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Abstract
Legumes and pulses are increasingly viewed as a superfood and sustainable future
protein source. Yellow pea flour produced in large quantities in North America is high in
protein and fiber, and low in lipids. The objective of this thesis is to study the effect of
incorporating dry split yellow pea flour into baked goods like bread and pancakes and identify
the threshold of maximum incorporation at which physical and sensorial attributes are not

affected significantly.

The section titled “the physical and sensorial characterization of yellow split pea flour
incorporated pancakes” in the thesis tested the effect of pea flour addition on pancake physical
and sensorial properties by instrumental analyzes and a trained descriptive panel at levels of
1%, 2%, 5%, 10%, and 20% wi/w basis. Sodium metabisulfite (SMB) was added as the
reducing agent to evaluate the hypothesis that changes to protein conformation will impact the
flavor profile of the pea flour. All the pancake batters prepared with pea flour, with pea flour
and SMB, and with only SMB were optimized to have the same viscosity. It was observed that
viscosity optimization was advantageous in attaining pancakes with similar physical attributes,
like height, weight, and diameter. There were no significant differences in the measure of
weight, height, and specific volume of pancake amongst all the treatments with the value of
control at 244.73 g, 2.22 cm®/g, and 4.97 cm, respectively. However, the deviation was not
avoidable at a higher level of pea flour incorporation (i.e., 20%) for diameter and texture, which
ranged from 12.18 to 13.13 cm and 2637.52 to 3316.86 g, respectively. Sensory attributes did
not show any drastic improvement with the addition of SMB. Nevertheless, some interesting

observations on the overall sensorial attributes of pancakes were made.



The “Incorporation of yellow pea flour into white pan bread” section of this thesis investigates
the bread quality of pea flour incorporated bread. Pea flour was added at 1%, 2%, 5%, 10%,
and 20% levels, and the resulting bread was evaluated for the physical and sensory quality. For
sensory analysis, control (100% wheat flour), 5%, and 20% of bread were made and evaluated
by a consumer panel. It was observed that the bread made with 10% pea flour was not
significantly different from control in terms of height, specific volume, and firmness. Bread
incorporated with 5% and 20% pea flour was not perceived to be different by the consumer
panel. However, the control was significantly different for flavor, after-taste, willingness to
buy, and overall acceptability from the pea flour incorporated treatments. On the other hand,
control was similar to 10% pea flour bread in terms of texture and appearance. The panelists

were not able to differentiate between the appearance of the bread across all treatments.
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Chapter 1: Literature review
1.1 Introduction

Consumers are becoming increasingly aware of the food products they choose to buy.
With global warming and an increasing emphasis on saving the planet, people are looking for
sustainable and greener sources of food to meet their nutritional needs. Protein, a
macronutrient, is required in relatively large quantities for the average person. In developed
countries, this demand is met by animal products, like dairy and meat (Rochfort & Panozzo,
2007). Legumes and pulses provide a solution in the pursuit of a greener future by providing a
cheap and sustainable source of protein (Pimentel & Pimentel, 2003). To share the burden of
filling the nutritional needs of humans, legumes, and pulses can be further incorporated into
the diet (Bresciani & Marti, 2019). Here, the challenge lies in manufacturing food products
like bread and pastries with partial or complete replacement of wheat flour by ingredients
derived from legumes and pulses.

Legumes belong to the family of Leguminosae, also known as Fabaceae. Pulses like
beans, peas, and lentils fall under this family. Fresh beans and fresh peas are not considered to
be pulses. In general, the dried seeds from leguminous crops are called pulses except for those
crops which are used for oil production, like peanuts and soybeans (Maskan & Altan, 2016).
According to US Dry Pea and Lentil Council (USDAPLC, 2020), pulses are categorized into
dry peas, lentils, chickpea, and beans based on growing conditions, growth structure,
maturation, and morphology. Pulses have a separate health benefit apart from soy and peanut;
that is, they are low in fat and high in protein and fiber.

Legumes are considered low-glycemic-index foods (Bornet et al., 1997). Selecting low

glycemic index food is crucial in the diet for patients with diabetes mellitus. In a healthy



individual, legumes will increase satiety, facilitating reduced food intake, and provide other
health benefits concerning postprandial (after meal) glucose and lipid metabolism (Rizkalla et
al., 2002). Most dieticians and corresponding organizations encourage regular consumption of
legumes (Leterme, 2002). This can only be possible if the food industry and professional
organizations, which shape and hugely influence the diet pattern of the public, take on the
responsibility to encourage consumption of leguminous grains in one form or another into
healthy and convenient food products (Schneider, 2002). The supplementation of legumes into
cereal-based products or the production of alternative meat are two potential alternatives in
this regard.

To take advantage of these health benefits, one must first determine new and creative
applications of pulse crops into foods. Incorporation of pulse flours into baked goods is one
example of this, where milling pulses into flour is a crucial step. In the case of wheat flour,
milling is known to determine the quality of the final product (Kihlberg et al., 2004).
Understanding the effect of different milling operations on some of the functional properties
like particle size distribution, pasting properties, water holding capacity, and damaged starch
of resulting flour will help to identify the best milling procedure for a given use. Pea flour and
other pulse flours pose a hurdle in attaining optimum quality in baked products, which can be
moderated to an extent by a selection of appropriate milling and stream from milling operation
(Kerr et al., 2000). To this end, pea flour and its derivatives, like pea protein, are having trouble
in broad-scale application because of objectionable flavors associated with raw dried peas

(Owusu-Ansah & McCurdy, 1991).



1.2 Yellow pea

The yellow pea (Pisum sativa), a pulse, and a member of the legume family is seeing
growing interest. Yellow peas are a cool-season leguminous crop grown throughout North
Dakota, Montana, and Palouse region of Pacific Northwest, US (Dyck, 2019). One main reason
for the increasing interest is unlike soy, which is among the big eight common food allergens;
pea allergy is rare, making it a better alternative in plant-based foods (Wensing et al., 2003).

Carbohydrate and fiber make a considerable amount of the yellow pea seed. Starch is
the major carbohydrate and is 46% of dry matter of seed on average. Pea starch has been shown
to consist of simple and compound starch granules (Bertoft et al., 1993). Amylose content in
pea starch from six pea cultivars from North Dakota has been reported to range from 32.2% to
41.1% (Simsek et al., 2009). It is seen that wrinkled pea has about 65-75% less starch content
compared to smooth pea. In addition, the starch in wrinkled pea is high in amylose content
compared to starch from smooth pea. It was also observed that the pasting properties of the
starch were significantly different between the cultivars indicating phenotypical variability
(Ratnayake et al., 2001). Pasting properties of pea flour do not result in a distinct pasting curve.
Viscoamylograms often show low breakdown, setback, and final viscosity, a possible reason
identified is the smaller amylose chain length (Ratnayake et al., 2002). Pea starch digestibility
is slower than its cereal counterparts due to high amylose content, making it a low glycemic
index food (Ring et al., 1988).

Fiber accounts for roughly 20% of dry matter of pea seeds. The seed coat has an
insoluble dietary fiber like cellulose, and cotyledons contain soluble dietary fiber like
hemicellulose and pectin (Dahl et al., 2012). Fiber may help in reducing blood cholesterol by

decreasing reabsorption of bile acids, colon cancer, and weight control (Mathers, 2002;



McCrory et al., 2010). Fiber is one of the prime sources of deterioration in the quality of baked
goods (Gomez et al., 2003), as mentioned in the later sections.

With an average of ~25% protein, peas, and other pulses are highly regarded for their
protein content (Owusu-Ansah & McCurdy, 1991). Unlike their cereal counterparts, peas
provide greater amounts of lysine and tryptophan. However, pea protein can be more deficient
in methionine when compared to other legumes like soybeans (Owusu-Ansah & McCurdy,
1991).

Peas also are an ample source of minerals and vitamins. Dehulled yellow peas from
Saskatchewan were shown to be rich in potassium, phosphorus, magnesium, and calcium at a
level of 1.04% 0.39%, 0.10%, and 0.08% weight basis respectively (Reichert & MacKenzie,
1982). Though peas are rich in minerals, the presence of antinutrients like phytate can lower
the bioavailability of these minerals, especially iron and zinc (Sandberg et al., 1993). Pulses
are high in B vitamins, but a good amount can be lost during the processing (Hall et al., 2017).
Field peas contain 101 pg of folate per 100g (Dang et al., 2000). Han and Tyler, 2003 reported
lesser concentrations of folate in pea from Saskatchewan, ranging from 23.7 to 55.6 ug/100g
on a dry matter basis. In this study, it was also seen that the location of cultivation had a greater
effect on folate content than the crop year.

Just like whole cereals, seeds, and nuts, legumes contain antinutrients. Antinutritional
factors present in legumes include phytate, chymotrypsin inhibitors, enzyme inhibitors (trypsin
inhibitors [TIs], and a-amylase inhibitors), polyphenolics (including tannins), saponins, and
lectins (Patterson et al., 2017). These affect the nutritional quality of legumes by decreasing

the digestion and absorption of nutrients like protein (Silva-Cristobal et al., 2010). Phytate has



also been reported to have a negative effect on the protein bioavailability of faba beans and
peas (Carnovale et al., 1988).

Lakkakula et al. (2017) reported a drastic increase in the value of production of dry
peas from less than $50 million in 2000 to nearly $351 million in 2016 in the United States.
Dry peas are generally cheaper than lentils. This, coupled with increasing consumer demand
for plant-based protein, is likely the driving force for the increasing number of products

containing pea launched in the last decade.

1.3 Milling Background

Milling, a unit operation of size reduction, is the most important and crucial step in the
production of flour. It is a unit operation for size reduction. During milling, seeds are broken
down into smaller particles. The size of the resulting flour particles can vary depending on the
type of mill, the operating speed of the mill, and grain moisture content (Maskus et al., 2016;
Kaiser et al., 2019; Scanlon et al., 2018). Unlike wheat, there is no single commercial or
standard methods for milling pulses. While there are many kinds of milling operations, the
most commonly applied milling types for cereals and legumes are pin milling, hammer milling,
roller milling,

Pin milling consists of two discs opposing each other, with each disc having concentric
pin-like protrusions. Pin milling works by centrifugal impact when the seeds enter the center
of the discs and hurl to the periphery, hitting against the pins. It is best suited to produce fine
flour. Trappey et al. (2015) studied the effect of pin milling on sorghum flour and gluten-free
bread quality. Sorghum flours were extracted at rates of 60%, 80%, and 100% were re-milled
with a pin mill and processed at low and high speed. It was observed that high-speed pin milling

leads to a sorghum flour with more starch damage, finer particle size, and higher water



absorption properties. It was reported that the 60% extraction rate sorghum flour when pin
milled at high speed gave the softest bread among all treatment combinations. Lower extraction
rates, resulting in low fiber and mineral content and small particle size from the high-speed pin
milling, were attributed to this. Hoseney (1994) found that pin milled wheat flour with finer
particle size along with corrected water absorption made a cohesive dough. Though prolonged
milling to achieve finer particle sizes will result in more starch damage in flour (Nowakowski
et al., 1986). Barrera et al. (2007) studied the effect of starch damage on bread quality and
concluded that more starch damage results in bread with lower quality attributes.

Hammer milling consists of hammers or hammer-like metal plates attached to a central
shaft. As the hammers rotate at high speed, it hits the grain and breaks them apart with impact,
and the particle size of the resulting flour is determined by mill speed and screen mesh size.
(Saravacos & Kostaropoulos, 2002). Kaiser et al. (2019) reported that hammer milling of pea
flour resulted in more starch damage with low-speed milling (1.1%) in comparison to high-
speed milling (0.7%) with smaller screen apertures. Because the mesh size and rotational speed
of the hammers ultimately determine the flours dwell time inside the mill, the increased starch
damage reported by these authors can likely be attributed to this.

Stone milling uses compressive and abrasive force to mill grain. This results in coarser
and more variable particle size when compared to other milling operations. Maskus et al., 2016
studied the effects of different milling and found that pea flour milled with a stone mill resulted
in flour with larger particle size, greater water absorption capacity, and lower pasting
properties. This could be attributed to the high amount of fiber

Roller mills resulted in the highest starch damage among the four kinds of milling

(Hammer, pin, stone, and roller milling). This is because the roller mill uses compressive force



on the flour particle, and the gap size keeps decreasing as the number of rollers increase. Every
time the flour particle goes through the pair of rollers, the starch damage in the flour increases,
and the flour goes through a series of rollers with reducing gap size resulting in greater starch
damage in flour as the number of rollers increases. Thus, the least starch damage is observed
in flour coming out from the first break.

Table 1.1 The effect of different milling on starch damage in pea flour compared to wheat
flour. (Maskus et al., 2016; Kaiser et al., 2019)

Wheat flour Pea flour Pea flour Pea flour Pea flour
(Hammer (Roller (Fine pin (Stone mill)
mill) mill) mill)
Starch damage 7.5-8.0 1.0-14 2.8 1.0-14 1.1
(%)
Water absorption  0.60 1.57 1.41 1.34 1.88
capacity(g/g)

1.4 Bread and influence of composite flours on bread, making, and quality

Making Bread involves many steps and factors that determine the end-quality of the
bread. Basic bread making processes include mixing ingredients, dough resting, shaping,
proofing, and baking with variations in the intermediate stage depending on the type of product
being made (Rosell, 2011). Due to yeast activity, temperature, and water hydration during
mixing, proofing, and baking, the dough is subjected to shear and large extensions (Rosell &
Collar, 2008). Evaporation of water, expansion of volume, development of a porous structure
in the dough, gelatinization of starch, denaturation of protein, and crust formation are some of
the major physical and chemical changes that the dough undergoes during production (Faridi
& Faubion, 2012).

Gluten network formation in the dough is the key factor that imparts structure in bread
while starch provides bulk, and texture. Hence, many studies making composite bread (bread

made by partial replacement of wheat flour by non-wheat flours (legume, potato, cassava flour,



etc.) generally add gluten or dough conditioner like glycolipids, sucrose monolaurate,
potassium bromate, etc. externally or choose a wheat flour with greater protein content to attain
the desirable structural characteristics, which in turn, leads to better quality bread (Fenn et al.,
2010)

During initial mixing and kneading, the dough is exposed to large axial deformations.
This disrupts the native protein structures and hydrates all the flour components. This helps in
the formation of gluten networks from two functional classes of proteins, gliadin and glutenin
present in raw wheat flour. When enough mixing is done, the dough becomes smooth and
elastic. Undermixing results in a dough with patches and overmixing will lead to the weakening
of the protein network (Rosell, 2011).

