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Abstract 

 

The dry bean category has long been considered an important source of 

both macro and micronutrients in the human diet.  Global usage continues to 

increase for many reasons; they are highly accessible to global populations due 

to their shelf stability and versatile growing conditions while also acting as an 

economical source of protein and fiber. Despite high diversity in the bean 

category, widespread production is limited to a relatively small set of commodity 

varieties. In response to the industrialization of agriculture and food production, 

consumers are increasingly seeking out heirloom crop varieties as a 

representation of small scale, sustainable food production. Heirloom crops with 

unique appearances, names, and historical significance are gaining popularity in 

many areas, including vegetables, grains, and legumes. In accordance with this 

trend, heirloom beans are increasingly being sought after for use in culinary 

applications by home cooks and restaurants as a way to reintroduce unique foods 

into the diet. While extensive research has been performed on the composition 

and cooking quality of commodity beans, relatively little is known about 

heirloom varieties. It is therefore advantageous to characterize the chemical 

composition and cooking quality of several unique heirlooms varieties in order to 

facilitate their adoption into everyday use. 

There were two main objectives of this study: (1) to characterize the 

composition and processing characteristics of four heirlooms varieties for 

comparison to a commodity control and (2) to investigate the effect of processing 

on antioxidant characteristics of heirloom beans in comparison to a commodity 



v 
 

control. Four heirloom varieties (Hutterite Soup, Jacob’s Cattle, Koronis Purple, 

and Tiger’s Eye) were selected based on distinct physical characteristics of their 

shapes and seed coat colors. Pinto beans were selected as the control. 

Prior to processing, the composition (moisture, starch, protein, total, 

soluble, and insoluble dietary fiber) and antioxidant properties (including total 

phenolic and flavonoids content) of each bean were catalogued. Beans were then 

soaked in water at 25°C and time to reach 50% of maximum hydration was 

calculated based on hydration curves. Antioxidant testing was then repeated after 

soaking. Beans were cooked using a stovetop boiling method and cooking time 

for each bean was determined. Changes in appearance were noted after each 

processing stage. Cooked beans were analyzed for texture and again for 

antioxidant characteristics. Starch characteristics were investigated through in 

vitro starch digestibility of cooked beans and pasting properties of bean flours. 

Moisture was similar among all beans, however starch, protein, and fiber 

composition varied between varieties. Heirlooms tended to contain higher 

amounts of protein and soluble dietary fiber. Heirlooms also took significantly 

less time to reach 50% hydration compared to the Pinto, however cooking times 

for both the heirlooms and Pinto were similar. Texture analysis showed that 

Hutterite Soup had the least firm texture after cooking. With regard to pasting 

properties, heirlooms had higher swelling and retrogradation tendency while 

Pinto had the highest temperature of gelatinization. All heirlooms had lower 

digestible starch in vitro over a two hour period compared to control. 

Antioxidant composition varied considerably between varieties and was also 
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affected by soaking and cooking. Hutterite Soup was the lightest colored bean 

and also had the lowest antioxidant values in all tests at each stage of processing. 

This indicates that antioxidant content can possibly be correlated to seed coat 

color. Soaking had a mixed effect on antioxidant content while the decrease due 

to cooking was universal for all heirloom varieties and the control, indicating 

that thermal processing has a more drastic effect on antioxidants than just 

hydration alone. These findings can be used to improve current knowledge of 

quality and composition of heirlooms beans throughout soaking and cooking. 
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1. Literature Review 

1.1 Introduction and Objectives 

Dry beans are a well-researched category, ranging in topic from composition and 

nutritional quality to processing and functionality in food systems. Studies on the 

macronutrient components of beans are numerous and cover topics ranging from bean 

starch as source of slowly digestible carbohydrates (Hoover & Zhou, 2003) to the health 

benefits associated with increased levels of fiber and protein (Tosh & Yada, 2010; Ofuya 

& Akhidue, 2006). Significant work has also been done on the effects of bioactive 

compounds such as antioxidants (Akond et al., 2011; Cardador-Martinez et al., 2002). 

