

and Midas pea flours were found to have a significantly greater antioxidant activity

than Mozart and Camry samples while Midas pea hulls were significantly higher in

antioxidant activity compared to the other pea hull samples. These results generally

reflected those of using the ABTS method for antioxidant analysis however, the

AOA from the ABTS method were much higher than those of the DPPH method

and no significant difference were found in the pea hull samples using the ABTS

method.

120

135

110

120

135

110

t20

135

10.1+1.5bc

17.5+4.4ub"

9.8l:2.0b'

17.8+0.Oub

20.2+2.5u

4.9+1.9"d

r2.7t7.}ub"

10.2 +1.0b'

102



Using the DPPH method, Xu et al., (2007) found the AOA of yellow and

green peas were 2.0 pmoleTE/g and 1.5 pmolTE/g respectively but found no

signif,rcant difference between green and yellow peas. However, yellow peas

contained a range of AoA ftom 0.6-2.7 pmoleTE/g, with SW Capri containing a

significantly greater concentration of AOA than other varieties tested (Eclipse

lowest at 0.6 pmolTE/g). The range of values for green peas was L0-2.3 pmolTE/g

with the K-2 variety being significantly greater in AoA than other green pea

varieties when tested using the DPPH method.

Table 20: Pea hull and pea flour antioxidant activity measured using the DPPH
(pmol TE/l00g) method
Variety Pea flour Pea hull

antioxidant activity antioxidant activity
(pmol TE/100g) (¡rmol TE/l00g)

Eclipse

Midas

Mozart

Camry

Cooper

58.7*4.74

59.5+3.8^

35.3+43c

44.2+4.9b"

53.1+4.oub

71.1+6.gb'

96.6*1.9u

70.g+2.7b"

66.3+6.2c

70.5+3.0b"

Different letters within the same column represent significant differences between
variety at p<0.05, n:4

The results for this study were lower, due possibly to the differences in the

pea varieties used or the growing conditions or storage conditions of the peas or the

extraction method or sample preparation differences between the studies.
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Yellow pea DPPH values were also found to be in the range of 0.0-2.6

pmolTE/g and 0.0-1.3 ¡.rmolTE lg for green peas (Xu and Chang ,2007). In the same

study, it was also found that the extraction solvent had a major impact in the DPPH

results in that yellow pea concentration values were ranked by extraction solvent as

70Yo methanol>7}Yo ethanol>5OYo acetone while for green peas, the AOA of DPPH

was greatest for 80% acetone> acidic 70Yo acetone> 50o/o acetone. The differences

in the most efhcient extraction solvents leads one to believe that the antioxidants

present in yellow peas differs from those which are found in green peas and may

explain the differences in the results between the two pea types.

The blends used to make tortillas had no significant difference in antioxidant

activity when measured using the DPPH method and ranged from 44.5 to 53.2 ¡rmol

TE/l00g (Table 21). Following processing into tortillas, the DPPH antioxidant

activities generally were reduced, with the exceptions of the control tortilla as well

as the 35-5 tortilla. However, the percent of reduction was not as great as when

measured using the ABTS method.

When the results for DPPH and ABTS were coffelated, an 12 value of 0.4948

is obtained (Figure 8). The correlation is low due mostly to the variation in samples

from pea flour and pea hull.
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Table 21: Antioxidant activity of tortillas and blends formulated with pea flour and
pea hull blended with wheat flour using the DPPH method

15-0
15-5
25-1.5
35-0
3s-5

Formulation Blend antioxidant Tortilla antioxidant '/" AOA retained
activity (pmol activity (pmol
TE/100e) TE/100e)

36.7+9.6Y"
44.9+g.4Yb"
4r.4tl43f "

40.011 1.gv'
52.5+g.4Yub

Different letters within the same column represent significant differences between
formulations at p<0.05
)n:4'Ln:24, Yn:48

0 50 100 150

ABTS (pmolTE/100g)
â AIITS vs DPPH ¡ Pea flour va:'ieties

tr Pea hull varieties 
^ 

Tortilla blends by formulation

X Cooked tortillas by formulatio Linear (ABTS vs DPPFI)

Figure 8: Correlation of ABTS and DPPH methods to measure the antioxidant
activity of pea flour and pea hull tortillas and composite flours

46.9L13.9^u
53.2+11.5 ^u
44.5+r4.9^u
5r.0+74.6^u
50.4+lg3^u

78.2
84.2
93.1
78.4
104.3

120

100

öo

=80rll
F
E60
1
+ä40
E
!

y:0.2187x+28.707

nt = O.+S¿S
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5.4.3 ORAC

Antioxidant activity of samples based on ORAC values was also used to

analyze blends used for extrusion and the extruded products. The results from this

analysis may be found in Table 22. The whole yellow pea blends ranged in

antioxidant activity from 72.7 to 80.0 TE ¡rmol/g. There were 
.no 

significant

differences between the sample formulations which varied in their concentrations of

pea flour and pea fibre. Following extrusion processing, the antioxidant activity for

whole yellow pea flours increased; although the 30-0 sample was the only one

which was significantly greater in antioxidant activity than the control. The green

pea blends also had no significant differences in antioxidant activity when the

concentrations of pea flour and pea hull were changed in the formulations.

Following extrusion processing, the green pea extrudates, with the exception of the

30-10 and the 50-0 samples, tended to increase in antioxidant activity. The 30-0

sample had a significantly greater antioxidant activity than the control,30-10

sample, 50-0 and 50-10 samples.

In a study by Xu et al. (2007) it was found that yellow peas had an

antioxidant activity of 8.4 ¡rmol TE/g using the ORAC method while for green peas

the antioxidant activity was 5.9 ¡rmol TE/g which was considerably lower than the

values obtained for this study.

The USDA (2007) also issued data indicating the antioxidant content of peas

obtained via the ORAC method and found that for "peas, split mature seeds raw",

the hydrophilic ORAC and total ORAC were both 524 pmol TE/100g while for

"peas, yellow, mature seeds, raw" these values were both 741 ¡tmole TE/l00g, split
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peas generally means that the hull or seed coat has been removed, there is no

indication of the removal of the seed coat in the latter sample in the USDA study.

The presence of a seed coat would explain the higher antioxidant activity of the

"peas, yellow, mature seeds, raw" samples. Again, the values obtained for this

study were higher than those listed in the USDA database. The higher values may

be due to the pea starch used in the samples which resulted in greater ORAC values

than expected (77 pmol TE/g).

The effect of temperature on antioxidant activity of extrudates is shown in

Table 23. In this case, the lower processing temperatures tended to yield greater

antioxidant activity values except for the control sample.

Li et al. 2007 used the ORAC method to determine the antioxidant activity

of muffins made with purple wheat bran. It was found that producing muffins from

purple wheat bran resulted in an 89o/o decrease in ORAC AOA.
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Table 22: Extrusion antioxidant activit
Formulation Yellow blend Yellow

TE ¡rmoVg extrudate TE

Control

30-0 79.8+1.9a 103.2+1.9a

30-10 80.0+3.5a 97.5+6.5ab

40-5 78.1+0.8a 97.6+2.8ab

75.0+2.4a 91.2+3.2b

50-0 77.2+4.7a 99.4+2.1ab

50-10 72.7+0.4a 100.4+5.8ab

Different letters within the same column represent significant differences between formulaiion at p<0.05
n:3

the ORAC method Extrudate and blend ORAC values
7o retained Green blend Green 7o retained

TE pmoUg extrudate TE

12r.6

r29.2

r21.9

t25.0

128.7

138.0

75.0+2.4a 91.2+3.2bc

71.5+7.\a 107.7+2.2a 150.8

12.8+5.5a 63.7t5.8d 87.5

70.9+2.1a 101.7+3.5ab 143.5

71.8+6.2a 60.1+1.4d 83.7

72.3+6.9a 84.6* 6.9c 117.0

v
121.6
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Table 23:Effect of temperature on extrudate antioxidant activity ORAC values
Sample formulation Temperature ORAC
Control

Green pea 50-10

Yellow pea 50-0

i10
120
135

110
t20
135

110
120
135

82.1+2.9d
95.7+7.2bc
91.2+3.Zbcd
88.5+2.5bcd
84.3+1.8cd
84.6+6.9cd
108.2*3.6a
109.6+2.7a
99.4+2.lab

Different letters within the same column represent significant differences between
barrel temperature used for extrusion processing at p<0.05, n:3

The correlation analysis between antioxidant activity using the ABTS method and

the ORAC method may be seen in Figure 9. Little correlation exists between the

methods (r2 value of 0.447, Figure 9) due largely to the increase in antioxidant

activity of extrudates following processing as measured through the ORAC method,

something that was not evident with the ABTS data. This may be due to different

components being measured in one assay as compared to the other.