Fermentation allows for yeast activity, which consumes sugars present in the dough to
produce carbon dioxide, resulting in a rise or and increase dough volume (Rosell, 2011). Yeast
acts as the centre for carbon dioxide release. Air cells incorporated during mixing, provide an
anchor, and act as air nuclei for the accumulation of carbon dioxide (Romano et al., 2007).
Proofing is followed by punching were dough is remixed to break larger gas cells into smaller
ones while distributing them evenly throughout the dough (Charley and Weaver, 1998). During
fermentation, punching can be done once or a greater number of times. This is followed by
molding the dough into a loaf, followed by a final proofing the pan used for baking (Delcour
& Hoseney, 2010).

Baking is the last step in the process of bread making. This step transforms the dough
into an aromatic, light, porous and digestible product. Placing the dough into the oven results
in a relatively sudden rise in the loaf volume called oven spring which, is induced several

factors. First, higher metabolism in yeast cells leads to a rapid increase in carbon dioxide



production. Second, the soluble carbon dioxide becomes less soluble with increasing
temperature causing more carbon dioxide to move into air cells. Third, the formation of vapors
of water, ethanol, and their azeotrope. Finally, the expansion of all the gases and vapors being
formed (Delcour & Hoseney, 2010). As heat flows from the outside to inside, and the
temperature increases gradually, the yeast gets inactivated at ~45°C (Rosell, 2011). Slowly,
the outer layer of the dough exposed to high oven temperatures turns into a rigid dark layer
that forms the crust of bread. The thickness of the crust is influenced more by the temperature
of the oven than the steps prior to baking (Jefferson et al., 2006). Sugar present in the flour and
those produced by enzymes react with protein in a non-enzymatic browning reaction called the
Maillard reaction to produce aromatic and reddish-brown colored compounds, which imparts
a brown color to the crust (Purlis, 2010). As inner crumb temperatures reach 60°C or above,
the inactivated yeast cells start to die. The bread, crumb structure starts to develop from outside,
moving to the core as the temperatures reach 99°C (Pyler & Gorton, 1988). As this happens,
the protein starts to denature, and starch swells and gelatinizes, forming a semi-rigid structure.
The structure and quality of the inner crumb are determined by the biochemical properties of
the wheat, milling operations, and the processing steps that the dough has undergone. The
crumb structure of baked cereal products is essential for tactile sensorial properties (Traynham,
2006).

Composite flours for baking are generally made my blending wheat flour with a
legume, other cereals, tuber, or root flour. Composite flours can also be made with no wheat
flour involved. These blends are prepared to take advantage of the flours being either
economical or to acquire a specific nutritional or functional benefit (Mohammed et al., 2012;

Carson et al., 2000; Eduardo et al., 2013).
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The addition of legume flour to wheat flour is of interest because of two main reasons.
One is for the overall increase in the protein and fiber content and the other being
complementary nature of cereal and pulse protein in terms of their amino acid makeup, the
high lysine in pulses and methionine in cereals together make a complete protein (Duodu &
Minnaar, 2011).

It is reported that the addition of legume flours leads to a reduction in loaf volume,
increased hardness, and unacceptable physical and sensorial attributes. Crumb structure,
texture, the color of crust and crumb, flavor, and aroma of the bread have been reported to be
affected by composite flours. Two main reasons responsible are 1) interruption and disordering
of the protein-starch matrix in a regular wheat bread, 2) dilution of gluten protein in the
composite bread (Fenn et al., 2010). The extent of effect legume flour addition has on the final
bread depends on the type of legume flour being added and its physicochemical properties in
addition to the quality of the wheat flour being used (Fenn et al., 2010).

Composite flours containing 10% wi/w pulse flours have resulted in acceptable yeast-
leavened rolls (Kohajdova et al., 2013). Researchers also reported that with increase pulse
flour, there was a decrease in loaf volume, height, with dense and compact crumb structure,
and increased darkening of crust (Kohajdova et al., 2013; Mohammed et al., 2012; Portman et
al., 2018). The darker coloration of curst is attributed to the higher amount of reducing sugar
in the flour and lysine in the pulse protein, both of which are reactants in the Maillard reaction
(Bertram, 1953). In terms of tactile properties, firmness of bread crumb increases with pulse
flour addition; this is probably due to higher amylose and fiber content (Bresciani & Marti,
2019) and formation of thicker cell walls with the coalescence of small gas cells into larger

ones. Mohammed et al. (2012) reported that the sensorial attributes like appearance, crumb
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texture, crumb grain, crust color, taste, and odor were not affected significantly with chickpea
flour addition of up to 10% wi/w, but the addition of 20% w/w of chick-pea flour produced a
noticeable difference in all attributes. It was also observed that chickpea flour addition
increased the farinograph water absorption of dough. This is attributed to the ability of pulse
proteins to absorb water and compete with other constituents in a dough system, which can
weaken the dough (Mohammed et al., 2012). Also, Dabija et al. (2017) reported that the
addition of pea flour could result in the long shelf life of the bread

The effects of protein isolate addition, germinated, and fermented flours addition has
been detailed by Boukid et al. (2019). Germination is known to enhance nutrient availability
and reducing complex indigestible carbohydrates and antinutrients (Acevedo et al., 2017).
Fermentation results in higher soluble fiber, higher free amino acids, antioxidants, total
phenols, and phytase activity (Curiel et al., 2015). It is seen that bread made with fermented
and germinated flours results in a sticky dough, which is difficult to handle and shape due to
the hydrolysis of complex carbohydrates into simpler short-chain carbohydrates. (Hallén et al.,
2004). Also, the bread showed low loaf volume, compact crumb structure, and darker crust
(Hallén et al., 2004; Ouazib et al., 2016). Ouazib et al. (2016) observed that there was a drastic
deterioration in the above-mentioned characteristics as the pulse flour incorporation was

increased from 10% to 20%.

1.5 Cakes, cookies, and influence of wheat and non-wheat flour
components

In many soft wheat flour products like cookies, pancakes, and crackers, gluten
formation is not of high importance for product quality (Bresciani & Marti, 2019). This

broadens the range for a higher level of pulse flour incorporations. An increase in hardness due
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to the addition of pulse is not a major concern in products like cookies were firmness can be
advantageous. Research has also shown that adding green lentils, yellow lentils, navy bean,
pinto bean, cowpea, pigeon pea, and chickpea have caused more browning and affected spread,
texture, and width of cookies (Zucco et al., 2011; Thongram et al., 2016). It was observed that
the addition of pulse flour increased the protein content of cookies and proportionally increased
hardness. It is also worth mentioning in the same study that the particle size of the pulse flour
affected the spread of the cookie, it was seen that cookies entirely made with or by
incorporation of fine pulse flour had less spread and more thickness compared to those made
from coarse pulse flour. Thongram et al. (2016) reported that cookies with 25% chickpea,
pigeon pea, green lentil, or cowpea flour were acceptable in terms of sensory evaluated by a
consumer panel.

For cakes, it is a well-known fact that the viscosity of the batter is of critical importance
(Shelke et al., 1990). Viscosity undergoes substantial changes during baking of a cake. Singh
et al. (2015) studied the effect of particle size and protein content (11%, 18%, and 21%) on
cake batter and final cake quality of 100% w/w navy bean flour cake. It was seen that navy
bean flour batter was more viscous than that of wheat flour, but reducing protein content by
adding navy bean starch decreased the viscosity. For the cake quality, the volume index was
affected by the particle size of bean flour, yet total protein did not affect the volume. It is
reported that the type of protein has more effect on the cake volume than the concentration
(Ronda et al., 2011). The reason behind this could be the different biochemical and
denaturation properties of proteins (Mohamed et al., 1995). The firmness of cakes was not
affected by any other factor studied, but springiness of the cake was significantly lower for

navy bean flour cakes compared to wheat flour cake. Cakes with higher protein content also
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showed more Maillard browning. In another study pertaining to the quality of cake made form
wheat-chickpea flour blends, cakes showed a decrease in volume with the incorporation of
chickpea flour (Gémez et al., 2008). Adding chickpea flour also leads to the darker crust,
increased firmness and gumminess, and decreased cohesiveness. Soy and many other legumes,
improve moisture retention in cake due to the better water holding capacity of legume proteins

(Liu, 2004; Mohammed et al., 2012; Bourreé et al., 2019).

1.6 Flavors and aromas associated pea flour

The various sensory attributes of pulses are a key component for achieving consumer
acceptability. Pulses have been described to have objectionable off-flavors and aromas, which
are inherent or develop during harvesting, processing, and storage (Roland et al., 2017). The
lack of consumption of pea flour and its derivatives by consumers is due to the strong off-
flavors of peas (El Youssef et al., 2020). A total of 47 compounds have been identified in
headspace analysis of pea, of which many are degradation products of fatty acids, saturated
and monounsaturated six-carbon aldehydes, alcohols, ketones, and their ester derivatives.
(Jakobsen et al., 1998). However, neither the primary source of the problem nor the solution
has been documented.

In terms of taste, consumers have rated pea protein high for bitterness in sensory
ratings. Saponins are considered to be the main cause of bitterness in these products (Heng et
al., 2006). Two types of saponins have been identified, these being 2,3-dihydro-2,5-dihydroxy-
6- methyl-4H-pyran-4-one (DDMP) and saponin B. Though both the saponins are perceived
to be bitter, saponin B is perceived to be less bitter than DDMP, which could be detected at the
threshold of 2mg L (Heng et al., 2006). Varieties of dry peas have varying amounts of

saponins DDMP, and saponin B, ranging from 0.7 to 1.5 g kg™ and 0 to 0.4 g kg* (dry matter)
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(Heng et al., 2006). With varietal differences, a possible solution might be to select dry peas
with fewer saponins. On heating, DDMP gets converted to saponin B, indicating that another
possible solution to reduce the bitterness would be to give some form of heat treatment, which
could convert DDMP to the less bitter saponin B (Heng et al., 2006). These saponins have also
been associated with astringency, a key sensory issue of yellow peas (Price et al., 1985).
Astringency can be described as the general drying or puckering of the mouth in response to
food intake (Lee & Lawless, 1991).

There are many flavor descriptors associated with peas. Some of these are beany, green,
grassy, hay-like, and rancid flavors (Roland et al., 2017). Though hexanal is suspected to be
causative of hay-like off-flavors in peas, no strong evidence has been found. It is suggested
that mono and di-saturated carbonyls and saturated and mono-unsaturated alcohols formed at
the end of alcohol dehydrogenase and lipoxygenase activity can be responsible (Murray et al.,
1976). Green pea aroma in dry peas is attributed to three pyrazines; 3-isopropyl-2-
methoxypyrazine, 3-sec-butyl-2-methoxypyrazine, and 3-isobutyl-2-methoxypyrazine
(Murray et al., 1970; Jakobsen et al., 1998). Murat et al. (2013) reported that 2-methoxy-3-
isopropyl-(5 or 6)-methyl pyrazine, a flavor compound present in raw pea flour, was present
even after protein extraction. This tells us how closely bonded these compounds with pea
protein are. Heng et al. (2004) studied vicilin and legumin the two main pea proteins for their
affinity to saponins, aldehydes, and ketone. It was found that the vicilin proteins bound to
aldehydes and ketones at both pH 7.6 and 3.8. Heating resulted in a dissociation of vicilin and
subsequent loss of bound aldehydes and ketones (Heng et al., 2004). Legumin, on the other

hand, did not bind to either of these compounds at pH 3.8 and bound only aldehydes at pH 7.6.
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Fermentation has been used to reduce undesirable sensory attributes and to enhance the
sensory profile of pulses. Heng (2005) mentioned that saponins could be modified potentially
through fermentation for the addition of Carbonyl at C11, which will make it sweet or at least
neutral in taste. El Youssef (2020) reported that leguminous and green flavor notes of pea
protein-based products decreased with fermentation by lactic acid bacteria and yeast. This
process generated new ester compounds which gave fruity and floral flavors note. Schindler et
al. (2011) and Schindler et al. (2012) have studied fermentation and its effect on pea and lupin
protein and found that fermentation changed the aroma profile of these proteins, causing
masking of reduction of off-flavors. Many of the flavor compounds found were degradation
products of fatty acids or amino acids. It was seen that Fermented pea protein extract (PPFE)
had a decreased amount of n-hexanal compared to untreated pea protein extract (PPE). The
odor of PPFE was found to be more pleasant compared to PPE.

Much like cereal flours, the sensory properties of pea flour have been found to be
sensitive to aging. Sopiwnyk et al. (2020) investigated whole navy bean, whole Kabuli
chickpea, commercially milled whole and split yellow pea, and decorticated red lentil flours
for the effect of storage from 1 month to 24 months on sensory attributes. With this, it was
reported that the flour color and the crumb color of bread made from aged flour changed
significantly. Bitterness, crumb firmness increased. The water absorption capacity of the flour
also increased with storage except for chickpea flour, which decreased with storage. Overall,
it was observed that the whole pulse flours were more affected by storage time than the split
pulse flour. It is inferred that hull fraction had a major effect on storage stability, which is
explained to an extent by the polyphenols and tannins found in the seed coat. In a study by

Chapman et al. (2010) observed that split peas stored in a sealed container for over 34 years
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had increased values of L*(brightness), a*(+red to -green), b*(+ yellow to -blue). In this study,
it was hypothesized that chlorophyll might have degraded to pheophytin, which is darker

(greenish-gray) in color than chlorophyll.

1.7 Conclusion

Legumes and pulses are considered a healthier and sustainable source of protein. With
relatively low allergenicity, high production volume, the yellow pea is a relatively better option
compared to soy and is presently underutilized in America, with the majority of the produce
being exported. Incorporation of these into existing baked goods presents a potential way to
add value to these crops and, at the same time, increase the nutritional quality of the baked
product. However, when it comes to consumer acceptability, pea flour and its derivatives face
aversion or resistance. To fully tap the benefits of a yellow pea, future research needs to be

done on understanding, reducing, or masking these objectionable flavors.