Besides nutritional properties, processing characteristics of beans is also an area of great 

interest, with previous studies focusing on preparation times in an effort to identify 

varieties that yield a high quality finished product that requires minimal time and energy 

inputs (Xu & Chang, 2008a; Cichy et al., 2015). Today, the existing body of work has 

shown that the dry bean category as a whole is an excellent source of protein, complex 

carbohydrates, dietary fiber, and micronutrients including vitamins, minerals, and 

phytochemicals such as phenolic acids and anthocyanins (Tiwari & Singh, 2012).  It is 

therefore not surprising that beans are regarded as an excellent way to satisfy the needs of 

emerging diets with a health focus such as vegetarian, vegan, or gluten-free. There is also 

potential for beans to provide allergen-free sources of protein to populations living with 

food allergies to items such as soy and dairy. Despite high diversity in the bean category, 

the majority of published research to date has focused on commodity bean varieties, 

while very little information is available for heirloom beans. 
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The emergence of heirloom crop varieties in mainstream market channels is a 

direct result of changing socio-economic trends that have brought new attention to 

sustainable food production with regards to land usage, fertilizer consumption, and air 

quality (Foley et al., 2005). Heirlooms are generally defined as crops that have been 

grown in a specific region for over 50 years. As such, they are strongly related to local 

culture or the history of a single family (DeMuth, 1998). While the term has historically 

referred to objects that are irreplaceable in nature, it has recently been used to describe 

highly diverse breeds of plants and animals that are produced in localized settings as an 

alternative to commodity crops (Brouwer et al., 2015). For beans specifically, this has 

meant the emergence of seeds with distinct color and seed coat design that have 

historically been produced in small scale operations for personal use or local distribution 

(Brouwer et al., 2016).  The popularity of heirlooms beans is part of a larger shift in focus 

towards local, sustainable, and alternative agriculture that builds a direct connection 

between growers and consumers and increases transparency in how food is produced and 

distributed. As part of this trend, preserving genetic diversity in agriculture has gained 

popularity among consumers that are seeking more sustainable food sources (Brouwer et 

al., 2015). With the industrialization of agriculture over the past 200 years, manufacturing 

efficiency has placed emphasis on mass production of commodity crops. The rise of such 

commodities has therefore been at the expense of diversity in what varieties are grown 

and brought to mass market. Despite the existence of an estimated 10,000 varieties of dry 

beans (www.zursunbeans.com, 2009), relatively few varieties  are in wide distribution 

today and major market classes in the United States are limited to about 14 commodity 

varieties, with the Pinto bean accounting for the majority in terms of production and 
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consumption (Câmara et al., 2013). In reaction to this narrowing field of options, a 

renewed interest in reviving lesser-known crop varieties is beginning to emerge, 

primarily in the form of fostering production and marketing of heirloom plant varieties. 

The association of heirloom plant varieties with small farming operations and organic 

growing practices has been an effective driver for their emergence in small-scale outlets 

such as farmer’s markets, cooperative grocery stores, and culinary operations that 

maintain a focus on sustainability (Brouwer et al., 2015).  

The versatility of the dry bean category makes beans an appealing choice for both 

home cooks and commercial culinary settings alike. Beans can be purchased in multiple 

formats, such as dried whole seeds, canned whole beans, pastes (such as refried beans 

and hummus), and as milled flours for use in baking, soups, and snack products (Best, 

2013). The chemical composition of beans has been shown to affect their performance in 

processing and formulation, as exhibited through differences in the ability to build 

viscosity, retain water, bind oil or exhibit anti-foaming activity (Tiwari et al., 2013). 