109



115.00

95.00

75.00

55.00

35.00

15.00

-5.00

-L4492x+ 161.68

ñ : o.++lÞo

r!F
o
d

J

U)
F
Êo

60.00 80.00 100.00

ORAC ( Pmol TE/g)

i20.00
40.00

r ABTS vs ORAC
g Yellow Pea exffudates

o Green Pea extrudates

-Linear 
(ABTS vs ORAC)

. Yellow pea blends

tr Green pea blends

I Effect oftemPerature

Figure 9: Correlation of antioxidant activity measured-using the ORAC method with

anäoxidant activity measured using the ABTS method for yellow and green pea

blends and extrudates

As indicated, the antioxidant activity of phenolics is highly variable

depending on the structure of the compounds; flavonoids as compared to non-

flavonoids are stronger in AoA and conjugated forms (glycosides) are lower in

AoA than free forms (Lopez-Amores et al., 2006). Although a low polyphenolic

content may be observed in a food, such as the Mexican blue corn used in a study by

Del pozo-Insfram et al., 2006,this does notnecessarily correlate to the AoA of the

sample, considering that this sample contained greater antioxidant capacity relative

to American Blue and White corn genotypes' This may be due to the strong peroxyl

radical scavenging activity of anthocyanins as compared to cinnamic acid

derivatives. Also, it is thought that interaction between the constituents present may
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also affect the AOA of a sample. There are many factors which may alter the

effectiveness of the antioxidant free radical scavenging ability including interactions

with other compounds endogenous to the food, the charge associated with the food,

the nature of the radical as well as the type of substrate protected by the antioxidant

(Del Pozo-Insfram et al., 2006). With the processing of Mexican and American

blue corn into tortillas, a 54Yo loss of anthocyanins was observed. This anthocyanin

concentration correlated to the AOA of the sample with an r value of 0.94. That

study also found a protective effect for antioxidants following acidified

nixtamalization processing. This study found that generally, antioxidant activity

retention was greater for those samples which contained additional pea hull,

however this effect should be looked at more carefully in future research.

5.4.4 Total Phenolic Content

The total phenolic content of pea flour and pea hull for the pea varietres rs

shown inTable24. For pea flour, the total phenolic content ranged from 18.0 to

22.7 mg FAE/g. Only the Midas variety was significantly greater in total phenolic

content as compared to the other varieties tested. For pea hull, the Mozart yellow

pea variety was significantly greater in total phenolic content than the other varieties

with the exception of the Cooper green pea variety. Pea hull total phenolic

concentration ranged from26.3 to 34.0 mg FAEig.

Based on the literature, differences were found between the concentrations

of phenolics present in green and yellow pea types. Xu and Chang (2007) found

that green pea variety Cruiser, TPC to be 1.3+0.0 mg GAE/g while a yeilow pea
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variety, SW Capri, was found to have 1.4+0.0 mg GAE/g when extracted withT}Yo

methanol. This same trend was found by the USDA (2007) total phenolic food

values compilation stated that yellow and green dry peas contained 83mg

GAE/100g and 74mg GAE/100 g respectively while a study by Xu et al. (2007)

found that TPC of yellow peas ranged from 0.9- 1 . I mg GAE lg and green pea TPC

ranged from 0.7-1.0 mg GAE/g.

Table 24: Pea hull and pea flour total phenolic content measured using the Folin
method (me FAE/I009) method
Variety Pea flour mg Pea hull mg FAE/g

FAE/e

Eclipse

Midas

Mozart

Camry

Cooper

1g.g+1.3b

22.7+0.8"

1g.g+1.7b

1g.0+0.6b

20.1+0.gb

30.6+0.9b'

31.0+1.4b

34.0+1 .1u

28.1*1.3'd

32.5+l.gub

Different letters within the same column represent significant differences between
varieties at p<0.05, n:4

With respect to changes due to formulation, the tortilla blends did not have a

significantly different total phenolic content when different concentrations of pea

flour and pea hull were used. The pea flour pea hull blends were also not

significantly different than the control wheat flour with regard to total phenolic

content (Table 25). Following processing into tortillas, no significant affects due to

the inclusion of pea flour were found. However, the total phenolic content of all

samples increased following processing into tortillas. Wheat flour accounted for
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the majority of the formulation of the pea composite flour tortillas discussed. The

study by Gao et al. (2002) found that Canada Western Red Spring wheat contained

1g FAE/kg (dry wt) when extracted with acidified methanol which were somewhat

lower than the results found in this study. The difference may be due to extraction

differences.

Table 25:Total phenolic content of tortillas and blends formulated with pea flour
and pea hull blended with wheat flour using the Folin-Ciocalteau method
Formulation Tortilla blend Tortilla mg o/" TPC retained

total phenolic FAE/g
content mg
FAE/e

15-0

15-5

25-1.5

35-0

35-5

7.9+7.7u^

8.6+7.9u^

7.g+,g.s u^

8.4+8.3u ^

g.2+g.gu^

17.6+2.6u<

12.4+3.0u<

17.6L23u<

ll.2L2.4u<

10.9+1.9u<

r47.9

143.6

146.6

133.3

r34.1

Different letters within the same column represent significant differences between
formulations at p<0.05
Þn=3' vn:l6, Ân:l8, <n:48

When the total phenolic contents of extrudate blends were analyzed, the total

phenolic content increased with an increase in the concentration of pea flour and pea

hull as seen in Table 26. The yellow pea blends ranged from 12.2 to 2l.2 mg FAE/g

(30-0 to 50-10 respectively) for total phenolic content. Following extrusion

processing, the total phenolic content was reduced from what was present in the

blends. However, the extrudates with the greatest concentration of pea flour and
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pea hull still tended to have a signif,rcantly greater total phenolic content than those

samples with lower concentrations of pea flour and pea hull. The percentage of

remaining total phenolic content had the most significant losses for the samples with

no added hull (30-0 and 50-0). For split green pea flour extrudates and blends, the

results were similar. The green pea blends increased in total phenolic content with

increasing concentration of pea flour and pea hull that was used in the formulation.

The green pea flour blends ranged from 11.8 to 18.5 mg FAE/g for total phenolic

content. Following extrusion processing, the total phenolic content of the blends

was decreased. Like the yellow pea extrudates, those samples which had a greater

concentration of green pea flour and pea hull were significantly higher in total

phenolic content. The 50-10 sample had a significantly greater total phenolic

content than the other samples with 12.8 mg FAE/g; it also retained the greatest

percentage of total phenolic content at 69.30/o compared with the other samples

(with the exception of the control which retained 83.6%). The samples with added

pea fibre tended to retain more of the total phenolic content than those samples

without added fibre.
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Table 26: Extrudate blend and extrudate total phenolic content of
Formulation Yellow blend Yellow "Á TPC

mg FAE/g extrudate mg retained

Control

30-0 12.2+t.2d

30-10 l4.2L7.Ic

40-5 16.2+0.6b

50-0 1g.g+0.7u

50-10 21.2+1.04

4.8+0.
FAE/

Differentletterswithinthesamecolumnrepresentsignificantdifferencesbetwe

4.0+0.1

5.8+0.8d

8.2+0.4" 51.5

10.8+0.8b 66.6

g.g+0.4b' 4g.r

13.0+I.lu 61.4

83.6

47.6

llow and

Green blend
mg FAE/g

4.8+0.5

ea flour and

11.8+0.9"

t4.ril.2b

15.5+0.9b

17.6+1.0"

18.5+0.54

Green "/' TPC
extrudate mg retained
F'AE/
4.0+0.1

hull formulations

5.6+0.2"

9.2+0.6b

g.l!0.4b

9.0+0.6b

12.8+0.9u

83.6

47.6

6s.6

62.5

5 1.1

69.3
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The total phenolic content measured for the samples was affected by the

temperature of extrusion as seen in Table 27. Although the control pea starch did not

indicate any significant differences in total phenolic content processed under different

extrusion temperatures; both the yellow pea and green pea flour samples had

significantly greater total phenolic content with 135'C processing than at the lower

temperatures.

The effect of processing of beans on TPC was studied by Granito et al. (2007).

The TPC of raw bean and cooked bean was 1917 and 854 mgl100g dry matter,

equivalent to a 55.45Yo reduction, which was similar to the reduction in the composite

pea flours after processing into tortillas. The reduction in total phenolics was likely due

to the binding or damage of aromatic structures at high temperatures, resulting in the

inability of the quantification of phenols with the Folin-Ciocalteau reagent (Granito et

aL.,2007).

In Li et al. (2007), muff,rns were baked using purple wheat bran. It was found

that the muffins made of purple wheat bran and the control wheat bran were much

lower in TPC as compared to untreated or heat treated purple wheat bran, indicating that

the addition of ingredients used in muffin mix had a dilution effect on the TPC and/or

the baking process caused the reduction in TPC. Specifically, in the study by Li et al.,

2007, methanol extracts of the purple wheat bran, heat treated purple wheat bran, the

purple wheat bran muffin and wheat bran muffin had a TPC of 3.34,3.68,0.26 and 0.35

mg FAE/g respectively. As mentioned previously, the TPC is also correlated to the

antioxidant activity (AOA) of a sample; however, different phenolic compounds differ

in their antioxidant activity based on their structure.
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In a study by Randhir et al. (2007), it was speculated that the soluble conjugate

and insoluble bound forms of phenolics are the majority of the total phenolics found in

cereals. Following thermal processing, Randhir et aI. (2007) concluded the increase in

phenolics was likely due to the breakdown of cell walls and other cell components.