The primary aim of this research was to identify the threshold of pea flour addition into
pancakes and bread and is covered in chapters two and three, respectively. The secondary aim
was to potentially mask the off-flavors from pea flour. Chapter two of this thesis investigates
pea flour incorporation into batter-based soft wheat flour system - pancakes, where gluten
network is not of prime importance. At the same time, the chapter explores the use of chemical
reductants in masking or reducing the flavors from pea flour. Pancakes were measured for
physical characteristics, and a trained sensory panel assessed the pancakes for 15 sensory
attributes categorized into visual, odor, texture, taste, and flavor. Chapter three examines the
pea flour addition in hard wheat flour product — Bread, where gluten network is essential for
the end-product quality. The bread was evaluated for physical characteristics and scored by

consumers for acceptability of pea flour in bread in terms of appearance, after taste flavor,



texture, willingness to buy, and overall acceptability.

17



18

1.8 References

Acevedo, B. A., Thompson, C. M., Gonzalez Foutel, N. S., Chaves, M. G., & Avanza, M. V.
(2017). Effect of different treatments on the microstructure and functional and pasting
properties of pigeon pea (Cajanus cajan L.), dolichos bean (Dolichos lablab L.) and
jack bean (Canavalia ensiformis) flours from the north-east Argentina. International
Journal of Food Science & Technology, 52(1), 222-230.

Barrera, G. N., Pérez, G. T., Ribotta, P. D., & Leodn, A. E. (2007). Influence of damaged starch
on cookie and bread-making quality. European Food Research and
Technology, 225(1), 1-7.

Bertoft, E., Manelius, R., & Qin, Z. (1993). Studies on the Structure of Pea Starches. Part 1:
Initial Stages in a-Amylolysis of Granular Smooth Pea Starch. Starch-Starke, 45(7),
215-220.

Bertram, G. L. (1953). Studies on crust color. I. The importance of the browning reaction in
determining the crust color of bread. Cereal Chem, 30, 127-1309.

Bornet, F. R. J., Billaux, M. S., & Messing, B. (1997). Glycaemic index concept and metabolic
diseases. International Journal of Biological Macromolecules, 21(1-2), 207-219.
Boukid, F., Zannini, E., Carini, E., & Vittadini, E. (2019). Pulses for bread fortification: A

necessity or a choice? Trends in Food Science & Technology.

Bourré, L., Frohlich, P., Young, G., Borsuk, Y., Sopiwnyk, E., Sarkar, A., ... & Malcolmson,
L. (2019). Influence of particle size on flour and baking properties of yellow pea, navy
bean, and red lentil flours. Cereal Chemistry, 96(4), 655-667.

Bresciani, A., & Marti, A. (2019). Using pulses in baked products: Lights, shadows, and

potential solutions. Foods, 8(10), 451.



19

Carnovale, E., Lugaro, E., & Lombardi-Boccia, G. (1988). Phytic acid in faba bean and pea:
effect on protein availability. Cereal Chem, 65(2), 114-117.

Carson, L., Setser, C., & Sun, X. S. (2000). Sensory characteristics of sorghum composite
bread. International journal of food science & technology, 35(5), 465-471.

Chapman, J. S., Jefferies, L. K., & Pike, O. A. (2010). Sensory and nutritional quality of split
peas (Pisum sativum) stored up to 34 y in residential storage. Journal of food
science, 75(3), S162-S166.

Charley, H., & Weaver, C. (1998). Foods: a Scientific Approach, third ed. Merrill Prentice
Hall, Upper Saddle River, NJ, 174-194

Curiel, J. A., Coda, R., Centomani, I., Summo, C., Gobbetti, M., & Rizzello, C. G. (2015).
Exploitation of the nutritional and functional characteristics of traditional Italian
legumes: the potential of sourdough fermentation. International Journal of Food
Microbiology, 196, 51-61.

Dabija, A., Codina, G. G., & Fradinho, P. (2017). Effect of yellow pea flour addition on wheat
flour dough and bread quality. Rom Biotechnol Lett, 22(5), 12888.

Dahl, W. J., Foster, L. M., & Tyler, R. T. (2012). Review of the health benefits of peas (Pisum
sativum L.). British Journal of Nutrition, 108(S1), S3-S10.

Dang, J., Arcot, J., & Shrestha, A. (2000). Folate retention in selected processed legumes. Food
chemistry, 68(3), 295-298.

Delcour, J. A., & Hoseney, R. C. (2010). Principles of cereal science and technology.

Duodu, K. G., & Minnaar, A. (2011). Legume composite flours and baked goods: nutritional,
functional, sensory, and phytochemical qualities. In Flour and breads and their

fortification in health and disease prevention (pp. 193-203). Academic Press.



20

Dyck, J. (2019, November 7). Production Retrieved April 27, 2020, from
https://www.usapulses.org/technical-manual/chapter-3-production/production
Eduardo, M., Svanberg, U., Oliveira, J., & Ahrné, L. (2013). Effect of cassava flour
characteristics on  properties of cassava-wheat-maize composite  bread

types. International Journal of Food Science, 2013.

El Youssef, C., Bonnarme, P., Fraud, S., Péron, A. C., Helinck, S., & Landaud, S. (2020).
Sensory Improvement of a Pea Protein-Based Product Using Microbial Co-Cultures of
Lactic Acid Bacteria and Yeasts. Foods, 9(3), 349.

Faridi, H., & Faubion, J. M. (2012). Dough rheology and baked product texture. Springer
Science & Business Media.

Fenn, D., Lukow, O. M., Humphreys, G., Fields, P. G., & Boye, J. . (2010). Wheat-legume
composite flour quality. International Journal of Food Properties, 13(2), 381-393.

Gbémez, M., Oliete, B., Rosell, C. M., Pando, V., & Fernandez, E. (2008). Studies on cake
quality made of wheat—chickpea flour blends. LWT-Food Science and
Technology, 41(9), 1701-1709.

Gdémez, M., Ronda, F., Blanco, C. A., Caballero, P. A., & Apesteguia, A. (2003). Effect of
dietary fibre on dough rheology and bread quality. European Food research and
technology, 216(1), 51-56.

Hall, C., Hillen, C., & Garden Robinson, J. (2017). Composition, nutritional value, and health
benefits of pulses. Cereal Chemistry, 94(1), 11-31.

Hallén, E., Ibanoglu, S., & Ainsworth, P. (2004). Effect of fermented/germinated cowpea flour
addition on the rheological and baking properties of wheat flour. Journal of food

engineering, 63(2), 177-184.



21

Han, J. Y., & Tyler, R. T. (2003). Determination of folate concentrations in pulses by a
microbiological method employing trienzyme extraction. Journal of agricultural and
food chemistry, 51(18), 5315-5318.

Heng, L. (2005). Flavour aspects of pea and its protein preparations in relation to novel protein
foods. Wageningen University.

Heng, L., Van Koningsveld, G. A., Gruppen, H., Van Boekel, M. A. J. S., Vincken, J. P.,
Roozen, J. P., & Voragen, A. G. J. (2004). Protein—flavour interactions in relation to
development of novel protein foods. Trends in Food Science & Technology, 15(3-4),
217-224.

Heng, L., Vincken, J. P., van Koningsveld, G., Legger, A., Gruppen, H., van Boekel, T., ... &
Voragen, F. (2006). Bitterness of saponins and their content in dry peas. Journal of the
Science of Food and Agriculture, 86(8), 1225-1231.

Hoseney, R. C. (1994). Dry milling of cereals. Principles of cereal science and technology,
125-145.

Jakobsen, H. B., Hansen, M., Christensen, M. R., Brockhoff, P. B., & Olsen, C. E. (1998).
Aroma volatiles of blanched green peas (Pisum sativum L.). Journal of Agricultural
and Food Chemistry, 46(9), 3727-3734.

Jefferson, D. R., Lacey, A. A., & Sadd, P. A. (2006). Understanding crust formation during
baking. Journal of food engineering, 75(4), 515-521.

Kaiser, A. C., Barber, N., Manthey, F., & Hall 1ll, C. (2019). Physicochemical properties of
hammer-milled yellow split pea (Pisum Sativum L.). Cereal Chemistry, 96(2), 313-

323.



22

Kerr, W. L., Ward, C. D. W., McWatters, K. H., & Resurreccion, A. V. A. (2000). Effect of
milling and particle size on functionality and physicochemical properties of cowpea
flour. Cereal Chemistry, 77(2), 213-2109.

Kihlberg, 1., Johansson, L., Kohler, A., & Risvik, E. (2004). Sensory qualities of whole wheat
pan bread—influence of farming system, milling, and baking technique. Journal of
Cereal Science, 39(1), 67-84.

Kohajdova, Z., Karovicova, J., & Magala, M. (2013). Effect of lentil and bean flours on
rheological and baking properties of wheat dough. Chemical Papers, 67(4), 398-407.

Lakkakula, P., Olson, F., & Ripplinger, D. (2017). Pea and Lentil Market Analysis (No. 138-
2018-089).

Lee, C. B.,, & Lawless, H. T. (1991). Time-course of astringent sensations. Chemical
senses, 16(3), 225-238.

Leterme, P. (2002). Recommendations by health organizations for pulse consumption. British
Journal of Nutrition, 88(S3), 239-242.

Liu, K. (Ed.). (2004). Soybeans as functional foods and ingredients (pp. 73-100). Champaign,
IL: AOCS press.

Maskan, M., & Altan, A. (2016). Advances in food extrusion technology. CRC press. Chicago

Maskus, H., Bourré, L., Fraser, S., Sarkar, A., & Malcolmson, L. (2016). Effects of grinding

method on the compositional, physical, and functional properties of whole and split
yellow pea flours. Cereal Foods World, 61(2), 59-64.
Mathers, J. C. (2002). Pulses and carcinogenesis: potential for the prevention of colon, breast

and other cancers. British Journal of Nutrition, 88(S3), 273-279.



23

McCrory, M. A., Hamaker, B. R., Lovejoy, J. C., & Eichelsdoerfer, P. E. (2010). Pulse
consumption, satiety, and weight management. Advances in Nutrition, 1(1), 17-30.

Mohamed, S., Lajis, S. M. M., & Hamid, N. A. (1995). Effects of protein from different sources
on the characteristics of sponge cakes, rice cakes (apam), doughnuts and frying
batters. Journal of the Science of Food and Agriculture, 68(3), 271-277.

Mohammed, I., Ahmed, A. R., & Senge, B. (2012). Dough rheology and bread quality of
wheat—chickpea flour blends. Industrial Crops and Products, 36(1), 196-202.

Murat, C., Bard, M. H., Dhalleine, C., & Cayot, N. (2013). Characterisation of odour active
compounds along extraction process from pea flour to pea protein extract. Food
research international, 53(1), 31-41.

Murray, K. E., Shipton, J., & Whitfield, F. B. (1970). 2-Methoxypyrazines and the favour of
green peas (Pisum sativum). 2-Methoxypyrazines and the favour of green peas (Pisum
sativum)., (27).

Murray, K. E., Shipton, J., Whitfield, F. B., & Last, J. H. (1976). The volatiles of off-flavoured
unblanched green peas (Pisum sativum). Journal of the Science of Food and
Agriculture, 27(12), 1093-1107.

Nowakowski, D., Sosulski, F. W., & Hoover, R. (1986). The effect of pin and attrition milling
on starch damage in hard wheat flours. Starch-Stérke, 38(8), 253-258.

Ouazib, M., Garzon, R., Zaidi, F., & Rosell, C. M. (2016). Germinated, toasted and cooked
chickpea as ingredients for breadmaking. Journal of food science and
technology, 53(6), 2664-2672.

Owusu-Ansah, Y. J.,, & McCurdy, S. M. (1991). Pea proteins: a review of chemistry,

technology of production, and utilization. Food Reviews International, 7(1), 103-134.



24

Patterson, C. A., Curran, J., & Der, T. (2017). Effect of processing on antinutrient compounds
in pulses. Cereal Chemistry, 94(1), 2-10.

Pimentel, D., & Pimentel, M. (2003). Sustainability of meat-based and plant-based diets and
the environment. The American journal of clinical nutrition, 78(3), 660S-663S.
Portman, D., Blanchard, C., Maharjan, P., McDonald, L. S., Mawson, J., Naiker, M., &
Panozzo, J. F. (2018). Blending studies using wheat and lentil cotyledon flour—Effects
on rheology and bread quality. Cereal Chemistry, 95(6), 849-860.Mention the amount

of protein added by pea flour incorporation.

Price, K. R., Griffiths, N. M., Curl, C. L., & Fenwick, G. R. (1985). Undesirable sensory
properties of the dried pea (Pisum sativum). The role of saponins. Food
Chemistry, 17(2), 105-115.

Purlis, E. (2010). Browning development in bakery products—A review. Journal of Food
Engineering, 99(3), 239-249.

Pyler, E. J., & Gorton, L. A. (1988). Baking science & technology (Vol. 1, pp. 83-127).
Merriam, KS: Sosland Publishing Company.

Ratnayake, W. S., Hoover, R., & Warkentin, T. (2002). Pea starch: composition, structure, and
properties—a review. Starch-Stirke, 54(6), 217-234.

Ratnayake, W. S., Hoover, R., Shahidi, F., Perera, C., & Jane, J. (2001). Composition,
molecular structure, and physicochemical properties of starches from four field pea
(Pisum sativum L.) cultivars. Food chemistry, 74(2), 189-202.

Reichert, R. D., & MacKenzie, S. L. (1982). Composition of peas (Pisum sativum) varying

widely in protein content. Journal of Agricultural and Food Chemistry, 30(2), 312-317.



25

Ring, S. G., Gee, J. M., Whittam, M., Orford, P., & Johnson, I. T. (1988). Resistant starch: its
chemical form in foodstuffs and effect on digestibility in vitro. Food chemistry, 28(2),
97-1009.

Rizkalla, S. W., Bellisle, F., & Slama, G. (2002). Health benefits of low glycaemic index foods,
such as pulses, in diabetic patients and healthy individuals. British Journal of
Nutrition, 88(S3), 255-262.

Rochfort, S., & Panozzo, J. (2007). Phytochemicals for health, the role of pulses. Journal of
agricultural and food chemistry, 55(20), 7981-7994.

