Effect of Cooking Process and Solution on Starch Digestibility (In Vitro),
Bioactive and Anti-Nutritional Compounds of Saskatchewan Grown Pulses

by
Yihan Liu

A Thesis
Presented to
The University of Guelph

In partial fulfilment of requirements
for the degree of
Master of Science
in
Food Science

Guelph, Ontario, Canada
© Yihan Liu, September, 2018

ABSTRACT

Effect of Cooking Process and Solution on Starch Digestibility (In Vitro), Bioactive and
Anti-Nutritional Compounds of Saskatchewan Grown Pulses

Yihan Liu
University of Guelph, 2018

Advisors: Massimo Marcone
Sanaa Ragaee

Pulses are rich source of several nutrients such as protein, starch, dietary fiber, minerals
and bioactive compounds. Cooking under different cooking methods and solutions could
considerably affect the nutritional quality of pulses. The aim of this research was to investigate the
effect of different cooking methods (induction, pressure, microwave, slow cooking) and cooking
solutions (water, salt, sugar) on nutritional quality, phenolic compounds and anti-nutrients in
selected Saskatchewan-grown pulses (faba bean, lentil and pea). For faba bean and pea, slow
cooking significantly affects reducing starch digestibility, flatulence oligosaccharides and trypsin
inhibitor among all cooking conditions, especially in sugar solution for faba bean and in water for
pea. For lentil, parboiling resulted in the expected nutritional qualities. The most retention of
phenolic compounds and antioxidant capacity were obtained after induction or microwave cooking
in any solution for faba bean, induction cooking in water for pea, and microwave cooking in water
for lentil.
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CHAPTER 1. INTRODUCTION
Pulses are the most common staple food in many countries. They are defined as “crops
harvested solely for the dry seed” belonging to a subgroup of legumes family but differ from oil
seeds such as soybeans, fresh peas, and peanuts (FAO, 2009). Compared to cereals, pulses are rich
source of several nutrients such as protein, starch, dietary fiber, minerals and vitamins as well as
bioactive compounds. These components have been associated with human health such as
lowering risks of coronary heart disease, adjusting blood glucose and glycemic levels (GI), and
helping weight management (Fredlund et al., 2006; Hanson, Zahradka, & Taylor, 2014; Pal et al.,
2016; Singhal, Kaushik, & Mathur, 2014; Xu & Chang, 2007). With the beginning of International
Year of Pulses (FAO, 2016) the invaluable role of pulses in healthy diets has been paid much
attention and continuously developed for the modern society. The most common pulses in Canada
include lentils, dry beans, dry peas and chickpeas, which considered as the healthy, versatile and
inexpensive foods. In addition, they are good source for gluten-free and vegetarian diets. The latest
report on pulse production in Canada concluded that Canadian farmers produced 7.1 million tons
of pulses in 2017 (Agriculture & Agri-Food Canada, 2018). Saskatchewan has the largest pulses
crop area with 1.7 million hectares, which accounted for almost 80% of the total Canadian crop
area followed by Alberta (16%) (Statistic Canada, 2014).
Pulse products are consumed after cooking. The main thermal treatments of cooking pulses
are boiling, microwave cooking or pressure cooking (Chen & Chen, 1993). Due to the hard-tocook feature of pluses, it takes a long time and a lot of energy to cook them until soft in terms of
industrial cooking and domestic cooking methods. Previous researches have been reported that
some health-related compounds of pulses were considerably affected after processing (Pal et al.,
2017; Sharif et al., 2014; Avanza et al., 2013). They only focused on the impact of one or two
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certain cooking methods such as boiling or pressure cooking on pulses nutrients. However, few
literatures comprehensively investigated the nutrient composition change of pulses under various
cooking methods or even compare the differences among the processing conditions. Therefore, the
current study combined different heat technologies and solutions to identify the proper cooking
condition depending on nutrient content and anti-nutrient components. The optimal cooking
condition for certain nutrients is of great significant in pulse products processing.
The objectives of this project are: 1) to identify an optimal cooking method and cooking
solution among four different cooking methods including induction, pressure, microwave and slow
cooking; as well as four cooking solutions, namely, water, salt solution, sugar solution and citric
acid solution on three selected Saskatchewan-grown pulses (faba bean, lentil and pea); 2) to
evaluate starch fractions of cooked pulses,; 3) to investigate the impact of cooking conditions on
bioactive components and antioxidant properties of the cooked pulses; 4) to investigate impact of
cooking methods on anti-nutritional compounds (raffinose family oligosaccharides and trypsin
inhibitor) to ensure tolerable levels of these compounds in cooked pulses. The hypothesis is
different cooking methods and solutions differ in heat transfer, heating rate, and type of energy
would influence water uptake and cooking ability of pulses. These factors would determine extent
of changes in seed components and removal of anti-nutritional compounds.

2

CHAPTER 2. LITERATURE REVIEW
2.1 Pulses
Pulses are a subgroup of legumes exclude the seed used for oil extract. The common
consumed pulses are dry bean, dry pea, lentil, and chickpea which served as an energy source in
many regions. Different pulses are varying in nutrient values for example protein, lipid, and dietary
fiber as well as phenolic compound, trypsin inhibitor and oligosaccharides. The information below
provides the nutrient values and benefit effects of different pulses in detail.
2.1.1 Faba bean
Faba bean (Vicia faba L.), also called fava bean, broad bean and horse bean, belongs to
Fabaceace family which has being commonly accepted for human diets or animal feed in many
countries including Egypt, India, China, Spain, and Saudi Arabia. The production of faba bean was
over 100 thousand tons in Canada in 2017 and 2800 tons have already export in the first quarter
of 2017/2018 (Saskatchewan Pulses Growers, 2018).
Faba bean is rich in protein, carbohydrates, fiber and minerals as well as micro-constituents
namely phytic acid, oligosaccharides, enzyme inhibitor, and phenolic compounds (Güzel & Sayar,
2012). In addition, it is low in fat (0.9%). The chemical compositions of faba bean listed in Table
2.1. Due to the relatively high content of polyphenolics and dietary fiber, faba bean has shown its
effect on antioxidant and potentially protecting against cancers, cardiovascular diseases, and
diabetes (Amarowicz & Shahidi, 2017; Rabey et al, 1992; Siah et al., 2012).
2.1.2 Lentil
Lentil, Lens culinaris L., was reported as one of the most popular pulses over the world
and the oldest crop cultivated in history (Xu & Chang, 2010). It has been reported that Canada was
the largest producer of lentil around the world and exported to more than 150 countries with the
$3 billion export value in 2014 (AAFC, 2018). The lentil crop area, 1.8 million hectares, accounted
3

for the most crops among pulses in Canada with the production of 2.6 million tons from 2017 to
2018 (AAFC, 2018). The crop is mainly planted in the middle provinces, Saskatchewan, which
produced 95% of the total crop yield; Manitoba and Alberta produced the remaining 5% yield
(AAFC, 2006a).
Lentil is a good source of high-protein staple food with minerals, dietary fiber, vitamins,
and phenolic compounds playing significant effects on human health. Several researches reported
the nutrient compositions of different lentil cultivars (Table 2.1). On average, lentil contain protein,
carbohydrates, lipid, ash, and fiber at concentration of 21.0, 56.0, 2.2, 2.8, and 6.8%, respectively
(de Almeida Costa et al., 2006). The seed had the function of antioxidant, anticancer, and
antimicrobial activities as well as preventing hypertension and lowering cholesterol due to their
relatively high content of bioactive substances such as phenols and flavonoids (Shahidi & Zhong,
2008).
2.1.3 Pea
Dry pea (Pisum sativum L.) serves as one of the main legume applied to human nutrition
and the fourth most produced pulses worldwide in 84 countries such as Canada, Europe, Australia,
and China (Vidal-Valverde et al., 2003). The history of growing pea dated back to 9000 years ago
in the Middle East. Canada has become a huge pea producer with up to 60 varieties of peas,
especially the green and yellow pea accounting for approximately one third of the world’s total
yield (Smith & Jimmerson, 2005). In 2018, the production of dry pea was the most (4.1 million
tons) among lentil, chickpea, and dry bean in Canada (AAFC, 2018). Approximately 68% of the
pea crop is grown in the Canadian Prairies (Goodwin, 2003).
Several nutrients were observed in pea (Table 2.1) including carbohydrates, protein,
vitamins, minerals and phenolic compounds their content depend on cultivars, growing condition
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and seasons (Petitot et al., 2010). Potassium (1.04 % of dry, dehulled weight) is the most prominent
element among other minerals, followed by P (0.39 %), Mg (0.10 %) and Ca (0.08 %). In particular,
dry pea contained relatively low fat content (< 5%) as a comparison of soybean (15-47%) so the
seed is rising as an alternative food to soybean (Messina, 1999). Canned peas and frozen peas are
widely acceptable among consumers. The intake of pea in daily meals has been reported to be
effective in lowering the risks of type-2 diabetes, colon cancer and heart disease (AAFC, 2008).
Table 2. 1 Main nutrient compositions of selected pulses (g/100g)
Pulses

Protein

Lipid
s
0.94

Crude
fibre

Faba
bean

29.09

20.6
26.2229.14
23.91
24.63
21.9
21.232.9
23.12
18.5

1.53
1.5
2.2
1.181.82
2.17
1.06
2.3
1.22.4
3.89
6.69

25
25
6.8
5.816.92
10.8
10.7
10.4
14-26

58.29
58.3
56.4

22.2
9.9

61.63
54

17-22
23.83
25.1
20.47
25.63

6
5.82
4.73
6.04
1.3

17.4

60.7
67.97
66.8
62.59
69.62

20.9

2.49

8.6

22.5

1.4

36.17

9.74

26.12
Lentil

Pea

Chickpe
a

Kidney
bean
Dry
bean
Horse
gram
Lupin

Carbohyd
rates
66.95

63.1
63.35
52.5
66

Ash

References

3.02

Güzel and Sayar (2012)

2.8
2.213.05

3
2.33.4
3.15

USDA, 2018
Jukanti et al. (2012)
de Almeida Costa et al. (2006)
Shahidi and Zhong (2008)
USDA, 2018
USDA, 2018
de Almeida Costa et al. (2006)
Dahl, Foster, and Tyler (2012)
USDA, 2018
de Almeida Costa et al. (2006)

3.45

Jukanti et al. (2012)
Güzel and Sayar (2012)
Xu et al. (2016)
USDA (2018)
Güzel and Sayar (2012)

54.3

3.8

de Almeida Costa et al. (2006)

16.3

66.6

2.7

Sreerama et al. (2012)

9.74

40.37

12.2
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2.38
3.4

USDA, 2018

2.1.4 Chickpea
Chickpea (Cicer arietinum L.), also named garbanzo bean or bengal gram, is an annual
plant derived from the Fabaceae family, which mainly grown in Asia, North America and Australia
(Lev-Yadun, Gopher, & Abbo, 2000; Nwokolo, 1996). It is the third most important pulse crops
over the world next to dry bean and field pea. Globally, the crop area of chickpea was about 11.3
million hectares with the production of 9.6 million metric tons during 2006-2009 (FAO, 2011). In
Canada, there are 68 thousand hectares of chickpea field with 92 thousand tons production in 2017
(AAFC, 2018). Desi and Kabuli are the two major chickpea varieties and Desi crop accounted for
80-85% of total chickpea area (Pande et al., 2005).
The demand for chickpea increased in recent years due to its nutritional value. The protein
content of chickpea ranged from 17 to 22% on average; Desi had higher protein content than
Kabuli (Jukanti et al., 2012). Chickpea contains low amount of total starch but high dietary fiber
content compared to those of lentil (Jukanti et al., 2012). Total lipid content is higher in chickpea
(5%) than that in broad bean (2.3%), lentil (0.8%), and green pea (1.6%) (Asif et al., 2013).
Chickpea seed is a good source of dietary fiber (17.4%), vitamins (i.e. folic acid, riboflavin,
pantothenic acid, and pyridoxine etc.) (AAFC, 2006b) and minerals (i.e. 0.005 % of Fe, 0.004 %
of Zn, 0.138 % of Mg and 0.160 % of Ca) (Lebiedzińska & Szefer, 2006; Wood & Grusak, 2007).
Chickpea contains several bioactive compounds including phytates, phenolic compounds, and
oligosaccharides, enzyme inhibitors, etc.; also it is cholesterol free therefore the seed could
potentially lower the risk of chronic diseases (Wood & Grusak, 2007).
2.1.5 Other pulses
Several pulse species existing worldwide listed in Table 2.2. Except for the pulses
mentioned in above literature, some other pulses are also popular consumed such as kidney bean,
cowpea, common bean and mung bean lupin.
6

Kidney bean (Phaseolus vulgaris L.) is one of the most widely produced and consumed
legumes in India, Latin America and Africa. It was reported the nutritional value of kidney bean
was 62-66% of carbohydrates, 21-26% of protein, 5.5-6.1% of dietary fiber, 1.7-1.9% of lipid and
3.5-3.9% of ash among 4 cultivars from India (Wani et al., 2017). Bioactive constituents also exist
in kidney bean, namely phenolic acids, lectins, saponins, flavonoids and phytosterols, which act
as antioxidant, enzyme detoxification agent hormone metabolism regulators and immune system
stimulants (Campos-Vega, Loarca-Piña, & Oomah, 2010; Singh et al., 2016).
Cowpea (Vigna unguiculata) is a heat and drought tolerant pulse, which is the most widely
produced pulse grain behind common bean and chickpea (FAO, 2014). It is consisted of 24.1, 63.3,
2.3, 2.9, and 14.1% of protein, carbohydrate, fat, ash and total dietary fiber, respectively as well
as 2.5% of resistant starch (Sreerama et al., 2012). Phenolic acids content in cowpea varied from
0.015 to 0.118 % among 17 cowpea varieties (Cai, Sun, & Corke, 2003).
Dry bean (Phaseolus vulgaris L.), also known as common bean, is one of the most common
consumed pulses. It has been considered as a nutraceutical food since it is rich in protein, complex
carbohydrates, and vitamins and minerals as well as bioactive compounds such as polyphenols,
resistant starch and non-digestible fraction (Campos-Vega et al., 2013).
Horse gram (Dolichus uniflorus) also called Gahat, is a traditional tropical grain legume.
It is a cheap source of protein (22.5%), carbohydrates (66.6%), fat (1.4%), ash (2.7%) and minerals
(calcium and iron). Total dietary fiber and resistant starch presented in horse gram accounting for
16.3% and 2.2%, respectively (Sreerama et al., 2012). The same research noted that polyphenol
content and antioxidant properties were higher in horse gram flour than those of chickpea and
cowpea flour.
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Table 2. 2 Common pulses consumed worldwide
Genus
Cajanus
Cicer
Lens
Lupinus
Phaseolus

Species
Cajan
arietinum
culinaris
albus
mutabilis

vulgaris
lunatus
coccineus
calcaratus
acutifolius
Pisum
sativum
faba (var.
Vicia
equina)
faba (var.
major)
faba (var.
minor)
Vigna/Dolichos
sinensis
radiate
angularis
aconutufolius
mungo
Voandzeia
subterranean
(Hall, Hillen, & Robinson, 2017)

Common Name
Pigeon pea, cajan pea, Congo bean
Chickpea/garbanzos, Bengal gram
Lentils
White lupin
Lupin
Kidney, black, navy, pinto, great northern, pink, haricot
bean
Lima, butter bean
scarlet runner bean
Rice bean
Tepary bean
Dry pea
horse bean
Borad bean
Field bean
Cowpea, blackeye pea/bean
Mung bean, green gram
Adzuki/red bean
Moth bean
Black gram
Bambara groundnut, earth pea
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Lupin (Lupinus spp.) belongs to the Genisteae family, Fabaceae or Leguminosae (PastorCavada et al., 2009; Uzun et al., 2007) with more than 400 species known in the world from the
genus Lupinus. It contained the lowest carbohydrate (47%) and starch (approximately 2%) whereas
relatively high dietary fiber (34-39%) with the comparison of other pulses such as pea, common
bean, kidney bean, cowpea, etc. (Calabrò et al., 2015; Chilomer et al., 2010; Fan, Zang, & Xing,
2015; Masood, Shah, & Zeb, 2014; Wang et al., 2010). Protein, fat and ash content of lupin ranged
from 32-44%, 8.6-14.6% and 3.1-4.9%, respectively. Also, vitamins including thiamin, riboflavin,
vitamin C and tocopherol have been reported in lupin (Kohajdova, Karovičová, & Schmidt, 2011).
Moreover, several phytochemicals with antioxidant properties were found in lupin such as
flavonoids, phenolics, and tannins (Kohajdova et al., 2011; Martínez-Villaluenga et al., 2009;
Uzun et al., 2007).
2.2 Nutritional quality of pulses
Pulse grains are known as excellent source of macronutrients (i.e. carbohydrates, protein
and dietary fiber) and micronutrients (i.e. vitamins, minerals and phytochemicals). They provide
plenty of energy and nutrients in daily diets as well as play physiological and metabolic roles for
human body. Starch, protein, and soluble fibers are mainly concentrated in pulse cotyledons while
the legume seed hulls are high in water-insoluble fibers and phenolic compounds such as
flavonoids and anthocyanin (Aguilera et al., 2016; Singh, 2017). Nutrient substance contents vary
with different pulse species and cultivars.
2.2.1 Starch
Pulses are a good source of carbohydrate (60-65%), therefore, many people consume
pulses, as main energy source in their daily meals Starch is one of the main carbohydrate fractions
in pulses, which can be further categorized into rapidly digestible starch (RDS), slowly digestible
starch (SDS) and resistant starch (RS) based on the digest rate in human gastrointestinal tract. RDS
9

and SDS take 20 and 120 min to be digested, respectively while RS is known as anti-enzymatic
hydrolysis starch which is difficult to be digested within 2 hours in the small intestine (Englyst,
Kingman, & Cummings, 1992). Pulses are high in RS presenting 18-21% in chickpea, white bean,
and pink-mottled cream bean flours (Aguilera et al., 2009) and 10-53% in extracted pulse starches
(Ambigaipalan et al., 2014; Chung, 2008a; Hughes et al., 2009). Lentil flour contains relatively
high amount of SDS (27.1-30.7%) and RS (3.1-6.4%) resulting in the low GI level of lentil (Asif
et al., 2013; Chung et al., 2008a; Waduge et al., 2017). RDS, SDS and RS were observed in
Canadian chickpea flours at concentration level of 7.6-7.8%, 23.7-24.7% and 14.4-14.9%,
respectively (Chung et al., 2008b).
Starches are usually composed of amylose (17-30% of total starch content) and
amylopectin (70-83%) in pulses (Hoover et al., 2010). Amylose plays a positive role in lowering
GI due to its resistance to digestive enzymes (Singh, 2010). It is reported that amylose content was
17-42% in faba beans (Gunasekera, Stoddard, & Marshall, 1999; Haase & Shi, 1991), 23-32% in
lentils (Hoover & Ratnayake, 2002), 24-49% in field peas (Chung et al., 2008; Huang et al., 2007)
and 30-35% in chickpeas (Huang et al., 2007; Miao, Zhang, & Jiang, 2009). The amylose content
and amylose/amylopectin ratio contribute to the digestibility of pulse starches.
2.2.2 Protein
Pulses are rich source of proteins ranging from 14-34% which is significantly higher than
that in cereal counterparts (Nosworthy & House, 2017). Therefore, they are considered as excellent
source of plant-based protein for vegans or vegetarian groups as well as celiac people. The protein
content varies in different pulses depending on their species, types, environment and application
of fertilizers. Protein makes up 14-31% in dry pea (Guleria, Dua, & Chongtham, 2009; HoodNiefer et al., 2012; Wang & Daun, 2004) and 23–31% in lentil (Fouad & Rehab, 2015; Ghumman,
10