After the alterations of constituents, polymeúzation/oxidation of phenolics from heat

processing may result in the increase of total phenolic through the formation of

phenolics which were not originally found in the seed (Randhir et al. 2007). For

example, conjugated polyphenolics such as tannins may be broken down into a more

simple phenolic form and change the total phenolic content/ antioxidant activity

(Randhir et a1.,2007).

Table 27: Effect of temperature on extrusion on total phenolic content of pea flour, pea
hull and pea starch extruded formulations
Sample Extrusion Total phenolic

Green pea 50-10

Yellow pea 50-0

Different letters within the same column represent significant differences between
barrel temperatures used during extrusion processing at p<0.05, n:4

120

135

110

120

135

110

r20

t35

3.9r0. i'

4.0*0.1'

9.7L0.3"

1 1.2+0.5b

12.8+0.9u

1.7L0.2f

6.9+0.6d

9.8+0.4'
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When the results for total phenolic content are correlated to the antioxidant

activity results obtained using the ABTS method, the cor¡elation (r2) value is 0.6263

(Figure 10). The correlation suggests that the antioxidant activity of the samples tested

is at least, partially due to the phenolics present in the samples.
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Figure l0: Correlation of total phenolic content of samples measured using the Folin
method to the antioxidant activity of samples measured through the ABTS method

When total phenolic content results were correlated with antioxidant activity

results using the DPPH method, the correlation (r2) was 0.2877 (Figure 11). Outlier

values from the results of one pea hull and one pea flour point reduced the correlation

between the methods. This correlation is not as strong as the correlation between ABTS

and total phenolic content which (r2 of 0.6263) (Figure 10). This may be due to
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different compounds evaluated between the DPPH method as compared to the ABTS

method.
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Figure 11: Correlation of total phenolic content measured using the Folin method with
the antioxidant activity of samples measured using the DPPH method

Figure 12 illustrates the correlation between the total phenolic content as

measured by the Folin method of samples and the antioxidant activity of samples using

the ORAC method. Again, little correlation exists between the methods, suggesting that

components other than phenolics contribute signif,rcantly to the antioxidant activity of

the samples.
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Figure 12: Conelation of antioxidant activity of pea blend and final products using the
ORAC method as compared to the total phenolic content of the samples measured using
the Folin method

5.5. Conclusion

Food products containing pea flour and pea hull were successfully formulated in

this experiment. It was found that the raw blends used to make both tortillas and

extruded products had a greater antioxidant activity than the final products when

measured using the ABTS and DPPH methods. Total phenolic contents were also

greater for the blends than for the extruded products. However, antioxidant activity

analysis using the ORAC method suggested an increase in antioxidant activity

following processing which was not in accordance with the other methods. This

suggests that different components were being measured between the different methods.

R" :0.408
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Chapter 6: General Discussion, Conclusion and Future Research Opportunities

6.1. Discussion

As the concentration of pea flour included in tortillas increased, the texture of

the product was compromised. The cohesiveness values were more affected than the

firmness values for the tortillas when texture were analyzed using a TA.XTZ texture

analyzer. This effect was a result of a reduction in the gluten protein in wheat which is

responsible for the texture of wheat flour tortillas. Likely there is a balance between the

level of gluten and the protein network that it creates which is responsible for the

elasticity of the tortilla. This explains why the gluten abundant control tortilla had the

greatest extensibility. Even with a smaller diameter than the composite pea flour

tortillas, the control tortillas were capable of stretching to a greater degree when force

was applied in the penetration test. 'With the addition of pea flour to tortilla

formulations, the diameter of the final product decreases. These tortillas have a smaller

diameter due to a lack of gluten protein and interferences of the gluten network with pea

flour and fibre which prevents the extensibility of the tortilla. The lack of extensibility

was verif,ted through the compression/penetration test. Rollability scores of tortillas

were also correlated to the thickness of tortillas, which was thicker as a higher

concentration of pea flour was added. Therefore, it was observed fhat at a high

concentration of pea flour (-35%), a tortilla which was thick, frrm, dry with little

extensibility was being rolled around a wooden dowel and resulting in poor rollability

scores with obvious cracking and breaking. The addition of hull on the other hand did

not have as great an effect on the physical characteristics oftortillas due partially to the

limited amount of hull that was incorporated but also likely due to the tendency of fibre
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to absorb a greater amount of water than flour, a trait that is beneficial likely for the

plasticizing effect of water on the textural properties of tortillas. Thicker, smaller

diameter tortillas were the result when an increased level of water was used. These

tortillas also had similar or better rollability as compared to the control due likely to the

plasticizing effect of wheat protein by the water to improve fluid like properties as

suggested previously (Srinivasan et a1.,2000). With a reduction in gluten as well as the

interference of the gluten network by other components present in pea, it appears that

composite flours for tortillas may contain approximately 26Yo pea flour with another 5%

pea hull made up with a strong CWRS wheat flour. The interference of the gluten

network was previously observed as additional insoluble fibre had a stronger gluten

structure than when soluble f,tbre was added. The gluten network was physically

disrupted by insoluble f,rbre particles which weakened air bubble walls and caused the

collapse of air bubbles and decreased shelf stability (Seetharaman et al., IggT). Air

bubbles and channels present were smaller, contributing to the dense crumb of the

tortilla. Larger diameters, higher moisture contents and shorter shelf life were

characteristic of tortillas containing insoluble fibre (Seetharaman et aL.,1997).

In extruded snack foods, it was found that pea flour was capable of being

incorporated at a level of 50% depending on the amount of added hull that was used in

the formulation. Overall, pea flour did not have as great an influence on the expansion

ratio as the level of pea hull did. This is because peas contain about 50olo starch, of

which the majority is amylopectin which is beneficial in terms of expansion properties,

due likely to the branched nature of the polymer, while amylose has a more negative

functionality in terms of expanded extrusion. due likely to the alignment of linear chains
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preventing the formation of bubble nucleation (Falcone and Phillips 1988). Pea hull

(fibre) on the other hand, limited expansion and extensibility of air cell walls and

prevented steam retention which lead to bubble collapse at a critical point (Jin et al.,

1995). Although the air cell size was decreased, the number of air cells was increased

(Jin et a1.,1995). The effect of temperature on extrudate texture seems to depend on the

material which was being extruded and its physical properties, as previous research has

indicated optimum conditions for specified food products which are different from

those presented in this study. When tested under sensory evaluation, the product which

deviated the least from the characteristics of the consumer ideal product was the 50-0

whole yellow pea blend processed at 135"C. Consumers perceived the sample

processed at a lower temperature using the same formulation to be too puffy while the

sample using a greater percentage of added pea fibre was not puffy enough.

Following processing, the antioxidant concentration was greatest in both the

control tortilla as well as the tortillas with a higher concentration of pea flour with and

without pea hull. However, when looking at the percentage of antioxidant activity

reduction due to tortilla processing, it was found that the wheat flour control increased

in antioxidant concentration following processing while the pea flour and hull blends

decreased in their antioxidant activity following tortilla processing conditions. This

may indicate a difference in the stabitity of the antioxidants present in wheat as

compared to those found in pea as measured through the ABTS method. No difference

was found between green and yellow pea varieties.

The AOA of the DPPH method was found to be lower than the antioxidant

activity when measured using the ABTS method. Between the different methods, the

t23



ABTS assay tended to have more consistent results on a day to day basis with greater

stability in the free radical. The ORAC method on the other hand showed an increase in

antioxidant activity of extruded samples as compared to the blends. This trend was not

seen in the ABTS method which was also used to analyze the antioxidant activity of

extrudates and extrudate blends. The difference may be due to the breakdown in

products which ORAC is capable of measuring the antioxidant activity, but ABTS is not,

6.2. Conclusion

In conclusion, pea flour and fractions were able to be successfully incorporated

into tortillas as well as in expanded, extruded snack food products. In the case of

tortillas, the amount of pea flour capable of being incorporated in the final product is

somewhat limited due to an interruption of the gluten network which prevents the

necessary rollability of the final product. Pea hull however, did not appear to have the

same influence and may be incorporated in higher levels in tortillas than pea flour. In

extruded snack foods, it was apparent that the incorporation of pea flour improved the

texture of extrudates as compared to using straight pea starch, the texture of which

appeared much ha¡der than commercial samples that were tested. The effect of pea

fibre on extrudate texture tended to limit the size of the air cells in the f,rnal expanded

product while increasing the number of air cells. Although the product generated with

and without fibre had different structures and textures, there was no indication that one

of these products was much better received by the sensory panel. When addressing the

specific hypotheses for this experiment
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As the concentration of pea flour in tortillas increased, intemrption of the

gluten network occurred af the critical point of approximately z5Yo pea

flour.

o Pea fibre addition increased the water absorption of samples, pea fibre

did not have as great an effect on texture as pea flour.