Additionally, desirable traits such as short preparation times are often sought out in order 

to minimize the amount of time and energy needed to prepare beans for consumption 

(Goodwin, 2003). Previous studies have shown there is considerable variation within the 

chemical composition of pulses among varieties (Oomah et al., 2011), and therefore 

potential exists to identify varieties that exhibit specific functional qualities as a result of 

their chemical makeup. As trends continue to develop and new applications emerge for 

dry beans, it is therefore advantageous to catalogue heirloom varieties for their ability to 

provide unique nutritional, functional, and socio-economic benefits to local food systems. 
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Despite rising popularity, significant hurdles exist for growers, processers, and 

marketers attempting to bring heirlooms beans to markets where they can reach 

consumers. For growers the challenge is unknown agronomics and for processors, the 

processing techniques for heirloom bean varieties are not known. Marketers face the 

challenge of unknown demand for these bean varieties due to consumers who face 

unknown quality characteristics and limited availability. In order for heirlooms to be 

more widely accepted, they need to be catalogued for comparison against commodity 

varieties in how they perform in essential areas ranging from agronomical performance 

through processing characteristics and finally with quality and sensory characteristics. By 

elucidating these unknown characteristics and increasing general awareness of heirloom 

beans, the pathway to new market opportunities becomes less obstruct for growers 

attempting to expand their operations. 

This research aims to capitalize on two emerging trends in the marketplace today; 

the first being increased consumer desire to incorporate the health benefits of dry beans 

into the diet and the second being the increasing desire for distinct and unique varieties of 

vegetables and grains into the diet (DeMuth, 1998). However, it is still unknown which 

heirloom varieties are the best candidates for adoption into the catalogues of growers and 

processors and the routines of home cooks and restaurant chefs. By elucidating unknown 

quality characteristics, the path to commercialization for heirloom bean varieties becomes 

shorter and more easily achieved. Therefore, the objectives of this research were: 

1. To characterize the nutritional and cooking quality of heirloom beans and compare to a 

commodity control (Pinto) 
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2. To investigate the effect of processing on nutritional characteristics of heirloom beans 

and compare to a commodity control (Pinto) 
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1.2. Introduction to Dry Beans 

1.2.1 Origin and Classification  

 Dry beans (Phaseolus vulgaris) are an important staple in the human diet and are 

globally recognized for the important role they play in human nutrition and sustainable 

cropping systems (Jones, 1999). The dry beans category originated in Mexico and was 

subsequently domesticated in Central America and the Andean region of South America. 

Within the United States, dry beans can be traced back to 1300 AD when they were first 

used in Native American farming practices, where they played essential roles in both 

agriculture and nutrition. Dry beans were brought to Europe between the 15th and 16th 

centuries, where upon they were quickly spread around the globe by Spanish and 

Portuguese explorers (Câmara et al., 2013). 

Figure 1 outlines the classification of legumes, pulses, and dry beans. Dry beans 

are a class of pulses that exist within the larger category of legumes. Legumes are plants 

whose fruit is enclosed in a pod and represent a vast family of plants spanning more than 

13,000 species including seeds of clover and alfalfa, peanuts, soybeans, dry beans, and 

fresh peas. 

 
Figure 1. Categorization of dry beans within the food legume family 

(www.pulsecanada.com) 
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A key defining attribute of legumes is their ability to fix atmospheric nitrogen, 

thus reducing their dependence on chemical fertilizers that are commonplace in industrial 

agriculture. Pulses represent a major subset of the legume family and are differentiated by 

the fact that they consist specifically of the dried seed portion of legume plants and 

contain very low levels of fat (www.pulsecanada.com). The term “pulse” is limited to 

crops harvested for use as a dry grain and includes dried peas (Pisum sativum), common 

beans (Phaseolus vulgaris), lentils (Lens culinaris), and chickpeas (Cicer arietinum) 

(www.pulsecanada.com). Fresh vegetable crops such as green peas and green beans are 

excluded. Soybeans and peanuts are excluded from the pulse definition due to their high 

oil content and instead are termed leguminous oilseeds (Tiwari et al., 2013). 