Roland, W. S., Pouvreau, L., Curran, J., van de Velde, F., & de Kok, P. M. (2017). Flavor
aspects of pulse ingredients. Cereal Chemistry, 94(1), 58-65.

Romano, A., Toraldo, G., Cavella, S., & Masi, P. (2007). Description of leavening of bread
dough with mathematical modelling. Journal of food engineering, 83(2), 142-148.

Ronda, F., Oliete, B., Gmez, M., Caballero, P. A., & Pando, V. (2011). Rheological study of
layer cake batters made with soybean protein isolate and different starch
sources. Journal of Food Engineering, 102(3), 272-277.

Rosell, C. M. (2011). The science of doughs and bread quality. In Flour and breads and their
fortification in health and disease prevention (pp. 3-14). Academic Press.

Rosell, C. M., & Collar, C. (2008). Effect of various enzymes on dough rheology and bread
quality. Recent Research Developments in Food Biotechnology. Enzymes as Additives
or Processing Aids. Ed R. Porta, P. Di Pierro and L. Mariniello. Research Signpost,
Kerala, India, 165-183.

Sandberg, A. S., Brune, M., Carlsson, N. G., Hallberg, L., Rossander-Hulthen, L., &

Sandstrom, B. (1993). The effect of various inositol phosphates on iron and zinc



26

absorption in humans. InProceedings of the international conference on
bioavailability (pp. 53-57).

Saravacos, G. D., & Kostaropoulos, A. E. (2002). Handbook of food processing
equipment (pp. 331-381). Kluwer Academic/Plenum.

Scanlon, M. G., Thakur, S., Tyler, R. T., Milani, A., Der, T., & Paliwal, J. (2018). The critical
role of milling in pulse ingredient functionality. Cereal Foods World, 63, 201-206.

Schindler, S., Wittig, M., Zelena, K., Krings, U., Bez, J., Eisner, P., & Berger, R. G. (2011).
Lactic fermentation to improve the aroma of protein extracts of sweet lupin (Lupinus
angustifolius). Food Chemistry, 128(2), 330-337.

Schindler, S., Zelena, K., Krings, U., Bez, J., Eisner, P., & Berger, R. G. (2012). Improvement
of the aroma of pea (Pisum sativum) protein extracts by lactic acid fermentation. Food
Biotechnology, 26(1), 58-74.

Schneider, A. V. (2002). Overview of the market and consumption of pulses in Europe. British
Journal of Nutrition, 88(S3), 243-250.

Shelke, K., Faubion, J. M., & Hoseney, R. C. (1990). The dynamics of cake baking as studied
by a combination of viscometry and electrical resistance oven heating. Cereal
Chemistry, 67(6), 575-580.

Silva-Cristobal, L., Osorio-Diaz, P., Tovar, J., & Bello-Pérez, L. A. (2010). Chemical
composition, carbohydrate digestibility, and antioxidant capacity of cooked black bean,
chickpea, and lentil Mexican varieties Composicion quimica, digestibilidad de
carbohidratos, y capacidad antioxidante de variedades mexicanas cocidas de frijol

negro, garbanzo, y lenteja. Cyta—Journal of Food, 8(1), 7-14.



27

Simsek, S., Tulbek, M. C., Yao, Y., & Schatz, B. (2009). Starch characteristics of dry peas
(Pisum sativum L.) grown in the USA. Food chemistry, 115(3), 832-838.

Singh, M., Byars, J. A., & Liu, S. X. (2015). Navy Bean Flour Particle Size and Protein Content
Affect Cake Baking and Batter Quality 1. Journal of food science, 80(6), E1229-
E1234.

Sopiwnyk, E., Young, G., Frohlich, P., Borsuk, Y., Lagasseé, S., Boyd, L., ... & Malcolmson,
L. (2020). Effect of pulse flour storage on flour and bread baking properties. LWT, 121,
108971.

Thongram, S., Tanwar, B., Chauhan, A., & Kumar, V. (2016). Physicochemical and
organoleptic properties of cookies incorporated with legume flours. Cogent Food &
Agriculture, 2(1), 1172389.

Trappey, E. F., Khouryieh, H., Aramouni, F., & Herald, T. (2015). Effect of sorghum flour
composition and particle size on quality properties of gluten-free bread. Food Science
and Technology International, 21(3), 188-202.

Traynham, T. L. (2006). Evaluation of extruded-expelled low-fat soybean flour in flour blends
and the effects on bread and dough development.

USADPLC. (2020). United States dry peas and lentil and chickpeas. Available from
https://www.usapulses.org/. Accessed March 31, 2020.

Wensing, M., Knulst, A. C., Piersma, S., O'Kane, F., Knol, E. F., & Koppelman, S. J. (2003).
Patients with anaphylaxis to pea can have peanut allergy caused by cross-reactive IgE

to vicilin (Ara h 1). Journal of Allergy and Clinical Immunology, 111(2), 420-424.


https://www.usapulses.org/

28

Zucco, F., Borsuk, Y., & Arntfield, S. D. (2011). Physical and nutritional evaluation of wheat
cookies supplemented with pulse flours of different particle sizes. LWT-Food Science

and Technology, 44(10), 2070-2076.



29
Chapter 2: Physical and sensorial characterization of yellow split pea flour
incorporated pancakes.

2.1 Abstract
Pancake is a quick and easy breakfast enjoyed by many. Like many soft wheat flour
products, health-conscious individuals may not opt for it. Supplementation of pea flour into
pancakes can give these products a new acceptance among the consumers. The primary
objective of this chapter has been to facilitate the incorporation of pea flour into pancakes and
to understand the effect of pea flours on soft wheat flour-based bakery products. The second
objective was to identify the potential of improvement in the flavor profile of yellow pea flour
when applied to a pancake system to enhance consumer acceptance. Sodium metabisulphite
was used to study the effect of a reducing agent on protein and resulting changes in flavors
attributes of pancakes containing pea flour. Pancakes were made with 1%, 2%, 5%, 10%, and
20% pea flour incorporation with and without corresponding levels (500 ppm to pea flour) of
SMB and with only corresponding levels of SMB with no pea flour. The pancake formulations
were adjusted for water content so that the resulting batter had the same viscosity. Pancakes
were accessed for physical quality attributes like dimensions, specific volume, hardness, color,
and gas cell and crumb structure. A trained descriptive panel was conducted to evaluate the
effect of pea flour and SMB addition on visual, aroma, texture, taste, and flavor attributes of
pancakes. It was found that despite adjusting the viscosity, the pancakes with 20% pea flour
incorporation showed significant deviation in diameter, texture, and gas cell formation.
Changes in visual, aroma, and taste attributes were observed as the amount of pea flour addition

increased. SMB addition was not perceivable by the panelist.
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2.2 Introduction

Baked goods made from wheat flour are popular all over the world. Pancakes, cakes, and
pastries are few baked goods made from soft wheat flour. In order to attain high-quality flour,
wheat is refined to remove bran and endosperm containing soluble, insoluble fiber, minerals,
and fatty acids (Dewettinck et al., 2008). With high levels of refined wheat flour and sugar,
cakes and pastries are likely to be a high glycemic index food and also regarded as unhealthy.
Though wheat is a good source of carbohydrates, its protein contains a limiting amount of
essential amino acids, lysine, tryptophan, and threonine (Fenn et al., 2010). As pulses are
higher in these essential amino acids, a blend of wheat flour and pulse flour will complement
each other and produce products with higher protein quality (Boye et al., 2010).

Yellow pea (Pisum sativum L.) is a leguminous plant that originates mainly from the near
east (Ljustina & Miki¢, 2010). The total world dry pea production in 2018 was 13,535,765
metric tonnes. Of this, Canada, Russia, and China were the top producers (Pea, Dry statistic,
FAO, 2018). The USA was ranked as the 6™ largest producer of dry yellow peas with a
production of 722,530 metric tonnes in 2018. Declaration of 2016, as the year of pulses by the
United Nations along with beneficiary health effects, has increased the focus of diet-conscious
consumers to explore the benefits of plant-based proteins since then (Hillen, 2016). Though
traditional sources of protein, like animal protein, are superior in nutritional quality, their
utilization raises sustainability and ethical issues. For this reason, alternative foods with
complete proteins are needed (Singh, 2017). Yellow pea, with its high protein content of 16.6%
to 26.4% (Thavarajah & Thavarajah, 2013), can be a major source of plant-based protein. Pea,
like all pulses, is rich in lysine and complements cereals, which are high in sulfur-containing

amino acids like methionine (Hall et al., 2017). Hence, blending cereals and pulses together to
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produce a product with a complete amino acid profile can improve the nutritive value of
products (Hall et al., 2017). Pea protein has low allergenic potential (Wensing et al., 2003).
Apart from protein, dried peas are a rich source of fiber and folate (Hall et al., 2017; Maskus
etal., 2016). Pea being devoid of gluten, and rich in protein and fiber, pea flour and derivatives
have been studied for their potential incorporation into everyday foods and to make healthier
and gluten-free products (Malcolmson et al., 2013).

Reducing agents are commonly used in wheat bread, cracker, and biscuits as a dough
conditioner or relaxer. It is used to overcome seasonal variability in wheat and to make the
dough more extensible by reducing the disulfide bonds between proteins (Pecivova et al.,
2008). When cleaved, the disulfide bonds in proteins are converted to a free thiol group on
cysteine (Fort, 2016). Among reducing agents, sodium metabisulphite is a powerful and
unique reducing agent. In the presence of water, bisulfite ions from sodium metabisulphite will
lead to the formation of aqueous SO (Shandera et al., 1995). This will react to cysteine
residues, creating S-sulfocysteine residues in the protein, essentially capping the thiol group,
limiting its future reactivity in oxidation-reduction reactions (Fort, 2016). In a native state,
disulfide bonds act as local centers where hydrophobic residues often cluster (Wedemeyer et
al., 2000). For the scope of this work, it is hypothesized that the reduction of these bonds will
release disulfide-linked sulfur compounds and expose hydrophobic parts of the protein. These
hydrophobic parts of protein will bind off-flavor compounds onto them and may potentially
mask the off-flavor from pea flour.

Sodium metabisulphite is generally regarded as safe (GRAS) by the FDA, but people
have been found to be sensitive to it (Fort, 2016). This has decreased its usage, but its

mechanism of action and efficacy of SMB has led its selection over other reducing agents.
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The objective of the study was to characterize the effect of replacement of wheat flour
by pea flour at rates of 1%, 2%, 5%, 10%, and 20% on physical quality parameters of pancakes

and the efficacy of SMB addition in combating the off-flavor of pea flour.

Na2S20s5 + H,O < » 2NaHSOs3 1)
Metabisulfite hydration/dehydration Bisulfite
NaHSOs + RS-SR « » RS-SO; + RSH + Na* (2)
Bisulfate Protein with Protein with Protein Sodium
disulfide with thiol ion

S-Sulfocysteine

Equation 1. Reaction of sodium metabisulfite to sodium bisulfate and its reaction with Protein

disulfide bond (Bailey & Cole, 1959)

2.3 Material and methods
2.3.1 Materials

Wheat flour used for the study was a super fine cake flour obtained from Bob’s red mill
Natural food, Inc. Yellow peas were donated by the Spokane Seed Company (Spokane, WA,
USA) and were milled using a Miag mill. Pea flour was made by blending all streams except
the 4" middling, which is shown to have high water absorption, higher protein, and ash content
in wheat milling (Wang & Flores, 1999; Ramseyer et al., 2011). Sugar and salt of WinCo
Foods (Boise, ID), Crisco vegetable oil of the J. M. Smucker Company (Orrville, OH), and
Baking powder of Clabber Girl Corporation (Terre Haute, IN) were obtained from the local
market. Dextrose used was corn sugar dextrose of Brewcraft USA (Vancouver, WA), and
Sodium Metabisulphite was from the LD Carlson company (Kent, OH).

2.3.2 Experimental Design

The research was organized to examine the effect of SMB in the elimination of off-

flavors arising from the incorporation of pea flour into pancakes and to obtain pancakes close

to a control formula in terms of quality attributes. There were three treatments evaluated at
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multiple levels in the study: 1) pea flour varied as 1%, 2%, 5%, 10%, and 20%; 2) pea flour
varied as 1%, 2%, 5%, 10%, and 20%, + SMB equivalent to 500 ppm of corresponding
amounts of Pea flour; and 3) Wheat with SMB added at equivalent amounts as the pea-wheat
flour blend treatments (Table 2.1). Water addition levels for each treatment was optimized
based on batter viscosity so that all treatments matched the viscosity of wheat control pancake
batter of 4.683+0.468 Pas. Viscosity experiments were done using DVE viscometer
(AMETEK Brookfield, USA) with RV04 spindle at 12 rpm.
2.3.3 Pancake Procedure

A modified AACC Method 10-80.01 was used for pancake production. All dry
ingredients: wheat flour, sugar, baking powder, salt, dextrose, pea flour (when indicated) were
mixed in a kitchen aid mixer with a whisk attachment at speed 2 for 1 min to make a dry mix.
The dry mix was mixed for one more minute after scraping the sides of the bowl! with a rubber
spatula to ensure homogeneity. For pea flour treatment, a dry mix containing pea flour and the
respective amount of water was added. For five SMB + pea flour treatments, five
corresponding SMB solutions containing SMB equivalent to 500ppm of pea flour levels were
made. The pea flour, 1 ml of corresponding SMB solution, and the required amount of water
were mixed using a rubber spatula until all the lumps were dispersed. The mixture was rested
for 5 mins to allow the SMB to react with the pea flour. Later, the dry mix prepared (with no
pea flour), as mentioned above, was added along with the rest of the water. For SMB
treatments, without pea flour, 1 ml of corresponding SMB solution was added into the dry mix
along with respective amounts of water (Table 2.1). It was ensured that 1ml of SMB solution

was part of the total amount of water added to the dry mix.
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After adding all the ingredients into the mixing bowl as mention above, the mixture
was mixed for 10 s and stopped to scrape down the ingredients and further mixed for 50 s.
Then, oil was added into the mixture and mixed for a total of 1 min with the sides of the bowl
scraped down after the first 20 s of mixing. After resting for 2 mins, 60 mL of batter was pulled
into a 60 mL syringe and dispensed from a height of 2.54 cm above a Krampouz (Pluguffan,
model CECIF4, France) commercial griddle maintained at 190 °C. The syringe was used over
the suggested scooping device as outlined in the AACC Method 10-80.01 because the
application of the scoop provided inconsistent quantities of batter and non-uniform pancake
shapes. The tip of the syringe was removed, and the hole was widened with a 12 mm drill bit.
After 75 s the pancake was flipped and let cook for another 75 s. After cooking, pancakes were
cooled for 20 mins on a cooling rack prior to analysis. Four pancakes were made from a batch
of batter.
2.3.4 Quality attributes

Quality attributes were modified from those described by Finnie et al. (2006). After
cooling, weight, and height of a stack of four pancakes were recorded. Three pancakes were
randomly chosen for measuring the diameter at three different points, roughly 0°, 120°, 240°
apart, and averaged. The pancakes were subjected to a 2-bite texture profile analysis, as
described later in this section. The volume of the remaining pancake was analyzed by rapeseed
displacement. The specific volume of the pancakes was calculated by dividing the pancake
volume by its mass. Color measurement (L*, a*, b*) was completed using a Minolta
colorimeter (CR 310, Japan). Three measurements were recorded for each pancake at different
locations and averaged. The pancake was then cut in half across the pancake circumference,

separating the top from the bottom, to observe the gas cell structure. The layers were scanned
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using Ricoh Aficio MP C3002 copier (Lionville, PA). Texture profile analysis was performed
using a texture analyzer (TA-XT2i, Stable Micro Systems, Scarsdale, NY) equipped with a 5-
kg load cell and a round 75-mm diameter compression platen probe (P/75). A stack of three
pancakes, with first bake side up, was placed on the platform. The pancake stack was
compressed to 25% strain at a constant rate of 1 mm/s with a trigger force of 20 g. After the
initial compression, the probe came back to the initial position and remained stationary for 5 s
and was followed by the second compression of 25% strain. The TPA software, Texture
Exponent 32 (Stable Micro Systems), was used to analyze the graphs. The hardness of
pancakes recorded by the peak force in the first compression is analyzed in the study.