. The antioxidant activity of composite pea flours was similar among all

composite flour formulations, suggesting that pea antioxidants are

thermally unstable

As the concentration of pea flour increases in extruded snack foods, the

expansion of the products increased as compared to the control sample

The increased level of pea fìbre added to extrusion formulations will

limited the air cell size in extruded snack foods.

6.3. Future Research Opportunities

From this study the feasibility of incorporating pea flours and fractions as

ingredients can be seen. However, research is still required in many areas in order to

maximize the potential of using peas as an ingredient. A more extensive genetic by

environment study is required to identifu the effect of growing conditions on the quality

of peas used for food use pulposes. Also, the methods to process pea flour as well as

pea fractions may play a significant role on end product quality, therefore the effect of

particle size, milling methods and starch extraction methods may be analyzed for their

effect on the final product. Also, if pea flours and fractions are to be used in foods as a
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substitute for a percentage of wheat flour, it would be beneficial to test the effect of

using different protein contents and qualities of wheat flours.
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APPENDIX A
Climate information of growing locations and crop years: Davidson, Indian head,

Langham** and Saskatoon**

r\\\\\\ Total Rain fall 2005

Month

m Total rain fall 2006

-ff¡p¡age 

Temperature 2005 

-ff¡6¡¿ge 

Temperature 2006

Climate information for Davidson

Data adapted from Environment Canada Monthly data report for 2006
http://climate.weatheroffice.ec.gc.calclimateData/monthlydata_e.html
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APPENDIX B
Pea acreage values for Manitoba and Saskatchewan pea varieties for the 2005 and

2006 crop years

Variety Type MB06 MB05 SK06 SK05
Acres Acres Acres Acres

Alfetta Y 4297 5085 320 665
CDC Mozart Y 2807 5989 15275 19960

Eclipse Y 14671 20567 35943 31421
SW Midas Y 1738 226 2850
Cooper G 480 113 520
Camry G 157 226 150
total pea similar to
acres 85,000 120,500 2,100,000 '06

* Obtained from Bruce Brolley of Manitoba Pulse Growers' Association
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APPENDIX C
Frequency scores oftortilla sensory attributes appearance, flavour, texture, overall

opinion and potential purchase intent

Appearance sensory scores of pea compos¡te
flour tortillas
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Yellow
Pea Mozart

Variety
Crop
Year

APPENDIX D
Optimization results Green and Yellow Pea tortillas 2005/2006 crop year

%
o/o pea pea
flour hull

2005

Mozart

Midas

Midas

26.89 5

27.04 5

26.65 5

27.14 5

26.35 5

26.07 3.93

25.46 4.95

2006

peak
force

Eclipse

Eclipse

Alfetta

Alfetta

2006

722.631
720.571
725.845
719.187
730.028

651.024

773.304

629.940
627.640
632.670

722.874
721.416

617.856

730.812

2005

27.08
27.25
26.89

25.56
25.63

3269.508
3254.328
3293.1 99
3244.131
3324.025

3120.780

3669.070

2960.910
2941.500
2983.900

3320.660
3310.340

2871.950

3447.180

2997.930
2982.640

desirabilitv

2006

2005

2006

5

5

5

5

5

53.65%
53.65%
53.65%
53.64%
53.62%

48.60%

48.60To

58.90%
58.80%
58.80%

50.30%
50.30%

50.50%

53.50%

49.60%
49.60%

peak force final equation
(coded factors)

26.69 4.6

25.45 5

peak force = 789.76-
1 42.39 A-41. 348+5. 96A8

25.81
25.96

4.97 629.654
4.95 627.789

peak force = 699.39-
1 34. 364-60. 1 9B+8.4948
peak force = 823.97-
'1 36. 1 3A-45. 1 2B-3.8448
peak force = 700.25-
1 1 4.664-45. 1 58-25.27 AB

peak force = 779.60-
1 54.25 A-45.50 B-46. 33AB

peak force = 688.88-
1 54.12A-54.69 B+6. 55AB
peak force = 779.47-
1 38.734-41 .638-1 7.37A8
peak force = 685.10-
1 33. 854-44.65 8-6.4548

area final equation (coded
factors)

area = 3747.11-1 1 01.814-
287.56B+96.4048

area = 3504.40-1212.7 8A-
458.458+147.26A8
area = 4036.91 -'1 077.82A-
326.308+35.5148
area = 3498.47 -1050.22A-
291.918-128.6348

area = 37 30.56-1224.97 A-
330.528-193.7148

area = 3491.22-13294-
500.458+179.7548
area = 3861 .93-1305.574-
355.058-21.2248
area = 347 0.94-1201 .49A-
384.468+48.5548
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Green
Pea

Camry 2005

Camry 2006

Cooper 2005

Crop
Year

o/o pea
flour

%
pea
hull

Cooper

25.9
26.31

25.84

26.07

26.17

peak
force

2006

5

5
623.000 2824.540
618.000 2780.270

625.577 3106.100

623.328 2788.600

610.904 2980.660

5

4.12

3.96

desirabil

53.60%
53.50%

52.10%

45.80%

48.40%

peak force final equation area final equation (coded
coded factors

peak force = 668.74-
1 38.46A-33.08B+ 1 . 1 3AB

peak force = 677.75-
1 60. 9BA-37.388-1 4.55A8
peak force = 663.1 1-
128.BBA-
42.508+23.11A8
peak force = 667.03-
158.83A-
65.678+11.44A8

factors

area = 3192.16-11 33.67A-
269.988+48.8348

area = 3517.87 -1370.454-
295.158-13.45A8

area = 3168.69-1 088.704-
434.958+269.5148

area = 3449.87 -1376.904-
554.28+22q.08A8
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APPENDIX E
Sensory evaluation forms and sensory ethics approval

*+Printed on food science letterhead
Recruitment Letter - Test 1 Tortillas

The Department of Food Science 
Date:

Dear Colleague,

We are looking for volunteers who are willing to participate in a sensory study to
determine the acceptability of wheat flour tortillas which contain pea flour and pea hull.
The research is being funded by the Saskatchewan Pulse Growers' Association in order
to increase consumption of dry field peas.

Volunteers must be familiar with wheat flour tortillas and consume them a minimum of
four times ayear. You will be asked to taste 3 tortillas and check a descriptor of your
overall opinion of the product on a nine point scale and whether you would purchase
them (nine point scale). The one time session will last for approximately 30 minutes.
You will receive a snack following your participation.

Allergy to one of the food ingredients may pose a risk to individuals involved in the
study. A questionnaire regarding allergies completed by those interested in
participating in the study will inform the researcher of any possible risk. Information
regarding the project objectives as well as results will be sent to participants within a
month of the data collection.

Sessions will take place in the Food Science Building (Ellis) in room 22I dwingthe
days of XXX to XXX during a time of your convenience as indicated in the
questionnaire.

If you are interested in participating in this research, please read and fill out the required
consent form as well as the questionnaire attached to this letter and return it to Heather
Maskus by XXXX. If you agree to participate you will be contacted to arrange your
session time and date. Any questions may be directed to Heather at 612-9957 or 474-
9878.

Thank-you for your time and assistance with this project,

Sincerely,

Heather Maskus, Research Coordinator
University of Manitoba
Department of Food Science
M.Sc. Student
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Recruitment Poster - test 1

LIxIVERSITY
OF MANITOBA

Department of Food Science
Ellis Building
University of Manitoba, Winnipeg, MB
R3T 2N2 Canada

il
The Department of Food Science at the University

of Manitoba is develop¡ng food products made
partially with pea flours. A sensory analysis is
being conducted to determine the consumer

acceptability of wheat flour tortillas which include
pea flour and pea hull.

The study is open to those people 1B years
and older who consume tortillas at least 4

times a year

Commitment required for a one time session of approximately 30
minutes.

No experience is required.

Volunteers will be compensated for their participation

Please contact Heather Maskus (principle investigator) at
urnrnasku2@cc.umanitoba. ca if interested
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*+ Printed on Food Science Letterhead
V/ritten Consent Form - Test 1 tortillas

Research Project Title: Incorporation of pea in food products: Sensory Evaluation of
tortillas
Researcher(s): Heather Maskus and Dr. S. Arntfield

This consent form, a copy of which witl be left with you for your records and
reference, is only part of the process of informed 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 information 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 consumer acceptance of tortillas made using a
percentage of pea flour and ground pea hull. The research is being funded by the

Saskatchewan Pulse Growers' Association in order to increase consumption of dry field
peas.

The criteria necessary for each volunteer is that they must be familiar with wheat flour
tortillas and consume them at least 4 times ayear. You will be asked to taste 3 tortillas
and check a descriptor of your opinion of the product on a nine point scale and whether
you would purchase them (nine point scale). The one time session will last for
approximately 30 minutes. You will receive a snack following your participation.

Food allergies may pose a risk to some individuals. A questionnaire regarding allergies
will be used to screen for this potential risk.