 

1.3. Composition of Dry Beans 

1.3.1. Major Chemical Components 

 The major nutritional components of dry beans (carbohydrates, fiber, and protein) 

vary in ratio based on variety. While the lipid content of dry beans is generally minimal 

(1-2%), amounts can be higher in other types of legumes such leguminous oilseeds 

(Camara et al., 2013). Table 1 lists the major nutrient composition of selected dry beans 

and pulses. 
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Table 1. Major Nutrient Composition of Dry Beans and Pulses
1
 

 Protein
2
 Starch

2
 

Total 

Dietary 

Fiber
2
 

Dry Beans 

(Phaseolus vulagris) 
19.7–34.3 31.8-45.3 23-32 

Chickpeas 

(Cicer arietinum) 
17.9–30.8 33.1-43.9 18-22 

Lentils 

(Lens culinaris) 
21.3–30.2 41.5-48.5 18-20 

Dry Peas 

(Pisum sativum) 
20.2-27.4 41.6-49.0 14-26 

1Tosh & Yada (2010); Hoover & Sosulski (1991); Wang & Daun (2004) 
2g/100g of raw pulse seed 

 

 

Dry beans are widely recognized as important sources of both nutritional and 

functional proteins, with total protein content ranging from 14.9-39.4% (Singh et al., 

2011). Bean proteins are classified based on a number of characteristics including source, 

solubility, physiological role, and molecular structure. The proteins in dry beans can be 

broadly classified as either metabolic or storage proteins, with metabolic proteins 

including both enzymatic and non-enzymatic proteins that can have antinutritional 

activity in humans if not deactivated by heat. Storage proteins are often referred to as 

globular proteins due to their shape and need for ionic strength to make them soluble in 

water. The main storage proteins are albumins, globulins, and glutelins, with globulins 

making up the majority of all proteins. Based on solubility, proteins are classified in 

albumins (soluble in water), globulins (soluble in dilute salt solution), prolamins (soluble 

in 70% ethanol solution), glutelins (soluble in dilute alkali) and residue proteins. Table 2 

shows the major protein fractions present in various types of pulses (Tiwari & Singh, 

2012). 
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Table 2. Major Nutrient Composition of Dry Beans and Pulses
1
 

 
Total 

Protein
2
 

Globulins
3
 Albumins

3
 Glutelins

3
 Prolamins

3
 

Dry Beans 19.7–34.3 55-80 10-20 12 10 

Chickpeas 17.9–30.8 42 16 9.9 11 

Lentils  21.3–30.2  51 11-16 11 3.5 

Dry Peas 20.2-27.4 65-85 20-35 12 ~1 
1 Wang & Daun (2004) 
2g/100g of raw pulse seed 
3g/100g total protein 

 

Structural differences can also help group pulse proteins into different categories 

and can cause differences in physicochemical behavior. Albumin fractions are 

categorized by low to medium molecular weight and hydrophilic surfaces that cause them 

to be water soluble. Conversely, globulins contain multiple high molecular weight 

subunits that are more hydrophobic in nature and therefore have reduced water solubility. 

Ratios of each protein fraction can vary between different types of beans and pulses, 

which is cause for key differences in behavior and functionality. Gupta & Dhillon (1993) 

found that lentils, black grams, French beans, and chickpeas varied in their 

albumin/globulin ratios, with each having ratios of ⅓, 1/6.3, 1/≤3, and ¼, respectively 

(Kiosseoglou & Paraskevopoulou, 2011). The authors suggest that variation in protein 

ratios is responsible for differences in functionality among different types of pulses with 

regards to characteristics including water absorption, solubility, and pasting properties.  