Kaur, & Singh, 2016; Grusak, 2009). With respect to beans, faba bean contains relatively high
protein with a range of 27-34% followed by black bean (22-27%) (Drumm, Gray, & Hosfield,
1990; Minka et al., 1999) and chickpea (19-27%) (Cai, McCurdy, & Baik, 2002; Sreerama et al.,
2012).
The protein quality of pulses depends on the utilization of amino acids in human body.
Generally, the in vitro protein digestibility for beans and peas is 78 and 88%, respectively, which
is higher than that of cereals (Damodaran & Parkin, 2017). The digestibility related to the
interaction between protein and other nutrient substance (i.e. dietary fiber, polysaccharides, and
enzyme inhibitors). The two major protein fractions in pulses are globulin and albumin; a small
proportion of prolamins and glutelins were also observed in pulses (Boye, Zare, & Pletch, 2010).
Globulin is soluble in dilute salt solution and insoluble in water whereas albumin is a water-soluble
protein (Dahl et al., 2012) which is the interactor and competitor with pulse starches for water
(Ghumman et al., 2016). Pulse proteins normally include more than half of globulin and less than
20% of albumin. Given the large amount of globulin and minor amount of albumin, seed protein
is typically limited by cysteine, methionine and tryptophan (Tiwari & Singh, 2012). Globulins
accounted for 49-74% of total protein in faba beans, lentils and peas (Bamdad, Dokhani, &
Keramat, 2009; Cai et al., 2002; El Fiel, El Tinay, & Elsheikh, 2003; Fouad & Rehab, 2015;
Ghumman et al., 2016; Guleria et al., 2009).
2.2.3 Lipid
Generally, lipid content is low in pulses (less than 3%) in comparison to some other seeds
such as soybeans and canola. Lentil, pea, mung bean and pinto bean contained 1-2%, 1-3%, 2-3%,
1-2% lipid, respectively (Fouad & Rehab, 2015; Masood et al., 2014; Yoshida et al., 2007; ZiaUl-Haq et al., 2010). Twenty Canadian lentil cultivars varied in lipid content ranging from 1.5 to
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3.0% of which 77.5-81.7% was unsaturated essential fatty acids (Zhang et al., 2014a). The
compositions of pulse lipid are triacylglycerol, phospholipids, free fatty acids, sterols, and steryl
esters. Fatty acids, in particular poly- and mono-unsaturated fat of pulses contribute to decrease
low-lipoprotein density (LDL) and total cholesterol level as well as enhance high-density
lipoprotein (HDL) cholesterol (Mudryj, Yu, & Aukema, 2014). Anderson and Major (2002)
concluded that the pulse unsaturated fat generated a reduction of triacylglycerol, LDL and fasting
serum cholesterol.
The major lipid compositions of pulse are unsaturated fatty acids such as linoleic and
linolenic (Oomah et al., 2011). Caprioli et al. (2016) reported that saturated fatty acid,
monounsaturated fatty acid and polyunsaturated fatty acid accounted for 16-22%, 23-28%, 5061%, respectively of total lipid among 16 different pulse cultivars including peas, lentils, fava
beans, chickpeas and common beans grown in different regions. Chickpea contains as high as 7%
of fat composed mainly of linoleic (57%) and oleic (25%) acids while only less than 16% of fatty
acids are saturated (Asif et al., 2013; Masood et al., 2014; Sreerama et al., 2012).
2.2.4 Dietary fiber
Dietary fiber is known as a nutritional element that resists digestion in the small intestine
and promotes beneficial effect on controlling blood glucose, blood cholesterol value and laxation
function (Piwińska et al., 2015). It is identified as “the edible parts of plants or analogous
carbohydrates that are resistant to digestion and absorption in the human small intestine with
complete or partial fermentation in the large intestine”. The components of dietary fiber include
lignin, polysaccharides, oligosaccharides, and associated plant substances such as cutin, waxes and
suberin (AACC, 2001). Dietary fibers can be grouped into insoluble fractions (i.e. cellulose,
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hemicellulose and lignin) and soluble fractions (i.e. pectin and galactomannan) (Cappa, Lucisano,
& Mariotti, 2013; Chawla & Patil, 2010; Rodriguez et al., 2006).
Dietary fiber content of pulses varies with cultivars ranging from 3% in pea (Fan et al.,
2015) to 55% in lupin (Calabrò et al., 2015; Chilomer et al., 2010). Common beans contain 2332% dietary fiber mainly located in their hulls (Granito et al., 2002). Insoluble fibers were the
major fractions of total fibers in pulses. For example, insoluble dietary fibers accounted for 63-92%
of total fibers for pea (de Almeida Costa et al., 2006; Martín-Cabrejas et al., 2003). According to
many literatures, lentil is rich in dietary fiber ranging from 7 to 23% including 13% and 4% of
insoluble and soluble fibers on average, respectively (Asif et al., 2013; Fouad & Rehab, 2015;
Ghumman et al., 2016; Wang et al., 2011). Stoughton-Ens et al. (2010) reported that 10.7-14.8%
dietary fibers in six different cultivars of pea in which the soluble and insoluble fractions make up
to 0.6-3.7% and 8.7-12.9%, respectively. Chickpea tends to have 10-25% dietary fibers (Kaur &
Singh, 2005; Wang et al., 2010). Similar dietary fiber contents, 14-26%, were observed in black
bean, kidney bean, pinto bean and navy bean (Alonso et al., 2001; Ambigaipalan et al., 2011;
Dahiya et al., 2015; Fan et al., 2015; Ghumman et al., 2016; Soral-Smietana & Krupa, 2005; Wang
et al., 2010).
2.2.5 Oligosaccharides
Oligosaccharides, consist of 3 to 10 monosaccharides, are the second most soluble
carbohydrates observed in plant after sucrose. Generally, those carbohydrates account for 14% of
dry pulses (Chilomer et al., 2010) and commonly concentrated in cotyledon rather than seed coats.
However, oligosaccharides are non-digestible in the human digestive system because of the
absence of a-galactosidase that break the a-glycosidic bonds. On the other hand, colonic bacteria
would ferment oligosaccharides with production of some gases, which would cause discomfort
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and bloating in the stomach. Therefore, processing pulses helps reducing the level of
oligosaccharides.
The most common oligosaccharides in pulses are raffinose family including raffinose
(trisaccharide), stachyose (tetrasaccharide), and verbascose (pentasaccharide) which accounted for
7%, 48%, and 12% of the total oligosaccharide contents, respectively (Fan et al., 2015; Hedley,
2000). The concentration of oligosaccharides varies in pulses (chickpeas, peas, and beans etc.)
ranging from 70.7 mg/g DW in yellow pea to 144.9 mg/g DW in chickpea (Han & Baik, 2006).
According to Moussou et al. (2017), lentil had low concentration of oligosaccharide (37.5 mg/g)
compared to other pulses including common bean (60.9 mg/g), faba bean (52.0 mg/g), and pea
(66.3mg/g). Raffinose commonly presents in drought-resistant legume plants, which was
identified in faba bean (1.11 mg/g DW), lentil (3.02 mg/g DW) and pea (3.29 mg/g DW) (Moussou
et al., 2017). The same author also concluded that stachyose have relatively high concentration in
those three pulses with the values of 13.69, 30.91 and 30.85 mg/g DW, respectively. Fan et al.
(2015) reported that pea and faba bean contain low concentration of raffinose (10.2 and 4.8 mg/g,
respectively). They also reported that the concentration of staychose in those two pulses is 25.8
mg/g (pea) and 10.1 mg/g (faba bean). Among various lentil cultivars from different regions of the
world, sucrose content ranged from 18 to 24 mg/g and the sum of raffinose and staychose were 33
to 48 mg/g (Johnson et al., 2015). The content of verbascose differs in pulses, which was high in
faba bean (22.8-36.71 mg/g DW) and pea (32.05 mg/g DW) while low in lentil (3.55-23 mg/g DW)
(Fan et al., 2015; Johnson et al., 2015; Moussou et al., 2017).
2.2.6 Enzyme inhibitors
Enzyme inhibitors are protein nature compound in pulses which having an important
impact on the bioavailability of nutrients. Trypsin and chymotrypsin inhibitors are the main
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enzyme inhibitors existing in legumes and the protease inhibitors are from two main families: The
Kunitz family and the Bowman-Birk inhibitor (BBI) family (Domoney, 1999). Slight amount of
a-amylase inhibitor was found in soybeans but undetected in peas, beans and lentils (Shi et al.,
2017). These substances work as protectors against environmental conditions or predators in plant
kingdom. Also, Clemente et al. (2004) reported that this bioactive compound can work as anticarcinogen; in particular, BBI family suppressed carcinogenesis in animal assays and inhibited the
growth of colon cancer cells on dimethylhydrazine-treated rats. It is also reported that cancer cells
of lung, liver, mouth and esophagus could be inhibited or prevented in mice, rats and hamsters
using the BBI (Page et al., 2001). The incidence of prostate cancer could be also reduced by using
BBI (Kennedy & Wan, 2002); also, non-toxic BBI has been detected in human (Armstrong et al.,
2000). However, trypsin inhibitor diminishes the sulphur-containing amino acids such as
methionine causing growth depression so legume seed proteins are generally deficient in
methionine (Lajolo & Genovese, 2002).
Different pulse species presented various trypsin inhibitor activities (TIA) (Guillamon et
al., 2008). Rui et al. (2012) reported inhibition activity in pulses ranging from 0.94 to 1.94 trypsin
inhibitor unit (TIU)/mg. Canada grown lentil, faba bean, and pea exhibits 5.99, 5.96 and 4.65
TIU/mg on DW, respectively while relatively low trypsin inhibitor existing after soaking and
thermal processing (Shi et al., 2017). In the same research, they reported the chymotrypsin
inhibitor activity of those three pulses, 4.14 chymotrypsin inhibitor units (CIU)/mg DW for lentil,
1.12 CIU/mg for faba bean, and 2.84 CIU/mg for pea. Intensive study by Page et al. (2001) on 195
pea cultivars concluded that the TIA of seeds ranged from 1 to 15 TIU/mg on dry base.
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2.2.7 Phenolic compounds
Phenolic compound, a kind of secondary metabolites, is another bioactive compound found
in pulses. These phytochemicals can be classified into phenolic acids, individual flavonoids, and
tannins. The main polyphenolic compounds existing in pulses are presented in Table 2.3
(Cardador-Martínez, Loarca-Piña, & Oomah, 2002), which cataloged by basic skeleton including
phenolic acids (e.g. galic acid, syringic acid), phenyl propanoids (e.g. coumarins,
hydroxycinnaamic acids), flavonoids (e.g. flavones, flavonols), lignans, and lignins. Phenolic
acids, flavonoids and procyanidins are accounted for the majority proportion of phenolic
compounds in peas, lentils and common beans (Zhang et al., 2015). The same author reported
twenty-one phenolic compounds in Canadian red and green lentils with mostly the content of
catechins and procyanidins (70% of total phenolic compounds) followed by flavonols (17%),
flavones (5%), hydroxyl-benzoic (5%) and hydroxycinnamic compounds (4%). Phenolic acid
accounted for the largest amount (87-92%) of total phenolic compound content in peas (Udahogora,
2012). The most common phenolic acids of beans, peas and lentils are ferulic, coumaric and
protocatechuic acids with slight differences. Some other polyphenolic compounds are identified
in lentils, such as flavan-3-ols, proanthocyanidins, anthocyanidins, stilbenes, flavonols, flavones
and flavanones by using HPLC-PAD and HPLC–MS techniques (Alshikh, de Camargo, & Shahidi,
2015; Amarowicz et al., 2010). Many factors affect phenolic compounds concentration, such as
pulse varieties, geological locations, and method of determination. Lentils contained the highest
phenolic substances with 9.1-15.0 mg/100g of galic acid and 15.5-39.1 mg/100g of chlorogic acid
among chickpeas, beans, peas and lentils (Xu & Chang, 2007). Detected phenolic acids content
(mg) in per 100g peas were caffeic (0.2-0.3), chlotogenic (8.3-16.1), coumatic (3.8-4.2), callic
(8.1-9.1), hydrobenzoic (0.3-5.0), protocatechuic (0.2-22.1), sinapic (0-0.3) and vanillic (0.2-0.3)
(Hall et al., 2017). Luthria and Pastor-Corrales (2006) concluded that the total phenolic acids were
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31.2 mg/100g in common beans, among which ferulic acid (11.7-26.6 mg/100g) was the most
followed by sinapic acid (3.5-9.4 mg/100g) and proto-coumaric acid (1.7-12.4 mg/100g). In a
classic study by Sosulski and Dabrowski (1984), the concentration of total phenolic acids ranged
from 1.8 to 16.3 mg/100g in different pulses (e.g. faba beans, field peas, lentils, navy beans, and
chickpeas). Total phenolic content of chickpea varieties ranged from 0.72 to 1.2 mg GAE/g and
total flavonoid content was 0.18 mg catechin equivalents/g on average (Giusti et al., 2017).
Concentration of phenolic compounds is strongly corresponded with potential antioxidative capacity of pulses. These compounds in peas, beans, lentils and chickpeas have been
demonstrated by many researchers (Giusti et al., 2017; Kedare & Singh, 2011; Sandberg, 2002).
Radical scavenging activity assays including 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical
scavenging activity, radical cation 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) or
ABTS scavenging capacity, oxygen radical absorption capacity (ORAC), ferric reducing
antioxidant power (FRAP) were commonly applied to determine the antioxidant properties. The
DPPH· scavenging capacity of ethanol-based lentil extract reached 38.5% at 100 µl, which was
stronger than other beans and peas (Zhao et al., 2014). It was reported that total phenolic content
of broad bean, brown lentil and green pea ethanol extracts was 1.96, 1.40 and 0.72 mg GAC/g with
DPPH· inhibition of 83.7, 88.0 and 16.9%, respectively (Giusti et al., 2017). The difference in
phenolic compound content caused by different extract methods and pulse cultivar types. Lentil,
chickpea and grass pea were extracted by acetone of which the total polyphenol ranging from 147
in chickpea to 1594 µg/g in lentil (Fratianni et al., 2014). Their antioxidant property was expressed
as IC50 of DPPH inhibition with a range of 1.7-77.1 mg dry sample/mg DPPH. The antioxidant
properties of 14 Canadian-grown beans, lentils and peas were researched by Padhi et al. (2017).
Total polyphenol content of the pulses ranged from 1.16 mg GAE/g DW in splitted green pea to
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7.45 mg GAE/g DW in green large lentil with a range of DPPH· antioxidant activity from 32.36
to 120.16 µmol TE/g DW and ORAC value was from 19.57 to 182.01 µmol TE/g DW. Lentil
extracts had the highest antioxidant capacity (DPPH, ORAC and FRAP assay) among the 14
selected pulses, namely 3 cultivars of pea, 3 cultivars of lentil, 4 cultivars of bean and 4 cultivars
of chickpea (Padhi et al., 2017). Pellegrini et al. (2006) determined the trolox equivalent
antioxidant capacity (TEAC) in free and bound extracts of broad bean, lentil and pea from Italy.
The values of those three Italian-grown pulses were 7.70 and 5.56 mmol TE/g, 3.68 and 5.62 mmol
TE/g and 1.31 and 2.42 mmol TE/g, respectively. The TEAC of broad beans from Algeria was
0.072 mmol TE/g (Boudjou et al, 2013). Total phenolics were 23.9 mg/g in broad beans from
Poland with antioxidant was 0.58 mmol TE/g using DPPH assay (Amarowicz & Shahidi, 2017).
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Table 2. 3 Main polyphenolic found in pulses

Phenolic acids
Phenyl
propanoids

Basic
skeleton
C6-C1
C6-C3

Flavonoids
C6-C3-C6
Lignans
(C6-C3)2
Lignins
(C6-C3)n
(Cardador-Martínez et al., 2002)

Examples
Gallic acid
Coumarins, hydroxycinnamic acids (ferulic, sinapic)
Flavones (e.g.luteolin), flavonols(e.g. kaempferol),
isoflavonoids
Secoisolariciresinol
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2.2.5 Other minor nutrients
Apart from macronutrients, pulse is also an excellent low-fat food with various minerals
and vitamins meeting up with a part of the daily recommend nutrients intake (Mudryj et al., 2014;
Wang et al., 2011). Magnesium, iron, potassium, and manganese are commonly essential minerals
found in pulses. Some minor mineral content of lentils, peas and common beans is displayed in
Table 2.4 summarized by Cabrera et al. (2003). It indicated that iron and zinc accounts for a high
percentage among the eight minerals (Cu, Zn, Fe, Al, Cr, Ni, Pb and Cd). The composition of
minerals differs in pulses depending on their cultivars and growing conditions (Oomah, Blanchard,
& Balasubramanian, 2008). Wang and his coworkers (2009) reported 0.8-0.9 % of potassium,
0.06-0.08 % of calcium, and 0.006-0.009 % of iron for eight different lentil cultivars. Ray et al.
(2014) reported potassium (1.04 %), iron (0.005 %), zinc (0.003 %) and manganese (0.001%) in
field peas.
Regarding vitamins, pulses (e.g. chickpea, lentil, cowpea, dry green pea) have a fair amount
of vitamin A, thiamine, riboflavin, niacin, pantothernic acid, pyridoxine, and folic acid (Asif et al.,
2013) with averaged values per 100g of 0.747 mg, 0.213 mg, 1.455 mg, 0.748 mg, 0.309 mg, and
604 µg, respectively (Iriti & Varoni, 2017). The most important vitamins found in legumes listed
in Table 2.5 (Erbersdobler, Barth, & Jah-reis, 2017). Dang, Arcot, and Shrestha (2000) reported
high concentration (149.7 µg/100g dry weight) of folate in chickpea compared with pea (101.5
µg/100g dry weight).
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Table 2. 4 Mineral content of legumes (µg/g of the edible portion)
Legume
Bean
Broad bean
chick pea
Kidney bean

Copper

Chromiun

Iorn

Zinc

Aluminium

Nickel

Lead

Calcium

4.3
3.5
3

0.28
0.12
0.17

80
68.8
64.4

41.2
39.2
46.9

6.7
10.2
19

0.17
0.26
0.17

0.4
0.48
0.69

0.012
0.01
0.007

Lentil

2.5

0.31

71

56.5

30.2

0.24

0.51

0.009

Green peas
Fresh
1.7
Canned
1.8
(Cabrera et al., 2003)

0.08
0.09

20.2
24.6

38.9
58.8

6.5
15.5

0.05
0.07

0.37
0.45

ND
0.015

Table 2. 5 The most important vitamins in legumes (/100g)
Vitamins/100g
Pea
Faba bean
α-tocopherol, mg
0.11
0.08
β-tocopherol, mg
thiamine(vitamin B1), mg
riboflavin (vitamin B2), mg
pyridoxine(vitamin B6), mg
folates, µg
(Erbersdobler et al., 2017)

5.00
0.70
0.27
0.12
274

n.d.
0.55
0.29
0.37
423
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Lupine
1.10

Soybean
6.50

15.30
0.32
0.59
0.40
40

23.00
1.00
0.46
1.10
250

2.3 Health benefits of pulses
The nutritional benefits of pulses attracted many official government and some health
organizations to consider pulses as healthy food including the MyPlate system of the United States
Department of Agriculture (USDA), Eating Well with Canada’s Food Guide of Health Canada,
the Eatwell Plate of the Food Standards Agency in the UK and Nutrition Australia’s Healthy
Living Pyramid. Dietary pulse consumption shows great potential to prevent chronic diseases such
as heart disease, cardiovascular disease, hypertensive and even various forms of cancers, as well
as improve gut health (Campos-Vega et al., 2013; Eslinger, Eller, & Reimer, 2014; Fares & Menga,
2014; Ha et al., 2014; Jukanti et al., 2012; Lima et al., 2016; Nithiyanantham, Selvakumar, &
Siddhuraju, 2012).
Pulses and their ingredients (i.e. pulse flours, split pulses, and pulse fractions) are nutrient
dense providing abundant of fiber, protein, starch and bioactive compounds which have nutritional
advantages relating to significant health benefits. Phenolic compounds of legumes are known for
controlling LDL cholesterol level and promoting vascular health, and regarded as great antioxidant,
anti-cancer and anti-inflammatory agents. In a meta-analyze study by Bazzano et al. (2011), 11.8
mg/dl and 8.0 mg/dl reduction of the total cholesterol and LDL cholesterol level, respectively was
shown in pulses-consuming (beans and peas) group compared to placebo controlled group. In
addition, Zhang et al. (2014b) reported that the low-density lipoproteins (LDL) cholesterol level,
a contributing factor of coronary heart disease, significantly decreased with the intake of 130 g/day
pulses (lentils, chickpeas, and peas) due to the presence of phenolic acids. Monge-Rojas et al.
(2014) reported that Costa Rican adults who followed a dietary pattern, high-ratio beans to white
rice, had low risks of metabolic syndrome, which is associated with heart disease. Hypertension
can be attenuated with beans or bean ingredients daily intake resulting from the angiotensinconverting enzyme inhibitor observed in pulses (Hall et al., 2017) while blood pressure was
22

controlled by lentil-rich meal on hypertensive rats (Hanson et al., 2014). Bioactive phenolic
compounds including flavonoids and phenolic acids in common beans have potent antioxidant
capacities, antimicrobial, anticancer, anti-allergic and anti-inflammatory abilities (Gyawali &
Ibrahim, 2014; Siah et al., 2012; Xu & Chang, 2007; Zhao et al., 2014). In addition, legume
saponins are directly associated with decreasing risks of cardiovascular disease (Wald, Law, &
Morris, 2002), regulating hyperlipidemia (Shi et al., 2004), and preventing cancer (Xu & Chang,
2011). The high concentration of insoluble fiber in lentils, peas, common beans and chickpeas
helped bowel movement in human large intestine which would contribute to preventing the risk of
colon cancer (de Almeida Costa et al., 2006). Monk et al. (2017a) concluded that phenolic
compounds and fermentable fiber in chickpea flours contributed to gut health in mice consuming
chickpea diet for 3 weeks. They also reported that the benefit of gut health relating to consumption
of navy and black beans is due to their modulating function of colonic microbiota (Monk et al.,
2017b).
It is the present of protein, dietary fiber, and resistant starch that making pulses excellent
choice for people with high-cholesterol level, type-2 diabetes, and obesity (Kelly et al., 2009;
McCrory et al., 2010; Rebello, Greenway, & Finley, 2014). The high viscosity created in the gut
by soluble dietary fiber in pulses plays an important role in lowering gastric emptying and delaying
nutrients absorption rate which result in regulating postprandial blood level and keeping
individuals feel full longer (Rebello et al., 2014). The high concentration of insoluble dietary fibers
in pulses reduces the incident of constipation and consequently colonic cancer. The high content
of protein and resistant starch in pulses provide stronger feeling of satiety than common grains
(Pai, Ghugre, & Udipi, 2005; Weigle et al., 2005) which make pulses a low glycemic index food
for obesity patients. It is reported that lentil-rich diets have positive effects on weight management
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and control blood glucose levels resulting from the present of glucosidase and lipase inhibitors
(Zhang et al., 2015).
In addition to that, pulses are notable source proving plenty of nutrients for diets, especially
plant-based and gluten-free diets; it is a good source of vitamins and minerals. Deficient of vitamin
B group and some other nutrients is commonly observed in celiac disease patients for their glutenfree starchy diet (Niewinski, 2008) therefore, pulses are considered a good source of vitamin
supplement for celiac patients. Pulse and its ingredients have already widely applied in food
including pasta, bread, muffins, crackers and some snack foods, as well as source ingredients (Asif
et al., 2013; Petitot et al., 2010). For those who cannot conserve protein from animal products,
such as vegan and vegetarian groups, legume protein is the alternative substance containing
considerable amounts of lysine, leucine, arginine and glutamic acid that are essential amino acids
for human body. Thus, consuming pulses-made food enhances the protein supplement of
vegetarian diets and provides gluten-free diets with sufficient nutrients. Based on a randomized
controlled trail, Bouillanne et al. (2013) concluded that dietary intake of legumes has positive
effect on improving lean mass of malnourished elderly patients. A study by Darmadi-Blackberry
et al. (2004) involving seventy-year-old or over people from five countries around the world
including Australia, Anglo-Celtic, Greece, Sweden, and Japan revealed that pulses are useful to
longevity with 7% decrease of mortality hazard ratio resulting from every twenty grams more
pulses consume every day.
2.4 Processing methods and pulses quality
Processing technologies have great effects on improving the quality, palatability,
digestibility and reducing or possibly eliminating anti-nutrients of pulses. Traditional methods
applied to cooking legumes including soaking, dehulling, boiling, pressure cooking, and
germination, as well as some innovative technologies such as microwaving, extrusion, and
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irradiation. Texture, appearance, and nutrient content are the common criteria used in evaluating
processing quality, which are closely related to cooking time, method and conditions. Different
cooking methods have varieties of impacts on activating or inactivating nutritional substances in
pulses. In general, the digestibility of carbohydrates and protein is commonly increased during
cooking while trypsin inhibitor activity, phytic acids, and tannins concentrations would decrease.
However, the content change of other nutrients, such as fat, phenolic compounds, and
oligosaccharides mainly depend on the cooking conditions and pulse varieties.
2.4.1 Soaking
Soaking is a common pretreatment aiding in softening pulses by retaining moisture to the
dried legumes. Different time, soaking temperature and solutions (i.e. distilled water, salt, or acid
solution) have been reported in order to reduce cooking time. Regarding the hard-to-cook
prosperity of pulses, the pretreatment efficiently facilitates the following processing and removes
some anti-nutrients (Patterson, Curran, & Der, 2017).
Pulse starch granules and protein fractions were likely to be dispersed into soaking water
resulting in starch gelatinization and protein denaturation upon cooking, which soften the seeds
texture (Siddiq & Uebersax, 2012). Moreover, soaking has been widely used as a commercial
conditioning method for its economic and energy efficiency compared with other pretreatment
methods, such as chemical and enzymes treatments (Tiwari & Singh, 2012).
It was reported that soaking lentils for 4.5 hours led to 54% decrease of cooking time
(Sharif et al., 2014). Four-hour soaking in distilled water decreased the contents of lectins (0.15.2%) and oxalates (17.4-51.9%) of Canadian-grown lentils, pea, chickpeas, faba beans and
common beans (Shi et al., 2017). Many researchers demonstrated that phytate content was
removed from faba beans and red kidney beans after soaking treatment contributing to the water
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solubility of phytate (Alonso et al., 2000; Fredrikson et al., 2001; Luo et al., 2009). It was
concluded that trypsin inhibitors activity (TIA) significantly decreased after soaking averagely in
chickpeas, peas, lentils, common beans and faba beans by 12, 24, 12, 6.5 and 17%, respectively
(Frias et al., 2000). Significant reduction of enzyme inhibitor activity likely resulted from the
leaching into soaking solution, especially the chymotrypsin inhibitors which are completely
disappeared after processing (Shi et al., 2017). Whereas, Wang, Hatcher, and Gawalko (2008) did
not observe any decrease in TIA after soaking peas which could be related to cultivars effect.
According to Luthria and Pastor-Corrales (2006), soaking dry edible beans overnight did not affect
the phenolic acid content because no significant amount of phenolic acid was detected in the
soaked water. The outcomes (reduction of cooking time and anti-nutrients) in soaking pulses may
be improved by using different soaking solutions, such as adding small amount of sodium, sugar
or citric acid into water (Schoeninger et al., 2014). They also reported that a thirteen-hour soaking
of common beans (P vulgaris L.) in 2.3% sodium bicarbonate solution decreased the cooking time
by 53%. Citric acid (0.1%) solution reduced phytate content in lentils than that of distilled water
solution, whereas no effect on depressing trypsin inhibitor when they used citric acid solution
resulting from the stability of trypsin inhibitors in low pH condition (Fernandez et al., 1993). It is
reported that adding 0.5% NaHCO3 and 2.5% K2CO3 at the ratio of 8.3 (w/v) in soaking water
followed by cooking in fresh water improved protein digestibility and reduced cooking time of
common beans (de León, Elias, & Bressani, 1992).
Phenolic content of Australian grown faba beans slightly decreased after 12 h soaking, that
contained 2.8-11.2 mg GAE/g DW of TPC in unprocessed sample and 2.8-7.7 mg GAE/g DW in
soaked samples among 5 genotypes with the exception of white-colored faba bean (Siah et al.,
2014). They also reported the correlations between phenolic content and antioxidant capacity,
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DPPH, ABTS and ORAC, which showed the reduction in those soaked seeds in comparison to
raw bean.
2.4.2 Germination
Germination is simple, inexpensive processing method to transferring raw pulses into
useful products under proper conditions. According to Mubarak (2005), 20 h germination for mung
bean with pre-soaking did not significantly change the nutrient content from raw bean. For
example, crude protein was from 27.5 to 30.0 %, total carbohydrate (from 62.3 to 61.7%) and
crude fiber (from 4.63 to 4.45 %). Ghumman et al. (2016) found that protein content of different
ungerminated lentil lines were 24.3-25.4% and its germinated counterparts ranged from 25.7 to
27.7 % during 48 and 96 hours’ germination. Protein content was improved from 23.5 to 30.43%
in mung bean and from 17.8 to 23.4% in chickpea after germination for 120 h (Masood et al.,
2014). The author also noted an increase of crude fiber after 120h germination of mung bean (from
4.8 to 10.1%) and chickpea seed (6.5 to 7.8%). Germination led to a 12-26% increase of fibers in
chickpeas (germinated for 36-60 hours), cowpeas (germinated for 16-24 hours), and mung beans
(germinated for 12-20 hours) (Uppal & Bains, 2012). However, Dueñas et al. (2016) reported that
germinated lentil loss 6.7% of dietary fiber (from 26.8 to 20.1%) under the condition of 7 days’
darkness germination with 6 h soaking.
No change observed in mineral content in germinated chickpeas, cowpeas and mung beans
(Bains, Uppal, & Kaur, 2014); however, an increase in calcium, iron, and copper in germinated
horse gram was reported (Pal et al., 2016). The tendency of mineral may result from the
reabsorption during the germination processing.
The germination process decreased the content of raffinose, stachyose, and verbascose
while increased the glucose, fructose and galactose subsequently in multiple cultivar lupins
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(Chilomer et al., 2010). Germination brought a total removal of raffinose and stachyose of mung
beans as well as 5% and 36% reduction of dietary fibers and sugars, respectively (Mubarak, 2005).
Lentil seeds were germinated at 20 °C for 5 days in the study by Gharachorloo et al. (2013).
The total phenols contents of germinated lentil were 105.8, 78.0 and 51.8 mg/kg in acetone,
methanol and hexane lentil extracts, respectively, which were higher than the raw lentil extracts
(96.7, 53.0 and 29.2 mg/kg). Dueñas et al. (2016) reported that germinated lentil (in darkness for
7 days) after soaking for 6 h resulted in an 82% loss of total hydrobenzoic compounds and 53% of
flavonols and flavones. ORAC value for germinated lentils for 3-8 days ranged from 20.0 to 53.0
µmol TE/g DW (Aguilera et al. 2014). Lentil antioxidant properties was 2.7 and 0.7 µmol TE/g
DW in raw and 2.7 and 1.0 µmol TE/g DW in germinated lentil for DPPH and ORAC, respectively.
Germinated lentil and bean retained hydroxybenzoic and hydroxycinnamic compounds, flavan-3ols, procyanidins, flavonols and flavone (Dueñas et al., 2016). Lopez-Amoros et al. (2006)
reported that p-hydroxybenzoic aldehyde and trans-coumaric acid and aldehyde were tending to
increase in germinated pea, lentil and bean. In general, germination could have effect on grain
nutrients to different extent depending on the type of grains and the germination time and
conditions.
2.4.3 Dehulling
Dehulling, also called decortication, is a method to shorten cooking time and improve
quality of pulses flour by removing the outer layer of pulses. The hull removal generally led to a
decrease of insoluble dietary fiber, which mainly present in the coats. Reduction in dietary fibers
content after dehulling by 11% were reported in mung beans (Mubarak, 2005), respectively.
Soluble and insoluble fiber were both decreased by 21-41% and 40-50% in dehulled lentils and
13-27% and 38-46% in dehulled peas (Wang et al., 2008 & 2009), respectively. Reduction of
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copper, iron, calcium, zinc and magnesium was reported when lentils and peas were subjected to
dehulling treatment (Wang et al., 2008 & 2009). Pal et al. (2016) concluded that dehulling horse
grams was an efficient treatment to decrease the concentration of tannin, oxalic acid, and phytic
acid by averagely 64%, 26%, and 48%, respectively while a 5% increase of trypsin inhibitor
content was observed. They also observed that this treatment results in loss in flavonoid and total
polyphenols contents as well as total antioxidant activity, ferric reducing antioxidant power, and
free radical scavenging activity against DPPH and ABTS which mainly because the antioxidant
components are concentrated in horse gram hulls.
Dehulling is a good method for shorting cooking time for pulses, however, it eliminates
the nutritional substances existing in the hull such as fiber and phenolic compound.
2.4.4 Boiling
Boiling (induction cooking) is widely used in pulses processing in terms of industrial and
domestic. It is a cooking method achieved at 100 °C (212 °F) by thermal conduction, which can
keep more consistent heating, and permits precise control of temperatures.
The starch content of three chickpea cultivars significantly increased from 34.9-42.9% to
48.4-59.3% after 90 min’s boiling with 24 h soaking (Xu, Thomas, & Bhardwaj, 2014). However,
in the study of El-Adawy (2002), total starch did not show increase, from 36.9% in raw chickpea
to 36.5% in boiled sample under the same cooking condition. No significant changes of total
carbohydrates observed in mung beans and chickpeas after boiling (Alajaji & El-Adawy, 2006;
Mubarak, 2005). Brummer, Kaviani, and Tosh (2015) cooked Saskatchewan-grown lentils, yellow
pea and green peas under boiling for 30, 125 and 110 min without prior soaking, respectively.
They reported slight reduction of total starch in green lentil (from 42.1% in raw to 41.5%), red
lentil (from 42.9% in raw to 41.7%), green pea (from 43.4% in raw to 42.1%) and yellow pea
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(from 45.0 % in raw to 43.3%). The reduction of carbohydrates attributed to the solubilization of
soluble starch of legumes during cooking. Only a few literatures focus on the RDS and SDS
content of processed pulses. Kaur et al. (2015) reported that RDS content increased by 2.1-49.3%
whereas a subsequent reduction in SDS after induction cooking of mung beans.