All data collected relating to personal information and results obtained will be kept in a
locked filing cabinet for 5 years or until the data is published, whichever comes first.
Access to information will be limited to the researchers listed above. All data will be

shredded after time has expired.

Information regarding the project will be sent to participants within a month of
completion of the data collection.

You will be offered a small snack and drink (pop or juice) following your participation
as compensation.
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By signing this form you will indicate that you understand, to your satisfaction, the
information regarding your participation in the research project and agree to serve as a

subject. This does not equate to waiving your legal rights nor release the researchers,
sponsors or involved institutions from their legal and professional responsibilities. You
may leave out answering any questions that you choose without consequence and are

free to cease your participation in the study at any time without judgement or
consequence. Feel free to ask for clarification or new information throughout your
participation. This study is being conducted by Heather Maskus (University of
Manitoba Master's Student), 474-9878 or 612-9957 under the supervision of Dr. S.

Amtfield 474-9866.

This research has been approved by the Joint-Faculty Research Ethics Board 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-
7I22 or e-mail Margaret_bowman@umanitoba.ca. A copy of this consent form will be

given to you to keep for your records and reference.

Participant' s Signature

Telephone Number

Researcher andl or Delegate's Signature

Date

E-mail Address

Date
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Questioruraire - Test I
Incorporation of pea in food products: Sensory Evaluation of Tortillas

This information is confidential and will only be viewed by the principal researcher and

the supervisory professor.

Name

1. Are you allergic to any food products? Yes_ No
lf yes, please list them below

2. Are there any foods specifically, or food flavours and textures in general that
you would prefer not to evaluate?

3. Are you on a restricted diet? Yes_ No_; if yes please explain below

4. Please indicate the day and time that would be most convenient for you to attend the

sensory session (use a I to indicate your first choice and a 2 to indicate a second

choice)
Week of

Time slot Monday Tuesday V/ednesday Thursday Friday

10:30 to 11:30

12:00 to 1:00

2:30 to 3:30

4:30 to 5:30

Thank-you for completing this questionnatre
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Pa¡cllisr *o. 'l{u
Ballot
Sensrrry Evaluation of Tortjlla

So that we know your familiarity with the commercial tortilla samples, please indicate
how often you consume wheat flou¡ tortillas

c At lcast once a weck
¡ At least once a month
n At l€ast four times a year
n Other; please explain __

For each sample, according to thc th¡ee digit cotle giu"n 5 L 0 pl.use check the box

beside the phrasc which bcst dcscribes your opinion of the sample for cach characteristic
(appearance, flavour, texture a¡d overall opinion). Then indicate how oftcn you would
purchase this sample knowing that it contains added nutritional benefìts compared with
commcrcially available lortillas and is a comparablc price,
Please rinse your mouth rvith rvatcr between tastíng of different samplcs.

Appearancc Flavour lcxture Overall Opinion

n Ljke e.xtremely u Ltk..l<tt.-.b'n I.ike extrenrely

r Like very much

: Like moderatcly

¡ Like slightll'

n Ncithcr like nor
dislikc
I Dislikc slightly'

r-r Dislike
nroderatel y
: l)islikc vcry rnuch

¡ I.ike extremely

ir l,ike very- ntuch

n l.ikc modcrately

n Likc slightly

u Neither like nor
clislike
¡ Dislike sligirtly

n Dislikc
nrodcratcly
u Dislike very much

c Like very rnuch

c Like moderatcll'

u Like.slightly

n Neither like nor
dislikc
u l)islikc slightly

c Dislike
moderately
c t)islike very much

n I)islike extremcly

n l.ikc vcry much

n I.ikc modcratcly

n Likc slightly

u Neither like nor
dislike
n Dislike slightiy

¡ Dislike
rno<Jerately

¡ Dislike very much

¡ Dislike extremcly.r I)islike extrernely I u Dislike cxtremel,"-
t______._

H_clw of'ten rvould you urchase this sample?

:.r Every opportunity
r Very oftcn
r Frequently

= Now and then

''' If available
r On ¿rn occasion
n Ilardly livcr
c If uo othcr choice
u Neve.r_
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AMENDMENT APPROVAL

1 1 January 2008

TO; Heather Dawn Maskus
Principal lnvestigator

/ ..
FROM: Wayne Taylor, Chair :. '

Joint-facuíty iesearch Étþics Board.(JFRE6

Re: Protocol ltJ20O7.128
"lncorporation of Pea (Pisum Satirum) in Food Products: Sensory
Evaluation"

This will acknowledge your e-mail dated January 9, 2008 requesting amendment to the

above-noted protocol.

Approval is given for this amendment. Any other changes to the protocol must be reported

to the Human Ethics Secretariat in advance of implementation.
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Appendix F
Best Cooking Pulses Whole Yellow Pea FlourSpecification Sheet of

PRODUCT NAME

DESCRIPTION

PHYSIGAL CHARAGTER

TYPICAL ANALYSIS

MINERALS

PACKAGING

STORAGE

BEST Whole Yellow Pea Flour

¡dentification / ingredients
product use

flavour
colour

aroma
grind

caf ories

moisture
crude protein

nitrogen

carbohydrate
fat
ash

potass¡um

calcium
iron

sod¡um

multi-wall kraft bags

tote bags

temperatu¡e
humidity

shelf life

pulverized whole yellow peas

functional food íngredienl

mild pea

light cream

mild

fine

v44
3.66kcal/g './ lùa1

7%

20.6% /
3.29o/o

69%v
0.85o/oJ

2.61o /

9,540mgtkg/
131Qmglkg¿
131mgtkg/

85,9mg/kg -/

50 lb or 25 kg

2,000 tb

cool

dry

1 yeaî

InloÍmalioil¡nlhisspecifìcatronisêlypical analysrsbasedonrândomlyselededsemples. Aclual ana¡yticaldatamayvary. 17111106

Bcp poRrÀGE 
r i,.ùirÞr, I 24 - 1 0r' Sl¡ee! NE porlage Ia p¡aine Bcp Rowart (oeå!i. RR#3. sit6 1 o, Mod ute 3. compêrlmenl I 3. Rowâll

[¡aniloba Canadr RIN 16-q rEL (204) 857.4451 FAx f20{} 239-6885 Saskarchewan. Canadâ 54P ?23 TEL (306) 586.71 I 1 FÄx t3o6j 586.4848
www.beslcookingpulsss,com
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Appendix G
Specifïcation Sheet for Nutri-Pea Native Pea Starch (Accu-Gel)

Afl Ë:ä"ff**4"-ä * '
Nufri-Peo Lirnited lr.i,,ì l' i\.'r. '

Nolurol Peo lrrgrec.Jienls

Accu-Gel'M ís a food-grade, native vegetable starch offering excellent gel strength. white color and blancl

flavor. The raw materials, Golden Canadian field peas are not genetically modified. Accu-GellÀt is therefore
suitable for a GMOJree label.

Nutrition Facts Per 1OO g serving (typical, on dry basis) Oriqin

kernel of Canadian Yellow Peas (100% GMO{ree)Calories
Fat (AoAc z.060, 14" Ed¡

Monosaturated N/4, Salurated N/A
Polyunsaturated N/4, Trans 0.009

Cholesterol
Sodium
Carbohydrate

Fibre N/A
Sugars N/A
Starch > 95.09

Protein

400 Kcal*/
.0.1 g ,

omg
49mg-

>98.7 g¿

.1 .0 9.,

Compositionaf & Phvsical Data

Moisture 11ô hrs ! 100"C r 5'C)
Ash (AoAC 14,006, 14' Ed)

Flavor
Color
pH {tOø solLtion}
Particle Size ltnrougn a 80 mesh tyler)

Microns

< 12nio
<0.2o:',,

veryblancl
white

65-75
>959i,

t/f,

Minerals t-i\\\. \
I'ìl

Potassium
Magnesium
Calcium
Phosphorus
Manganese
lron
Zinc
Copper

$r.(\c-,1vis / î fo*u ''..i iEi
âô^ ^-'- Q

Aqrlgelgry-
Accu-Gel'H provides unique properties unlike that of
wheat, corn and polalo starches. lts superior gelling
properties allow it to be used at a 20-30o/o lower usage
level offering economic advantage to meat and
confectionery industrìes in particular. lt offers good
body and mouthfeel without altering flavor. Accu-
Gel'M exhibits excellent heat, shear, and acid stability
similar to many modified starches. This native starch
provides food manufacturers with "clean labeling"
opportunities.