2.3.5 Trained sensory panel

All treatment levels and combinations were tested by a trained panel for the
characterization of sensory attributes. A descriptive panel consisting of 9 panelists with 5
females and 4 males between 19 to 35 years of age was used. The panelists were trained over
six 2 h (12 h total) evening sessions, following both the ballot and consensus method (Bize et
al., 2017). Participation was voluntary and was rewarded with a nonmonetary incentive (gift
cards) at the end of every training session and at the end of all the formal sessions. The study
was reviewed by the University of Idaho, Institutional Review Board, and participants signed
an informed consent form.

In the training sessions, the ballot method was used to present panelists with references
for attributes of interest. The attributes and references were evaluated and compared to the
pancake provided. Discussions were encouraged to understand the definitions of the attribute
and identify the fit of presented descriptor terms to the pancake sample. A consensus was used

to identify attributes that concerned the panelists. Accordingly, descriptor terms and references
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were added or eliminated, as suggested by the group of panelists. For this, panelists were given
pancake samples with varying levels of some attributes for practice. Panelists were trained to
evaluate an attribute on a continuous 15 cm scale with anchors at 1.5 and 13.5 cm. Continuous
feedback was provided to the panelists in every session based on their performance in the
previous session. The final list of attributes used for the sensorial analysis of pancakes is
presented in Table 2.2.

Eight formal sensory sessions were conducted in individual sensory booths. One-sixth
of a pancake was presented to the panelists on a disposable plate with a three-digit randomized
coding. Panelists were asked to cleanse their palate between samples with unsalted soda
crackers (Nabisco Premium, Nabisco, East Hanover, NJ), and filtered water. Only four pancake
samples were presented in each session to avoid panelist fatigue (Bize et al., 2017). Treatments
were distributed over eight sessions randomly without having two samples of the same
treatment occurring in the same session. All descriptive references and final list of attributes
with their definition were available for the panelist to review during sessions. Pancakes were
prepared 1 to 3 h before the session began. Pancakes were made in the same manner as
mentioned previously, except that a commercial griddle was used. The griddle was modified
with a PID (proportional-integral-derivative) controller, and a surface thermal coupler was
used to ensure the griddle surface was maintained at 190 + 0.1 °C. After cooling, pancakes
were placed on Styrofoam plates and sealed in Zip-Lock bags, which were placed in a proof
cabinet maintained at 40 °C and 90% relative humidity. Pancakes were cut into wedges at the
beginning of the session and placed back in the proofer. Panelists were asked to come in a time

slot of 2 h for evaluating the pancake sample.



37

2.3.6 Statistical analysis

For physical attributes, with three treatments and 5 levels of pea flour incorporation,
15 combinations of pancake batches were studied in triplicates, making a total of 45 batches
of pancakes. The study was conducted with all 45 batches randomly assigned over three days
with a control conducted at the beginning and end of each day. Three controls out of the total
six were randomly selected for the statistical analysis. ANOVA followed by Tukey’s test was
performed to determine if treatment combinations were significantly different at P<0.05. All

the statistical tests were done on SAS 9.4 (SAS Institute Inc, Cary, NC, USA).

For the trained panel, data was analyzed using a 3-way Anova in R software (version).
In this model, the dependent variables were sensory attributes, and independent variables were
panelist, replicate, and treatment. Tukey HSD was used to see differences among the pancake
treatments at a significance level of P<0.05. Additionally, sensory data was analyzed using
Principal Component Analysis (PCA) to visualize differences among the samples using the

FactoMineR package (Husson et al., 2017).



Table 2.1 Pancake ingredients amounts (in grams) for different levels of treatment

Ingredient | Control SMB SMB + Pea flour Pea flour
- Img | 2mg | 5mg | 10mg | 20mg | 1% | 2% | 5% | 10% | 20% | 1% | 2% | 5% | 10% | 80%
Wheat 200 200 198 | 196 | 190 | 180 | 160 | 198 | 196 | 190 | 180 | 160
flour
Pea flour - - 4 10 20 40 2 4 10 20 40
SMB* - 1 [ 2 | 5 |10 ] 20 1 2 5 10 | 20 -
Sugar 21.32 21.32 21.32 21.32
Baking 10 10 10 10
powder
Dextrose 6.64 6.64 6.64 6.64
Qil 6.64 6.64 6.64 6.64
Salt 1.32 1.32 1.32 1.32
Water* 230 229.2 | 228.9 | 226.6 | 225.2 | 221.2 | 230.8 | 230.4 | 235.2 | 233.9 | 232.9 | 230.7 | 232.1 | 234.3 | 236.2 | 236.1

*SMB reported in milligrams

** water content calculated with an 11% flour moisture basis.

8¢
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Table 2.2 Table of attributes, their definitions, and standards for taste, flavor, and aroma
attributes used for evaluation of ready to eat chicken pasta meals by the trained sensory
evaluation panel. Standards used in panel training for sensory evaluation (n=10) of white
Cheddar cheese samples for appearance, aroma, flavor, and taste attributes.

Descriptive Definition References/standards
term/Attribute
Visual terms
Yellow Color* The hue between orange and Creme brulee (2022-70) = 2
green Light yellow (2022-60) = 7
Sundane (2022-50) = 12
Golden Brown The hue associated with the Apple crisp (2159-30) = 4
color* surface/crust of bread and Venetian gold (2158-20) = 8
pancakes. Penny (2163-30) = 13
Odor terms
Sweet (odor) Aromatic stimulation associated  Great Value extra fine
with sucrose and honey granulated sugar = 1
Nabisco Honey Maid graham
cracker =8
Great Value clover honey = 14
Pea (odor) The smell associated with cooked 15% pea flour pancake = 7
pulses. 30% pea flour pancake=14
In-hand terms
Toughness Amount of force felt while Bread = 4
pressing on the pancake Bagel = 14
Mouth terms
Hardness Amount of force required to bite  Cream cheese =1
Pretzel =12
Cohesiveness of The degree to which sample Pillsbury Grands homestyle
mass deforms rather than crumble, canned biscuit dough =10
crack, or break Starburst = example
Taste terms
Sweet A fundamental taste factor of 1.0% sucrose solution = 3

which sucrose solution is typical ~ 2.0% sucrose solution = 6
8.0% sucrose solution = 15

Astringency A sensation of drying in the 0.175¢/L Potash alum =7
mouth. 0.35¢/L Potash alum =14



Bitter

Flavor terms

Cooked pea flavor

Cardboard

Nutty

Doughy

Sulfur

A fundamental taste factor of
which caffeine solution is typical

Flavor commonly associated with
cooked pea.

The smell of a wet cardboard

A sweet, light brown, slightly
musty and/or earthy flavor

A flavor associated with wet
flour or dough

Flavor associated sulfites and
here with sodium metabisulphite

40

0.02% caffeine =2
0.04% caffeine =10

10% pea flour pancake = 7
30% pea flour pancake=14

Old fashioned oatmeal =5
Grapenut cereal Breakfast =10

Roasted peanut=14

King’s Hawaiian savory butter
roll =5

Pillsbury Grands homestyle
canned biscuit dough =13

Sodium metabisulfite = 15

*Color chips by Benjamin Moore, 5 cm x 5 cm
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2.4 Results and discussion
2.4.1 Pancake dimensions
The weight of the control pancakes was 244.73+2.77 g. The pancakes were not
significantly different (P<0.05) among all treatment combinations, implying that the amount
of batter dispensed and the rate of evaporation was consistent among all the combinations

(Figure 2.1).

Weight (g)

Treatments

Figure 2.1 A graphical representation of weight (y axis) of four pancakes baked at five different
concentrations of SMB, or Pea Flour + SMB, or Pea Flour treatment (x axis). Different
lowercase letters represent significant difference (P<0.05) and error bars represent standard
deviation.

The pancake stack height across all combinations was not significantly different
(P<0.05) from the control (4.97 cm) (Figure 2.2). However, based on the trend in stack height,
a further increase in SMB addition might decrease the height of the pancakes. Since SMB is
known to cleave the disulfide bonds between cysteine in gluten and damage its functionality,
it can be implied that gluten has a role in defining the physical quality attributes of soft wheat

flour products like pancakes.
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Figure 2.2 A graphical representation of height (y axis) of stack of four pancakes baked at five
different levels of SMB, or Pea Flour + SMB, or Pea Flour treatment (x axis). Treatments with
similar letters (a-c) show no significant differences between means (P<0.05).

The diameter of the pancakes ranged from 12.18 to 13.13 cm (Figure 2.3). All
combinations of pancakes, except 20% pea flour and 20% pea flour + SMB, have diameters
not significantly different (P<0.05) from the control. The greater diameter of 20% pea flour
(13.06+0.06 cm) and 20% pea flour + SMB (13.13+0.12 cm) can be attributed to an increase
in the amount of fiber, decreased gluten, and increased pea flour (Repetsky & Klein, 1982).
Weight, height, and diameter of most of the pancake combinations were not significantly
different from the control, indicating that water optimization by standardizing batter viscosity
is an apt approach to obtain pancakes with similar physical quality attributes. It should be noted
that the uniformity in pancake diameters was also a direct result of using a syringe, rather than
a scoop as the AACC Method 10-80.01 suggests. In preliminary trials, the utilization of a scoop

produced pancakes with a total lack of uniformity (data not shown). It is therefore
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recommended that future works pertaining to pancake quality testing, utilize the syringe
method outlined in the material and methods section, rather than the scoop, as indicated in

AACC Method 10-80.01.
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Figure 2.3 A graphical representation of Diameter (y axis) of pancakes baked at five different
levels of SMB, or Pea Flour + SMB, or Pea Flour treatment (x axis). Treatments with similar
letters (a-f) show no significant differences between means (P<0.05).

Even with water optimization, the deviation in the 20% pea flour pancake indicates that
there is a tolerance limit to this technique, after which constituents of the pea flour (fiber and
lack of gluten) affect the physical attributes notably. Furthermore, the specific volume of all
pancake treatments and controls were not significantly different (P<0.5) (Figure 2.4). The
specific volume of the 100% wheat flour was 2.22+0.07 cm®/g. These results indicate that pea
flour can be added into pancakes at a rate of 20% without a major impact on quality if water
addition levels are optimized based on final batter viscosity. Furthermore, since it is the results
of this research indicate the importance of standardizing batter viscosity, it should be noted

that specific volume is a better indication of treatment response than weight and diameter. This
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is because specific volume accounts for any variability in flour mass being applied to the

griddle.
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Figure 2.4 A graphical representation of Specific volume (y axis) of pancakes baked at five
different levels of SMB, or Pea Flour + SMB, or Pea Flour treatment (x axis). None of the
treatment means show significant difference from one another (P<0.05).

2.4.2 Texture analysis
The hardness of pancakes increased with increasing pea flour incorporation and SMB

addition (Figure 2.5). As the amount of SMB increased, the amount of water required
decreased to attain the same viscosity (Table 2.1). This made the pancakes with higher pea
flour, and SMB incorporation levels have batters with higher solids content when compared to
control. This may be the reason for harder/firmer pancakes with increasing pea flour and/or
SMB levels. Furthermore, higher fiber with increasing pea flour made the pancakes more rigid

due to the presence of larger, yet fewer gas cells (Appendix I).
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Figure 2.5 A graphical representation of hardness (y axis) of pancakes baked at five different
levels of SMB, or Pea Flour + SMB, or Pea Flour treatment (x axis). Different letters(a-c)
indicate significant differences in treatment means (P<0.05).

2.4.3 Color

L* value, which is a measure of the brightness of the pancake surface, remained the
same with increasing amounts of SMB and decreased with increasing pea flour (Table 2.3).
Higher levels of reducing sugars in pea flour compared to wheat flour likely led to increased
browning on the pancake surfaces and thus reduced L* value. Whereas a* value, is a measure
of redness (+) to greenness (-) and b* value, a measure of yellowness (+) to blueness (-) of the
surface increased and decreased respectively due to the Maillard reaction, which produces red-
brown pigments (Bize et al., 2017). SMB addition did not have a significant effect on a* and

b* values.
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Table 2.3 Color measurements (L*, a*, b*) of pancakes made at different treatment levels of
SMB, or SMB + pea flour, or Pea flour.