Dietary fiber content of cooked pulses was investigated in many literatures. According to
Kalogeropoulos et al. (2010), crude fiber content in boiled lentil, faba bean and green pea were
9.5, 5.7 and 9.7% of fresh weight after boiling them for 40, 95 and 30 min, respectively. Also,
crude fiber of chickpea seeds was significantly increased from 4.0 in raw to 11.3 % in the study of
Xu et al. (2014) and from 3.8 to 4.6% in the research of El-Adawy (2002) using 90 min boiling
with pre-soaking. For lentils, 20 min boiling greatly increased insoluble dietary fiber by 14% while
decreased soluble dietary fiber by 27% that could be due to loss of soluble materials in the water
(Dueñas et al., 2016). According to a study on 8 legumes commonly consumed in UK, total dietary
fiber retained ~7.2 % when cooking the pulses under the condition descripted in McCance and
Widdowson’s the Composition of Foods.
Resistant starch (RS) is considered a type of dietary fibers. RS of lentils, common beans
and peas increased to 3.7-5.1%, 22.2-25.3% and 17.7-20.9% after boiling compared to raw
samples (1.6-4.3%, 14.6-21.2%, and 14.3-16.8%, respectively) (Wang et al., 2010). Wang et al.
(2009) reported increase in RS of eight Canadian lentil cultivars (3.7-5.1%) using automated
Mattson Cooker followed 24h-soaking compared to the raw samples (5.6-43.2%). Similar
tendency in RS content of chickpeas was observed by Xu et al. (2014) that 90 min boiling brought
RS from 3.8-7.3% in raw to 5.8-7.4%. The RS content retained in cooked green lentil, red lentil,
green pea, and yellow peas was 3.8, 4.1, 3.9 and 4.7%, respectively during the boiling process for
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30, 30, 125 and 110 min without soaking for each pulse from Saskatchewan (Brummer et al., 2015).
The difference in resistant starch content could be attributed to various cooking conditions in each
research.

Protein retained in boiled lentil, faba bean and green pea at 7.8, 6.4 and 6.8 % fresh weight
after boiling them for 40, 95 and 30 min, respectively (Kalogeropoulos et al., 2010). Total lipids
decreased by 23.1-58.6% in 90-min-boilled lentil compared to those of raw samples (Pal et al.,
2017). However, 40-min-boiling for jack bean had no significant influence on fat and protein
content (Okomoda, Tiamiyu, & Uma, 2016).
Minerals and vitamin composition of cooked pulses were mainly depending on the cooking
conditions and cultivars. Pre-soaked chickpea, lentil, and faba bean lost B-group vitamins during
35 min boiling (Prodanov, Sierra, & Vidal-Valverde, 2004). They reported that thiamin content
decreased by 24, 47 and 62%; niacin decreased by 32, 72 and 61% in faba bean, chickpea and
lentil, respectively. However, riboflavin was reduced in boiled faba bean (0.8%) and chickpea
(52%) but was increased in lentils. An increase of manganese and phosphorus contents exhibited
in various cooked pulses (Wang et al., 2009; Wang et al., 2010).

The effects of induction cooking on pulse anti-nutrients have been investigated in several
previous studies. It was reported that tannins, phytic acid and trypsin inhibitor in lentil significantly
decreased by 48.5-84.6%, 32.0-51.9% and 80.5-99.8% after boiling for 90 min with pre-soaking
(Pal et al., 2017; Sharif et al., 2014). Shi et al. (2017) concluded the reduction of phytic acid and
TIA in pea (10.6 and 78.7%), lentil (37.8% and 100%) and faba bean (19.1% and 100%) after 1 h
boiling was greater than those of soaked (4 hours) pea (0.5 and 18.6%), lentil (4.3 and 9.6%), and
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faba bean (1.1% and 12.7%) compared to raw pulses. Raffinose family sugars presented in pluses,
which may cause gastric issues like flatulence and gas production could be removed by soaking
and cooking. Mubarak (2005) reported that raffinose and stachyose contents of mung beans were
reduced from 0.41 to 0.21 g/100g dry weight and 1.49 to 1.12 g/100g dry weight by boiling.
According to Avanza et al. (2013), induction cooking of cowpea at 100 °C for 60 min tannin (5571%) among different seed varieties.
It was concluded that the total phenolic acids retained in cooked broad bean, green pea and
lentil were 306, 282 and 285 µg/100 g fresh weight under 95, 30 and 40 minutes’ boiling process,
respectively (Kalogeropoulos et al., 2010). The total polyphenol content of those three cooked
pulses under investigation was 19.5, 11.8 and 25.9 mg GAE/100 g, respectively. The same authors
also reported the flavonoid content of those pulses were 569, 378, and 1842 µg/100 g fresh weight,
respectively. However, antioxidant compounds, namely catechin, gallic acid and quercetin were
lost by 33.63% 13.34%, and 37.53% in cooked lentils (Pal et al., 2017) which may have resulted
from the breakdown of cell walls and cellular constituents by heat and then released certain food
bioactive components (Randhir, Kwon, & Shetty, 2008). Dueñas et al. (2016) concluded that
cooked lentil (boiled for 20 min with previous 18 h soaking) retained hydroxybenzoic and
hydroxycinnamic compounds, flavan-3-ols, procyanidins, flavonols and flavones, however the
concentration were reduced by 88% and 90% for total hydrobenzoic compounds and flavonols,
respectively compared to the raw seeds. Similarly, the phenolic compounds, 0.18-0.29 mg GAE/g
DW in bound extracts of raw samples was decreased to 0.11-0.17 mg GAE/g DW and total
flavonoid content (0.03-0.22 mg CAE/g DW) in raw samples was decreased to 0.01-0.05 mg
CAE/g DW in selected cultivars of lentil using induction cooking in water (Zhang et al., 2014).
Among three genotypes of common bean, DPPH value of raw bean, calculated as half maximal
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effective concentration (IC50), was 0.049-0.085 g sample/mg DPPH which was reduced to 0.0390.047 g of sample/mg of DPPH under the condition of 8-hour-soaking and 30-min-boiling. Fortymin-boiling changed the total phenolic content from 2.8-11.2 mg GAE/g DW of unprocessed to
0.7-2.4 mg GAE/g DW in boiled faba bean (Siah et al., 2014). ABTS and ORAC decreased to 7.315.7 and 18.5-43.7 µmol TE/g DW, respectively in the cooked faba bean as compared to the raw
bean (ABTS = 25.63-82.58 µmol TE/g DW and ORAC = 69.90-136.83 µmol TE/g DW). Their
total phenolic content changed from 3.5-5.0 mg GAE/g of raw common beans to 2.0-2.2 mg
GAE/g of boiled beans (Valdés et al., 2011). More than half (55.8% and 50%) reductions of total
phenolic content were identified in 30 min boiled lentils and 90 min boiled green pea, respectively,
as a comparison of raw lentil (7.34 mg GAE/g) and green pea (1.22 mg GAE/g) (Xu & Chang,
2008). The DPPH radical capacity decreased by 62.1% and 9.6% of these boiled lentil and green
pea, respectively.
Overall, the effect of induction cooking on nutrient values varied in different pulses by
numerous researches depending on the cooking time, pre-treatment, and pulse cultivars. This
cooking method has obviously impact on nutrients including starch, protein, minerals, vitamins,
dietary fiber, trypsin inhibitor, oligosaccharides and phenolic compounds. Decrease of TIA,
tannins, phytic acid, and flatus oligosaccharides were consistently presented in several literatures.
2.4.5 Pressure cooking
Pressure cooking is time-saving cooking method with high cooking temperature (121 °C
or 250 °F), which has been widely used in canning and sterilization for industrial processing. It is
also a good method to keep food safe by killing bacteria. Pressure pot functions by creating trapped
steam by boiling a liquid, such as water or solutions inside a closed pressure cooker. The
temperature and inner pressure rise with the increase of steam. It would keep more moisture of
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pulses than other cooking method, such as microwave cooking. Pressure cooking requires a shorter
cooking time than traditional cooking for reaching similar amount of anti-nutrients in pulses
(Avanza et al., 2013).
Several studies reported that pressure cooking led to the reduction of ash, vitamins, folate,
protein, and carbohydrates of pulses including peas, chickpeas, cowpeas and faba beans (Alajaji
& El-Adawy, 2006; Dang et al., 2000; El-Adawy, 2002; Hefni & Witthöft, 2014). Xu et al. (2014)
concluded that an increase of total starch was observed in 20-min-pressure cooked chickpeas, from
34.9-42.9% in raw to 46.7-54.8% among three cultivars. In the same research, crude protein
decreased by 4% after pressure cooking. A study on two Spanish common dry beans (Phaseolus
vulgaris L.) showed the contents of protein and dietary fiber were both increased by 7% and 5%,
respectively after industrial canning (at 116°C, 42 min) which included soaking, blanching and
canning process in salt (16 g L-1) and ascorbic acid (1.5 g L-1) solution (Pedrosa et al., 2015).
Avanza et al. (2013) concluded that cowpeas pressure cooking (121 °C, 30 min) resulted in
reduction in protein by 0.3-7%. Xu et al. (2014) reported increase in fiber (from 2.6-4.0% to 5.0510.4%), and resistant starch (from 3.8-7.3% to 5.8-7.4%) after pressure cooking three chickpea
varieties for 20 minutes. The retention of total dietary fiber in canned legumes was 5.2% on
average ranging from 2.7% in green beans to 7.4% in chickpeas among 8 common consumed
pulses in UK (Aldwairji et al., 2014).
Anti-nutritional factors, raffinose and stachyose contents of mung beans were reduced from
0.41 to 0.23 g/100g dry weight and 1.49 to 1.05 g/100g dry weight, respectively by pressure
cooking (Mubarak, 2005). Avanza et al. (2013) concluded that cowpeas pressure cooking (121 °C,
30 min) resulted in reduction in tannins (55-71%), phytic acid (40-55%). Xu and Chang (2008)
reported that pressure cooking green pea for 15 min brought 50% of total phenolic content and

34

58.5% of DPPH radical capacity from raw pea with 1.22 mg GAE/g total phenolic content and
antioxidant activity 2.77 µmol TE/g. Pressure cooking with pre-soaking increased total phenolic
content of peas from 12.88 in raw to 18.59 mg/g methanol; the results were expressed as the tannic
acid equivalents (Nithiyanantham et al., 2012). They also estimated the antioxidant properties of
pressure cooked pea, in which DPPH and ABTS free radical scavenging capacities decreased after
pressure cooking with an increase of IC50 value from 13.7 µmol TE/g in raw to 19.2 µmol TE/g
for DPPH and a decrease from 6155 to 12767 µmol TE/g for ABTS. Pressure cooking of Australian
grown faba beans for 20 min after 12 hours soaking reduced TPC from 2.8-11.2 mg GAE/g DW
in raw to 0.7-1.9 mg GAE/g DW or completely non-detected (Siah et al., 2014). In the same study,
antioxidant capacities (DPPH, ABTS and ORAC) were 4.6-9.9 µmol TE/g DW, 8.35-11.27 µmol
TE/g DW, and 20.54-33.25 µmol TE/g DW, respectively. Avanza et al. (2013) concluded that
cowpeas pressure cooking (121 °C, 30 min) resulted in reduction in total phenolics (50-65%). The
total phenols reduction during pressure cooking may have originated from their solubilization in
water and heat degradation of tannin molecules.
Pressure cooking is an efficient method with less cooking time for pulses, but it affects the
grain composition to different extent and effectively remove the anti-nutrients.
2.4.6 Slow cooking
Slow cooking is a kind of low-temperature and prolonged-time cooking method using a
slow cooker, also known as Crock Pot. A slow cooker has a glazed ceramic container or crock,
housed in an outer metal casing in which an electric heating element is present. A tight fitting clear
dome lid allows condensation to run down inside forming a water seal that aids in the retention of
flavor and heat. Slow cooking requires relatively low cooking temperature ranging from 45 to
85 °C (113 to 185 °F) allowing unattended cooking for several hours in processing.

35

Limited literatures researched the effect of slow cooking on nutritional values (e.g. protein,
carbohydrates, dietary fiber, lipid etc.) while only a few focused on the anti-nutrient content of
pulses. Cooking navy beans at low temperature (82 and 88 °C) retained trypsin inhibitor 430-515
TIU/g dry sample during 4 hours; under the same condition trypsin inhibitor of kidney beans were
completely removed (Dhurandhar & Chang, 1990). Similar results were found by Lowgren and
Liener (1986) that more than 90% of trypsin inhibitors in slow-cooked kidney beans and brown
beans were inactivated with a low setting (120W) temperature for 10 hours. It was reported that
the temperature of 60-85 °C for a long period did not affect the hemagglutinating activity of bean
seeds (Grant et al., 1982). Similar research on kidney beans noted that 14 h low-temperatures
cooking at 80 °C completely removed the hemagglutinating activity (Coffey et al., 1985).
Thompson, Rea, and Jenkins (1983) reported that the removal of lectin activity required 10 h
cooking at 80 °C in pre-soaked red kidney beans.
Slow cooking is a time consuming procedure for cooking pulses at low temperature.
Although it was proven to be effective in removing trypsin inhibitor and lectin in mung bean and
kidney bean. Up to our knowledge limited research is available on the effect of slow cooking on
nutritional quality of other pulses such as faba bean, lentil and pea.
2.4.7 Microwave cooking
Microwave treatment is an innovative method applied in pulse processing. During
microwaving, the non-ionizing radiation generates heat instantaneously inward foodstuffs due to
molecular motion including the dipoles rotation and the ions movement without changing the
molecular structure. This microwave method has been successfully used in dairy products
sterilization, pasteurization and vegetables blanching (Decareau, 1985). Microwave treatment has
significantly reduced cooking time than traditional methods, such as induction cooking. For
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example, it required only 9 min to cook common beans reaching the same firmness of 55-min
induction cooking with the pre-soaking treatment for 18 hours (Marconi et al., 2000).
The total starch content of microwaved chickpea (44.3%) and common bean (40.3%) was
lower than those of raw pulses, 45.1% for dry chickpea and 42.2% for common bean (Marconi et
al., 2000). They cooked the chickpea and common bean for 11 and 9 min, respecctively at 2450
MHz power microwave with 18-hour-soaking. Xu et al. (2014) concluded that total starch
increased from 34.9-42.9g/100g in raw to 52.3-63.7g/100g using microwave cooking for 15
minutes among three chickpea cultivars. They also reported increase in fiber from 2.6-4.0 to 5.09.9% and resistant starch content from 3.8-7.3% to 6.6-7.7% in three chickpeas cultivars after
microwave cooking for 15 minutes. In addition, microwave cooking (2450 MHz) the pre-soaked
chickpeas for 15 minutes was recommended in the study of Xu et al. (2016). This cooking method
significantly improved 40% of amino acid profiles and 6% of total carbohydrate averagely.
Marconi et al. (2000) reported a reduction in SDS from 37.2 and 40% to 9.6 and 10.2% in chickpea
and common bean, respectively; while RDS increased from 35.6 and 27.5% to 79.6 and 80.7%
after microwave treatment for 11 and 9 min at 90% max power (2450 MHz). The protein content
was decreased to 1.0 % in common bean after microwave cooking (2450 MHz) for 9 min with 18h
pre-soaking.
Microwave cooking (2450 MHz) caused the loss of K (46%), S (20%) P (16%) and Mg
(14%) content in chickpeas during 15 minutes (Xu et al., 2016). Hefnawy (2011) recommended
that microwaving was the proper method for lentils cooking due to the least cooking time and least
losses in minerals compared to lentils cooked by boiling and autoclaving.
Fifteen-minute microwaving decreased the tannin content (from 0.83 in raw chickpea to
0.50 mg GAE/g sample) and phytate (from 6.60 to 4.93 mg GAE/g sample) in chickpeas (Xu et
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al., 2016). It was reported that the trypsin inhibitor of soybeans was removed completely when
microwaving at frequency of 2450 MHz for 6 min (Yoshida & Kajimoto, 1988). It took 7 min, 8
min and 9 min to cook green peas, faba beans and lentils, respectively by microwaving at 2450
MHz power (Hernandez-Infante et al., 1998) to reduce trypsin inhibitor by 49%, 92%, and 57% in
pea, lentil and faba bean, respectively. Mubarak (2005) reported that raffinose and stachyose
contents of mung beans reduced from 0.41 to 0.27 g/100g dry weight and from 1.49 to 1.04 g/100g
dry weight, respectively by microwave cooking (2450 MHz).
Microwave cooking is a high power and short time cooking method, commonly used in
domestic cooking. But it has significant effect on the concentration of protein, fiber, trypsin
inhibitor, starch and its fractions. Limited literatures investigated the phenolic compounds in
pulses after microwaving.
2.4.8 Extrusion
Extrusion cooking has been widely applied to pulses processing with the benefits of low
operating cost, high productivity and energy efficiency and shorter cooking time. This is a
continuous process in which materials cooked by a combination of heat, shear and pressure (Guy,
2001). Pulses extrusion cooking would improve the nutritional quality of the seeds and decrease
some anti-nutritional factors due to a more efficient use of energy and better process control with
greater production capacities.
Extrusion cooking led to a decrease trend of starch content in several common bean (black,
navy, and small red bean) under different barrel temperatures (40, 60, 80 120, 140 °C), screw speed
(100 or 200 rpm), moisture (20 or 30%) and motor load (Ai et al., 2016), whereas an increase trend
on starch was reported in peas, chickpeas and faba beans by Adamidou et al. (2011). Dietary fiber
was reduced in extruded peas, chickpeas and faba beans by 5-11, 1-7, and 14-23%, respectively
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(Adamidou et al., 2011). However, it was reported that crude fibers in navy, black, and pinto bean
as well as dietary fibers in pea and kidney bean were not affected by extrusion processing (Alonso
et al., 2001; Simons et al., 2015). This processing was also shown small amount of reduction in
ash of chickpeas, peas and faba beans (Adamidou et al., 2011). A large amount of resistant starch
(98%) was lost in extruded navy, pinto and black beans which probably result from the strongly
shearing and gelatinization during extrude processing (Simons et al., 2015). Mineral compositions
in peas were not affected by extrusion treatment (Alonso et al., 2001). In cooked common bean,
pea and lentil, raffinose decreased by 24%, 48% and 82%, respectively (Berrios et al., 2010;
Simons et al., 2015).
Different effects of extrusion on pulses nutrient quality were reported in the mentioned
literatures. Decrease of total starch, resistant starch, oligosaccharides was shown after extrusion
processing. The effect of extrusion on other nutrient compounds such as minerals, vitamins,
polyphenol, or enzyme inhibitors in the cooked pulses still need to be investigated.
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CHAPTER 3. EFFECT OF DIFFERENT COOKING CONDITIONS ON NUTRITIONAL
QUALITY OF SELECTED PULSES GROWN IN CANADA