. meat and fish products . noodles . soups. canned food
. light sour cream ' batters . exlruded snacks - pie f¡llings

Micfobioloqv

Total Plate Count (AoAc 46 0 1s. 14"' Ed) < t 0.000/9
E.Coli (AoAc +6.016. t¿'n Ed) neqalìve

Salmonella (nonc +0. t t z ro"' eci) negat¡ve

Yeasts and Molds (AoAc 997.c2,16'- Edi < 100ig

lngred ient Declaration
' Pea Starch

Native Pea Starch
Unmodified Vegetable Starch

Shelf Life
2 years (dry anc cool cor\diliorìsl

Packaging
25 kg multi-walled, kraft paper bags

320 ppm
43 ppm
71 ppm
79 ppm
<1 ppm

6 ppm
<'l ppm

<0.1 ppm
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Appendix H
Specification Sheet for Best Cooking Pulses Pea Flour and Pea Fibre

ITEI'A"'I{L"
9m0 P¡ymourh Avenue Norlh Mrnneapolrs MN 55{27

1-800-24s-56fs (763j 764.4453 Fax {7ô3J 76a,40t0

Final Report

¡{rfri¡r'! l}{tr: Irchrui¡ñ,{)6. 2007

l)xl( Sulrnritfcd: Jarruary23, 2007
( r'rr¡tr:rû\ ( ì,rlr; ('AÌ\r\l)l,tfl¡il-LU¡

[ìlairre So¡is rrr I
Cilnfldi¡ur Ir)ll ( irlins lnstir[¡e
I00()-iu.'ì \L¡¡n Strucr

\\rtnnipcg. ñllÌ Iìi( .1(i? ( ur¡rLr

Lil)rilrr \ilnrlrcr': li,r?r-5,x i'-
l'() \ll¡lr(r': N4AS I ¡rRC^l{L)

\lf'i.:t: :.' .,.'-,.¡,i.il

( r.,,...r.. | \..,1r¡,,r

llì

riì

2{r07il{)J52,1

sc I t?-t)(,

Ilholt I'au l"low

Iilainc ¡-oDirvr\.k, Cìanadian lilrl (-ìrrins ln\tirulc

llcrrrltr I rit\
(:alorícs ( l- u¡J(i Subtnrcrr'd )

Calorics lionr f;lt
('¿lories lÌtrnr S¿ilurutcd lifll
Frnr' ¡\citì r\nirl\,ri\ \\,'l)r(,1ìlL

(larboh¡,rltrtvs.,\vailirhlu

Carhoh),drnrcs.'l (tril1

liihcr. (ìroup

lÌotc¡il b.v l)unr;ri i lj= (r l-5)

Moisrrrrc b) l)orccJ 
^¡r 

(l lìr)
/\sh. Ovurniglrt ( l l) hrl

(la I oricr
('nl0rics

Cìrrlorics

I olrl l:ilt
:iulurutcd l"ut

If rl¡lrlursaturatcd l:ll
cis-cis I\)l!1¡nsi¡luràltd Ëil
truils l.ilt
Ciu'bolt¡ dratcs
(.'¡ rrhohr d ra tcs
'lì)t¡l I)ic(ilD' l:ibcr
lrrsolublc I;ibc'r
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¡\sh
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( âlorics,'l 0o I
(lâlorics/100 g
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,l/o

%

o'o

\I

Îl,tl N'
-.J

306 "/t7
3

l.tl{ r
0.1{ ç
o.$ y'
0.98 L/
0.{J0

so.1 y'
663 /
t,..6 y'
ts.6 v
2.0 ¿
21.6 

^/
'r!.i,1

\r*s.>

.,.i,1. ¡ 2(ll)7(JllJ5l.J

,t.f,il i¡' SCIIE-0f,

I'n I"ilt¡c

l:.lilinc Sopi\ril\'k. (:ilnndian lntl (;nrins lnslitutc

llr\rrll\

Cu)rrrirs ([.13])(i Sublrilctçd ¡

Calor¡cs liorn ljnr
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!f unùur)srtruììtcd l:at
cis-cis lrol¡,unsaturatcrl l.'ul

lruns l.ill
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Samole lD

30-10 green pea
50-0 green pea
50-10 yellow pea
40-5 green pea
40-5 green pea
50-10 green pea

40-5 green pea
50-0 yellow pea

40-5 yellow pea

30-0 yellow pea

40-5 yellow pea
30-10 yellow pea

30-0 green pea
40-5 yellow pea
Control- starch
100o/o

feed rate
MC equation

I 0.1

10.7
10.7
10.5
10.4
10.4
10.4
10.4
10.8
12.1

12.1

12.1

11.0
11.5
11.8
11.4
11.1

11.8

10.3
10.3
'10.3

x=settin

y=56.837x-13.09
y=60.663x-14.53
y=69.423x-17.36
y=59.7x-14.56
y=50.167x-12.12
y=66.39x-16.66
y=66.39x-'16.66
y=66.39x-16.66
y=66.47x-16.94
y=67.467x-17.93
y=67.467x-17.93
y=67.467x-17.93
y=67.343x-17.24
y=56.663x-13.14
y=55.233x-14.30
y=62.777x-16.04
y=58.247x-13.79
y=65.323x-17.31

y=39.083x-9.90
y=39.083x-9.90

feed
rate

APPENDIX I
Extrusion settings

moisture
injection rate
equation

h

2.62
2.77
3.12
2.71
2.28
2.98
2.98
2.98
2.97
2.97
2.97
2.97
3.01
2.61
2.46
2.80
2.67
2.89

1.75
1.75
1.75

x=settin

y=1 .018x-0.85
y=0.955x+0.26
y=0.981x+0.12
y=0.990x-0.41
y=0.995x-0.29
y=0.979x-0.08
y=0.979x-0.08
y=0.979x-0.08
y=1.002x-0.30
y=0.944x+0.16
y=0.944x+0.16
y=0.944x+0.16
y=0.982x-0.43
y=0.989x-0.02
y=0.976x-0.03
y=0.980x-0.04
y=0.975x-0.15
y=0.996x-0.44

y=1.010x-0.59
y=1.010x-0.59

total
mc o/o settin

Water
input

15.78
14.70
15.49
15.28
16.39
15.26
15.26
15.26
15.45
15.62
15.62
15.62
15.98
15.25
15.72
14.93
14.54
14.60

14.52
14.52
14.52=39.083x-9.90

3

2

3

3

3

3

3

3

3

2

2

2

3

2

2
2
2
2

2
2
2

RPM

45
64
62
54
41

58
64
70
58
60
64
70
56
51

51

57
55
54

62
65
80

T profile
(30,70, Tf

242
240
241

242
244
242
242
242
242
242
242
242
241
242
240
240
240
242

242
243
243

135,'135
135,135
135,135
135,135
135,135
135,135
120,120
110, 110
135,135
135,135
120,120
110, 110
135,135
135,135
135, 135
135, 135
135, 135
135, 135

1.010x-0.

Die
pressure

153
154
154
154
153
155
135
125
156
154
134
122
153
153
155
155
153
153

157
136
126

ba

20
25
17

18

18

l8
24
30
17

16

25
32
14

19

17

17

24
15

11

16

16

'135, 135
120,120
110. 110
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Appendix J
Extrusion Screw Configuration

High Shear Screw Configuration

8D Feed Screw

lYrD 30o forward paddle

6D Feed Screw

YoD Paddle

1D Single Lead Screw

YzD 60o Forward Paddle

%D 60o Reverse Paddle

1D Single Lead Screw

%D 60o Forward Paddle

1D Single Lead Screw

%D 60o Forward Paddle

lD 60o Reverse Paddle

2D Single Lead Screw

lD Single Lead Screw
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Appendix K
Sensory Evaluation Ballot for Extrusion

Panellist No.
Ballot - Test 2 Puffed Snack Foods

So that we know your familiarity with commercial puffed snack food samples, please
indicate how often you consume puffed snack food products (eg. Cheetos, etc)

a. at least once a week
b. at least once a month
c. at least four times a year
d. other _ please explain

For each coded sample please indicate your perception of each given attribute
(Puffiness, Bad texture, Hard... etc) along the scaled line by marking an X. For the
"Ideal product" category, please indicate along the scale for each attribute what you
would expect from a similar ideal product. Taste as much of the product as necessary to
form an opinion. Rinse with water before evaluating each sample.