Treatment L* a* b*

Control 66.81+1.66%°  10.14+0.87°  37.67+0.61%
1% SMB 66.72+0.37  10.16+0.31°  37.33+0.49%
2% SMB 65.58+1.29%  10.68+0.67°°  37.26+1.07%°
5% SMB 65.90+0.84%® 10.56+0.56"  37.46+1.24%
10% SMB 66.39+1.15®  10.69+0.40°  38.59+1.82%
20% SMB 66.24+0.52%  10.46+0.27°°  37.76+0.87%
1% PF+SMB 65.13+0.32%¢  10.47+0.35°°  37.21+0.52%°
2% PF+SMB 65.22+0.40%¢  10.68+0.71"°  36.82+1.36%
5% PF+SMB 64.79+0.82%°  11.06+0.60°° 36.38+0.53%°
10% PF+SMB 62.59+0.39%  12.05+0.32%®  35.03+1.38°
20% PF+SMB 60.14+0.89¢  12.85+0.12%  32.99+1.03%
1% PF 66.06+0.26*  10.14+0.21°  36.85+0.63%
2% PF 65.56+0.47%  10.94+0.14°¢  37.90+0.91%
5% PF 65.07£0.30%°  11.11+0.16*° 35.61+0.28%cd
10% PF 63.68+0.59°° 11.66+0.28%  36.00+0.06%°
20% PF 59.97+0.23¢  13.02+0.16%  32.32+0.57¢

Means are replicates from 3 batches. Means followed by different superscript letters are
significantly different (P<0.05).

2.4.4 Gas cell structure

It could be seen (Appendix 1) that the size of Gas cells in 20% SMB, 20% pea flour,
and 20% pea flour + SMB pancake was larger compared to control. The increased amount of
fiber and decreased amount of gluten due to pea flour addition, coupled with reduced gluten
functionality due to SMB addition resulted in puncture of gas bubbles formed and the batter to
be less cohesive. This led to the formation of fewer and large gas cells in pancakes with a
higher percentage of pea flour incorporation compared to pancakes with lower or no
percentages pea flour or/and SMB, which resulted in numerous amounts of gas cells. It is
known that gas cells within cakes are responsible for fluffy textures (Pycarelle et al., 2018).
Therefore, it can be in the pancakes with higher pea flour addition resulted in harder pancakes

due to a decrease in gas cells.
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2.4.5 Trained sensory panel

Different factors and their influence on the visual, odor, physical, and sensory attributes
of pancakes are shown in Table 2.4. The influence of taste and flavor attributes is presented in
Table 2.5. The effect of panelists can be attributed to complexity in recognition of certain
attributes and self-bias that panelists had due to their preferences and food habits. Replication
has shown no effect indicating that individual panelist was consistent with their scoring. Even
with the panelist effect, the panel was able to differentiate among the pancake’s samples.

To further access how the samples scored in intensity rating of sensory attributes,
values are reported in Table 2.6. It can be seen that the intensity of both the visual attributes
yellow color of crumb and golden-brown color on the surface of the pancake increased with
an increase in pea flour addition, whereas SMB addition did not result in any significant change
in visual attributes. For physical attributes, toughness, hardness, and cohesiveness of mass did
not present any significant difference (P > 0.05) among the treatments.

In taste and flavor (Table 2.7), it seems that SMB addition did not alter the taste and
flavor perception of the pea flour incorporated pancakes significantly (P > 0.05). It is evident
that the pea odor and pea flavor increased as the amount of pea flour addition increased. Nutty
and cardboard flavor attributes are perceived to be unappealing in pea flour and pea protein
(Swanson, 1990; Sessa & Rackis, 1977). Yet, these two Flavors were not perceived to be
intensified with an increasing amount of pea flour. Zhoa et al. (2005) reported that nutty flavor
increased as the amount of yellow pea flour was increased in spaghetti made from wheat.
Cooked wheat flour is attributed with sweet aromatic and doughy flavor. (McWatters et al.,
1995). No significant difference (P > 0.05) in doughy flavor, sweet odor, and sweet taste over

the 16 treatments indicate that pancakes with even 20% pea flour will be acceptable when
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considering these sensory qualities. Lack of distinguishment of the sulfur flavor between the

treatments indicates that SMB addition at a level of 500 ppm to pea flour was not detectable.



Table 2.4 Degrees of freedom and F -ratios from ANOVA of trained panel evaluations of pancakes for visual, odor, and physical
attributes. A * represents a significant difference at p <0.05

Source df Visual Odor Physical
Yellow color  Golden brown  Sweet odor Pea odor Toughness Hardness Cohessiveness
color of mass
Treatment 15 7.2* 11.0* 3.5* 16.7* 5.0* 1.6 1.3
Replicate 1 0.2 0.0 2.7 0.8 0.1 0.2 0.9
Panelist 8 46.5* 7.0* 30.8* 3.7* 32.6* 31.0* 31.8*

Table 2.5 Degrees of freedom and F -ratios from ANOVA of trained panel evaluations of pancakes for taste and flavor attributes. A =
represents a significant difference at p < 0.05

Source df Taste Flavor
Sweet Bitter Astringency Cooked pea Nutty Dough Cardboard Sulfur
flavor flavor flavor flavor
Treatment 15 1.8* 3.1* 2.3* 35.6* 7.2* 0.7 4.2* 15
Replicate 1 0.0 3.4 1.8 0.4 0.0 0.1 0.1 0.7
Panelist 8 33.2* 47.1* 57.1* 8.7* 37.9* 66.0* 53.9* 5.7*

67



Table 2.6 Mean values with the standard error (shown below) for the samples for visual, odor and physical sensory attributes rated by 9
panelists. Different letters in the same column indicate significant differences between samples as analyzed by Tukey’s HSD on a 15-

cm unstructured line scale, with results presented on this scale between 0 and 15 (p < 0.05)

Treatment Visual Odor Physical

Yellow color Golden Sweet odor Pea odor Toughness Hardness Cohesiveness

brown color of mass

Control 5.08+0.66% 2.47+0.35° 5.42 +0.622 0.92 £0.67° 5.39 £0.512 4.69 £0.58° 6.53 £0.60?
1% SMB 5.06+0.66% 2.17+0.35¢ 5.61 +£0.62* 1.17 +0.67¢ 5.22 +0.512 4.75 £0.58° 6.42 +0.60°
2% SMB 4.94+0.66% 2.92+0.35% 5.92 +0.62°  1.94 +0.67% 5.89 +0.512 5.42 +0.582 6.36 +£0.60°
5% SMB 5.31+0.66% 2.89:+0.35¢ 5.61+0.62¢  3.00 +0.67¢® 6.08 £0.512 5.31 +0.582 6.97 £0.60?
10% SMB 5.24+0.66% 2.89+0.35%¢ 5.72 £0.62* 1.11 +0.67¢ 5.56 +0.512 5.17 £0.582 6.92 +0.60?
20% SMB 5.71+0.66% 2.92+0.35% 475 +0.62°  1.69 +0.67% 6.25 +£0.512 5.56 +0.582 7.31 +£0.60?
1% Pea +SMB 5.28+0.66% 2.61+0.35° 5.69 £0.622 1.31+£0.67¢ 5.67 £0.512 4.92 +0.58? 6.44 +0.60?
2% Pea +SMB 4.92+0.66% 2.72+0.35% 5.67 £0.62°  1.86 +0.67% 5.69 +0.512 4.83 £0.58° 6.53 £0.60°
5% Pea +SMB 5.86+0.66®  4.33+0.35% 4.72 £0.62°  2.94 +0.67°% 6.22 £0.512 5.86 +0.58% 7.11 +£0.60?
10% Pea +SMB 6.14+0.66% 4.44+0.35%¢ 4.42 +0.62° 5.78 +0.67%¢ 6.64 +£0.512 5.75 +£0.582 5.97 £0.60?
20% Pea + SMB 7.22+0.66% 5.56+0.35° 4.28 +0.62°  8.11 +0.67% 7.42 £0.512 5.78 £0.582 5.75 +£0.60°
1% pea 4.75+0.66° 3.33+0.35¢ 5.47 +0.62¢  2.03 £0.67% 5.17 £0.512 4.86 £0.58° 6.39 £0.60?
2% pea 5.72+0.66% 2.92+0.35¢ 5.33+0.62°  3.06 +0.67¢% 5.42 +0.512 5.33 £0.58% 6.72 £0.60?
5% Pea 5.47+0.66% 3.39+0.35¢e 5.50 +0.62°  4.81 +0.67" 6.56 +0.512 5.06 +0.582 6.14 +0.60°
10% pea 6.36+0.66%*  3.69+0.35°e 4.25+0.62% 5,97 £0.67%¢ 5.89 +0.512 5.11 +0.582 6.89 +0.60?
20% pea 8.06+0.66° 5.28+0.35% 3.61 +£0.622 8.17 £0.672 7.19 £0.512 6.00 £0.58% 6.75 +0.60?

0S



Table 2.7 Mean values with the standard error (shown below) for the samples for taste and flavor attributes rated by 9 panelists. Different
letters in the same column indicate significant differences between samples as analyzed by Tukey’s HSD on a 15-cm unstructured line

scale, with results presented on this scale between 0 and 15 (p < 0.05)

Treatment Taste Flavor
Sweet Bitter Astringency Cooked pea  Nutty flavor Doughy Cardboard Sulfur
flavor flavor flavor flavor
Control 4.36 £0.58* 2.00 £0.90? 450 +0.84°  1.36 £0.54°"  1.72+0.54%° 5.28 +0.86* 3.64 +0.84° 1.78 £0.522
1% SMB 4,72 £0.58* 2.81 +0.90° 3.17 £0.842 1.14 +0.54"  1.86 +0.54° 550 +0.86% 2.14 +0.84? 2.58 £0.522
2% SMB 5.03+0.58* 2.72 +0.90% 3.61+0.84° 1.67 +0.54%"  1.83+0.54° 553 +0.86% 3.19 +0.84° 1.50 +0.522
5% SMB 4.75£0.58* 3.00 £0.90? 3.75+0.84°  1.47 +0.54°"  3.00 £0.54*° 6.06 +0.86* 2.67 +0.84° 3.36 £0.522
10% SMB 5.50 +£0.58*  1.81 +0.90% 4.39+0.84° 1.17+0.54°"  2.36+0.54° 6.06 +0.86% 3.47 +0.84? 2.42 £0.522
20% SMB 5.17 £0.58* 2.97 +0.90* 4.06 £0.84°  1.44 +0.54°" 228 +0.54*° 6.06 +0.86* 3.53 +0.84° 3.22 £0.522
1% Pea +SMB 5.56 £0.58* 1.92 +0.90* 3.97 +0.84°  1.28 #0.54°" 217 +0.54* 556 +0.86* 2.53 +0.84° 2.06 £0.522
2% Pea +SMB 5.06 £0.58*  1.56 +0.90* 3.78+0.84° 1.86 +0.54%"  1.69+0.54° 572 +0.86% 3.17 +0.84? 2.14 +0.522
5% Pea +SMB 450 +0.58* 2.75+0.90? 4.42 +0.84° 3.25+0.54%"  275+0.54%° 519 +0.86° 3.42 +0.84° 2.19 +£0.522
10% Pea +SMB 4.61£0.58* 3.69 £0.90? 4.86 +0.84° 5.86 +0.54™  3.33+0.54° 5.83 +0.86% 4.56 +0.84? 2.92 +0.522
20% Pea + SMB 4.17 £0.58* 4.11 £0.90? 497 £0.84*  8.72+0.54*  4.06 £0.54* 5.19+0.86* 4.64 +0.842 2.31 £0.522
1% pea 5.08 £+0.58*  1.94 +0.902 3.83£0.84° 1.72+0.54%"  2.31+0.54% 597 +0.86* 3.47 +0.84° 1.67 £0.522
2% pea 4.39 £0.58* 3.64 £0.90? 4.69 +0.84° 2.94 +0.54%"  2.67 +0.54* 550 +0.86* 3.39 +0.84° 3.25 +0.522
5% Pea 5.08 £0.58*  2.94 +0.90* 450+0.84° 3.83+0.54°®  3.06+0.54° 5.50+0.86° 3.61 +0.84° 1.94 +0.522
10% pea 4.08 £0.58* 2.94 +0.90? 4.81 +0.84° 4.31+0.54%  3.61+0.54% 5.22+0.86° 4.19 +0.84° 2.44 +0.522
20% pea 4.44 £0.58* 4.08 £0.90? 5.53+0.84° 8.47 £+0.54%® 4,06 +0.54° 5.69 +0.86% 5.36 +0.84? 1.89 £0.522

19
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Figure 2.6 Principle component analysis (PCA) biplot of pancakes made with pea flour (1, 2,
5, 10, 20%), pea flour along with SMB at 500 ppm to pea flour and with only SBM (1, 2, 5,
10, 20 mg/200g of wheat flour) represented as blue points. The attributes evaluated are visual
terms (yellow color, golden brown color), odor term (sweet odor, pea odor), in-hand
term(toughness), mouth terms (hardness, cohesiveness of mass), taste term (sweet, bitter,

astringent), and flavor terms (Cooked Pea, cardboard, nutty, doughy, sulfur) represented as red
vectors. Vector are scaled to overlap treatment graph.

The principal component analysis allows for the identification of directionality and the
importance of the pancake sensory attributes (Figure 2.6). With PCA, dimension 1 and
dimension 2 were able to explain 78.6% of the variability. Dimension 1 (67.3%) was directly
correlated to cooked pea flavor, pea odor, yellow color, golden brown color, nutty flavor,
toughness, cardboard flavor, bitter, astringency, and hardness and negatively correlated to
doughy flavor, sweet, and sweet odor. Dimension 2 (11.3%) was positively correlated to sulfur

flavors and cohesiveness of mass.
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All pancake treatments containing pea flour, both with and without SMB, were
positively related to dimension 1 attributes (Figure 2.6). Samples with a higher amount of pea
flour were perceived with more yellow color, golden brown color, nutty flavors, cardboard
flavor, hardness, toughness, astringency, and bitterness. These results were expected based on
previous literature (Fahmi et al., 2019; Zhao et al., 2005), but this study allowed for
quantification of the degree or intensity of these attributes resulting from the different
treatments.