3.1 Abstract
Cooking under different conditions, i.e. using different cookers and various solutions could
considerably affect the cooking quality of pulses. The addition of small amount of salt, sugar or
acid to water will result in changing its heating properties, which would influence water uptake
and cooking ability of pulses. These factors would determine extent of changes in seed components
and removal of anti-nutritional compounds. The aim of this research was to investigate the nutrient
content (total starch, nutritional starch fractions) and anti-nutrient levels (oligosaccharides and
trypsin inhibitor) in pulses under different cooking conditions. The results demonstrated that slow
cooking of faba bean in sugar solution (1.0%) gave the highest total value of slowly digestible
starch (SDS) and resistant starch (RS) with the values of 25.78 and 25.18%, respectively.
Additionally, this condition removed the most amount of anti-nutrients including stachyose,
verbascose and trypsin inhibitor. Parboiling method in water is highly recommended for cooking
lentil. It preserved relatively high SDS, RS and the lowest values of oligosaccharides (1.26 mg/g
of raffinose, 1.15 mg/g of stachyose and 4.96 mg/g of verbascose) and trypsin inhibitor activity
(0.20 TIU/mg). For pea, reasonable amounts of total starch, SDS and RS content were observed
using slow cooking in water solution. This method also resulted in the lowest raffinose content
(1.98 mg/g) and trypsin inhibitor activity (0.2 trypsin inhibitor unit (TIU)/g). The results
demonstrated that different cooking methods and solutions affected the nutrient and anti-nutrient
components of pulses to various extents.
3.2 Introduction
Pulses are commonly served as the healthy, versatile and inexpensive foods in human diets
especially for gluten-free and vegetarian groups. Canada is a large producer of pulses in the world
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with 7.1 million tons production in 2017 (AAFC, 2018). There are approximately 80% of pulse
crops (1.7 million hectares) grown in Saskatchewan, which is the largest filed in Canada (Statistic
Canada, 2014). Pulses are not the common food in Western diets but it has been highly
recommended due to their benefit health to human such as lowering the blood cholesterol level
and the risk of diabetes (Rebello, Greenway, & Finley, 2014).
Grains are good source of starch that could be used as source of energy. Compared to
cereals grains, pulses contain low concentration of total starch, in which significant amount is
resistant to the endogenous !-amylase. Rapidly digestible starch (RDS) and slowly digestible
starch (SDS) and resistant starch (RS) are important starch nutritional fractions for human health.
RDS would cause elevation in blood glucose quickly; SDS attenuates postprandial plasma glucose
and insulin levels due to its slowly digestibility in the small intestine; while RS will resist the
digestion by !-amylase during digestion which will allow the gut microbiota to ferment it and
produce short chain fatty acid and improve the immune function. Cooking process could have
pronounced effect on starch digestibility by the endogenous !-amylase.
Anti-nutrients, flatus oligosaccharides and enzyme inhibitors, are commonly present in
pulses and they may provoke negative physiological effects in humans. Oligosaccharide is an antinutrient substance commonly existing in pulses. The intake of non-digestible oligosaccharides
could lead to flatulence and discomfort feelings for human. Raffinose family oligosaccharides
(raffinose, stachyose and verbascose) were detected in the three selected pulses and their
concentrations varied depending on pulse type. Trypsin inhibitor is one of the enzyme inhibitor
detected in pulses with low concentration. This is an un-nutritional substance limiting the
utilization of protein and carbohydrates in human body. Heat processing is able to remove the antinutrient substances in pulses effectively.
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3.3 Materials and Methods
3.3.1 Materials
Lentil (CDC Dazil), pea (CDC Greenwater), and faba bean (CDC snowdrop) were grown
in Saskatchewan. All chemicals including Megazyme total starch assay kit (Megazyme
International Ireland Limited, Bray, Ireland), glucose oxidase kit (Megazyme International Ireland
Limited, Bray, Ireland), pancreatin (Sigma P7545), amyloglucosidase and invertase (Sigma, I4504)
and citric acid were purchased from Megazyme. Salt and sugars were purchased from local market,
Guelph Ontario. Na-Benzoyl-D, L- arginine 4-nitroanilide hydrochloride (BAPA) and trypsin
from bovine pancrease was purchased from Sigma Chem. Co.
3.3.2 Sample Preparation
All pulse samples were first soaked in water before any cooking method except for
induction cooking of lentil. Pulses samples were cooked in water, 0.5 % salt, 1.0 % sugar or 0.12%
citric acid solutions by induction, pressure cooker, microwave or slow cooker, respectively and
the methods are exhibited in Table 3.1 in detail. After cooking, all the samples were grinded and
dried in the oven at 50 °C overnight. The dry cooked pulses were milled to pass through a 500 µm
mesh screen and stored in a desiccator.
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Table 3. 1 Cooking methods and conditions for three different pulses
Faba bean

Cooking time
Lentil

Pea

Induction cooking

Soaking time: 24 h
Cooking time: 7 min

Soaking time: N/A
Cooking time: 25 min

Soaking time: 24 h
Cooking time: 10 min

Pressure cooking

Soaking time: 14 h
Cooking time: 14+15*
min

Soaking time: N/A
Cooking Time:
17+15* min

Soaking time: 14 h
Cooking time: 11+15*
min

Microwave cooking

Soaking time: 24 h
Blanching time: 1 min Soaking time: 24 h
Cooking time: 7 min at Cooking time: 2.5 min
Power 7 & 3 min at
at Power 10
Power 3

Cooking methods

Slow cooking

Soaking time: 24 h
Blanching time: 2 min
Cooking time: 9.0 h

Soaking time: 24 h
Blanching time: 1 min
followed by holding
covered (10min)

Soaking time: 24 h
Blanching time: 1 min
Cooking time: 7 min at
power 7

Soaking time: 24 h
Blanching time: 2 min
Cooking time: 9.0 h

*14 min to reach the pressure inside the cooker, followed by 15min to release all the pressure
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3.4 Methods
3.4.1 Total starch
Total starch (TS) of raw and cooked pulses was determined using Megazyme Total Starch
Assay Kit. Samples were weighted 100 mg accurately in glass tubes with 5.0 mL 80% ethanol
before incubated at 85°C for 5 min. Vortex the mixtures well and then add another 5.0 mL of 80%
ethanol. Centrifuge the tubes for 10 min at the speed of 3000 RPM and discard the supernatant
followed by add another 10.0 mL 80% EtOH and repeated the centrifuge. The starch was
hydrolyzed by 3.0 mL thermostable α-amylase (300 U/ml) incubating for 6 min in boiled water
and amyloglucosidase placed at 50°C water bath for half an hour with 0.1 mL. The colorimeter of
released glucose was measured by GOPOD reagent.
3.4.2 Starch fractions
Starch fractions namely rapidly digestible starch (RDS) and slowly digestible starch (SDS)
of all cooked pulses were measured according to Englyst (1992) method, which is based on
controlled enzymatic hydrolysis of starch and measurement of released glucose using the glucose
oxidase kit from Megazyme. Resistent starch (RS), which is the non-digested starch, following 2
h of exposure to enzymes. An amount of fresh ground-cooked samples containing around 700 mg
starch were accurately weighted 1.0g in a 50 ml tube and added into 20 ml of sodium acetate buffer
(0.1M, pH 5.2) and 5 ml enzyme mixture solution (pancreatin, invertase enzyme, and
amyloglucosidase). The tubes were incubated in water bath at 37 °C with agitation at 100 strokes
so that they could be hydrolysis completely. At the 20-min time and 120-min of incubation took
0.5 ml the hydrolysate into a 15 ml tube containing 2.0 ml 80% ethanol, respectively. The amount
of released glucose was determined by the assay with GOPOD using the glucose standard equation
where glucose standard dilutions in mg/ml are plotted against Absorbance and converted to starch
finally. The calculation of RDS, SDS and RES is shown at the following equation: RDS = G20 *
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0.9; SDS = (G120 – G 20) * 0.9; and RS which was not determined what certain starch is it, = (TSG120) * 0.9. The test was performed in duplicate on two independent cooked pulses and calculated
on dry base.
3.4.3 Oligosaccharides
The analysis of oligosaccharides was carried out according to the method of Brummer et
al (2015) using HPLC. Ground samples (1 g each) were extracted twice in 10 ml aqueous ethanol
(50%) for 30 min at room temperature and centrifuged for 10 min at 4,400 rpm. The supernatants
were collected and almost dried by a rotary evaporator at 40oC and then the partially dry extract
was transferred into a 10-ml volumetric flask with nano-pure water. An aliquot of the extract (0.5
ml) was diluted to 25 ml with nano-pure water for HPLC analysis. The samples were analyzed on
an HPLC system (DX600, Thermo Scientific Dionex, Sunnyvale, CA) with a CarboPac PA1
column (4 × 250 mm) and guard (3 × 25 mm). A standard solution containing pure glucose,
galactose, sucrose, fructose, raffinose, stachylose and verbascose was prepared at concentration of
0.5- 100µg/ml and 6 different concentrations were used for identification and quantification.
Oligosaccharides were eluted in 0.01M and 0.1M NaOH for 25 min and 20 min, respectively.
Pulse potentials (E, volts) and durations (t, ms) of the system were E1 = 0.05, t1 =480; E2 =0.6, t2
=180; E3 =−0.6, t3 = 60 with a 1.0 s detector response time.
3.4.4 Trypsin inhibitor
Trypsin inhibitory activity (TIA) of raw and cooked pulses was measured using AACC
International method 22-40.01 (AACC International, 2011) with slight modifications. Exactly 2.5
g sample was extracted in 25 mL 0.01N NaOH for 3 hours with magnetic stirrer gently and then
centrifuged at 2000 rpm for 1 min. BAPA (Na-Benzoyl-D, L-arginine 4-nitroanilide hydrochloride)
was used as the trypsin substrate which was prepared by dissolving 40 mg BAPA in 1 mL of
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dimethyl sulfoxide and diluting to 100 mL with 0.05 M Tris Buffer at pH 8.2, and pre-warmed at
37 °C. Supernatants were diluted with distilled water in 2 ml and incubated with 2 mL trypsin
solution (0.2 mg/ml in 0.001 M HCl) in a water bath (37°C). The substrate solution (5 ml) was
added to each tube at the same interval and the reaction was stopped by adding 1 ml acetic acid
(30%) after 10 minutes. The blank sample of each extract was prepared by adding acetic acid
before trypsin solution to prevent the reaction. The solvent was vortexed efficiently and then
filtered by syringe with 450 nm filter. One trypsin unit was defined as a decrease of 0.01
absorbance unit per 10 mL of reaction mixture compared to the blank sample at 410 nm using
spectrophotometer so TIA was calculated as trypsin inhibitor unit/mg dry matter.
3.4.5 Statistical Analysis
Results were expressed as mean values (standard deviations of three separate
determinations). Analysis of variance (ANOVA) was performed to assess the effect of the cooking
methods under different solutions (significance level: p ≤ 0.05). Statistical analyses were
performed with an IBM SPSS Statistics (Version 24.0, IBM Corp., Armonk, NY, U.S.A.).
3.5 Results and Discussion
3.5.1 Effect of Cooking on Total starch
Starch is an important energy source providing the most calories for daily meals. It
accounted for the most part of pulse compositions. Total starch ranged from 35.7% in raw faba
bean to 45.5% in pea (Table 3.2). Previous studies reported that the total starch content for pea
was within the range of 43-47%, which supported the current result (Brummer et al., 2015; Wang
et al., 2009; Wang et al., 2008). While our results for lentil (41.9%) and faba bean (35.7%) were
lower than those reported by others, 42-47% for lentil starch and 42-46% for faba bean starch
(Brummer et al., 2015; Coda et al., 2015; Karataş, Günay, & Sayar, 2017). This could be related
to the different cultivars studied in each research.
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Cooking process significantly affected the starch content for each pulse depending on
cooking method and/or cooking solution. For faba bean, among the four cooking methods,
microwave cooking increased 4.2 and 4.5% total starch content in sugar and salt solutions,
respectively. Slight starch loss in water and citric acid solution was observed when cooking faba
bean by induction cooking (decreased 1.6 and 0.6%, respectively) and slow cooking (decreased
0.8 and 2.0%, respectively) in comparison to raw bean. The result from Xu et al. (2014)’s research
was in agreement with our finding. They found an increase in total starch content of chickpeas
after microwave cooking for 15 min with 18 h pre-soaking, from 34.9-42.9% in raw to 52.3-63.7%
in cooked sample. Whereas, the opposite result was reported by Marconi et al. (2000) that total
starch was reduced for common beans after 9 min microwaving with 18 h prior soaking.
For lentil, parboiling for 1 min and holding in water for 10 min showed great retention of
total starch content (43.0-45.1%) compared to raw lentil (41.9%). Among 4 cooking solutions
(water, salt, sugar and citric acid solution) in current research, no significant differences presented
in total starch content in lentil using pressure cooking and parboiling methods. The increase trend
of total starch of lentil was similar to the result reported by Wang et al. (2009) that total starch
content slightly increased (approximately 6%) in boiled lentils by Mattson cooker. On contrast,
slight decrease of total starch during boiling was reported in Saskatchewan-grown green and red
lentils from 42.1% in raw to 41.5% and from 42.9% in raw to 41.7%, respectively (Brummer et
al., 2015). The loss may result from their longer cooking time (30 min) or different lentil cultivars.
For pea, cooking in pressure or slow cookers increased the total starch ~1.5% and
~3.2% from raw pea, respectively; on contrast, induction cooking significantly decreased the
starch content in all solutions. The decrease may attribute to the starch solubility in water during
boiling. Slow cooking in citric acid solution retained the most of starch content (49.4%) followed
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by pressure cooking in sugar solution with the starch content of 47.6%. It was reported that
pressure cooking increased the total starch from 34.9-42.9% in raw to 46.7-54.8% within 20 min
cooking among three chickpea cultivars (Xu et al., 2014). Boiling pea for 10 min in water with
24h pre-soaking removed total starch content significantly by 29.0% from raw seeds. This trend is
in agreement of previous study that green pea and yellow pea decreased starch content from 43.4%
in raw to 42.1% and from 45.0 % in raw to 43.3% after boiling in water, respectively (Brummer
et al., 2015). Boiling for 30 min decreased the total starch in yellow peas by 11.6% (from 42.8%
in raw sample to 48.35%) (Ma, Boye, & Hu, 2017).
As a conclusion, cooking methods had different effects on total starch content of the three
pulses to different extent depending on pulse type and the effect was more than that of solutions.
Microwaving, parboiling or pressure cooking are the optimal cooking method for faba bean, lentils
and peas, respectively with the most retention of total starch content. The lowest values of total
starch were shown in traditional cooking for all the pulses. In terms of cooking solutions, 0.5%
salt and 0.12% citric acid solution presented relatively high starch content of total starch.
3.5.2 Effect of Cooking on Starch Nutritional Fractions
Starch nutritional fractions are classified to RDS, SDS and RS. The present of SDS and RS
values is closely correlated with adjustable level of blood glucose and glycemic Index (GI). This
could potentially prevent type-2 diabetes, and obesity for human. Thereby, the optimal cooking
condition is supposed to enhance SDS and RS content while reduce the level of RDS in the final
product. Results indicated that raw pulses have different levels of starch nutritional fractions
depending on the pulse type. RDS ranged from 31.43% for raw pea to 35.78% for raw lentil; SDS
ranged from 31.30% for raw pea to 54.36% for raw faba bean; and RS ranged from 14.57% for
raw faba bean to 39.28% for raw pea (Table 3.3-3.5). As expected, the SDS content of pulses was
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higher than that of common cereals (Hu, Zhao, Duan, Linlin, & Wu, 2004). A previous study
presented similar SDS content of three peas and two lentil cultivars with the range of 23.3-26.5%
(Chung et al., 2008). Wang and co-workers (2010) reported RS of peas in the range of 14.3-16.8%
which was higher than that of lentil (1.6-4.3%).
As expected, cooking conditions affected the starch fractions to different extents depending
on pulse type, cooking method and cooking solutions (Table 3.3). For faba bean, regardless of the
cooking solutions, slow cooking resulted in the least level of RDS (56.94, 49.48, 49.03 and
51.90 %) among all cooking methods in water, salt, sugar and citric acid solution). Statistical
analysis for cooking effect on SDS revealed that the highest level of SDS was observed for the
slow cooked faba bean (29.08, 22.38, 25,78 and 32.79 %) regardless the cooking solution; whereas,
the lowest level of SDS was obtained when faba bean was cooked using the microwave cooking
(8.33, 4.79, 15.54 and 9.53 %) in water, salt, sugar and citric acid solution, respectively. The level
of RS in faba bean was affected differently by the cooking method and cooking solution at the
same time. When salt or sugar was the cooking solution, the highest level of RS (average 28.16%)
was observed using slow cooking.
Khatoon and Prakash (2004) estimated the in vitro digestibility of starch by maltose release
in pressure-cooked and microwave-cooked faba beans. Pressure cooking presented higher
hydrolyzes extent than microwave cooking. Kaur et al. (2015) reported 44.5% increase of RDS
(from 2.1 to 46.6%) and 9.7% reduction of SDS (from 18.9 to 9.2%) in cooked mung beans after
direct boiling for 41 min. They also reported that pressure cooking for 15 min increased 47.2%
(from 2.1 to 49.3%) of RDS and decreased 11.3% (from 18.9% to 7.6%) of SDS compared to the
raw sample. The effect of microwave cooking on chickpea (for 11 min at 90% max power 2450
MHz) and common bean (9 min) was reported by Marconi et al. (2000). They noted microwave