Sample 113

Not at All Very Much So

r234s67
Puffiness

Bad Texture

Hard

Good Texture

Soft

Toothpack

Crispiness

Additional Comments
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Source

Model
A-pea variety
B-flour
C-hull
AC}.0t4
BC0.01I

Curvature
Residual
Lack of Fir
Pure Error
Cor Total

Std. Dev.
Mean
c.v.%
PRESS

Coefficient
Factor
Intercept
A-pea variety
B-flour
C-hull
AC-O.013
8C0.012

Appendix L
ANOVA Partial sum of squares - Type III of extruded snack texture for bulk density

Sum of
Squares

0.033
5. I 458-003
2.4468-003
1.5078-003

I
I

7.834E-003
0.056

8.8898-004
0.05 5
0.096

0.021
0.11

17.88

0.062

Estimate
0.1 I

8.019E-003
-5.5298-003
4.3418-003

I
1

df

5

I
I
I

0.014
0.01I

2
132

2
130
139

Mean
Square

6.585E-003
5. I45E-00s
2.4468-003
l.s07E-003

32.68
25.1 3

3.9i78-003
4.218E-004
4.4448-004
4.2148-004

F p-value
Value
15.61 < 0.0001
12.20 0.0007
5.80 0.0174
3.57 0.0609

< 0.0001
< 0.0001

9.29 0.0002

1.05 0.3513

Standard
df

1

I
1

1

2.296F-003
2.296F-003

R-Squared 0.3716
Adj R-Squared 0.3478

Pred R-Squared 0.3038
Adeq Precision 15.556

95o/o Cl 95o/r Cl
Error Low High

2.2968-003 0.10 0.11
2.296E-003 3.4778-003 0.013
2.296F-003 -0.010 -9.8698-004
2.296F-003 -2.011E-004 8.883E-003

-0.018 -8.s85E-003 1.00
6.968E-003 0.0i6 1.00

signif,rcant

significant

not significant

VIF'

1.75

1.00
1.00

ts9



Ctr Pt A[1] 0.019 | 4.960E-003 9.6758-003
crr Pr A[2] 8.789E-003 I 4.960E-003 -1.0238_003

Final Equation in Terms of Coded Factors:
Bulk density : 0. i 1 +8.02E-3 *A-5.538-3 *B+4.34E-3 *C-0.0 

1 
*Ar C+0.0 1 2+B*C

Final Equation in Terms of Actual Factors:
Green Pea Variety
Bulk density : 0. 1 5- 1 .70E-3 * flour-5.7 1 E-3 *hull+2.3 0E-4*flour*hull
Yellow Pea variefy
Bulk density : 0. l9-1.708-3* flour-O.O1 * hull+2.30E-4*flour*hull

0.029
0.019

t.37
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Source

Model
A-pea variety
B-flour
C-hull
4C974.95
8C255.63

Curvature
Residual
Lack of Fit
Pure Error
Cor Total

Std. Dev.
Mean
c.v.%
PRESS

CoeffÏcient
Factor
Intercept
A-pea variety
B-flour
C-hull
AC-3.49
BCI.79
Ctr Pt A[1]
Ctr Pt A[2]

Appendix M
ANOVA Partial sum of squares - Type III of extruded snack texture for shear strength

Sum of Mean F p-value
Squares df Square Value Prob > F
3466.59 5 693.32 31.15 < 0.0001 significant
221.87 I 221.87 9.97 0.0020
108.16 I 108.t6 4.86 0.0292

1435.06 I 1435.06 64.48 < 0.0001
I 974.95 43.80 < 0.0001
r 255.6s I 1.49 0.0009

783.31 2 391.65 17.60 < 0.0001 significant
2937.87 T32 22.26

87.86 2 43.93 2.00 0.1390 not significant
2850.01 I 30 21.92
7t87.77 139

4.72 R-Squared 0.5413
18.93 Adj R-Squared 0.5239
24.92 Pred R-Squared 0.4897

3268.34 Adeq Precision 17.655

Standard 95'Â CI 95o Cl
Estimate df Error Low High VIF'

16.96 1 0.53 15.92 18.00
1.67 I 0.53 0.62 2.7t r.75
-t.t6 I 0.53 -2.2t _0.t2 1.00
4.24 I 0.53 3.1,9 5.28 1.00

1 0.s3 -4.53 -2.45 1.00
1 0.53 0.14 2.83 1.00

3.29 1 1.14 1.04 5.55 t.37
5.90 | 1.14 3.65 8.16
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Final Equation in Terms

Shear Strength
+16.96
+1.67
-1.16
+4.24
-3.49
+1.79

of Coded Factors:

Final Equation in Terms of Actual Factors:

pea variety
Shear Strength

+19.37064
-0.29s03
+0.11521
+0.035751

pea variety
Shear Strength

+29.68326
-0.29503
-1.28118
+0.035751

*A
*B
*c

*A*C
*B'tc

green

* flour
* hull
* flour * hull

yellow

* flour
* hull
* flour + hull

r62



Source

Model
A-pea variety
C-hull
4C281.43

Curvature
Residual
Lack of Fir
Pure Error
Cor Total

Std. Dev.
Mean
C.Y.%
PRESS

Coefficient
Factor
Intercept
A-pea variety
C-hull
4C1.88
Ctr Pt A[1]
crr Pt A[2]

Appendix N
ANOVA Partial sum of squares - Type III of extruded snack texture for expansion index

Sum of Mean F p-value
Squares df Square Value Prob > F
906.00 3 302.00 206.28 < 0.0001
194.81 I 194.81 133.07 < 0.0001
537.39 I 537.39 367.07 < 0.0001

I 28t.43 192.23 < 0.0001
386.69 2 t93.35 t32.07 < 0.0001
196.18 r34 t.46

1 r.29 4 2.82 r.98 0.1007
184.89 I 30 1.42

1488.87 r39

1.zt R-Squared o.gzzo
7.32 Adj R-Squared 0.8180
16.54 Pred R-Squared 0.8051

214.79 Adeq Precision 36.340

Standard 95"/" Cl 95"/" CI
Estimate df Error Low High

8.53 I 0.14 8.26 8.80
-1.56 1 0.14 -1.83 _1.29

-2.59 1 0.14 -2.86 _2.32

1 0.14 1.61 2.r4 1.00
-4.64 I 0.29 -s.21 _4.06

-1.04 1 0.29 -1.61 _0.46

significant

significant

not significant

VIF

t.75
1.00

t.37
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Final Equation in Terms of Coded Factors:

EI
+8.53
-1.56
-2.59
+1.88

Final Equation in Terms of Actual Factors:

:

*A
+c

*A*C

pea variety
EI

+14.56009
-0.89348

pea variety
EI

+7.68793
-0.14324

green

* hull

yellow

* hull

t64



Constraints

Name
pea variety
flour maximize
hull maximize
Bulk density
Shear Strength
EI is in range

Solutions for 2 combinations of categoric factor levels
Number pea flour hull Bulk

variety density
1 green 50.00 7.34 0.108832
2 green 50.00 6.74 0.10532
3 sreen 50.00 6.60 0.104514

3 Solutions found

Lower
Goal
is in range

30
0

minimize
is in range

8

Appendix O
Optimization results of puffed pea snacks

Upper Lower
Limit Limit
green yellow

50 I
10 I

0.0s03 0.197
8.86 31.24

17.8271 I

Upper
Weight

I
I
I
I
I
I

Shear
Strength
18.5895
17.4364
17.r716

EI
Desirabilify

8.00001
8.54t47
8.66s77

Weight
1

Importance
3

3

3

3

3
3

0.761
0.749
0.746
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Appendix P
Sensory Evaluation results 50% Whole Yellow Pea Flour l0o/o Pea Fibre extruded

with a final barrel temperature set to 1350
Panell¡st No. Texture Descriotor

Good Texture Soft ToothDack CrisoinessPuffìness Bad Texture Hard
I

2
J

4

6

7

9
'10

11

12

IJ

14

15

16

It
18

19

21

22

¿J

24
zc

28
29

30
'31

34

Jb

JI

38
eo

40
41

42
43
44
45
46
47
48
49
50

51

53

54

56

58

59

60

61

62
63

492 - Averaoe

7

7

7

7

7

J

7

4

7

6

6

4
7
ó

b

5.5
7

6.5

6.25
6

6

7

5

7

6.5
5.7 5

7

6.25
7

6

6

6

7

6

4.5
6

b

o

7

7

7

4

b

6

7

7

5.75
7

7

6.5

7

7

7

6

7

7

7

7

6

o. I

2

1

1

7

6

5

4
1

5
¿.¿c
4.5

4.25
a

1.25
4.5
4
Ã

J

2

4.5
1

5

1.75
J

5

2

2

2

2

1.5

I

2

2

6

5

1

J

5

4.7 5

1

5

1.25
6

4

4.25
Ã

2

1

2

4
J

4

2

4
b

3.2

4

1

J

1

5

b

4

1

6

2

1

1

6

1

2.5

2.25
4.5

6.75
4

3.75
4.5
4

6

4

4

3.5

6

6

5

2

2

4

4

2
?

5

5

5

4

4

4

5.5
7
(
4

7

6

4.25
6

1

6
a

1.75

5

6

4.0

6

b

5

6
J

J

7

2

7

4

b

6

4

7

J

6

4.75
5

4.5
4.5

A

J

Â

2.5
5.75

'1.5

6

6

5

6

b

6

3.5
b

6

6

6

2

7

b

3

5.25
5
J

6

2

2

3.5
3
o

7

6

4
6

4
Ã

4
4.8

1

a

7

1

2

1

Ã

I

5

4

o

2

1

4.5
J

J

3.5
1.75

4

2

3.5
1

ó

4

4

3.5
1

2

3.5
1

Ã

5

4

1

4

2

2
o

4

2

6

4

3.5
1

4

2.5
1

1

1.5

7

7

1

5

J

4

2
J

3.1

2

3

b

4

5

1

2

4

4

7

2

2

1

5.5
7

5

4.75

4.5
2

4
J

4.5

b

2.5
2

2

2

1

t
4.5
2

2

2

2

6

4

4

5

4

6

J

1.5
J

4
3.5
b

1

o

J

2

5

4

Ã

3.5

6

6

6

7

7

6

7

2

6
b

b

7

ô

6
b

5.5
b

6.5
5

6.5
5

)F

6

6

6

7

5.5
6.5
b

6.5
7

6

6

7

7

5

7

Ã

6

6
b

4.5
7

6

6.5
7

7

6.75
6
b

6

6

5

7
Ã

6

7

6

5.9
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Appendix Q
Sensory Evaluation results 50% Whole Yellow Pea Flour 0o/o Pea Fibre extruded

with a final barrel temperature set to l20o

Panellist No.