Among the 16 pancake samples, all the SMB only pancakes remain to be perceived
with a sweet taste, sweet odor, and doughy flavor irrespective of the SMB level (Figure 2.6).
As the amount of SMB increased, the panelists assessed them with more sulfur flavor and more
“cohesiveness of mass” feel in the mouth compared to the control pancake. The cohesiveness
of mass is a desired attribute for baked products and is the opposite of crumbly textures. All
the pancakes with lower incorporation of pea flour and SMB addition were close to the control.
The increase in sulfur flavors is in line with the chemical modifications caused by SMB. SMB
is a chemical reducing agent. When applied to the pancake system, it cleaves disulfide bonds,

resulting in free sulfhydryl (S-H) groups.

2.5 Conclusion

If pea flour is prepared as described in this study, it can be incorporated into batter-
based bake systems at a rate of 20% with little effect on sensory quality. To this end, only at
20% pea flour incorporation did pancakes begin to have noticeable changes in color and texture
when measured through instrumental analyzes. While the application of SMB had profound

effects on bitterness in preliminary experimentation, it had little effect later in the actual study.



54

Instead, the pea flour had already lost much of its bitter flavors. For this reason, more extensive

storage and flour aging studies need to be completed in future work.
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Chapter 3: Incorporation of yellow pea flour into white pan bread

3.1 Abstract

Pea flour, like other pulse flours, is being widely investigated for plausible incorporation into
regular baked products. Among many factors, the kind of milling has a drastic effect in
determining the fitness of resulting pea into a different product application. The objective of
this study is to understand the effect of pea flour incorporation into white pan bread milled in
Miag Multomat. Bread loaf volume reduced as a higher level of pea flour was incorporated.
Texture, specific volume, height was not significantly different till 20% w/w pea flour addition.
The color of the bread crust was not affected by pea flour incorporation. The color of bread
crumb was affected by an increasing amount of pea flour. Gas cell structure in crumb showed
coalescence at a higher level of pea flour. Consumer perceived difference between control and
bread with pea flour. But an increase in pea flour did not affect the sensory score drastically.
Pea flour milled in roller mill makes sensorially acceptable bread even with 20% pea flour
addition. The study reports bread baking, quality, and sensory appeal of pea flour incorporated
bread made with dry split pea flour milled using roller mill and identifies the max level of pea
flour incorporation of into bread.

Keywords

milling, dry split yellow pea flour, particle size, sensory, bread quality, pulse flour
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3.2 Introduction

Once at the foundation of the food pyramid, cereal products like white pan bread are
no longer considered healthy. Instead, whole grain, high fiber, and high protein foods are
considered more desirable from a nutritional standpoint. Healthier bread options like those
made with partial addition or completely of rye, barley, whole grains, and legumes are
increasingly sought after (Aider et al., 2012; Council & NPD Group, 2009; Sullivan et al.,
2013).

To this end, major wheat proteins (gliadin and glutenin) are deficient in the essential
amino acids, lysine, tryptophan, and methionine (Zili¢ et al., 2011), whereas legumes being
rich in lysine makes legumes and cereals complementary to each other. Consumptions of
pulses are an effective dietary approach to reduce the risk of diabetes and cardiovascular
diseases and increase satiety levels (Curran, 2012; Rebello et al., 2014). From an
environmental viewpoint, legumes, when harvested in rotation with wheat or other cereal,
improves the quality of soil and harvest (Saad et al., 2018; Uzoh et al., 2019).

Yellow pea has gained interest and momentum as an inexpensive option among
legumes. Pea flour is significantly higher in fiber than cereals, has nearly twice the amount of
protein, and incorporation into baked goods has the potential to improve overall nutritional
quality. However, incorporation of pea flour into baked goods is thought to be hindered by its
flavor, high level of hydrophilic proteins, and high fiber content, which decrease the quality
and consumer acceptability of the resulting products (Adebiyi & Aluko, 2011; Jeffers et al.,
1978; Lu et al., 2000; Marinangeli, 2009).

There have been numerous studies on pulse flour incorporation into baked and other

cereal-based snacks. Pea flour has been investigated in baked goods like Cookies (Kamaljit et
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al., 2010; Zucco et al., 2011), baked crackers (Kohajdova et al., 2013; Millar et al., 2017), cake
(Gomez et al., 2012; Hillen, 2016) and bread. In an article, bread with a maximum of 10%
yellow pea flour addition showed a decrease in sensory appeal (Repetsky and Klein, 1982).
Jeffers et al. (1978) reported that though the loaf volume decreased as the raw and cooked
yellow pea flour was increased from 0 to 15 % w/w. The bread was acceptable by the panelist
without the requirement of adding dough improvers. At the same time, the addition of dough
improvers like ascorbic acid and potassium borate was effective in retaining the loaf volume.
Researchers have also tried fermented or germinated pea flours, which, though seemed to
improve the sensory character of bread, turned out to lose bread volume and quality. (Bourré
et al., 2019b; Frohlich et al., 2019).

Keeping this in mind, the objective of this study was to determine how the
incorporation of yellow split pea flour (YSPF) milled in Miag mill affects the quality of yeast-
leavened bread and to identify the acceptable level of incorporation of pea flour. For this, bread
volume, texture, and color were assessed objectively. The sensory quality of the experimental

bread was assessed through a consumer acceptance study.

3.3 Material and Methods
3.3.1 Milling

Dehulled yellow split pea was provided by Spokane Seed Company from Spokane,
Idaho, USA, and was milled using a Miag Multomat mill. The feed rate was 900 g/min. Pea
flour was made by blending 1%, 2", 3" break flour (BK), grading sizing roller flour (GR),
middling reduction/sizing roller (MRd), and 1% 2", and 3 reduction/millings (M) except the
4" middling. 4M was excluded due to high fiber content and starch damage. The resulting flour

was 21.3% protein, 10.4% fiber. Nearly 92% of the flour had a particle size smaller than 125
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pum followed by ~11% of flour particles between 125-150 um. Prepared pea flour was tightly
sealed into polyethylene bags and stored in ambient storage temperatures (23-25°C).
3.3.2 Baking Process

Hard red spring wheat flour used for this study was Pillsbury’s Best Bread, enriched
flour (Pillsbury Milling, Minneapolis, MN) 14.3% protein along with the Miag milled yellow
pea flour as mentioned above. For this study, blends of wheat and pea flour were prepared with
yellow pea flour at incorporation rates of 0, 1, 2, 5, 10, and 20% on a flour weight basis. All
incorporation rates are w/w basis unless mentioned. Loaves of bread were made according to
modified AACCI straight dough method 10-10.03, using 100 g of wheat flour-pea flour blends
(14% moisture). Mixographs were run on the flour blends to determine optimal mixing time
and water addition levels for each flour blend (AACCI Method 54-40.02 & 10-10.03). The
proof height of all loaves was measured just before baking. After baking bread loaves were
cooled for 2 h on a cooling rack at room temperature (23-25 °C).
3.3.3 Specific Volume

After cooling for 2 h, loaf weights and heights were recorded, and volume was
measured by the rapeseed displacement. Specific volume was calculated by dividing a loaf’s
volume by its weight (AACCI Method 10-05.01).
3.3.4 Bread Color Analysis

Color measurements (L*, a*, b*) were completed using a Minolta colorimeter (CR 310,
Japan). For each bread, three-color measurements were taken for crust and crumb color. For
color measurement of crumb and texture analysis, three slices of 2.5 cm were cut out from the

middle portion of bread.
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3.3.5 Bread Crumb Structure

The bread slices were scanned using Ricoh Aficio MP C3002 copier (Ricoh, Tokyo,
Japan) for pictures used in bread crumb structure analysis.

3.3.6 Texture Analysis

Texture analysis was done as described by Smith et al. (2012) with modification. TA-
XT2i texture analyzer (Stable MicroSystems, Scarsdale, NY) equipped with a 5-kg load cell
was used. Each bread slice was subjected to 40% compression at a test speed of 1.7mm/s. A
2.5cm diameter acrylic plastic probe was used with the trigger force of 5-Kg. Texture exponent
32 (Stable Microsystems) was the software used to analyze the data. Firmness values were
noted down as the force equivalent to 25% of compression.

3.3.7 Consumer Sensory Panel

A consumer panel consisting of 60 individuals was used in this study. Panelists signed
a consent form approved by the University of Idaho Institutional Review Board before
participation. The panel consisted of 47 individuals between 18-25 years of age, 6 between 26-
30 years, and the remainder falling between 30-60 years of age. 60% of the panelists had some
form of a college education. Almost all of them (57) stated that they consumed at least one or
more baked goods per week. Nearly half of all panelists (32) claimed to consume split pea in
one form or another at least once a year.

Three of the bread formulations were given to panelists. These were the control, 5%
pea, and 20% pea flour bread incorporation levels. The reduction in sample size for the
consumer panel was made to reduce panelist fatigue (Bize et al., 2017). For presentation to the
panelists, bread was sliced into ~12.5 mm x 20 mm x 20 mm cubes with crust removed. Cubes

of bread were served to panelists on a disposable plate accompanied with water, crackers, and
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tissue. The consumer study was performed in the sensory lab facility at the University of Idaho
under white light in sensory booths. Bread samples were assigned random three-digit numbers
to discourage bias. Panelists were given a ballot with questions on liking and were asked to
score the bread sample on the hedonic scale provided in the ballot. Appearance, texture, flavor,
overall acceptability, and willingness to buy were scored with 0 as “dislike extremely”, 5 as
“neither like or dislike” and 9 as “like extremely”. For after taste, 0 represented “no aftertaste”
and 9 represented a “strong aftertaste”.
3.3.8 Statistical Analysis

Three replicates of each bread with 6 different levels of pea flour, including the control,
were evaluated unless otherwise stated. Every replicate of bread was baked on different days.
For sensory data, each panelist was treated as one experimental unit. Analysis of variance
(ANOVA) followed by Tukey-Kramer groupings was used to determine differences in

treatment means using a level of significance of P<0.05.

3.4 Results and Discussion
3.4.1 Physical quality attributes

The proof height of the dough just prior to baking was not significantly different
(P>0.05) across all treatments (Figure 3.1). Yet, a slight decrease in proof height was observed,
corresponding to the increasing percentage of pea flour. Weight, height, and specific volume
of all loaves (Table 3.1) were not significantly different (P>0.05) with one exception. The
exception being a significant (P<0.05) reduction in bread height and specific volume with 20%
pea flour incorporation. Here, bread height for 20% pea flour incorporation was (9.57+0.09
cm) when compared to the control (11.77+0.37 cm). The specific volume was 4.68+0.23 cm®/g

for 20% pea flour and 6.58+0.68 cm?®/g for the control. A significant drop in loaf volume at
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20% pea flour was also observed by Jeffers et al. (1978). A specific volume of 6.0 cm®/g is
stated to be acceptable for bread (Rooney et al.,1972). At 10% pea flour incorporation, bread
with a specific volume of 5.87+0.21 cm®/g was found to be acceptable. Given the fact that all
the bread doughs were proofed for the same amount of time and had no significant differences
(P>0.05) in proof height or final weight suggests that bread with 20% pea flour did not have
as much oven spring as the other treatments. Meaning, the 20% pea flour treatment expanded
less in the oven than the other treatments. Furthermore, bread proofing was standardized based
on time, and since all treatments had similar proof heights, further optimization of proofing
was not needed. Jeffers et al. (1978) reported that proof time increased with the increasing
addition of pea flour. Contrary to this, Bourre et al. (2019a) found that dough with 20% pulse
flours (pea, navy bean, and red lentil) addition had lower proof time than the control wheat
flour bread when standardized based on height. The discrepancy in the observation can be due
to a number of factors. Jeffers et al. (1978) did not report the particle size of the pea flour used,
and Bourre et al. (2019a) reported a particle size between 128-420 um but added 2% gluten in

the bread formulation which would likely lead to better gas retention and decreased proof time.
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Figure 3.1 A graphical representation of height (y axis) of bread baked at five different levels
of Pea flour treatments (x axis). None of the treatment means show a significant difference

from one another (P<0.05).

Table 3.1 Weight of bread loaves made with different incorporation levels of Pea flour.

Treatment Weight (g) Height (cm)  Specific volume
(cm3/g)
Control 147.98+1.04? 11.77+0.372 6.58+0.682
1% Pea 149.32+1.612 11.60+0.08? 6.34+0.322
2% Pea 152.31+0.68? 11.47+0.172 6.19+0.262
5% Pea 148.56+0.312 11.27+0.252 6.25+0.092
10% Pea 149.27+1.332 11.30+0.14? 5.87+0.212
20% Pea 149.47+0.80? 9.57+0.09° 4.68+0.23°

Means are replicates of 3 loaves. Means followed by different superscript letters in a column
are significantly different (P<0.05). None of the treatment means show difference from each

other.

3.4.2 Bread Color Analysis

Significant changes were observed in the color values of crumb (Table 3.2). The L*

value, which is a measure of lightness, decreased from 80.13 in control to 77.32 in 20% pea

flour bread. The a* values represent a hue ranging from reddish (+a* value) to greenish (-a*

value). Increasing the amount of pea flour increased the redness of the crumb. The b* values

which represent yellowness (+b* value) to blueness (-b* value) of a sample, increased with an

increasing amount of pea flour. When color values of crust were assessed, significant
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differences could not be found between treatments (Table 3.3). Though it was expected that
bread with a higher amount of pea flour would show more browning due to increased levels of
reducing sugars (ElI-Adawy et al., 2003; Eheart & Mason, 1970), this was not the case. A
possible explanation for this could be relatively long exposure time to high temperatures
resulted in a high amount of Maillard browning (Jusoh et al., 2009) across all treatments,
causing saturation in color values.

Table 3.2 Color measurements (L*, a*, b*) of bread crumb made with different treatment levels
of Pea flour.

Treatment L* value a* value b* value

Control 80.13+1.14% 0.80+0.59%®  16.82+0.37"°
1% Pea 78.90+0.47%  0.17+0.09° 16.01+0.50°
2% Pea 78.81+0.52%  0.18+0.13° 15.78+0.42°
5% Pea 79.25+0.07% 0.37+0.13®  16.12+0.27"
10% Pea 79.08+0.56% 0.48+0.05% 17.16+0.14°
20% Pea 77.3240.20°  1.08+0.18? 19.06+0.062

Means are replicates from 3 batches. Means followed by different superscript letters in a
column are significantly different (P<0.05).