49

cooking decreased 27.6% (from 37.2% to 9.6%) and 29.8% (from 40.0% to 10.2%) of SDS content;
while increased RDS 35.6% (from 35.6 to 79.6%) and 53.2% (from 27.5 to 80.7%) for chickpea
and common bean, respectively. The changes of starch digestibility can be explained by the
interaction between starch and protein, lipid or phenolic compounds (Parada & Santos, 2016).
For lentil, cooking conditions significantly increased RDS content while decreased the
amount of SDS and RS to different extents (Table 3.4). Among all cooking methods, parboiling
of lentil resulted in the lowest RDS values of 61.40, 64.14, 67.20, and 69.63% without significant
difference, followed by induction (67.68, 78.51, 72.69, and 71.36%) in water, salt, sugar and citric
acid solution, respectively. The SDS level in cooked lentils ranged from 6.35 to 35.19%, in which
both cooking methods and solutions affected the concentration of SDS. Among all cooking
methods parboiling lentil in salt solution resulted in the highest SDS value (35.19%). The RS
content of cooked lentil ranged from 0.11% for microwave cooking in salt solution to 19.96% for
parboiling in sugar solution.
Numerous researchers focused on the SDS and RS content of cooked lentils. According to
Ramdath et al. (2017), cooked lentils had averagely SDS of 15.6% after 11 min boiling with prior
high temperature (500 ̊C) treatment among 20 different cultivars. This result is consisting with our
current study. Lu et al. (2018) reported that 31.6-37.3% reduction of SDS after 20 minutes boiling
of red and green lentils. According to Wang et al. (2009) boiling increased 0.8-2.1% of the RS
content in eight Canadian lentil cultivars (from 1.6-4.3% to 3.7-5.1%) after cooking by automated
Mattson Cooker with prior soaking for 24 h. The trend is supported to that in our current study.
The retrogradation of starch after gelatinization provides an explanation of the increase of RS
content after cooking (de Almeida Costa et al., 2006).
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For pea, statistical analysis for the effect of cooking conditions on RDS content (Table 3.5)
revealed that the lowest RDS values were obtained using slow cooking (59.80, 65.64 and 59.74%)
in water, sugar and citric acid solutions, respectively. Also, microwave cooking in salt solution
gave a low RDS value (63.81%). Cooking methods and solutions both affected the content of SDS
in pea ranging from 7.20 to 19.59%. In which the highest value for SDS (19.59%) was obtained
when slow cooking pea in citric acid solution, while the second highest values of SDS (17.34 and
17.76%) were obtained when microwave cooking in salt solution and induction cooking in sugar
solution, respectively. The lowest SDS value (7.20%) was obtained when cooking pea using
microwave cooking in citric acid solution. In general, slow cooking of pea gave the highest values
of RS ranging between 20.66 to 25.03% depending on the cooking solution. While induction
cooking gave the lowest RS depending on the cooking solution 1.15, 1.6, 2.54 and 3.02% for sugar,
salt, citric acid and water, respectively. As a result, slow cooking (9 h cooking at 80 ˚C with prior
soaking) for pea was the best method regarding relatively high RS, SDS content and low RDS.
Limited studies were reported on the RDS and SDS content of pea after processing whereas
several researches focused on RS. The increase in RS content may result from the destruction of
amylase inhibitors by heat processing (Wang et al., 2010) and or the retrogradation of starch after
cooking and cooling (de Almeida Costa et al., 2006). Similar tendency was reported that 3.4-4.1%
increase of RS in boiled pea (from 14.3-16.8% in raw to 17.7-20.9%) (Wang et al., 2008). In
addition, RS content of chickpeas was also increased by 0.2-2.0% (from 3.8-7.3% in raw samples
to 5.8-7.4% in cooked pea) after 90 minutes’ boiling (Xu et al. 2014). Saskatchewan-grown green
and yellow peas were tested for RS (3.9 and 4.7%) after boiling for 125 and 110 minutes without
prior soaking, respectively (Brummer et al., 2015). The low content of RS in this study may result
from the long boiling time.
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3.5.3 Effect of Cooking Conditions on Oligosaccharides
Oligosaccharides are anti-nutrient commonly existing in pulses and they are non-digestible
in human gut. The intake of oligosaccharides may provoke negative physiological effects in human
body such as discomfort feelings and flatulence. Therefore, thermal processing is expected to
remove these compounds.
Among all samples, the highest concentration of stachyose (27.3 and 21.3 mg/g DW),
verbascose (17.6 and 11.7 mg/g DW) were found in raw lentil and pea, respectively (Table 3.63.8). Raw faba bean had lower concentration of stachyose (6.1 mg/g DW) and verbascose (15.1
mg/g DW) compared to lentil and pea. Raffinose was very low in all pulses ranging from 2.0 mg/g
DW for faba bean and lentil to 8.2 mg/g DW for pea.
As expected, all cooking conditions efficiently removed flatus oligosaccharides in faba
bean (Table 3.6). Regardless the cooking solutions, slow cooking presented the lowest raffinose
content (0.4, 0.4, and 0.6 mg/g DW), removing almost 80% of the substance from raw sample,
followed by pressure cooking (1.1, 1.2, and 1.2 mg/g DW), which removed averagely 44% of
raffinose. The removal of stachyose content ranged from 17% (microwave/water) to 82%
(pressure/water) after processing of faba bean. Analysis of variance showed that pressure cooking
and slow cooking reduced averagely 80% of stachyose (~1.2 mg/g DW) from raw faba bean (6.1
mg/g DW) in any cooking solution. Statistical analysis presented significant effect of cooking
conditions on verbascose content. The concentration of verbascose was reduced by 62, 77 and 74%
when faba bean was cooked by slow cooking method in water, salt and sugar solution, respectively.
Among the three cooking solutions, the lowest verbascose content (13.7, 13.2, 12.5, and 3.9 mg/g
DW) was observed in sugar solution by induction cooking, pressure, microwave and slow cooking,
respectively. Overall, the current results indicated that slow cooking was the optimal cooking
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method to decrease oligosaccharides in faba bean compared to the other three methods. In addition,
using salt and sugar solution presented the lowest oligosaccharides content without significant
difference during slow cooking.
The study of Abdel-Gawad (1993) reported that raffinose, stachyose and verbascose of
faba bean decreased by 79% (from 5.2 to 1.1 mg/g), 44% (from 14.4 to 8.0 mg/g) and 46% (from
18.5 to 9.9 mg/g), respectively after 60 min boiling with prior 12 h soaking. In the same study
pressure cooking for 20 min removed those three oligosaccharides by 100% (from 5.2 mg/g to 0),
52% (from 14.1 to 6.7 mg/g), and 48% (from 18.5 to 9.6 mg/g) from raw faba beans. The
processing (boiling and pressure cooking) of faba bean removed more oligosaccharides content
than those in current study resulting from the longer cooking time they used during boiling. In
another research, Vidal-Valverde et al. (1998) found that boiling faba bean for 35 min with 9 h
pre-soaking decreased raffinose, stachyose, and verbascose content by 32% (from 2.8 in raw
sample to 1.9 mg/g), 18% (from 11 to 10.8 mg/g) and 36% (from 22.9 to 14.7 mg/g), respectively.
Cooking methods and solutions both affected the raffinose concentration in lentil to
different extent. Raffinose content in cooked lentil ranged from 0.9 (pressure/water) to 1.6 mg/g
DW (induction/salt) (Table 3.7). The 39% reduction (from 2.0 mg/g in raw lentil to ~1.2 mg/g) of
raffinose content was observed when cooking by pressure cooker, which removed the most amount
of raffinose among all cooking methods followed by parboiling (35% decrease) regardless of
solutions. Cooking effectively removed stachyose content from raw lentil (21.3 mg/g DW)
depending on the cooking methods. When cooking lentils by parboiling, we obtained a 94%
reduction in stachyose regardless of the cooking solution. A reduction of 52% and 54% was
observed in verbascose when pressure cooking or parboiling was used, respectively. In conclusion,
parboiling for 1 min and holding the boiled seed covered for 10 min at room temperature was
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significantly effective in reducing flatus oligosaccharides with slight differences among the 3
solutions.
It was reported that 60-min-boiling after 12 h presoaking removed raffinose content from
raw lentil (from 4.5 to 0 mg/g) completely; also, stachyose and verbascose were removed from
16.5 to 8.3 mg/g and from 6.2 to 3.6 mg/g, respectively (Abdel-Gawad, 1993). They also reported
the effect of pressure cooking (20 min with 12h prior soaking) on removing all raffinose from 4.5
to 0 mg/g, 63% of stachyose from 16.5 to 6.3 mg/g, and 50% of verbascose from 6.2 to 3.1 mg/g.
According to Verde, Frías, and Verde (1992), raffinose and stachyose content of lentil was
decreased from 2.2 to 0.8 mg/g and from 19.6 to 10.1 mg/g, respectively after boiling for 35 min
with 9h-soaking. These observations were in agreement with the results in the current study. Wang
et al. (2009) reported the change of oligosaccharides in 8 lentil cultivars by automated Mattson
Cooker. On average, raffinose content was decreased by 52% from 4.5-6.0 mg/g DW in raw
samples; stachyose was removed by 30% from raw samples (23.3-29.9 mg/g DW); while
verbascose content (7.4-9.8 mg/g DW) was increased to 7.8-10.5 mg/g DW.
For pea, raffinose concentration was affected by both cooking methods and cooking
solutions to different extents (Table 3.8). The lowest raffinose level was observed using slow
cooking (2.0, 1.8, and 2.6 mg/g DW) in water, salt and sugar solution, respectively. This method
removed 75%, 78% and 68% of raffinose from the raw sample (8.2 mg/g DW). Stachyose in
cooked peas ranged from 4.0 (slow/salt) to 19.5 mg/g (microwave/sugar). Slow cooking removed
the most amount of stachyose by 83%, 85%, and 79%, from 27.3 in raw to 4.7, 4.0, and 5.6 mg/g
DW, in water, salt and sugar solution, respectively. In addition, the decrease of stachyose by slow
cooking (average 83%) was over twice fold than that of induction (average 40%) and microwave
cooking (average 36%). Statistically, microwave and induction cooking resulted in the highest
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stachyose concentration (average 18.1 and 16.0 mg/g DW) compared to pressure cooking (12.9
mg/g DW). In general, cooking solutions did not impact the concentration of verbascose. Similar
with raffinose and stachyose as discussed previously. Slow cooking also presented the most
verbascose removal (decreased by 73%, 78% and 68%) than the other three cooking methods in
water, salt and sugar solution. These results may be due to the long cooking time bringing more
flatus oligosaccharides from pea. Clearly, slow cooking displayed low values of oligosaccharides
and cooking in salt solution seems to be more effective compared to the other three methods in
reducing stachyose, verbascose and raffinose in cooked pea.
According to previous study (Wang et al., 2008), the concentration of raffinose, stachyose,
and verbascose decreased by 11.6-47.9%, 34.1-58.2% and 15.6-41.7%, respectively after cooking
pea by Mattson Cooker with 24 h soaking. The result was in agreement to the results from our
study. Han and Baik (2006) reported that the oligosaccharides content (raffinose, stachyose, and
verbascose) in raw green pea was 30.1, 35.4, and 15.0 mg/g DW, respectively. They found that
after boiling 30 min with prior 12 h soaking, raffinose and stachyose decreased to 22.3 and 21.6
mg/g DW.
3.5.4 Effect of Cooking on Trypsin Inhibitor Activity (TIA)
Trypsin inhibitor is one of the enzyme inhibitor detected in pulses with low concentration.
This substance limits utilization of some nutritional compositions such as protein and starch in
human body. It was indicated that heat processing is effective treatment for removing trypsin
inhibitor in pulse.
The highest trypsin inhibitor activity (TIA) was found in raw faba bean (0.86 TIU/mg DW)
(Table 3.9) followed by pea (0.54 TIU/mg DW) while lentil had the lowest TIA of 0.42 TIU/mg
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DW. As expected, cooking conditions decreased TIA in cooked pulses with the by about 16% in
lentil (pressure/sugar) to 83% in faba bean (slow/sugar).
Cooking technologies removed TIA by 56-83% for faba bean (Table 3.9). Among cooking
methods, slow cooking resulted in the greatest inactivation of trypsin inhibitors regardless cooking
solutions. When using slow cooking, 77%, 79% and 83% reduction of TIA (from 0.86 TIU/mg
DW in raw bean to 0.20, 0.18 and 0.15 TIU/mg DW) were observed in water, salt and sugar
solution, respectively. The lowest level of TIA may result from its longer cooking time (9 h) than
other methods. Therefore, slow cooking in 1.0% sugar solution could be the best cooking condition
to remove the most TIA for faba bean.
Thermal treatment removed trypsin inhibitors partially (15-57%) in lentil (Table 3.9).
Parboiling resulted in significant reduction in TIA by 52%, 36% and 57% in comparison to raw
lentil (0.42 TIU/mg DW) in water, salt and sugar solution, respectively. When cooking the seed in
water, the lowest values were obtained using induction cooking (0.25 TIU/mg DW), pressure
cooking (0.24 TIU/mg DW), microwave cooking (0.34 TIU/mg DW), and parboiling (0.20
TIU/mg DW) among cooking solutions. Thereby, the lowest TIA was shown in water or 1.0%
sugar solution by parboiling cooking for lentil.
Heat processing significantly decreased 26-65% of TIA for pea. Among cooking methods,
slow cooking showed the greatest inactivation of TIA with the values of 0.20, 0.31 and 0.19
TIU/mg DW in water, salt, and sugar solution, which decreased by 63, 43, and 65%, respectively
from raw pea (0.54 TIU/mg DW). Among cooking solutions, the lowest TIA level was found in
sugar by induction cooking (0.32 TIU/mg DW), pressure cooking (0.29 TIU/mg DW), microwave
cooking (0.31 TIU/mg DW), and slow cooking (0.19 TIU/mg DW).
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Several researchers investigated the effect of processing method or heating solution on TIA
removal from pulses. Pal et al. (2017) reported that TIA was decreased by 80-85% after soaking
(12 h) and boiling (90 min) among five lentil varieties. More reduction (99%) of trypsin inhibitor
was shown in boiled lentils with 4.5h pre-soaking (Sharif et al., 2014). Trypsin inhibitor activity
for raw faba bean, lentil and pea was within the range of 6.0-6.1, 5.0-6.3, and 3.2-4.9 TIU/mg,
respectively, which were higher than the results in current study (Shi et al., 2017). They found
boiling pulses for 1 h with pre-soaking (4 h) brought a complete removal of trypsin inhibitors in
lentil and faba bean; while 79-81% reduction of trypsin inhibitor was noted in pea. Above all,
parboiling lentil and slow cooking faba bean and pea were the optimal cooking method to remove
the most amount of trypsin inhibitor.
3.6 Conclusion
Cooking methods and solutions greatly affected the digestibility of starch for all the
selected pulses. For faba bean, among all cooking methods, slow cooking (for 9 h in 1.0% sugar
solution at 80°C after 2 min blanching) was effective in reducing the digestibility of starch (high
concentration of SDS and RS). Also, slow cooking of faba bean significantly reduced the
concentration of oligosaccharides and trypsin inhibitor. For lentil, parboiling (1 min) and holding
for 10 min in water was the optimal cooking method for increasing the concentration of SDS and
RS, and reducing oligosaccharides and trypsin inhibitor concentrations in the cooked lentil.
Among all cooking conditions, slow cooking of pea (for 9 h in water at 80°C after 2 min blanching)
resulted in the highest concentration of SDS and RS and significantly reduced oligosaccharides
and trypsin inhibitor activity, regardless the cooking solution.
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Table 3. 2 Total starch (% DW) of cooked and raw pulses
Solution
Salt

Cooking
method

Water

Traditional
Pressure
Microwave
Slow
Raw

34.06±1.19bB
37.66±2.88aA
37.90±2.31bA
32.79±1.31cC
35.71±1.23

Traditional
Pressure
Microwave
Parboiling
Raw

aA

43.80±0.87
41.46±3.26bA
44.12±0.47aA
43.00±1.12bA
41.94±0.60
dB

Sugar
Faba bean
37.04±0.81aA
34.96±1.43bC
aA
37.39±0.20
36.30±2.37bB
40.00±0.58aA
40.17±0.51aA
38.46±0.23bA
39.68±0.70abA
Lentil
41.86±0.86
43.79±2.48aA
abA
42.75±0.94
44.27±0.27aA
42.28±0.73abAB 42.03±0.76abB
44.62±0.99aA
44.99±0.78aA
bB

bB

Pea
36.35±1.74aC
47.61±0.71aA
43.68±0.11bB
45.02±0.62bB

Citric acid
34.94±2.10bB
34.29±1.29cB
36.00±0.71bA
33.72±0.26cB

42.23±0.40bA
43.78±1.16abA
41.82±1.22bB
45.05±0.64aA

Traditional 32.40±0.23
34.50±2.05
33.44±0.78cD
aA
aA
Pressure
46.33±0.93
46.39±0.53
46.74±0.23aB
Microwave 41.59±3.12bA 44.47±0.19aA
40.67±0.29cC
Slow
45.65±0.79bA 46.09±0.36bA
49.40±0.69aA
Raw
45.52±0.23
For each sugar means in a row followed by a different superscript lowercase letter are
significantly different among solutions and means in a column followed by a different
superscript uppercase letter are significantly different among cooking methods at P< 0.05 using
Tukey’s test
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Table 3. 3 Starch nutritional fractions (RDS, SDS, and RS) of cooked and raw faba beans
Water Solution
Salt Solution
Sugar Solution
Citric Acid Solution
Cooking
method RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%)
Induction 74.23±3.1aB 16.74±0.2eE 9.02±0.1iH 62.46±1.7bC 16.77±0.6eE 20.77±1.1gH 65.03±0.4bB 20.99±0.7dE 13.98±0.6hI 72.30±1.4aB 14.80±1.2eF 12.90±1.4hiG
Pressure

79.23±1.2bA 19.33±2.1dE 1.44±0.0gI 84.89±1.0aA 13.33±1.4eF 1.78±0.4gI 85.98±0.9aA 13.21±0.0eF 1.82±0.0gJ 79.84±0.7bA 18.09±1.2dE 2.07±0.0gI

Microwave 82.07±0.4aA 8.33±3.4eF 9.60±0.4hH 75.62±4.1aB 4.79±0.5eG 19.59±0.6gH 65.07±4.9bB 15.54±1.9dF 19.38±1.2gH 80.98±0.8aA 9.53±0.0eF 9.51±0.8hH
Slow
Raw

56.94±1.0aC 29.08±1.4deD 13.98±0.2hG 49.48±0.1bD 22.38±1.7fD 28.15±0.6gG 49.03±0.6bC 25.78±1.7efD 25.18±2.1gG 51.90±3.1bC 32.79±2.2dD 15.31±1.4hG
32.78±0.5

54.36±2.7

14.67±0.2

RDS, rapidly digestible starch; SDS, slowly digestible starch; RS, resistant starch.
For each pulse means in a row followed by a different superscript lowercase letter are significantly different among solutions and
means in a column followed by a different superscript uppercase letter are significantly different among cooking methods at P< 0.05
using Tukey’s test.
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Table 3. 4 Starch nutritional fractions (RDS, SDS, and RS) of cooked and raw lentils
Water Solution
Salt Solution
Sugar Solution
Citric Acid Solution
Cooking
methods RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%)
eD
gG
Induction 67.68±2.6bB 21.45±0.0dE 10.87±0.8gG 78.51±1.5aB 14.98±1.2eF 6.50±0.6hG 72.69±2.3bA 23.66±3.6dD 3.65±0.1iI 71.36±2.7bB 19.22±3.2 9.42±0.6
Pressure 84.08±1.9aA 13.36±2.3dF 2.56±0.1iH 83.47±1.8aA 12.61±1.9dE 3.92 ±0.1iH 81.19±4.3aA 10.59±0.0dE 8.22±0.3hH 83.23±4.6aA 6.35±0.2eE 10.42±0.4gG
Microwave 69.74±6.1bB 28.14±2.7dD 2.12±0.0hH 82.34±1.9aAB 17.55±0.0eE 0.11±0.0iJ 77.28±0.0abA 20.71±1.5eD 2.01±0.0hI 80.32±3.9aAB 20.91±3.3eD 2.91±0.0gI
Parboiling 61.40±6.1aB 27.10±3.1eDE 11.50±0.6hG 64.14±0.2aC 35.19±0.6dD 0.67±0.0jI 67.20±3.3aA 12.84±0.9fE 19.96±1.0gG 69.63±1.8aC 25.22±2.7eD 5.14±0.4iH
Raw
35.78 ±1.8 45.12±3.6 19.10±1.5
RDS, rapidly digestible starch; SDS, slowly digestible starch; RS, resistant starch.
For each pulse means in a row followed by a different superscript lowercase letter are significantly different among solutions and
means in a column followed by a different superscript uppercase letter are significantly different among cooking methods at P< 0.05
using Tukey’s test.
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Table 3. 5 Starch nutritional fractions (RDS, SDS, and RS) of cooked and raw peas
Water Solution
Salt Solution
Sugar Solution
Citric Acid Solution
Cooking
method
RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%) RDS (%) SDS (%) RS (%)
Induction 81.41±5.9aA 15.56±2.9dD 3.02±0.1gI 82.68±0.1aA 15.72±1.1dD 1.60±0.0hI 81.09±1.3aA 17.76±0.0dD 1.15±0.0hI 83.39±3.34aA 14.08±1.6dE 2.54±0.1gI
Pressure 74.71±1.5abA 14.41±0.0dD 10.88±1.0hH 74.45±4.3bB 12.65±2.1dD 12.89±0.3hH 80.63±5.7aA 15.57±3.3dD 3.80±0.2iI 70.54±1.6bB 13.25±2.4dE 16.21±1.6gH
Microwave 73.67±2.1aA 15.93±3.9dD 10.40±0.8iH 63.81±0.7cC 17.34±2.5dD 18.85±1.2gGH 68.92±1.4bB 15.81±3.2dD 15.27±1.1hH 72.95±0.8aB 7.20±1.0eF 19.84±1.2gG
59.80±0.7bB 15.80±1.5dD 24.49±1.9gG 64.09±0.6aC 10.89±0.1eE 25.03±1.8gG 65.64±0.9aB 9.52±0.6eE 24.84±1.8gG 59.74±1.3bC 19.59±2.2dD 20.66±1.9gG
Slow
31.43±0.8 31.30±1.9 39.28±1.7
Raw
RDS, rapidly digestible starch; SDS, slowly digestible starch; RS, resistant starch.
For each pulse means in a row followed by a different superscript lowercase letter are significantly different among solutions and
means in a column followed by a different superscript uppercase letter are significantly different among cooking methods at P< 0.05
using Tukey’s test.
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Table 3. 6 Content of flatus oligosaccharides in cooked and raw faba bean cooked with
various heating technologies and solutions (mg/g)
Solution
Water
Salt
Sugar
Raffinose
Induction
1.45±0.01aA 1.39±0.05abA 1.30±0.08bA
Pressure
1.11±0.05aB 1.16±0.09aB
1.15±0.02aB
Microwave
1.47±0.03aA 1.18±0.09aB
1.29±0.05aA
Slow
0.35±0.02bC 0.35±0.03bC
0.58±0.03aC
Raw
1.97±0.05
Stachyose
Induction
1.46±0.01aB 1.45±0.07aB
1.38±0.03aB
Pressure
1.09±0.08aB 1.17±0.00aC
1.27±0.19aB
Microwave
5.10±0.23aA 4.17±0.02bA
4.43±0.26bA
Slow
1.27±0.14aB 1.18±0.05aC
1.24±0.08aB
Raw
6.11±0.61
Verbascose
Induction
14.64±0.23aA 14.76±0.09aA 13.73±0.09bA
Pressure
13.03±0.07bB 13.57±0.28aB 13.24±0.08abB
Microwave 14.69±0.17aA 12.10±0.16bC 12.45±0.10bC
Slow
5.70±0.43aC 3.53±0.22bD
3.93±0.05bD
Raw
15.08±0.41
For each pulse means in a row followed by a different superscript lowercase letter are
significantly different among solutions and means in a column followed by a different
superscript uppercase letter are significantly different among cooking methods at P< 0.05 using
Tukey’s test.
Cooking
method
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Table 3. 7 Content of flatus oligosaccharides in cooked and raw lentil cooked with various
heating technologies and solutions (mg/g)
Solution
Water
Salt
Sugar
Raffinose
Induction
1.31±0.12bAB 1.61±0.08aA 1.12±0.04bC
Pressure
0.91±0.08bC
1.33±0.01aB 1.26±0.01bB
Microwave 1.52±0.13aA
1.26±0.04bB 1.36±0.02abA
Parboiling 1.26±0.02abB 1.22±0.06bB 1.33±0.01aA
Raw
1.95±0.05
Stachyose
Induction
12.97±0.85abA 13.65±0.36aA 12.03±0.61bA
Pressure
9.39±0.43bB 11.84±1.03aA 8.46±0.25bB
Microwave 12.57±0.89aA 9.82±0.88bB 13.24±1.01aA
Parboiling
1.15±0.11bC 1.22±0.06abC 1.34±0.01aC
Raw
21.33±0.21
Verbascose
Induction
6.56±0.11aA
6.73±0.19aA 6.38±0.33aAB
Pressure
5.29±0.25bB 6.68±0.69aAB 4.73±0.15bC
Microwave 6.94±0.44aA 5.48±0.67bAB 7.18±0.54aA
Parboiling
4.96±0.09bB 5.38±0.27abB 5.70±0.06aB
Raw
11.73±0.20
For each pulse means in a row followed by a different superscript lowercase letter are
significantly different among solutions and means in a column followed by a different
superscript uppercase letter are significantly different among cooking methods at P< 0.05 using
Tukey’s test.
Cooking
method

63

Table 3. 8 Content of flatus oligosaccharides in cooked and raw pea cooked with various
heating technologies and solutions (mg/g)

Induction

Solution
Water
Salt
Raffinose
7.38±0.29aA
7.11±0.21aB

5.69±0.22bB

Pressure

4.49±0.13aB

4.89±0.17aC

Microwave
Slow
Raw peas

7.74±0.06aA
1.98±0.14bC

Cooking
method

Induction
Pressure
Microwave

4.89±0.20aC

Sugar

8.19±0.43aA 8.17±0.32aA
1.84±0.05bD 2.60±0.06aD
8.18±0.94
Stachyose
16.31±1.20aA 16.44±0.42aA 15.33±0.52bB
11.73±0.51bB 13.32±0.25aB 13.59±0.34aB
17.33±0.50bA 17.49±0.75bA 19.54±0.45aA

3.98±0.05cC 5.57±0.13aC
27.28±4.82
Verbascose
Induction
12.52±0.59aB 13.10±0.49aB 12.75±0.25aB
Pressure
12.44±1.19aB 13.31±0.25aB 13.47±0.48aB
Microwave 17.65±0.19abA 17.09±1.07bA 19.27±0.44aA
Slow
4.65±0.09bC
3.77±0.27cC 5.63±0.12aC
Slow
Raw peas

4.65±0.09bC

Raw
17.62±0.86
For each pulse means in a row followed by a different superscript lowercase letter are
significantly different among solutions and means in a column followed by a different
superscript uppercase letter are significantly different among cooking methods at P< 0.05 using
Tukey’s test.
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Table 3. 9 Trypsin inhibitor activity of cooked and raw pulses cooked with various heating
technologies and solutions (TIU/mg DW)

Induction

Solution
Water
Salt
Faba bean
0.39±0.00aA 0.36±0.00aA

0.34±0.03aA

Pressure

0.25±0.01bB

0.24±0.00bC

0.29±0.00aA

Microwave

0.21±0.01bC

0.29±0.01aB

0.31±0.01aA

Slow
Raw

0.20±0.01aC

0.15±0.00bB

Induction

0.18±0.00aD
0.86±0.04
Lentil
bB
0.25±0.00
0.32±0.00aB

Pressure

0.24±0.00cB

0.39±0.00aA

0.35±0.00bA

Microwave

0.34±0.03abA

0.33±0.01bB

0.39±0.01aA

Parboiling
Raw

0.20±0.01bB

0.27±0.00aC
0.42±0.02

0.18±0.00bB

Cooking
methods

Sugar

0.32±0.01aB

Induction

Pea
0.38±0.00
0.40±0.00aA

0.32±0.00cA

Pressure

0.32±0.00bB

0.36±0.00aB

0.29±0.00cB

Microwave

0.38±0.01aA

0.38±0.00aAB 0.33±0.01bA

bA

Slow
0.20±0.00bC 0.31±0.01aC 0.19±0.00bC
Raw
0.54±0.03
For each pulse means in a row followed by a different superscript lowercase letter are
significantly different among solutions and means in a column followed by a different
superscript uppercase letter are significantly different among cooking methods at P< 0.05 using
Tukey’s test.
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CHAPTER 4. EFFECT OF DIFFERENT COOKING CONDITIONS ON PHENOLIC
COMPOUNDS AND ANTIOXIDANT CAPACITY OF SELECED PULSES GROWN IN
CANADA
4.1 Abstract
Phenolic compounds are important substances related to their positive effect on human
health. They can be regarded as natural antioxidants, anti-cancer and anti-inflammatory agents.
The current study investigated the effect of cooking conditions (cooking methods and cooking
solutions) on phenolic content and antioxidant properties of selected pulses (faba bean, lentil and
pea) grown in Saskatchewan, Canada. Phenolic acids were identified by HPLC and antioxidant
capacities were measured using 3 different assays including DPPH scavenging activity, ABTS
cation radical scavenging activity, and oxygen radical absorbing capacity (ORAC). Among all
cooking conditions, induction (in 0.5% salt solution) or microwave (in 1.0% sugar solution) of
faba bean resulted in the highest total phenolic content (TPC). The major phenolic acids detected
in cooked faba were p-hydroxybenzoic, trans-p-coumaric, trans-ferulic and sinapinic acid.
Microwave cooking was the optimal method to keep the highest antioxidant for faba bean in any
solution. For lentil, the most TPC (~24.14 mg FAE/g), ABTS scavenging capacity and, DPPH
values were retained after microwave cooking in water. Protocatechuic, p-coumaric, and transferulic acids were identified in lentil ethanol extracts. For pea, induction cooking in water was the
optimal cooking condition to reserve reasonable TPC (19.39 mg ferulic acid equivalents (FAE)/g)
and kept the most antioxidant. The presence of p-hydroyxbenzoic, p-coumaric, and ferulic acid
was observed in both free and bound phenols from cooked pea. The results demonstrated that
cooking conditions have significant effect on phenolic compounds and antioxidant capacities of
pulses to different extents.
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4.2 Introduction
Pulses are excellent dietary source of bioactive compound such as phenolic acids and
flavonoids possessing biological effects on human health. It has been reported that significant
amount of phenolics and flavonoids existing in lentil, pea, and bean especially with dark colored
seed hull (Gyawali & Ibrahim, 2014; Zhao et al., 2014; Mudryj et al., 2014; Padhi et al., 2017).
The phenolic compounds are designated as great antioxidant, anti-cancer and anti-inflammatory
agents in many literatures. As an antioxidanat, phenolic compound is able to eliminate free radicals
in human body and combat oxidative damage therefore it potentailly prevents various human
diseases such as cadiovascular diease, diabets and cancer (Aguilera, et al., 2011; Andersen &
Jordheim, 2010; Gazdik et al., 2008; Wang et al., 2016).
Phenolic compounds are the main natural antioxidant contituents from plant. The most
common phenolic compounds of pulses are ferulic, coumaric and protocatechuic acids. In addition,
some other polyphenolic compounds such as flavan-3-ols, proanthocyanidins, anthocyanidins,
flavonols, flavones and flavanones were detected in pulses (Alshikh, de Camargo, & Shahidi, 2015;
Amarowicz et al., 2010).
Increasing interest in antioxidant capacity of pulse was presented in several studies. The
antioxidant activity of phenolic compounds functions in different ways. The phenolic compound
is able to act as a nucleophile to bind with free radicals, inhibit lipid peroxidation and end the
oxidation reaction (Pisoschi & Negulescu, 2011). Also, the substance can inhibit oxidation by
chelating metal ions (Lopes et al., 1999). Therefore, numerous assays have been used to determine
the antioxidant capacity of seeds depending on their unique antioxidant action mechanism. DPPH
scavenging activity, ABTS cation radical (ABTS•+) scavenging activity, and oxygen radical
absorbing capacity (ORAC) method are commonly used for measuring the antioxidant (Lavecchia,
Tibuzzi, & Giardi, 2010). The aim of this study is to determine the phenolic content and antioxidant
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capacity of free and bound phenolic extracts from raw and cooked pulses (faba bean, lentil and
pea).
4.3 Chemicals and Material
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2, 2-azino-bis (3-ethylbenzthiazoline-6sulfonic
acid) (ABTS), fluorescein, 2,2’-Azobis (2-methylpropion-amidine) dihydrochloride (AAPH),
Trolox and ferulic acid were purchased from Sigma (Sigma-Aldrich Canada Ltd., Oakville, ON).
All the chemicals and reagents used in the study are at the highest commercially available purity.
The selected pulses (faba bean, lentil and pea) were obtained from Saskatchewan, Canada.
All pulse samples were first soaked in water before any cooking method except for induction
cooking of lentil. They were cooked in water, 0.5 % salt and 1.0 % sugar solution by induction,
pressure cooker, microwave and slow cooker, respectively (Table 4.1). After cooking, all the
samples were grinded and dried in the oven at 50 °C overnight. The dry cooked pulses were milled
and pass through a 500 µm mesh screen and stored in desiccator.