Carbohydrate fractions of dry beans and pulses range from 52-76% of total 

composition, with starch (32-49%) and total dietary fiber (14-32%) being the primary 

carbohydrate components. Table 3 shows the major carbohydrate fractions present in 

various dry beans and pulses. 
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Table 3. Carbohydrate Fractions of Dry Beans and Pulses
1
 

 
Total 

Carbohydrate
2
 

Starch
2
 

Total 

Dietary 

Fiber
2
 

Insoluble 

Dietary 

Fiber
2
 

Soluble 

Dietary 

Fiber
2
 

Dry Beans 54.6-76.0 31.8-45.3 23-32 20-28 3-6 

Chickpeas 52.4-70.9 33.1-43.9 18-22 10-18 4-8 

Lentils 61.0-67.0 41.5-48.5 18-20 11-17 2-7 

Dry Peas 56.0-74.0 41.6-49.0 14-26 10-15 2-9 
1Tosh & Yada (2010; Hoover & Sosulski (1991); Wang & Daun (2004) 
2g/100g of raw pulse seed 

 

Starch is the primary storage carbohydrate in dry beans and consists of amylose 

and amylopectin, with amylose content ranging from 24-65% across different varieties. 

Amylose is primarily a linear polymer of α-(1→4) linked D-glucopyranosyl units (Tiwari 

& Singh, 2012). The difference in amylose/amylopectin content is primarily due to 

genetic makeup, physiological state of the seed, or the amount of amylose complexed 

within fiber and lipids (Singh, 2011). Within individual starch granules, the polymeric 

pattern in which amylopectin is packed varies based on botanical source. Three 

polymeric patterns are common throughout starch based foods; A, B, and C-type 

starches. A-type starch is commonly found in cereals is due to the packing of double 

helices that creates a compact, crystalline structure with low water content. The structure 

of B-type starch found in tubers, roots, high-amylose cereal starches, and retrograded 

starches is more open and contains a hydrated helical core. The primary structure in 

pulses is a mixture of A- and B-type starches known as C-type starch (Singh, 2011). 

Previous studies have shown that C-type pulses starches contain a central arrangement of 

B-type crystallization with A-type polymorphs located on the outer periphery of starch 

granules (Bogracheva et al., 1998).  Acid hydrolysis and microscopy data have shown 

that amorphous regions of pulse starch are located in the central portion of the granule, 

while crystalline areas exist primarily in the outer areas of the granule (Wang et al., 
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2008). Pulse starch granules can have different shapes (oval, spherical, round, elliptical, 

disks and irregular shapes) and sizes (0.4-102µm), and degrees of crystallinity (17.0-

34.0%) depending on the source, with granule surface being typically non-porous without 

fissures and cracks. Scanning electron micrographs of starches from various types of 

pulses are shown below in Figure 2.  

 

 
Figure 2. Scanning electron micrographs of starches from various pulses; 

(A) mung bean, (B) pigeon pea, (C) kidney bean, (D) chickpea 

(Singh et al., 2004) 

 

 

Starch can be further classified into three categories according to the rate at which 

glucose is released and absorbed in the gastrointestinal tract. Rapidly digestible starch 

(RDS) is most quickly hydrolyzed and absorbed while slowly digestible starch (SDS) is 

digested at a relatively lower rate. Resistant starch (RS) is not digested and instead is 
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transferred to the large intestine where it is fermented by bacteria. RDS is quantified as 

the amount of glucose released after 20 minutes of digestion while SDS is measured 

between 20 and 120 minutes. RS is defined as the amount of starch the remains 

undigested after 120 minutes of incubation time (Englyst et al., 1992). Differences in the 

rate at which starch is hydrolyzed during digestion could be related differences in starch 

structure, including relative crystallinity and chain length distribution of amylopectin. 

Pulses tend to have a lower glycemic index than cereal starches due to higher amounts of 

slowly digestible and resistant starch (Chung et al., 2006).  The glycemic index of pulses 

and dry beans is further discussed in section 1.4  

The second major carbohydrate component in beans is dietary fiber. Dietary fiber, 

as defined by the American Association of Cereal Chemists, consists of “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” 

(AACC, 2001). The dietary fiber component of legumes can be classified according to 

solubility. Insoluble dietary fiber (IDF) constitutes the tough, fibrous portions of plants 

and is comprised of three main components: cellulose, hemicellulose, and lignin (Harris 