Putfiness Bad Texture Hard
Tenure Descriotor

Good Texture Soft ïoothoack Crisoiness
1

2
J

4
5

6

7
8

9

10

11

12

13

14

15

16

18

19

20
21

22
23
24

25

¿o

27
28
)o
30

31

Jþ

37

39
40
41

42

44

46
47
48
49
50

51

52

53
54
ÃÃ

56

59

60
61

62
bJ

526 - Averaoe

b

6

7
J

2
o

2

1

2

4

c
J

2.5
4

4.5
3.5

4.25
2

2

4

1

6

2.5
1

J

¿.Ð

4

4
J

7

4

2

5

4

2

4

6

2

4

J

2.25
5

4
J

4

4.5
3
o

ó

2

a

J

4

4

3.6

1

4

2
'l

5

4

1

4

6
Ã

2

1

1

J

2.5
2

3.5

4.5
6.25

3.75
5.5

4

4

5

5.5
1

o

3.25

4

4

1

4

4

1.5

2

6

1

2
b

2

2

6.25
1

2

4

1

2
¿.4

ó

4

2
J

7

J

4

ó.2

2

1

1

1

5
Ã

2
o

b

4

1

I

2

1

4.7 5

1

2

4.5
1

J

2

5.5
6.5
4

5.5
2
J

2

1

J

1.5
J

2
ó

1

1

6

2
J

3.75
2

6.5
5

2

2.5
b

4

1

4

Ã

4
ç

3.2

6

4

5

7

7

4

6

J

1

2

5

7

b

â

7

5

3.5
2.75

4

J

2.5
4

4

6

2.5
(Ã
o

4.25
5

5

4

7

2
RÂ

4

2

4

7

6

2

5

^
4.75

6

6

4

7

7
Ãt

6

4

6

6

4
6

1

4

J

4.7

o

4

2

7

2
ó

5
b

5

2

4

7
b

J

1

4.5
6

3.25
6
b

2.5
5
?

1

tq
1

4
J

4
J

2

2

5.5
E

J

þ

b

2
b

6

5.25
7

2
J

6

5.5
2

4

7
J

2
J

5

5

2
4.0

2

6.5
2

2

7

4

1

J

4

7

2
J

2

2.5
6

4.5
4.5
5.75

Ã

7

4.5
2

2
b

5.5

4

1.5

5
J

4

6

4

5.5
)
4

5
e

6

b

2
Ã

5.7s
4
ó

4.5
6

5

2.5
6
J

Â

6

4

7

4
5

4

4.2

6

7

7

6

6

1

4
Ã

b

7

4

6

4

5.5

7

5.5
Â

5.25

2

1.5

Ã

7

5

3.5
6.5
þ

3.5
4

6

4

5

5

4

4.5
J

2

4

7

2

5

b

4.5
6

5

5

6

6

2.5
7

6
Ã

7

6

2

5

4.8
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Appendix R
Sensory Evaluation results 50% Whole Yellow Pea Flour 0o/o Pea Fibre extruded

with a final barrel temperature set to 1350

Panellist No. ïexture Descr¡Dtor

2
J

4
5

6

7

I
o

10

11

14

15

16

.17
18

19

20

21

22

24

26
27

28
29

30
JI

32

34

36

Jó

40
41

42
43
44

45
46
47
48
49

50

51

52

54

56

57

58

59
60
61

62
þJ

113-Averaqe

7

7

7
b

b

6

5

6
Â

5
o

o

4

4.5

5.75
5

6

6

b

3.5
7

5

3

7

5.5
2.75

6

6.5
6

6
É

5

6

4
3.5
o

5
E

6

7

5

4

4
4.25

7

þ

6.75
7
6

5.5
4
b

6

7
J

6

6
55

2

1

1

4
1

2

1

1

1

J

1

1

2
o

2.5
1

2.25
3.5

2.75

1.7 5

4.5
1

5

2

4.5
1

2

1

4

2

2

2

1.5

2

1

1

1

1

4
J

2

5.25
1

2

1

1

1

2

1

o

1

2

1

4
1

2.2

o

1

4

2

1

1

4

4

c
1

1

2

1

2.5
2

2.5
4

5.25
2

2

3.5
1

R

5

2

1.5

3.75
Ã

1.25

4

4

4

4
J

1.5

2

2

1

o

1

4
2

2

4

1

þ

6

J

2.5
6

1

2
J

o

1

4

4
â

b

6

6

7

6

7

7

7

7

5

5.5

6

6.5
4.5

4.25
6

3.75
3.5

o

4
o

b

5.5

5.75
6

2.5
o

5

5

þ

o

4.5
J

ô

6

5

7

6

6

5

7

5

6

b

b

7

6

7

7

6

7

5.5

5

4

7

1

6

7

1

2

4

7

6

4
1

5.5

3.25
4

2.75
6

4.7 5

2.5
b
Ã

5

4

5.5
1

â

6.5
2

5

4

3

4

2

3.5
4

4
5

6

6
J

4
6.5

4.75
7

5

4

1

2.5
J

6

6

J

6
J

6
J

4

4.3

4

2

4

4

5

J

1

2

4

4
o

2

4

4.5
6

4.75
5

J.¿C

2
Ã

5.5
2

2

6

J

4.5
¿.4

J

2

c

5

4

4

1.5

2

5

2

4
b

6

3.75
6

4

2

2

4

2

2

2

4

4
ó.t

6

7

6

6

6

5

7

4

7

5

5

6

b

7

6.5
4.5

6.25
b

J.C

7

6

6

7

5.5

6.5
6

6.5
7

4

5
o

þ

5.5
5

7

6

7

5

4.75
7

5

7

7

7

6.5
A

6

6

4
b

7

4

7
7

5.9.
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Appendix S

Sensory Evaluation results for an ideal product

Panellist Freouencv
No. Puffiness

Texfure Descriotor
Bad Hard Good Soft

Texture Texture
Toothpack Crispiness

1

2
o

4

b

7

I
I
10

11

12

13
t4
15
to
17
tö
19

20
¿t
22
¿é

¿c

zo
27

28

29

30

31

JZ

JJ

36
JI

38

JY

40

41

42
CJ

44
45
46
47

48

49

50
c¡
52

53

55

56

57

58

59

60c
61

62 c
OJU

IDEAL - Average

D

A
B

Þ

B

A
B

c
D

B

B

B

B

D

I
c
c
B

D

B

A
c
D

c
B

D

D

c
c

c
c
B

c

c
B

c
B

c
c
c
B

c
B

1.5

6.5

3.5

6.5
7

7

6

7

4

4
4

o

þ

6

5.5
5

6.25
Ê

5.5
6

6

5.5

5.5
2.75

5.5
6

7

6

6

7

6.5
5.5
2
b

6

7

6

7

4
4

4.25
7
o

5

6

4.5

6

o
R

o

4

6

5

6
54

1.5

1

1

1

1

1

1

1

1

1

,l

1

1

1.5

2

2.25
J

1.75
4
1

1.5

1.5

1

1

1

1

1

1

1

1

1.5

1

1

1

1

1

1

2

2

2.5
1

1

1

1

I

1.5

5

1

2

2

5

2

1

7

2

2

1

2

1

4.5
2

3.5
J

5.75
4

1

1.5

6.5
7

6

7

7

6

7

7

7

6

7

7

7

7

6.5
Â

5.75
4

5

5.5

6.5
5

6.75
7.
7

6

7

7
6
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Appendix T
Images of final extruded products

- ,sn qÞ l-jljY0/.41irl

l0% Gt""n Pea flour, )Yopeafibre 135oC processing temperature

30oá Green Pea flour, l0o/opea fibre 135"C processing temperature

..n @ 3-rsvoÄxo

40o/o Green pea flour, 5o/o pea fibre 135'C processing temperature

- .r'rn @ !ìevo,\)íorur r

50% Green pea flour, 0%o pea fibre 135oC processing temperature



50% Green pea flour, l0o/o pea fibre, processing temperature at I 10.C

-!s^ qjl lritrroÀYoi

30%'whole yellow pea flour, l0o/opea fibre, processing temperature of 135.c

40%whole yellow pea flour, 5%o pea fibre, processing temperature of 135.c

50% whole yellow pea flour, ÙYo pea fibre, processing temperature 120"c



Pea starch processed at 135,120 and 1 10'C from L to R