68

Table 4. 1 Cooking methods and conditions for three different pulses

Faba bean

Cooking time
Lentil

Pea

Induction cooking

Soaking time: 24 h
Cooking time: 7 min

Soaking time: N/A
Cooking time: 25 min

Soaking time: 24 h
Cooking time: 10 min

Pressure cooking

Soaking time: 14 h
Cooking time: 14+15*
min

Soaking time: N/A
Cooking Time:
17+15* min

Soaking time: 14 h
Cooking time: 11+15*
min

Microwave cooking

Soaking time: 24 h
Blanching time: 1 min Soaking time: 24 h
Cooking time: 7 min at Cooking time: 2.5 min
Power 7 & 3 min at
at Power 10
Power 3

Cooking methods

Slow cooking

Soaking time: 24 h
Blanching time: 2 min
Cooking time: 9.0 h

Soaking time: 24 h
Blanching time: 1 min
followed by holding
covered (1min)

Soaking time: 24 h
Blanching time: 1 min
Cooking time: 7 min at
power 7

Soaking time: 24 h
Blanching time: 2 min
Cooking time: 9.0 h

*14 mi to reach the pressure inside the cooker, followed by 15min to release all the pressure
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4.4 Methods
4.4.1 Extraction of phenolic compound
Free and bound phenolics were extracted according to the procedure described by AbdelAal and Rabalski (2013). Free phenolic was extracted twice in duplicate from 0.5g samples in 5
mL of 80% methanol. They were shaken on the IKA shaker for 30 min and then centrifuged at
4400 rpm for 10 min. The supernatant was kept as the free phenolic extract and the pellet was used
to extract bound phenolic acids. Five mL free phenolic supernatant was dried under nitrogen gas
and reconstituted with 5 mL of nano-pure water. The remaining pellet was washed with 15 mL of
hexane, shaken for 5 min and centrifuged at 4400 rpm for 10 min discharging the hexane. Then
the pellet was treated with 7.5mL of 2M NaOH and after flushing the tube with nitrogen gas, stirred
for 1 hour in a 70 °C water bath. The mixture was acidified to pH 2 with 2M HCl solution and the
tube was centrifuged at 4400 rpm for 15 min to collect the supernatant. The pellet was washed
with 10 mL nano-pure water, shaken for 5 min on the IKA shaker and then centrifuged at 4400
rpm for 10 min. The supernatant was extracted three times with 10mL of ethyl ether and ethyl
acetate solution (50:50, v/v) and the organic layer was collected to be dried under a gentle stream
of nitrogen gas. Dried residues in each tube were then reconstituted with 5mL of nano-pure and
this will make up the bound phenolic samples. Both free and bound phenolic acid extracts were
filtered through 0.45 um of syringe filter.
4.4.2 Total phenolic contents
Quantification of free and bound phenolic content was done by Folin-Ciocalteu method
using procedure modified by Abdel-Aal and Rabalski (2008). Ferulic acid was used as the standard
and a series of standard solutions were prepared with concentrations between 0-350 µg/mL and
absorbance was read at 725 nm against a reagent blank. The reaction mixture contained 50 µl of
pulse free or bound phenolic extract, 50 µl diluted Folin-Ciocalteu reagent and 100 µl of saturated
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sodium carbonate solution. The mixture was made up to 1.0 mL with distilled water and shaken
thoroughly. After 30-min reaction in darkness, the mixture was centrifuged at 4000 rpm for 5 min.
Then the absorbance at 725 nm was determined against a blank which contain all reagents without
the samples or the ferulic acid standard at the same conditions. All determinations were carried
out in duplicates. The total phenolic content is expressed as the number of equivalents of ferulic
acid. The concentrations demonstrated a linear relationship with the absorbance with a
determination co-efficient (R2) of 0.996, which generated a regression equation as below:
!=

# − 0.0019
0.0034

where x is the concentration of ferulic acid (µg/mL) and y is the absorbance at 725 nm.
4.4.3 HPLC test
High Performance Liquid Chromatograpy (HPLC) (Agilent Series 1100, Waldbronn,
Germany) was used for separation and quantification of phenolic acids in free and bound extracts
as described by Ragaee et al. (2012). HPLC was equipped with a diode array detector (DAD) and
a Supelcosil LC-18 (Supleco Analytical, Bellefont, PA) column. A gradient elution using 6%
formic acid and 6% formic acid in acetonitrile was used at a flow rate of 1 mL/min. A mixture of
16 phenolic acid standards including gallic, protocatechuic, p-hydroxybenzoic, gentisic, 3hydroxybenzoic, catechuic, vanillic, caffeic, chlorogenic, syringic, p-coumaric, o-coumaric, transferulic, t-iso-ferulic, sinapinic, and cinnamic acids was used for calibration, identification and
quantification. The detection of phenolic acids was performed at five wavelengths (260, 275, 300,
320, 330 nm) in which each phenolic acid was quantified at its maximum absorption wavelength.
Standards were purchased from Sigma–Aldrich (Oakville, ON) and were run during each run to
verify retention times and the UV/Vis spectra.
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4.4.4 Antioxidant capacity of raw and cooked pulses
Scavenging capacity of DPPH radical
Scavenging capacity of DPPH radical was carried out using the stable 2, 2-diphenyl-1picrylhydrazyl radical (DPPH•) as outlined by Ragaee, Abdel-Aal and Noaman (2006). The
antioxidant reaction was initiated by transferring 25 µl or 50 µl of pulse ethanol extract into the 96
micro-plate well and adjusting to 50 µl with 50% ethanol with 300 µl of freshly prepared DPPH•
solution (0.1 µmol/ml). The reaction mixture was monitored by reading absorbance at 517 nm for
30 min at 1 min intervals. A blank reagent was used to study stability of DPPH• over the test time.
The absorbance measured at 30 min was used for the calculation of µmol DPPH• scavenged by
extracts. Trolox (6-hydroxy 2, 5, 7, 8-tet-ramethylchroman-2-carboxylic acid) was used as a
synthetic antioxidant reference. The scavenging capacity of pulses extract was calculated as the
concentration of Trolox equivalent.
Radical cation ABTS scavenging capacity
The scavenging capacity against radical cation (2, 2’-azino-di-[3-ethyl benzthiazoline
sulphonate] (ABTS•+) was measured using Randox Laboratories assay kit (San Francisco, CA).
Thirty µl of diluted extract or Trolox standard solution (0-140 µg/mL) was taken for reaction with
20 µL myoglobin working solution and 300 µL of ABTS solution. The reaction mixture was read
at 405 nm for 10 min with readings at an interval of every minute. The absorbance readings at 5
min were used for calculations. Trolox provided in the kit was used as an antioxidant standard and
for the calculation of scavenging capacity of pulse ethanol extracts as trolox equivalent. The
scavenging capacity of free and bound extract of pulses was calculated as µmol Trolox
equivalents/g sample as Trolox equivalent antioxidant capacity (TEAC).
Oxygen radical absorbance capacity (ORAC)
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The ORAC method was previously described by Abdel-Aal and Rabalski (2013). It was
used to determine antioxidant capacity of pulses free and bound extracts. Twenty-five µl sample
extract, Trolox standard solution (0-140 µg/mL), or nano pure water (blank) were mixed with 150
µl fluorescein in each of the 96 micro-plate well. The mixture was conditioned at 37˚C for 15 min,
then 25 µL of 2, 2’-Azobis (2-methylpropion-amidine) dihydrochloride (AAPH) as a peroxyl
radical generator was added to start the decaying of fluorescein. The degradation of fluorescein
progressed for 60 min in the heated chamber of BioTech Synergy H4 with the following settings:
the fluorescence excitation at 485 nm, the emission wavelength 528 nm, and reading was taken
every min for 60 min. The micro-plate fluorescent reader was operated by Gen 5 software version
1.11.5 (BioTek). Data are presented as mean of relative ORAC values. Relative ORAC values
were calculated as the ratio between the net areas (area under curve or AUC) between sample (s)
and Trolox control (s) multiplied by molarity of Trolox over molarity of sample.
Relative ORAC value = [(AUCs-AUCb)/ (AUCt-AUCb)] × molaritytrolox/ molarity
Where: AUCs = area under curve for sample
AUCb = area under curve for blank
AUCt = area under curve for Trolox
4.4.5 Statistical Analysis
Results were expressed as mean values (standard deviations of three separate
determinations). Analysis of variance (ANOVA) was performed to assess the effect of the cooking
methods under different solutions (significance level: p

0.05). Statistical analyses were

performed with an IBM SPSS Statistics (Version 24.0, IBM Corp., Armonk, NY, U.S.A.).
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4.5 Results and Discussion
4.5.1 Effect of Cooking on Total Phenolic Content of Pulses
It is well known that the health benefit of pulses is partially due to the presence of bioactive
substances such as phenolic compounds and flavones (Giusti et al., 2017). The consumption of
pulses has been correlated with several health benefits including antioxidant capacities, anticancer,
antimicrobial, anti-allergic and anti-inflammatory abilities (Manach et al., 2004). Processing
conditions of pulses requires soaking and boiling in excess water which could affect the
concentration of phenolic compounds in the final product to different extents depending on the
cooking method and condition.
In the present study, total phenolic content (TPC) of raw pulses varied from 12.24 to 40.77
mg ferulic acid equivalents (FAE)/g (Table 4.2-4.4). Generally, pulses are known to be richer than
cereal and millets (0.47-3.73 mg/g) in phenolic compounds (Sreeramulu, Reddy, & Raghunath,
2009). Raw faba bean had the highest TPC (40.77 mg FAE/g) amongst the three selected pulses
followed by raw lentil (20.24 mg FAE/g) and the lowest value was observed for raw pea (12.24
mg FAE/g). Several studies reported the TPC of raw pulses in the range of 23.9-35.1, 47.6-68 and
12.9-78.9 mg GAE/g in faba bean, lentil and pea extracts, respectively (Amarowicz et al., 2004;
Amarowicz & Shahidi, 2017; Kalogeropoulos et al., 2010; Nithiyanantham, Selvakumar, &
Siddhuraju, 2012; Sharma et al., 2015; Zhao et al., 2014). Alshikh et al (2015) reported TPC in
raw lentils to be in the range of 1.37-5.53, 2.32-21.54, and 2.55-17.51 mg GAE/g for free, esterifies
and insoluble-bound form extracts, respectively. This difference may result from the variation
between cultivars and different extraction procedures.
Phenolic compounds (PC) of free extracts were high in raw faba bean (38.34 mg FAE/g)
followed by lentil (14.13 mg FAE/g); whereas, lentil had the highest PC in bound extract (6.91 mg
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FAE/g) and faba bean came the second (2.67 mg FAE/g). Pea had the lowest PC value for both
free extract (10.30 mg FAE/g) and bound (1.94 mg FAE/g) among the three selected pulses.
Cooking methods significantly affected the concentration of phenolic compounds in the
cooked pulses. Free, bound and total phenolic compounds of cooked and raw faba bean are
presented in Table 4.2. As expected significant loss of free phenolics in the cooking solutions were
observed. A48% reduction in PC was observed in the free extract of cooked faba bean (14.4524.73 mg FAE/g) in comparison to raw bean (38.34 mg FAE/g). Statistical analysis demonstrated
that the most PC in the free phenolic compound of cooked faba bean was retained after induction
cooking without significant difference between solutions (average 23.7 mg FAE/g). In bound
phenol of cooked faba beans, PC varied from 1.84 (induction/water) to 3.81 mg FAE/g
(pressure/water). In general, TPC (free + bound) of cooked faba bean using induction (7 min) or
microwave (10 min) cooking methods after 24h pre-soaking, had the values of ~2.63 or ~2.55 mg
FAE/g, respectively with no significant difference among solutions.
Several researches determined the total polyphenolic compounds in bean under different
cooking conditions. For example, Kalogeropoulos et al. (2010) reported 0.20 mg GAE/g TPC of
cooked faba bean after 95 min boiling with prior soaking overnight. This result was lower than
that of the current study which is likely attributed to their long cooking time for faba bean and/or
the extraction methodology. Another study determined the phenolic compounds for five genotypes
of Australian-grown faba bean using boiling (40 min) and pressure cooking (20 min) both with 12
h pre-soaking (Siah et al., 2014). The authors reported that TPC decreased from 2.8-11.2 mg
GAE/g DW in unprocessed bean to 0.7-2.4 mg GAE/g DW in boiled faba bean and to 0.7-1.9 mg
GAE/g DW in pressure cooked faba bean. The cooking technologies and pre-soaking led to
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leaching or thermal deterioration of phenolic compounds, which would be an explanation for the
loss of TPC.
For lentil, the free extract (Table 4.3) had the highest PC when using microwaving in water
(21.7 mg FAE/g) and pressure cooking in sugar (23.94 mg FAE/g). Heat technologies and cooking
solutions changed PC in bound extract of raw lentil (3.81-8.06 mg FAE/g) to different extend.
When cooking lentil by microwave method, bound PC increased from 6.91 mg FAE/g in raw
sample to 7.23, 8.22 and 7.05 mg FAE/g in water, salt and sugar solutions, respectively. Whereas,
PC of bound extract decreased significantly using induction cooking (4.14, 4.51, and 3.81 mg
FAE/g) and parboiling (4.33, 4.78, and 6.60 mg FAE/g) in water, salt and sugar solution,
respectively. The high TPC of cooked lentil was obtained when using pressure cooking 22.55,
22.38, and 27.50 mg FAE/g in water, salt and sugar, respectively among all cooking methods.
Therefore, pressure cooking could be considered as the best cooking method for lentil keeping the
most phenolic content in the cooked material.
It was reported that TPC in cooked lentil was 0.12 mg GAE/g after 30 min boiling without
soaking (Kalogeropoulos et al., 2010), which was relatively lower than that of our study. The same
cooking treatment was used by Xu and Chang (2008) and they found a 56% reduction of TPC in
lentils (3.24 mg GAE/g) compared to the unprocessed sample (7.34 mg GAE/g). Four cultivars of
Spain-grown lentil retained 2.41-3.16 mg catechin equivalents (CE)/g TPC after 30-min boiling
without soaking, which shown ~35% increase when compared to raw samples (1.56-2.35 mg CE/g)
(Fernandez Orozco, Zieliński, & Piskuła, 2003). They explained that heat processing breaks the
cell walls and releases lipophilic phenolic compounds which are bound in the cell walls of lentil.
In free extract of cooked pea, PC ranged from 6.84 to 15.29 mg FAE/g (Table 4.4). Most
cooking conditions increased the value of phenolic compounds when compared to raw pea (10.30
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mg FAE/g); however, the exceptions were found in slow cooking/water (6.84 mg FAE/g) and
microwave/sugar (7.76 mg FAE/g). PC in bound extract was affected by cooking methods within
the range of 1.77-6.79 mg FAE/g. Among heat technologies, microwave cooking presented the
lowest PC in bound extract regardless cooking solutions. The most TPC were detected when using
slow cooking in salt (4.69 mg FAE/g) and sugar solution (3.81 mg FAE/g). As a summary, slow
cooking in salt and sugar could retain the most phenolic compound for dry pea.
The finding by Nithiyanantham et al. (2012) indicated that 30% increase of TPC in
methanol extract of processed pea when using pressure cooking for 5 min with 12h pre-soaking,
from 12.88 in raw to 18.59 mg tannic acid equivalent/g. This result supported the TPC increase in
current research by pressure cooking. However, Kalogeropoulos et al. (2010) reported that 0.26
mg GAE/g of TPC was presented in pea extract after 40-min-boiling without prior soaking.
4.5.2 Identification of Phenolic Acids in Pulses

HPLC analysis of free and bound extracts of the selected pulses revealed qualitative and
quantitative differences in phenolic composition in the raw and cooked pulses (Table 4.5-4.7). In
free phenolic extract, the four most common phenolic acids detected were p-hydroxybenzoic,
caffeic, trans-ferulic and p-coumaric acid. While for bound extract, six major phenolic acids were
detected (p-hydroxybenzoic, protocatechuic, vannillic, trans-ferulic, p-coumaric and sinapinic
acid).
The HPLC analysis of raw faba bean extracts identified six phenolic acids (Table 4.5). The
main phenolic acids in free extract were protocatechuic, p-hydroxybenzoic, p-coumaric, ferulic,
and sinapic acid; in bound extract were cinammic, caffeic, p-coumaric and ferulic acid. Sinapinic
acid took up the most of total phenolic acids in free extract ranging from 1.93 to 5.35 µg/g DW
(29-50% of total phenolics) whereas it was not detected in bound bean extract. When cooking faba

77

bean by microwaving, the sinapinic acid value was 5.35, 3.47 and 4.06 µg/g DW in water, salt and
sugar solution, respectively, which was the highest among all cooking methods. Ferulic acid
accounted for the second highest concentration in cooked faba bean ranging from 1.64-3.47 µg/g
DW in free extract and 0.43-1.18 µg/g DW in bound extract. P-coumaric acid was detected in both
free (0.25-0.87 µg/g DW) and bound extracts (0.56-1.38 µg/g DW) after cooking under all
conditions. Slight increase of p-hydroxybenzoic acid (1.07-1.40 µg/g DW) was detected in free
extract under all cooking conditions except for slow cooking in salt solution (0.77 µg/g DW)
compared to the raw sample (1.03 µg/g). Protocatechuic, cinammic and caffeic acids all were
disappeared after cooking.
A study by Sosulski and Dabrowski (1984) confirmed the presence of p-coumaric (16
µg/gDW), ferulic acid (15 µg/g DW), p-hydroxybenzoic (trace amount) in raw faba bean flour;
however, they indicated trace amount of syringic acid, which was not detected in the current
analysis. They also found the existing of p-hydroxybenzoic (6 µg/g DW), protocatechuic (36 µg/g
DW), gallic acid (92 µg/g DW), p-coumaric (5 µg/g DW) and trans-ferulic acid (10 µg/g DW) in
bean hull extract. Pedrosa et al. (2015) identified protocatechuic (2.57 µg/g), trans-p-coumaric
(0.92 µg/g), trans-ferulic (0.70 µg/g), sinapic acid (0.10 µg/g) and kaempferol derivative (0.61
µg/g) in two different cultivars of bean from Spain. They also investigated the phenolic acids
composition in cooked bean that were objected to pressure cooking for 40 min at 116 °C with the
prior 9 min soaking at 70 °C. Their result showed a reduction in protocatechuic (from 2.75 to 2.11
µg/g), trans-p-coumaric (from 0.92 to none), trans-ferulic (from 0.70 to 0.22 µg/g) and sinapic acid
(from 0.10 to 0.03 µg/g) in the cooked bean. In a study by Ombra et al. (2016) on common beans
from Italy, namely non-pigmented bean, red bean and dark bean reported some polyphenol profiles
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including gallic acid (~60 µg/g), chlorogenic acid (~63 µg/g), and coumaric acid (~1.6 µg/g)
retaining after pressure cooking for 20 min.
Raw lentil could be considered a good source of phenolic acids including trans-p-coumaric
(5.10 µg/g DW) and trans-ferulic (0.85 µg/g DW) in free phenol extract; protocatechuic (5.55 µg/g
DW), trans-p-coumaric (1.06 µg/g DW), trans-ferulic (1.25 µg/g DW), and vanillic acid (0.66 µg/g
DW) in bound phenol extracts (Table 4.6). Cooking methods significantly affected the
concentration of phenolic acids, in which P-coumaric acid was the predominant acid in processed
lentil extracts for both free (1.04-13.02 µg/g DW) and bound (0.37-1.97 µg/g DW) followed by
ferulic acid (0.68-3.44 µg/g DW) in free extract and 0.27-1.03 µg/g DW in bound extract. In free
extract of cooked lentils, p-hydroxybenzoic acid was increased after induction (0.98-1.66 µg/g
DW), pressure (7.63-20.68 µg/g DW) and microwave cooking (4.55-6.23 µg/g DW). The
concentration of protocatechuic acid ranged from 4.67-12.59 µg/g DW in bound phenolic
compounds after all cooking conditions, while vannilic acid was detected when using slow cooking
in water, salt and sugar solution (0.21, 0.44 and 0.20 µg/g DW, respectively) from bound phenolic
compound.
According to Alshikh, de Camargo, and Shahidi (2015), free extract of raw lentil contained
gallic acid (0.81 µg/g), hydroxybenzoic acid (0.81 µg/g), caffeic acid (0.25-2.52 µg/g), p-coumaric
acid (0.63-5.9 µg/g), ferulic acid (0.05-1.32 µg/g), and sinapic acid (0.62-2.63 µg/g). They also
quantified the phenolic acid in bound extract including gallic (0.04-0.28 µg/g), methyl vanillate
(0.11-0.54 µg/g), protocatechuic (0.13-0.26 µg/g), hydroxybenzoic acid (0.14-7.13 µg/g), caffeic
(4.44 µg/g), p-coumaric (0.02-3.16 µg/g), and ferulic acid (0.18-0.30 µg/g). Sosulski & Dabrowski,
(1984) reported six phenolic acids in raw lentil extract including p-hydroxybenzoic (10 µg/g DW),
protocatechuic (10 µg/g DW), syringic acid (30 µg/g DW), gallic acid (17 µg/g DW), trans-p-
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coumaric (11 µg/g DW) and trans-ferulic acid (15 µg/g DW). The analysis of raw lentil by Zhang
et al. (2015) indicated the presence of more phenolic acids that is not detected in the current study,
such as dihydroxybenzoic acid, catechein-glucoside, catechein gallate, epicatechein-glucoside,
procyanidin, trans-p-coumaroyl-malic acid, epicathechin gallate, quercetin xylonide, and
quercetin-3-glucoside.
Several researchers investigated the phenolic acid content in cooked lentils. For example,
boiled lentil contained protocatechuic acid and p-coumaric acid at concentration of 0.05 and 28.15
µg/g after 20 min boiling with prior 16-18h soaking (Lopez et al., 2017). Those phenolic acids in
cooked lentil both increased in comparison to raw lentil, in which no protocatechuic acid was
detected and only 9.7 µg/g of p-coumaric acid in their study. On the other hand, 28-49% reduction
of protocatechuic acid was shown in cooked lentils caused by 25 min boiling without pre-treatment
(Yeo & Shahidi, 2017). Dueñas et al. (2016) cooked lentils for 20 min with prior soaking for 18h.
The authors reported phenolic profiles of free phenolic extract from cooked samples as follow:
gallic acid (1.07 µg/g), protocatechuic acid (1.93 µg/g) and p-hydroxybenzoic acid (0.85 µg/g)
which was all decreased, as also, trans-p-coumaric acid and sinapinic acid were disappeared in the
processed lentil. However, they also noticed an increase of trans-ferulic acid in cooked lentil with
the concentration of 0.88 µg/g.
HPLC analysis of raw pea indicated the presence of p-hydroxybenzoic (16.76 µg/g DW),
trans-p-coumaric (1.51 µg/g DW) and trans-ferulic (2.06 µg/g DW) in free phenolic compound;
protocatechuic (1.06 µg/g DW), p-hydroxybenzoic (1.98 µg/g DW), vanillic (0.54 µg/g DW),
trans-p-coumaric (1.29 µg/g DW), trans-ferulic (7.99 µg/g DW) and sinapic acid (1.63 µg/g DW)
in bound phenol extract (Table 4.7). Protocatechuic and vannillic acid were both detected in bound
extract of raw pea while they were absent in the cooked samples. On contrary, caffeic acid was not
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detected in raw sample but was present in free phenol extracts with the concentration of 0.03-1.24
µg/g DW after all cooking conditions expect for slow cooking in water and salt solutions. PHydroxybenzoic acid featured as the most prominent content among all phenolic acids in cooked
pea under all cooking conditions at a concentration of 4.74-23.16 µg/g DW in free phenol extract
and 1.40-5.13 µg/g DW in bound phenol extract. P-Coumaric and ferulic acid were both detected
in free extract with the concentration of 0.65-4.94 and 0.96-2.49 µg/g DW, respectively. In bound
extract, a decrease of p-coumaric acid was shown in cooked pea under all cooking conditions,
0.18-0.83 µg/g, in comparison to that of raw pea extract (1.29 µg/g DW).
A study by Amarowicz and Troszyńska (2003) detected the presence of vanillic (0.07
mg/g), p-coumaric (0.06 mg/g), ferulic (0.32 mg/g), and sinapic acid (0.07 mg/g) in raw pea free
extract while they also detected additional phenolic acids such as caffeic (0.02 mg/g), quercetin
(0.14 mg/g), kaempherol (0.51 mg/g), and procyanidin B2 (3.85 mg/g) and B3 (3.22 mg/g) that is
missing from the current analysis. Sosulski and Dabrowski (1984) determined the phenolic acids
in raw field pea and reported concentration of p-hydroxybenzoic, syringic, and trans-ferulic acid
to be 4, 12, and 21 µg/g DW, respectively; also, they detected traces amount of protocatechuic and
trans-p-coumaric. Joseph et al. (2014) detected several phenolic acids in raw pea ethanol extract
including p-hydroxybenzoic acid (29.64 µg/g), vanillic (13.33 µg/g), coumaric (15.34 µg/g), and
ferulic acid (47.6 µg/g) supporting the findings of current research; in addition, chlorogenic (24.1
µg/g), caffeic (11.8 µg/g), syringic (31.3 µg/g), catechin (18.1 µg/g) and gallic acid (20.5 µg/g)
were also found in the extract. However, few literatures shown the phenolic compositions of
cooked pea after different cooking conditions.
4.5.3 Antioxidant Properties of Pulses