& Ferguson, 1999). Within beans, the cell walls of the cotyledons are typically non-

lignified and contain a range of polysaccharides including pectic substances (55%), 

cellulose (9%), and non-starch non-cellulosic glucans (6-12%). In contrast, the seed coats 

typically contain larger quantities of cellulose (35-57%) and smaller amounts of 

hemicellulose and pectin (Tiwari & Singh, 2012). IDF is typically resistant to digestion 

and has shown to increase the rate of passage of foods through the stomach and 

intestines, thereby reducing the risk of colon cancer (Johnson et al., 2006). In contrast to 
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IDF, Soluble dietary fiber (SDF) consists of pectins, gums, mucilages, and storage 

polysaccharides (Tiwari & Singh, 2012). Soluble dietary fiber dissolves in water to form 

a viscous solution that slows down digestion (Guillon and Champ, 2002). As a result, 

foods containing SDF have demonstrated the ability to lower postprandial blood glucose, 

insulin levels, and serum cholesterol (Jenkins et al., 2000). Table 3 lists the fiber 

components (TDF, IDF, SDF) of selected pulse types. 

1.3.2. Minor Components of Dry Beans 

 In addition to protein, starch, and dietary fiber, dry beans also provide a diverse 

array of micronutrients, including essential minerals. Table 4 lists the major mineral 

constituents of selected pulses and dry beans. 

Table 4. Mineral Content of Selected Pulse Types
,2

 

 Cow Pea Chickpea Lentil Dry Pea 

Sodium 111±2.65 101±3.51 79±2.65 111±2.65 

Potassium 1021±12.49 1155±5.00 874±6.43 1021±12.49 

Phosphorus 283±3.00 251±6.11 294±3.61 283±3.00 

Calcium 110±3.61 197±3.61 120±6.24 110±3.61 

Iron 2.3±0.05 3.0±0.20 3.1±0.26 2.3±0.05 

Copper 10.0±0.40 11.6±0.20 9 .9±0.10 10.0±0.40 

Zinc 3.2±0.56 6.8±0.26 4.4±0.20 3.2±0.56 

Manganese 2.2±0.02 1.9±0.10 1.6±0.03 2.2±0.02 

Magnesium 4.2±0.04 4.6±0.04 4.5±0.04 4.2±0.04 
1µg/100g of raw seed 
2Tiwari & Singh (2012)  

 

  In addition to minerals, dry beans contain secondary plant metabolites that contain 

antioxidant activity. The predominant class of antioxidants found in pulses is 

polyphenols, which are typically concentrated in the outer seed coats, although some 

exist in the inner cotyledon (Tiwari et al., 2013). Table 5 shows the phenolic contents of 

dry beans and pulses. 
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Table 5. Phenolic Content of Selected Pulse Varieties1 

 

Total 

Phenolic 

Content
2
 

Total 

Flavonoid 

Content
3
 

Condensed 

Tannin 

Content
3
 

Pulse 1.53 0.08 0.26 

Green Pea 1.67 0.18 0.42 

Chickpea 1.81 0.18 1.05 

Lentil 6.56 1.3 5.97 

Red Kidney 4.98 2.02 3.85 

Black Bean 5.04 2.49 3.4 
1Oomah et al., (2011) 
2mg gallic acid equivalents per 100g of raw seed 
3mg catechin equivalents per 100g of raw seed 

 

Polyphenols can be traditionally classified into two groups, flavonoids and 

nonflavonoids, based on the number of phenol rings and the structural elements that bind 

these rings. The flavonoid group, defined by compounds having a C6-C3-C6 structure, 

consists of flavanones, flavones, dihydroflavonols, flavonols, flavan-3-ols, 

anthocyanidins, isoflavones, and proanthocyanins. Alternatively, the nonflavonoids group 

is defined by the number of carbons and consists of simple phenols, benzoic acids, 

hydrolyzable tannins, acetophenones,phenylacetic acids, cinnamic acids, coumarins, 

benzophenones, xanthones, stilbenes, chalcones, lignans, and secoiridoids (Tiwari et al., 

2013). Classification of plant phytochemicals (Figure 3) and the further classification 

polyphenols into subgroups based on structure (Figure 4) is shown below. 