Table 3.3 Color measurements (L*, a*, b*) of bread crust made with different levels of Pea
flour.

Treatment L Value a* Value b* value

Control 32.55+1.86a 9.52+1.48a 11.53+2.31a
1% Pea 32.47+2.50a 9.23+0.91a 10.86+2.38a
2% Pea 32.47+0.89a 9.7240.42a  10.93+0.90a
5% Pea 31.06+0.33a 8.55+0.65a 9.36+0.57a
10% Pea 29.88+.36a 7.64+1.38a 7.99+1.46a
20% Pea 30.27+0.58a 8.41+0.25a 8.48+0.48a

Means are replicates from 3 batches. Means followed by different superscript letters in a

column are significantly different (P<0.05).

3.4.3 Bread Crumb Structure

Assessing the bread images, bread with 20% pea flour addition has larger and fewer
gas cells (Figure 3.2). Reduction in gluten, and an increase in other constituents from pea flour,

like fiber, resulted in poor gluten structure. This makes it more difficult to trap gas, and thus
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many smaller gas cells coalesced into a few larger gas cells (Wang et al., 2002). As the level
of pea flour increased, the swirling orientation of gas cells that result from molding was lost.
In control, gas cells were characterized by elongated gas cells with thinner cell walls. Whereas
in 20% pea flour, gas cells close to crust were densely packed slightly elongated and had thick
cell walls resulting in a denser bread. Similar results were reported by Dabija et al. (2017),

which was attributed to decreasing gluten content with increasing incorporation of pea flour.

R 4 e ks
4 20% pea flour
5% Pea flour 10% Pea flour

Figure 3.2 Image of bread with 6 different levels of pea flour addition. Top row left to right:
Control, 1% Pea flour, 2% Pea flour. Bottom row left to right: 5% Pea flour, 10% Pea flour,
20% Pea flour.

3.4.4 Texture Analysis

Firmness increased as the percentage of pea color flour increased (Figure 3.3). This
may be due to the decrease in specific volume as pea flour increased. Previous studies have
indicated that there is an inverse correlation between bread hardness and specific volume
(Smith etal., 2012). As cells collapse and gas cells with thicker cell walls are formed, the bread

crumb becomes tightly packed and denser, increasing the hardness values for bread. Bourre et
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al. (2019a) also observed this in bread made with finely milled split pulse flour. A key finding
in this is that up to 10% pea flour incorporation could be accomplished with no significant

effect on bread firmness (Figure 3.3) or specific volume (Table 3.1)
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Figure 3.3 A graphical representation of Firmness (y axis) of bread baked at five different
levels of Pea flour treatments (x axis). Treatment means with different letters (a, b) show a
significant difference from one another (P<0.05).

3.4.5 Consumer Sensory Panel

The consumer study showed that hedonic scoring by the panelists resulted in different
acceptances (Table 3.4, Figure 3.4). Consumers were able to perceive an aftertaste with bread
containing pea flour at >5% incorporation. Differences in appearance could not be perceived
by the consumers for any treatment. The texture of the control and 20% pea flour bread was
perceived to be different, but 5% pea flour addition could not be differentiated between the
two. An earlier researcher showed significant loss of sensory properties at 10 and 20%
incorporation rate (Daija et al., 2017; Repetsky and Klein, 1982). Aftertaste scoring was low
among all three samples. Though high standard deviations in this data point out that perception

of aftertaste and feelings attached to that are highly subjective to individuals and their food
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habits. For flavor, overall acceptability, and willingness to buy, significant differences could
not be seen between 5% and 20% pea flour addition, and the control bread did score
significantly higher. This indicates that if a consumer is willing to buy a healthier alternative
bread, then incorporation from 5% to 20% pea flour will not affect their overall acceptance.
This gives researchers and manufacturers a range within which they can modulate pea flour
addition. We hypothesize that the dominance of the lower age group (18-25 years)
demographic is the plausible reason for low scoring in willingness to buy for all treatments and
the control.

Table 3.4 Consumer panel scoring (Appearance, after taste, flavor, texture, overall
acceptability, willingness to buy) of bread crust made with different levels of Pea flour.

Treatment  After taste Appearance Flavor Texture Overall Willing-
acceptability ~ ness to
buy

Control 2.73+1.57° 6.52+1.47% 7.07+1.21% 7.20£1.24*  7.42+1.12% 6.85+1.60
a

5% Pea 3.68+2.19° 6.30+1.50° 6.17+1.45° 6.60+1.58%  6.45+1.50° 5.92+1.68
b b

20% Pea 4.48+2.19° 6.43+1.61* 5.63+1.91° 6.30+1.35"° 5.85+1.98 5.15+2.06
b

Means are score from 60 panelists. Means followed by different superscript letters in a column
are significantly different (P<0.05).

3.5 Conclusions

A quality bread can be made containing yellow pea flour. In this study, it was
demonstrated that only at incorporation levels up to 20% were quality attributes hindered.
While consumers were able to pick up on pea flavors and aftertastes, the overall acceptability
of bread made with 20% pea flour incorporation was not drastically different from the control.
To this end, it is critical to point out that the objective physical quality of the bread decreased

before sensory quality decreased. This means that if pea flour is prepared as mentioned in this
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study, a high-quality bread with only slightly decreased sensory attributes can be made with

20% yellow split pea flour incorporation.



72

3.6 References

AACC International. 2010. Approved Methods of Analysis, 11th Ed. Methods, 10-05.01, 10-
10.03, 54-40.02. Available online only. AACC International: St. Paul, MN.

Adebiyi, A. P., & Aluko, R. E. (2011). Functional properties of protein fractions obtained from
commercial yellow field pea (Pisum sativum L.) seed protein isolate. Food
Chemistry, 128(4), 902-908.

Aider, M., Sirois-Gosselin, M., & Boye, J. I. (2012). Pea, lentil and chickpea protein
application in bread making. Journal of Food Research, 1(4), 160.

Bize, M., Smith, B. M., Aramouni, F. M., & Bean, S. R. (2017). The Effects of Egg and
Diacetyl Tartaric Acid Esters of Monoglycerides Addition on Storage Stability, Texture,
and Sensory Properties of Gluten-Free Sorghum Bread. Journal of Food Science, 82(1),
194-201. https://doi.org/10.1111/1750-3841.13574

Bourré, L., Frohlich, P., Young, G., Borsuk, Y., Sopiwnyk, E., Sarkar, A., ... & Malcolmson,
L. (2019a). Influence of particle size on flour and baking properties of yellow pea, navy
bean, and red lentil flours. Cereal Chemistry, 96(4), 655-667.

Bourré, L., McMillin, K., Borsuk, Y., Boyd, L., Lagassé, S., Sopiwnyk, E., ... & Malcolmson,
L. (2019b). Effect of adding fermented split yellow pea flour as a partial replacement of
wheat flour in bread. Legume Science, e2.

Council, W. G., & NPD Group. (2009, April). Are we there yet? Measuring progress on making
at least half our grains whole. In Make half your grains whole conference, Alexandria,
Va.

Curran, J. (2012). The nutritional value and health benefits of pulses in relation to obesity,

diabetes, heart disease and cancer. British Journal of Nutrition, 108(S1), S1-S2.


https://doi.org/10.1111/1750-3841.13574

73

Dabija, A., Codina, G. G., & Fradinho, P. (2017). Effect of yellow pea flour addition on wheat
flour dough and bread quality. Rom Biotechnol Lett, 22(5), 12888.

Eheart, J. F., & Mason, B. S. (1970). Nutrient composition of selected wheats and wheat
products. 5. Carbohydrate. Cereal Chemistry, 47, 715-719.

El-Adawy, T. A., Rahma, E. H., EI-Bedawey, A. A., & El-Beltagy, A. E. (2003). Nutritional
potential and functional properties of germinated mung bean, pea and lentil seeds. In
Plant Foods for Human Nutrition (Vol. 58).

Frohlich, P., Young, G., Bourré, L., Borsuk, Y., Sarkar, A., Sopiwnyk, E., Pickard, M., Dyck,
A., & Malcolmson, L. (2019). Effect of premilling treatments on the functional and
bread-baking properties of whole yellow pea flour using micronization and
pregermination. Cereal Chemistry, 96(5), 895-907.

Gomez, M., Doyague, M. J., & de la Hera, E. (2012). Addition of pin-milled pea flour and air-
classified fractions in layer and sponge cakes. LWT-Food Science and
Technology, 46(1), 142-147.

Hillen, C. (2016). Sensory and quality attributes of deodorized pea flour used in gluten-free
food products (Doctoral dissertation, North Dakota State University).

Jeffers, H. C., Rubenthaler, G. L., Finney, P. L., Anderson, P. D., & Bruinsma, B. L. (1978).
Pea: A highly functional fortifier in wheat flour blends. Bakers Dig, 52(6), 36.

Jusoh, Y. M., Chin, N. L., Yusof, Y. A., & Rahman, R. A. (2009). Bread crust thickness
measurement using digital imaging and L ab colour system. Journal of Food

Engineering, 94(3-4), 366-371.



74

Kamaljit, K., Baljeet, S., & Amarjeet, K. (2010). Preparation of bakery products by
incorporating pea flour as a functional ingredient. American Journal of Food
Technology, 5(2), 130-135.

Kohajdova, Z., Karovicova, J., & Magala, M. (2013). Rheological and qualitative
characteristics of pea flour incorporated cracker biscuits. Croatian journal of food science
and technology, 5(1), 11-17.

Lu, B. Y., Quillien, L., & Popineau, Y. (2000). Foaming and emulsifying properties of pea
albumin fractions and partial characterisation of surface-active components. Journal of
the Science of Food and Agriculture, 80(13), 1964-1972.

Marinangeli, C. P., Kassis, A. N., & Jones, P. J. (2009). Glycemic responses and sensory
characteristics of whole yellow pea flour added to novel functional foods. Journal of food
science, 74(9), S385-S389.

Millar, K. A., Barry-Ryan, C., Burke, R., Hussey, K., McCarthy, S., & Gallagher, E. (2017).
Effect of pulse flours on the physiochemical characteristics and sensory acceptance of
baked crackers. International Journal of Food Science & Technology, 52(5), 1155-1163.

Rebello, C. J., Greenway, F. L., & Finley, J. W. (2014). Whole grains and pulses: A comparison
of the nutritional and health benefits. Journal of Agricultural and Food Chemistry, 62,
7029-7049. https ://doi. org/10.1021/jf500 932z

Repetsky, J. A., & Klein, B. P. (1982). Partial replacement of wheat flour with yellow field
pea flour in white pan bread. Journal of Food Science, 47(1), 326-327.

Rooney, L. W., Gustafson, C. B., Clark, S. P., & Cater, C. M. (1972). Comparison of the baking

properties of several oilseed flours. Journal of Food Science, 37(1), 14-18.



75

Saad, R. F., Kobaissi, A., Machinet, G., Villemin, G., Echevarria, G., & Benizri, E. (2018).
Crop rotation associating a legume and the nickel hyperaccumulator Alyssum murale
improves the structure and biofunctioning of an ultramafic soil. Ecological
research, 33(4), 799-810.

Smith, B. M., Bean, S. R., Herald, T. J., & Aramouni, F. M. (2012). Effect of HPMC on the
quality of wheat-free bread made from carob germ flour-starch mixtures. Journal of food
science, 77(6), C684-C689.

Sullivan, P., Arendt, E., & Gallagher, E. (2013). The increasing use of barley and barley by-
products in the production of healthier baked goods. Trends in Food Science &
Technology, 29(2), 124-134.

Uzoh, I. M., Igwe, C. A., Okebalama, C. B., & Babalola, O. O. (2019). Legume-maize rotation
effect on maize productivity and soil fertility parameters under selected agronomic
practices in a sandy loam soil. Scientific reports, 9(1), 1-9.

Wang, J., Rosell, C. M., & de Barber, C. B. (2002). Effect of the addition of different fibres on
wheat dough performance and bread quality. Food chemistry, 79(2), 221-226.

Zili¢, S., Bara¢, M., Pesié, M., Dodig, D., & Ignjatovi¢-Mici¢, D. (2011). Characterization of
proteins from grain of different bread and durum wheat genotypes. International journal
of molecular sciences, 12(9), 5878-5894.

Zucco, F., Borsuk, Y., & Arntfield, S. D. (2011). Physical and nutritional evaluation of wheat
cookies supplemented with pulse flours of different particle sizes. LWT-Food Science

and Technology, 44(10), 2070-2076.



76

Chapter 4: Conclusion and future work

The work encompassed by this thesis identified the thresholds of pea flour
incorporation into pancakes and bread with respect to the physical quality parameter and
sensorial attributes. From the sensory evaluation by a descriptive and consumer panel, it can
be said that 20% of pea flour addition in bread can make an acceptable product though with a
slightly decreased bread quality. For pancakes, getting a desirable batter viscosity and the final
product can be easily achieved with adjustment to water even at 20% incorporation of Pea
flour.

Adjusting the batter viscosity was critical in facilitating the addition of pea flour into
pancakes while maintaining quality. Yet, it could be seen that any further increase in pea flour
even with optimized batter viscosity might have caused a drastic effect on the hardness and
gas cell structure of pancake. The addition of emulsifiers and stabilizers have been proven to
be effective in making gluten-free cakes. A future study could be conducted to incorporate
even higher levels of pea flour in pancakes or other soft wheat products with the aid of
emulsifiers and stabilizers.

Trained sensory panel studies on soft wheat flour products are limited, and even rarer
are descriptive sensory studies on products containing pea flour and its derivatives. Further
studies on developing descriptive terms and sensory references that can be associated with pea
flour and its derivatives are needed for better sensorial evaluation of pea flour and resulting
products as well as in evaluating the efficacy of future pea flour masking and deodorization
studies.

Further studies are required to understand the effect of aging on components of pea

flour. During the entire period of the experiments, it was observed that pea flour stored at
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ambient temperatures and frequently opened for use had a darker and more intense yellow
color compared to pea flour in unopened bags, which had a lighter shade of yellow. This is
indicative of some interaction between flour components and oxygen. Effect of oxidation on
pigments, odor, and flavor needs to be further evaluated both in pea flour itself and food

products made from it.



Appendix A:Photographs of pancake crumb

Figure A.1 Photographs of pancake crumb of 16 Pancake treatments.
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