Antioxidant agents are able to eliminate free radicals and combat oxidative stress in human
body which potentailly prevent various chrolic diseases (e.g. cadiovascular diease, diabets or
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cancer). Due to the complex structures of phenolic compounds and dependence of antioxidants
action mechanisms, multiple assays were used to evaluate the antioxidant capacity of raw and
cooked pulses. Antioxidant activity in the current study was expressed in µmol trolox equivalents
(TE)/ g dry weight (DW). DPPH·, a stable free radical, is able to react with the antioxidant agent
who donates an electron. and DPPH non-radical form would be generated (Molyneux, 2004).
DPPH free radical scavenging capacity of raw pulses varied from 2.34 to 22.61 µmol TE/g DW in
free extract and from 0.51 to 4.57 µmol TE/g DW in bound extract (Table 4.8-4.10). Unprocessed
faba bean had the highest DPPH scavenging capacity (22.61 µmol TE/g DW) in free extract
followed by lentil free extract (5.66 µmol TE/g DW); whereas lentil had the highest DPPH 4.57
µmol TE/g DW in bound extract followed by faba bean (3.50 µmol TE/g DW) among all the three
pulses. Combining the free and bound phenolic compouds, the total antioxidant as determined by
DPPH assay was 27.03, 10.17, and 2.97 µmol TE/g DW for raw faba bean, lentil and pea extracts,
respectively.
The trolox equivalent antioxidant capacity (TEAC) assay is an indirect method commonly
used to determine the antioxidant by ABTS•+ (Marc et al., 2004). ABTS cation free radical is a
soluble substance in water or organic media and absorbs at 734nm, which is produced by the
reaction of ABTS and myoglobin. The diminution of absorbance is an indicator of the extent of
ABTS cation free radical production by antioxidant from the extract. ABTS cation scavenging
capacity of the three selected pulses was shown in Table 4.11-4.13. Similar to DPPH scavenging
capacity, free extract had higher antioxidant activity than that of bound extract using ABTS assay.
The ABTS values of raw faba bean, lentil and pea were 17.62, 13.47, and 9.84 µmol TE/g and
0.27, 1.34, and 0.10 µmol TE/g DW for free and bound extracts, respectively.
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The ORAC method measures the antioxidant activity of extract against peroxyl radical
using fluorescein as the fluorescent probe. When the antioxidant reacts with peroxyl radical, the
loss of fluorescence indicates the antioxidant activity of extract (Denev et al., 2010). It was
calculated by the net protection area of the fluorescein decay curve in the presence of antioxidants
under certain time. Among the three selected pulses, ORAC value was higher for free extract
(69.49-187.86 µmol TE/g DW) than that of bound extract (6.77-39.23 µmol TE/g DW) (Table
4.14-4.16). In free phenolic extracts, faba bean had the highest ORAC level (187.86 µmol TE/g
DW) followed by lentil (100.70 µmol TE/g DW) and then pea extract (69.49 µmol TE/g DW). In
addition, faba bean and lentil bound extract had similar ORAC values of 33.62 and 39.23 µmol
TE/g DW, respectively and pea had the lowest value of 6.77 µmol TE/g DW.
Antioxidant properties of raw pulses varied in different studies. The antioxidant activity
against DPPH free radical in faba bean was 580 µmol TE/g (Ryszard Amarowicz & Shahidi, 2017)
and 98 µmol TE/g in the study of Wolosiak et al. (2010) for faba bean grown in Poland. The author
also measured the ABTS of raw faba bean (264 µmol TE/g). In another research, the antioxidant
activity of Italian grown faba bean was 7.7 µmol TE/g in free extract and 5.6 µmol TE/g in bound
extract which were higher than that for lentil, chickpea and pea using ABTS assay (Pellegrini et
al., 2006). These findings supported the result in the current study. The antioxidant property of
broad beans from Algeria was 86.1 µmol TE/g in their ethanol extract as measured by ORAC assay
(Boudjou et al., 2013).
A small amount of DPPH scavenging activity 0.75 µmol TE/g DW was reported in crude
extract of raw lentil grown in Southeastern Poland (Amarowicz et al., 2010) while ~120 µmol
TE/g DW of antioxidant property (DPPH) was observed in raw lentil grown in Canada (Padhi et
al., 2017). The huge difference of the antioxidant activity may result from the cultivars of lentils
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and extraction methods. The ABTS cation scavenging capacity of free (3.68 µmol TE/g) and bound
extracts (5.62 µmol TE/g) in lentil were measured in the study of Pellegrini et al. (2006). As
assessed by ORAC method, the antioxidant capacity of raw lentil extract was ~180 µmol TE/g
DW (Padhi et al., 2017).
DPPH antioxidant activity for Canadian-grown pea was around 40 µmol TE/g DW in the
raw seed extract measured by Padhi et al. (2017). However, the opposite trend of ABTS cation
scavenging capacity was reported in raw pea with 1.31 µmol TE/g in free extract and 2.42 µmol
TE/g in bound extract (Pellegrini et al., 2006). The same author also reported the ORAC value
(~25 µmol TE/g DW) in raw pea methanol extracts.
Cooking methods and solutions significantly affected antioxidant capacity of the cooked
pulses. The DPPH antioxidant of free extract of faba bean was within the range of 2.4-8.0 µmol
TE/g DW (Table 4.8). The highest activity was shown by microwave cooking in any solutions
(~7.74 µmol TE/g DW) and the second highest activity was found in boiled faba bean (~7.37 µmol
TE/g DW). When cooking faba bean using slow cooking, the DPPH scavenging capacity was the
lowest 4.93, 2.40, and 2.64 µmol TE/g DW in water, salt and sugar solution, respectively.
Regardless of cooking technologies, salt solution decreased the antioxidant significantly compared
to that of the other two solutions in free phenolic extract of faba bean. In bound extract of cooked
faba bean, DPPH scavenging capacity ranged from 0.45 in slow/salt to 1.08 µmol TE/g DW in
microwave /salt. The antioxidant capacity was not as active as that of the free extract and was not
significantly affected by cooking conditions.
For cooked faba bean, ABTS antioxidant activity ranged from 9.68-14.99 µmol TE/g DW
in free phenolics (Table 4.11). Generally, the antioxidant of free extract decreased after cooking
in comparison to the raw sample (17.62 µmol TE/g DW). Using microwave cooking retained the
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highest activity of ABTS antioxidant with the values of 15.26, 14.43 and 14.99 µmol TE/g DW in
water, salt and sugar solution, respectively. Moreover, the solutions had significantly affected the
ABTS capacity. Cooking in sugar solution kept the most antioxidant capacity (ABTS) by induction,
pressure, microwave and slow cooking without significant difference (~14.44 µmol TE/g DW). In
terms of the ABTS cation scavenging capacity of bound extract, the values varied from 0.09-0.96
µmol TE/g DW in cooked faba bean. An increase of antioxidant activity was shown in cooked
faba bean using pressure and microwave cooking in any solution. However, cooking solutions did
not affect the ABTS in bound phenolics.
In free extract of cooked faba beans, the ORAC value ranged from 60.80 in slow/salt to
140.32 µmol TE/g in microwave/salt compared to unprocessed bean (187.86 µmol TE/g) (Table
4.14). Among all cooking methods, microwave cooking presented the highest ORAC of 121.17,
140.32, and 136.57 µmol TE/g in water, salt and sugar solution, respectively followed by induction
cooking (120.27-124.76 µmol TE/g). However, cooking solutions did not significantly affect the
ORAC in free phenolics. The ORAC value of bound phenolics was also decreased after cooking
in comparison to raw faba bean (33.62 µmol TE/g DW). The highest value of ORAC was 12.76,
23.39 and 17.73 µmol TE/g DW when cooking under induction/water, induction/salt and
pressure/water, respectively. Cooking solution had a significant impact on ORAC value. For
example, sugar solution resulted in the lowest ORAC values 9.33, 5.61, 5.82, and 7.13 µmol TE/g
DW for cooking by induction pressure, microwave and slow cooking, respectively. Combining the
free and bound extracts of cooked faba bean, microwave cooking was the optimal method to keep
the most antioxidant activity determined by ORAC.
Combining free and bound extract of faba bean, microwave (~8.47 µmol TE/g DW) and
induction cooking (~8.23 µmol TE/g DW) both kept the highest DPPH antioxidant property
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without significant difference. Using microwave cooking showed the highest ABTS values
(~15.25 µmol TE/g DW) in any solution without significant difference which decreased by ~2.65
µmol TE/g DW in comparison to raw (17.90 µmol TE/g DW). Only a few papers focused on the
antioxidant of cooked faba bean by thermal technologies. Pressure cooking had different effects
on antioxidant activity ORAC of two varieties of Spanish dry beans (Pedrosa et al., 2015). After
pressure cooking for 42 min at 116 °C with prior 9 h soaking, the ORAC value increased from
13.13 in raw to 16.06 µmol TE/g in Almonga bean.
For lentils (Table 4.9), the DPPH scavenging activity of free phenolics was reduced after
cooking with the range of 1.85-2.97 µmol TE/g DW compared to the raw (5.66 µmol TE/g DW).
Regardless cooking solution, among all processing methods induction cooking (25 min) retained
the highest DPPH scavenging capacity (~2.91 µmol TE/g DW) which decreased half of the
antioxidant activity from raw sample. Among cooking solutions, the highest DPPH scavenging
capacity was observed, 2.92, 2.71, 2.14, and 2.28 µmol TE/g DW when cooking lentil in sugar
solution by induction, pressure, microwave cooking and parboiling, respectively. In bound extract
of cooked lentil, the DPPH activity ranged from 1.34 to 3.94 µmol TE/g DW. The highest activity
was presented 3.94 in parboiling/water and 3.42 µmol TE/g DW in microwave/water.
ABTS changed in lentil extracts after cooking to different extent depending on the cooking
methods and/or solution. ABTS scavenging activity ranged from 7.41 to 13.39 µmol TE/g DW
(Table 4.12). Pressure cooking exhibited the highest activity (~13.11 µmol TE/g DW) of free
phenol extracts among all cooking methods in any solution. Bound phenolic compound had
relatively low antioxidant activity (0.26-2.04 µmol TE/g DW) compared to that of free
counterparts. This may result from heat processing released most of phenolic aicds in free extract
and only few phenolics retained in bound extract. Microwave cooking of lentil presented the

86

highest value 2.04, 1.22, and 1.55 µmol TE/g DW in water, salt and sugar solution, respectively
among all heat technologies. In addition, parboiling lentil in water increased ABTS value to 1.78
µmol TE/g DW. The solutions did not show any significant effect on antioxidant activity as
assessed by ABTS.
ORAC values were high in free extract ranging from 63.41 to 157.01 µmol TE/g DW for
cooked lentils (Table 4.15). Among cooking methods, pressure cooking had the highest values in
water (157.01 µmol TE/g DW), salt (122.40 µmol TE/g DW) and sugar solutions (147.13 µmol
TE/g DW), which increased compared to raw extract (100.70 µmol TE/g DW). On the other hand,
the lowest antioxidant activity (~63.95 µmol TE/g DW) was found when using parboiling method
in any solutions without significant difference. The low antioxidant activity is likely attributed to
the short cooking time which did not break the cell wall completely so that less phenolic acids
were resealed. In bound extract of lentil, cooking method and solutions did not significantly affect
the ORAC value. The ORAC values ranged from 35.15 to 79.29 µmol TE/g DW. The highest
value was present in induction/water (79.29 µmol TE/g DW), microwave/water (66.13 µmol TE/g
DW), and parboiling/sugar (65.24 µmol TE/g DW) among all cooking conditions. Regardless
cooking solutions, pressure cooking had the lowest ORAC level among heat technologies.
For the combination of free and bound extract, antioxidant capacity (DPPH) was highest
in induction/salt (5.21 µmol TE/g DW), microwave/sugar (5.56 µmol TE/g DW) and
parboiling/water (5.79 µmol TE/g DW). Pressure cooking had the best retention of ABTS cation
scavenging capacity (~13.89 µmol TE/g DW) and highest ORAC values when cooking by pressure
cooker, which increased by 58%, 23% and 29% from raw lentil in water, salt and sugar solution,
respectively.
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Several studies investigated the effect of cooking on lentil antioxidant. For example, a
DPPH antioxidant activity did not change in cooked lentil (~85 µmol TE/g) after 30 min boiling
compared to raw lentil extract (~87 µmol TE/g) (Landi et al., 2015). In free extract of cooked lentil,
the antioxidant activity against ABTS was slightly increased in comparison to raw sample (2.1-2.6
µmol TE/g) while in bound extract the value was decreased after boiling for 20 min with 12 h
soaking (Han & Baik, 2008). Also, Xu and Chang (2008) reported reduction in antioxidant activity
of processed lentil. They reported 9.6% and 26.1% reduction of DPPH shown in boiled and
pressure cooked lentils from 19.7 to 17.8 µmol TE/g and from 19.7 to 14.6 µmol TE/g, respectively
under the cooking condition of 30 min boiling and 5 min pressure cooking without soaking. The
ORAC value of those cooked lentil also showed the decrease trend by 62.3% and 15.9%,
respectively.
For pea, the DPPH antioxidant capacity of cooked pea varied from 0.59 to 3.12 µmol TE/g
DW in free extracts (Table 4.10). Most of the cooking conditions resulted in decrease of
antioxidant activity with the exception for microwave/water (3.12 µmol TE/g DW) and
microwave/salt (3.11 µmol TE/g DW). Cooking conditions did not show significant effect on
DPPH antioxidant of free extract. In bound extract, DPPH antioxidant of cooked pea all increased
ranging from 0.91 (pressure/salt) to 2.47 µmol TE/g DW (induction/salt) after cooking compared
to unprocessed pea (0.51 µmol TE/g DW). Cooking methods significantly affected the antioxidant
activity. Regardless solutions, cooking pea by induction cooking kept the highest activity of DPPH
scavenging (2.28, 2.47, and 1.51 µmol TE/g DW) in water, salt and sugar, respectively.
Cooking conditions presented significant impact on ABTS (7.14-11.96 µmol TE/g DW) of
free pea extract (Table 4.13). Among all cooking methods, the highest value was shown in
induction cooking (10.84, 11.96, and 11.59 µmol TE/g DW) followed by pressure cooking (10.22,
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10.66, and 10.97 µmol TE/g DW) in water, salt and sugar, respectively. Both methods increased
TEAC of cooked pea. However, the other two methods decreased the antioxidant capacity
compared to raw sample (9.84 µmol TE/g DW) in any solution. The ABTS in bound extract
showed the increase trend from 0.10 in raw to 0.51-2.32 µmol TE/g DW of all cooked pea. Cooking
method and solution did not show any obvious effect on the activity of ABTS cation scavenging.
The highest values were found when cooking by microwave/water (2.32 µmol TE/g DW),
slow/salt (2.11 µmol TE/g DW), slow/sugar (2.08 µmol TE/g DW), and pressure/sugar (2.22 µmol
TE/g DW) among all cooking conditions.
Pea extract presented low ORAC antioxidant capacity in comparison to the other two
pulses with the value of 17.21-76.65 µmol TE/g DW for free extract (Table 4.16). Most of the
cooking conditions resulted in the reduction of ORAC value from raw pea (69.49 µmol TE/g DW)
with an exception of pressure/water (76.65 µmol TE/g DW). On contract with free extract, ORAC
values of bound extract of cooked pea were mostly increased (8.95-32.11 µmol TE/g DW)
compared to raw pea (6.77 µmol TE/g DW) except for pressure/sugar (6.10 µmol TE/g DW).
Cooking method significantly affected the ORAC value among all cooking methods in which
pressure cooking resulted in the lowest antioxidant, 16.19, 8.95, and 6.10 µmol TE/g DW in water,
salt and sugar solution, respectively.
Combining the free and bound extracts of cooked pea, induction cooking presented the
highest DPPH scavenging activity (~4.13 µmol TE/g DW) among all cooking methods in any
solution compared to raw pea.
The reduction of antioxidant capacity after cooking has been observed in several researches.
It was reported that, no significant differences were observed for DPPH and ABTS values in both
free and bound extract of pea after boiling for 20 min with 12 h pre-soaking (Han & Baik, 2008).
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The ORAC values of cooked pea were 6.7, 6.0, and 7.9 mmol TE/g after boiling (10 min), pressure
cooking (2 min) or microwave cooking (5.5 min), respectively which showed reduction in
antioxidant capacity compared to the original sample (13.0 mmol TE/g) (Natella et al., 2010).
DPPH scavenging capacity of green pea decreased by 62% (from 2.8 µmol TE/g in raw to 1.1
µmol TE/g) and 59% (from 2.8 µmol TE/g to 1.2 µmol TE/g) in processed peas which were
subjected to 90 min boiling and 15 min pressure cooking without soaking, respectively (Xu &
Chang, 2008). The same research also investigated the effect of cooking on ORAC values with
73% (from 9.8 µmol TE/g in raw to 2.6 µmol TE/g) reduction for boiled pea; whereas, ORAC
value was greatly increased to 20.9 µmol TE/g in the case of pressure cooking (9.8 µmol TE/g).
4.6 Conclusion
The results demonstrated that cooking methods could have significant effect on phenolic
concentration and antioxidant capacity of pulses to different extents, depending on the pulse type.
Induction (in 0.5% salt solution) or microwave (in 1.0% sugar solution) cooking were the optimal
cooking methods to retain the most TPC in cooked faba bean. Regardless the solution, both
induction cooking and microwave cooking of faba beans gave the highest antioxidant capacity
measured by the three procedures (DPPH, ABTS and ORAC). For lentil, microwave cooking (in
water) retained the most TPC in the cooked sample, as well as high antioxidant capacity measured
by DPPH and ABTS. For pea, induction in water retained the most TPC and also gave the highest
antioxidant capacity among all cooking methods and solutions.
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Table 4. 2 Total phenolic content in free and bound phenolic extracts from raw and cooked
faba bean (mg ferulic acid equivalents/g DW)
Cooking solutions
Cooking
methods
Water
Salt
Sugar
Free phenol
aA
Induction
23.88±2.1
24.73±0.53aA 22.48±0.07aA
Pressure
17.64±0.99abB 14.45±1.18bB
19.49±0.28aB
Microwaving 22.45±0.49bAB 23.26±0.07abA 23.82±0.26aA
Slow cooking 19.15±0.86aAB 12.25±0.46bB 14.08±0.56bC
Raw
38.34±3.23
Bound phenol
bC
Induction
1.84±0.18
3.06±0.09aB
2.90±0.15aA
Pressure

3.81±0.16aA

3.40±0.04aA

2.31±0.14bB

Microwaving
Slow cooking
Raw

2.61±0.05aB
2.41±0.09bB
2.67±0.15

2.00±0.11bC
2.95±0.07aB

2.41±0.16abAB
2.62±0.01bAB

aA

Total
27.80±0.62aA
17.85±1.14aB
25.26±0.18aA
15.20±0.40bB

Induction
25.72±2.28
25.39±0.08aA
Pressure
21.46±1.12aA
21.79±0.43aB
aA
Microwaving 25.06±0.43
26.22±0.11aA
Slow cooking 21.56±0.95aA
16.71±0.57bC
Raw
40.77±3.04
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 3 Total phenolic content in free and bound phenolic extracts from raw and cooked
lentil (mg ferulic acid equivalents/g DW)
Cooking solutions
water
salt
sugar
Free phenol
bC
Induction
8.67±0.14
9.10±0.11abC 9.56±0.19aB
Pressure
14.48±0.69bB 16.49±0.27bA 23.94±2.47aA
Microwaving 21.70±1.67aA 10.60±0.11bB 10.09±0.52bB
Parboiling
7.89±0.58aC 8.38±0.01aD 8.44±0.01aB
Raw
14.13±0.90
Bound phenol
aB
Induction
4.14±0.09
4.51±0.49aB 3.81±0.19aC
Cooking
methods

Pressure
Microwaving
Parboiling
Raw

8.06±0.54aA
7.23±0.80bA
4.33±0.81bB
6.91±0.23
aB

5.89±0.70bB
8.22±0.36aA
4.78±0.30cB

3.56±0.04cC
7.05±0.84abB
6.60±0.07aA

Total
13.61±0.38aC
22.38±0.42aA
18.82±0.25bB
13.16±0.29cC

Induction
12.81±0.22
13.37±0.38aB
Pressure
22.55±1.23aA
27.50±2.51aA
aA
Microwaving 26.04±2.51
17.14±0.32bB
Parboiling
15.12±0.22aB
15.05±0.07bB
Raw
20.24±1.46
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 4 Total phenolic content in free and bound phenolic extracts from raw and cooked
pea (mg ferulic acid equivalents/g DW)
Cooking solutions
water
salt
sugar
Free phenol
aA
Induction
13.24±0.69
11.23±0.17bB 14.01±0.03aB
Pressure
13.26±0.50aA 11.27±0.41bB 11.16±0.03bC
Microwaving 14.23±0.76aA 13.28±0.53aAB 7.76±0.19bD
Slow cooking 6.84±0.10cB 15.29±1.65bA 14.36±3.76aA
Raw
10.30±0.06
Bound phenol
aA
Induction
6.79±0.22
3.97±0.01bB
2.69±0.11cB
Cooking
methods

Pressure

3.83±0.06aB

2.15±0.09cC

3.03±0.15bB

Microwaving

2.02±0.01bC

1.77±0.05cD

2.81±0.07aB

Slow cooking
Raw

2.68±0.25cC
1.94±0.02

4.69±0.04aA

3.81±0.16bA

aA

Total
15.20±0.16cB
13.42±0.50bB
15.05±0.48aB
19.98±1.69aA

Induction
20.04±0.47
16.71±0.08bB
aB
Pressure
17.09±0.44
14.19±0.18bC
Microwaving 16.25±0.76aB
10.57±0.12bD
Slow cooking 9.51±0.16bC
18.18±3.93aA
Raw
12.24±0.08
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 5 Concentration of phenolic acids in free and bound extracts of raw and cooked faba bean (µg/g DW)
Cooking
method

Solution

Raw

Phenolic acid concentration
Protocatechuic

P-hydroxybenzoic

Cinammic

P-coumaric

Caffeic

Ferulic

Sinapinic

free

bound

free

bound

free

bound

free

bound

free

bound

free

bound

free

bound

1.90±0.11

-

1.03±0.04

-

-

4.43±0.11

-

-

-

2.46±0.12

1.16±0.07

-

1.67±0.07

-

Induction

Water

-

-

1.24±0.03

-

-

-

0.56±0.02

1.38±0.06

-

-

2.98±0.12

1.18±0.02

4.75±0.03

-

Induction

Salt

-

-

1.06±0.04

-

-

-

0.25±0.04

1.15±0.09

-

-

1.96±0.15

0.97±0.11

3.00±0.23

-

Induction

Sugar

-

-

1.40±0.02

-

-

-

0.30±0.04

0.93±0.02

-

-

2.70±0.40

0.83±0.04

4.25±0.27

-

Pressure

Water

-

-

1.53±0.04

-

-

-

0.48±0.05

0.90±0.05

-

-

2.50±0.14

0.84±0.12

3.03±0.09

-

Pressure

Salt

-

-

1.16±0.07

-

-

-

0.44±0.02

0.96±0.05

-

-

3.47±0.29

0.71±0.03

3.44±0.07

-

Pressure

Sugar

-

-

1.12±0.05

-

-

-

0.53±0.03

1.24±0.06

-

-

2.97±0.20

0.64±0.03

3.15±0.18

-

Microwave

Water

-

-

1.34±0.03

-

-

-

0.87±0.11

1.12±0.08

-

-

3.51±0.10

0.92±0.04

5.35±0.08

-

Microwave

Salt

-

-

1.38±0.10

-

-

-

0.42±0.05

1.08±0.01

-

-

2.50±0.27

0.92±0.02

3.47±0.10

-

Microwave

Sugar

-

-

1.10±0.06

-

-

-

0.40±0.05

1.12±0.05

-

-

2.60±0.00

0.67±0.06

4.06±0.33

-

Slow

Water

-

-

1.27±0.21

-

-

-

0.35±0.02

0.90±0.02

-

-

2.29±0.06

0.68±0.04

3.62±0.13

-

Slow

Salt

-

-

0.77±0.00

-

-

-

0.31±0.04

0.56±0.05

-

-

1.64±0.13

0.43±0.07

1.93±0.31

-

Slow

Sugar

-

-

1.06±0.05

-

-

-

0.49±0.04

0.63±0.03

-

-

2.93±0.42

0.66±0.03

3.46±0.52

-
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Table 4. 6 Concentration of phenolic acids in free and bound extracts of raw and cooked lentil (µg/g DW)
Cooking
method

Phenolic acid concentration
Solution

Protocatechuic
free

Raw

bound

P-hydroxybenzoic

P-coumaric

Ferulic

Vannillic

free

bound

free

bound

free

bound

free

bound

Kaempferol
derivative
free
bound

-

5.55±0.35

-

-

5.10±0.07

1.06±0.03

0.85±0.03

1.25±0.04

-

0.66±0.02

-

Induction

Water

-

11.28±0.04

0.98±0.09

-

2.05±0.15

0.74±0.05

0.87±0.04

0.80±0.05

-

-

-

Induction

Salt

-

11.92±0.13

1.02±0.10

-

1.67±0.02

0.39±0.00

0.87±0.05

0.27±0.01

-

-

9.15±0.48

Induction

Sugar

-

12.59±0.46

1.66±0.19

-

1.19±0.03

1.41±0.17

0.54±0.03

0.98±0.11

-

-

-

Pressure

Water

-

4.67±0.16

11.38±1.72

-

1.68±0.23

0.96±0.10

0.73±0.05

0.47±0.03

-

-

6.78±0.76

Pressure

Salt

-

5.11±0.45

7.63±0.08

-

1.32±0.06

0.37±0.05

0.63±0.01

0.34±0.01

-

-

5.81±0.14

Pressure

Sugar

-

9.62±0.29

20.68±1.89

-

2.28±0.15

0.55±0.03

0.68±0.10

0.43±0.01

-

-

2.78±0.15

Microwave

Water

-

6.55±0.43

4.73±7.99

-

1.02±0.72

1.29±0.05

3.44±0.08

0.56±0.07

-

-

9.31±0.67

Microwave

Salt

-

5.51±0.18

6.23±0.61

-

1.42±0.17

1.88±0.12

1.38±0.02

0.88±0.00

-

-

5.84±0.57

Microwave

Sugar

-

6.51±0.84

4.55±0.59

-

1.04±0.05

1.97±0.01

3.65±0.44

1.03±0.07

-

-

8.92±0.35

Parboiling

Water

-

8.57±0.86

-

-

1.21±0.09

2.22±0.02

1.01±0.02

0.86±0.01

-

0.21±0.03

5.27±0.41

Parboiling

Salt

-

5.34±0.18

-

-

1.80±0.09

0.98±0.12

0.91±0.07

0.74±0.07

-

0.44±0.04

4.00±0.52

Parboiling

Sugar

-

6.62±0.40

-

-

2.15±0.09

0.84±0.06

1.13±0.12

0.59±0.03

-

0.30±0.00

2.95±0.55
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Table 4. 7 Concentration of phenolic acids in free and bound extracts of raw and cooked pea (µg/g DW)
Cooking
method

Solution

Raw

Protocatechuic

P-hydroxybenzoic

Vannillic

Phenolic acid concentration
P-coumaric

free

bound

free

bound

free

bound

free

bound

Caffeic

Ferulic

Sinapinic

free

bound

free

bound

free

bound

-

1.06±0.02

16.76±0.47

1.98±0.11

-

0.54±0.01

1.51±0.06

1.29±0.01

-

-

2.06±0.02

7.99±0.29

-

1.63±0.06

Induction

Water

-

-

13.14±0.05

2.24±0.12

-

-

1.27±0.06

0.32±0.02

0.91±0.10

-

1.65±0.03

3.16±0.13

-

0.54±0.04

Induction

Salt

-

-

12.24±1.75

3.67±0.31

-

-

0.65±0.04

0.33±0.05

0.57±0.03

-

0.96±0.03

5.47±0.14

-

0.44±0.06

Induction

Sugar

-

-

22.64±3.21

2.40±0.09

-

-

2.08±0.18

0.18±0.02

1.04±0.04

-

1.88±0.04

3.67±0.26

-

0.36±0.02

Pressure

Water

-

-

22.68±2.62

2.39±0.31

-

-

1.40±0.04

0.32±0.04

1.13±0.04

-

1.86±0.05

7.86±0.40

-

1.25±0.15

Pressure

Salt

-

-

13.35±0.01

1.92±0.02

-

-

0.72±0.11

0.16±0.01

0.50±0.02

-

1.59±0.16

5.70±0.12

-

0.95±0.05

Pressure

Sugar

-

-

17.94±1.39

1.79±0.01

-

-

1.58±0.07

0.35±0.03

0.75±0.04

-

1.27±0.06

6.77±0.33

-

1.27±0.17

Microwave

Water

-

-

19.81±1.22

2.95±0.14

-

-

1.30±0.05

0.27±0.03

1.24±0.03

-

2.49±0.10

7.89±0.36

-

1.82±0.09

Microwave

Salt

-

-

22.01±0.39

2.49±0.13

-

-

1.30±0.02

0.22±0.03

1.16±0.07

-

2.21±0.11

5.04±0.48

-

1.47±0.23

Microwave

Sugar

-

-

5.36±0.19

1.40±0.18

-

-

0.81±0.01

0.83±0.00

0.03±0.01

-

1.29±0.08

15.26±0.11

-

2.38±0.14

Slow

Water

-

-

4.74±0.10

1.72±0.30

-

-

0.83±0.01

0.33±0.05

-

-

1.32±0.05

10.69±0.85

-

2.07±0.15

Slow

Salt

-

-

21.58±2.25

1.54±0.15

-

-

1.11±0.06

0.33±0.01

-

-

1.74±0.07

7.24±0.02

-

0.79±0.08

Slow

Sugar

-

-

23.16±3.83

5.13±0.01

-

-

4.94±0.23

0.39±0.04

0.14±0.01

-

2.04±0.07

3.97±0.40

-

0.37±0.00
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Table 4. 8 DPPH scavenging capacities of free and bound extracts of raw and cooked faba
bean (µmol TE/g DW)
Solutions

Cooking
methods

Water

Induction
Pressure
Microwave
Slow
Raw

7.30±0.15aA
4.98±0.18bB
7.70±0.15aA
4.93±0.14aB
22.61±1.59

Induction
Pressure
Microwave
Slow
Raw

bC

0.76±0.00
0.96±0.02aA
0.57±0.00bD
0.86±0.01aB
3.5±0.02
aA

Salt
Free phenol
7.47±0.15aA
4.05±0.04cB
7.53±0.18aA
2.40±0.16bC

Sugar
7.35±0.26aAB
5.96±0.00aB
7.99±0.71aA
2.64±0.28bC

Bound phenol
0.89±0.04aB 0.90±0.02aA
0.58±0.01bC 0.54±0.01bB
1.08±0.03aA 0.55±0.02bB
0.45±0.04cC 0.60±0.04bB
Total
8.36±0.19aA
4.63±0.03cB
8.61±0.21aA
2.85±0.20bC

aA

8.07±0.15
8.25±0.24
Induction
bB
5.93±0.20
6.49±0.02aB
Pressure
aA
8.54±0.69aA
Microwave 8.27±0.15
5.79±0.13aB
3.24±0.32bC
Slow
27.03±0.03
Raw
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 9 DPPH scavenging capacities of free and bound extracts of raw and cooked lentil
(µmol TE/g DW)
Cooking
methods

Solutions
Water

2.97±0.02aA
Induction
2.59±0.04abB
Pressure
aC
Microwave 2.04±0.08
bC
Parboiling 1.85±0.01
Raw
5.66±0.22
cC

2.02±0.02
Induction
1.66±0.03bD
Pressure
cB
Microwave 2.65±0.01
aA
Parboiling 3.94±0.06
Raw
4.57±0.18
aB

Salt
Free phenol
2.85±0.04aA
2.37±0.03bB
2.05±0.01aC
2.27±0.08aB

Sugar
2.92±0.06aA
2.71±0.11aA
2.14±0.01aB
2.28±0.01aB

Bound phenol
2.36±0.04aB
1.58±0.04bC
3.12±0.08bA
1.34±0.03cD

2.21±0.02bC
2.45±0.02aB
3.42±0.08aA
2.23±0.04bC

Total
5.21±0.08aA
3.95±0.01bB
5.17±0.07bA
3.61±0.10cC

aB

4.99±0.05
5.13±0.08
Induction
bD
4.24±0.07
5.17±0.13aB
Pressure
cC
5.56±0.09aA
Microwave 4.69±0.08
aA
4.51±0.03bC
Parboiling 5.79±0.08
Raw
10.17±0.07
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 10 DPPH scavenging capacities of free and bound extracts of raw and cooked pea
(µmol TE/g DW)
Solutions
Cooking
methods
Water
Salt
Sugar
Free phenol
aB
1.97±0.08
2.02±0.12aB 2.13±0.00aA
Induction
1.42±0.02bC 1.75±0.06aB 1.79±0.01aB
Pressure
aA
3.11±0.14aA 1.63±0.10bB
Microwave 3.12±0.10
0.59±0.04bD 1.88±0.17aB 1.81±0.07aB
Slow
2.34±0.20
Raw
Bound phenol
aA
2.28±0.08
2.47±0.21aA 1.51±0.01bA
Induction
1.22±0.01bC 0.91±0.02cC 1.31±0.00aC
Pressure
aC
0.93±0.01bC 1.27±0.00aC
Microwave 1.13±0.08
1.67±0.11abB 1.94±0.05aB 1.40±0.03bB
Slow
0.51±0.01
Raw
Total
aA
4.26±0.16
4.49±0.34aA 3.64±0.01aA
Induction
2.64±0.02bB 2.66±0.04bB 3.11±0.00aBC
Pressure
aA
4.04±0.13aA 2.90±0.11bC
Microwave 4.25±0.03
2.26±0.07bC 3.82±0.23aA 3.21±0.10aB
Slow
2.97±0.02
Raw
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 11 ABTS cation scavenging capacities of free and bound extracts of raw and
cooked faba bean (µmol TE/g DW)
Cooking
methods

Water

Induction
Pressure
Microwave
Slow
Raw

13.84±0.23aB
12.51±0.13bC
15.26±0.09aA
13.53±0.14aB
17.62±0.86

Induction
Pressure
Microwave
Slow
Raw

aD

0.21±0.00
0.49±0.03bA
0.40±0.00aB
0.28±0.02abC
0.27±0.01
aB

Solutions
Salt
Free phenol
12.90±0.32aB
13.93±0.03aA
14.43±0.11aA
9.68±0.21bC

14.55±0.64aA
13.90±0.17aA
14.99±1.11aA
14.30±0.64aA

Bound phenol
0.21±0.03aB
0.43±0.01bA
0.36.±0.03abA
0.20±0.02bB

0.09±0.01bC
0.96±0.01aA
0.29±0.01bB
0.36±0.04aB

Sugar

Total
13.11±0.29aB
14.36±0.02aA
14.79±0.14aA
9.87±0.23bC

Induction
14.05±0.23
14.64±0.65aA
Pressure
13.00±0.16bC
14.86±0.16aA
Microwave 15.67±0.09aA
15.29±1.12aA
Slow
13.81±0.17aB
14.66±0.69aA
Raw
17.90±0.89
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 12 ABTS cation scavenging capacities of free and bound extracts of raw and
cooked lentil (µmol TE/g DW)
Cooking
methods

Solutions
Water

Salt
cC

Induction
7.41±0.03
Pressure
12.86±0.50aA
Microwave 11.23±0.36aB
Parboiling 8.41±0.02bC
Raw
13.47±0.84
Induction
Pressure
Microwave
Parboiling
Raw

cD

0.26±0.05
0.71±0.02bC
2.04±0.03aA
1.78±0.00aB
1.34±0.04
bC

Sugar

Free phenol
7.98±0.13bC 8.48±0.12aC
13.39±0.35aA 13.08±0.10aA
9.94±0.00bC 11.31±0.35aB
11.90±0.16aB 7.86±0.29bC
Bound phenol
0.82±0.00aB
0.48±0.09cC
1.22±0.05cA
0.50±0.12cC

0.56±0.08bC
0.96±0.03aB
1.55±0.01bA
0.99±0.04bB

Total
8.81±0.13aD 9.04±0.19aC
14.06±0.31aA 14.04±0.08aA
11.16±0.05bC 12.86±0.36aB
12.40±0.28aB 8.85±0.33cC

Induction
7.67±0.08
Pressure
13.58±0.48aA
Microwave 13.27±0.33aA
Parboiling 10.18±0.01bB
Raw
14.06±1.09
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 13 ABTS cation scavenging capacities of free and bound extracts of raw and
cooked peas (µmol TE/g DW)
Cooking
methods

Solutions
Water

Salt
bA

Induction
10.84±0.09
Pressure
10.22±0.05aB
Microwave 9.44±0.01aC
Slow
7.40±0.08bD
Raw
9.84±0.22
Induction
Pressure
Microwave
Slow
Raw

aB

0.99±0.04
0.90±0.03bB
2.32±0.04aA
0.42±0.00bC
0.10±0.01
bA

Sugar

Free phenol
11.96±0.53aA 11.59±0.04abA
10.66±0.90aAB 10.97±1.03aA
7.85±0.28bC
7.14±0.06cC
9.32±0.27aBC
9.57±0.42aB
Bound phenol
0.70±0.04bC
0.65±0.01cC
0.82±0.01cB
2.11±0.02aA

0.51±0.02cC
2.22±0.02aA
1.25±0.07bB
2.08±0.01aA

Total
12.66±0.52aA
11.65±0.71aA
8.66±0.29bB
11.43±0.29aA

Induction
11.82±0.07
12.10±0.03abA
Pressure
11.05±0.16aB
13.15±2.23aA
Microwave 11.75±0.05aA
8.39±0.00bB
Slow
7.82±0.09bC
11.66±0.41aA
Raw
9.71±0.71
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 14 Antioxidant capacity of free and bound extracts of raw and cooked faba bean
by ORAC method (µmol TE/g DW)
Cooking
methods

Water

Induction
Pressure
Microwave
Slow
Raw

122.40±0.66aA
101.33±2.94bB
121.17±5.81aA
120.11±3.21aA
187.86±0.28

Induction
Pressure
Microwave
Slow
Raw

bB

12.76±0.05
17.73±0.18aA
9.71±0.51aC
7.79±0.92aC
33.62±3.29

aA

Solutions
Salt
Sugar
Free phenol
124.76±2.36aB 120.17±8.18aAB
83.40±1.28cC 114.83±1.28aB
140.32±1.09aA 136.57±6.08aA
60.80±2.25cD
73.41±1.53bC
Bound phenol
23.39±1.00aA
6.98±0.05bB
7.03±0.58bB
7.53±0.25aB
Total
148.15±3.37aA
90.38±1.23bB
147.35±1.67aA
68.32±2.49cC

9.33±0.10cA
5.61±0.02cC
5.82±0.57bC
7.13±0.37aB

Induction
135.16±0.71
129.50±8.08aA
Pressure
119.07±2.76aB
120.44±1.26aB
Microwave 130.88±6.33aAB
142.39±6.65aA
Slow
127.90±2.29aAB
80.54±1.17bC
Raw
219.85±2.09
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 15 Antioxidant capacity of free and bound extracts of raw and cooked lentil by
ORAC method (µmol TE/g DW)
Cooking
methods

Water

Induction
68.86±1.34bC
Pressure
157.01±3.78aA
Microwave 91.50±1.32aB
Parboiling 59.77±3.20aC
Raw
100.70±1.07
Induction
Pressure
Microwave
Parboiling
Raw

aA

79.29±6.39
38.39±0.02bC
66.13±0.28aB
47.61±0.65bC
39.23±2.60
aB

Solutions
Salt
Sugar
Free phenol
72.51±1.12bC 80.17±1.96aBC
122.40±0.66bA 147.13±5.14aA
84.24±0.13bB 81.68±0.98bB
63.41±5.04aC 68.67±2.28aC
Bound phenol
43.62±2.26bA
42.50±0.93aA
46.18±1.82bA
36.86±0.41bB
Total
116.13±3.38bC
173.35±0.56bA
130.42±1.69bB
100.28±5.46bD

35.83±0.20bB
35.15±0.31cB
57.03±3.89aA
65.24±4.94aA

Induction
148.15±7.73
116.01±2.17bB
Pressure
223.14±3.50aA
182.27±4.84bA
Microwave 129.89±1.34bB
138.71±4.87aB
Parboiling 107.38±3.85bC
133.91±2.66aB
Raw
141.42±0.57
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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Table 4. 16 Antioxidant capacity of free and bound extracts of raw and cooked pea by
ORAC method (µmol TE/g DW)
Cooking
methods

Water

Induction
Pressure
Microwave

57.55±0.33aB
76.65±0.69aA
41.25±0.05aC

Slow

17.21±1.87cD

Raw

69.49±0.52

Induction
Pressure
Microwave
Slow
Raw

bB

23.96±0.91
16.19±0.81aC
32.11±0.16aA
17.43±1.36cC
6.77±0.56

aA

Solutions
Salt
Free phenol
57.00±6.32aA
52.87±0.35cAB
39.11±0.83aC
41.91
±0.50aBC

Sugar
52.25±4.70aA
61.47±0.87bA
18.14±0.97bC
39.11±0.16bB

Bound phenol
22.62±0.55bA
28.92±1.33aA
8.95±0.04bC
6.10±0.45cD
20.04±0.83bB
20.74±0.14bC
21.31±0.21bA
23.80±0.67aB
Total
79.61±6.88aA
61.83±0.31cB
59.15±0.00bC
63.22±0.29aB

Induction
81.51±1.24
81.16±6.03bA
Pressure
80.83±0.12aB
67.57±0.41bB
Microwave 73.36±0.10aC
38.88±0.83cC
bD
Slow
34.64±1.59
62.92±0.16aB
Raw
76.27±1.08
For each phenolic group means in a row followed by a different superscript lowercase letter are
significantly different among solutions and in a column followed by a different superscript
uppercase letter are significantly different among cooking methods at P< 0.05 using Tukey’s test.
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CHAPTER 5. CONCLUSIONS
In conclusion, different components of the grains were affected differently by the cooking
conditions (four different cooking methods and three solutions) used in the current study. In which
starch digestibility, flatulence oligosaccharides and trypsin inhibitor were significantly reduced
when pre-soaked faba bean or pre-soaked pea were cooked using slow cooking (after blanching
for 2min in 1.0% sugar solution for faba bean or in water for pea). While this cooking method was
not effective to retain TPC and antioxidant capacity for both pulses. A high concentration of TPC
and antioxidant capacity measured by the three procedures (DPPH, ABTS and ORAC) were
retained in the cooked faba bean after induction or microwave cooking, regardless the cooking
solution. While for pea, induction cooking in water retained the most TPC and the highest
antioxidant capacity measured by three procedures. For pre-soaked lentil parboiling for only 1min
followed by holding (10 min) was the optimum conditions to reduce starch digestibility as well as
oligosaccharides and trypsin inhibitor. While the high concentration of TPC, DPPH and ABTS
were retained after microwave cooking in water.
Our results demonstrated that we could be able to control the nutritional quality of different
pulses by selecting the appropriate cooking conditions. This could help in meeting the nutritional
requirements for different consumer needs. For example, for diabetics and obesity groups we
would recommend cooking conditions that would reduce starch digestibility, while for elders and
children, the cooking methods that would enhance phenolic components and antioxidant capacity
of the cooked pulses would be the recommended method. More research is needed to investigate
the effect of the recommended cooking conditions on the concentration of other bioactive
components. Also, sensory analysis of the different pulses cooked using the optimum cooking
conditions would be very valuable.
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