15 
 

 
Figure 3. Classification of phytochemicals (Oomah et al., 2011) 

 

 
Figure 4. Classification of main polyphenols in dry beans (Câmara et al., 2013) 
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Dry beans can vary in their total phenolic contents and antioxidant activities based 

on variety, with dark and highly pigmented seeds such as lentils, black gram, and red 

kidney beans generally having the highest phenolic (6.56, 5.04, and 4.98 mg gallic acid 

equivalents/gram, respectively) and flavonoid contents (1.3, 2.49, and 2.02 mg catechin 

equivalent/gram, respectively) (Xu & Chang, 2007). Beans with dark seed coats have 

previously been correlated to higher amounts of phenolic compounds that contribute to 

increased levels of antioxidant activity (Tiwari et al., 2013). Of the phenolic acids present 

in common beans, ferulic acid is the most abundant, followed by p-coumaric and sinapic 

acids (Tiwari & Singh, 2012). The chemical structures of the most common phenolic 

compounds typically found in beans are shown in Figure 5. 
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Figure 5. Common phenols present in beans (from ChEBI database) 

 

1.4. Health Benefits of Dry Beans 

 

 Dry beans are considered an important food source due to their high protein, fiber, 

and carbohydrate content, as well as for the diverse array of micronutrients, such as 

vitamins, minerals, and antioxidants that they contain (Câmara et al. 2013). While beans 

are especially valuable to populations that emphasize a plant-based diet, they play only a 

relatively minor role in Western countries despite their proven health benefits and low 

cost (Messina, 1999).  
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Pulses are especially important sources of protein for vegetarians, vegans, and 

populations where economical and shelf-stable substitutions for meat are essential. While 

pulses are good sources of protein, they are generally lacking in sulfur-containing amino 

acids such as methionine and tryptophan. By blending with cereal proteins, pulses 

provide a promising source of complete proteins that contain all essential amino acids 

(Tiwari & Singh, 2012). As a testament to their multiple health benefits, the USDA 

recognizes dry beans as an important source of protein and fiber by categorizing them 

with other protein rich foods such as meat, fish, eggs, and nuts as well as considering 

them as part of the vegetable group (USDA, 2011).  

The relationship between human health and the gastrointestinal environment is 

becoming an increasingly researched topic with regards to how diet and nutrition affect 

the intestinal microbiota. As such, the starch, dietary fiber, and nonstarch polysaccharides 

present in dry beans are being recognized for how they positively impact gastrointestinal 

health by influencing the microbiome (Câmara et al. 2013). The glycemic index (GI) 

provides a way to characterize the rate at which carbohydrates are digested in various 

foods. Pulses have long been considered as low GI foods by demonstrating low 

postprandial increases in blood glucose levels due to high levels of slowly digestible 

(SDS) and resistant starches (RS). Both SDS and RS have shown to decrease blood 

glucose response and have been demonstrated as an effective method for controlling and 

preventing diabetes and hyperlipidemia. The health benefits of RS have been well studied 

and are associated with improved cholesterol metabolism and reduced risk of both type 2 

diabetes and colon cancer (Hoebler et al., 1999). Additionally, its resistance to hydrolysis 

in the small intestine may make RS a probiotic substrate for organisms present in the 
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colon, which may facilitate the increased absorption of minerals (Hoover & Zhou 2003; 

Lehmann & Robin (2007) found that foods high in RS cause the steady release of insulin. 

The resulting slow rate of starch digestion in pulses is thought to be due to the intact state 

of tissue and cell structure, high levels of amylose, and high content of soluble dietary 

fiber components, which are known to build viscosity and moderate the rate of digestion 

(Chung et al., 2008). In addition to providing slowly digestible carbohydrates, beans are 

considered excellent sources of both insoluble and soluble dietary fiber. The 

physiological benefits of high fiber diets on human health are well known. In terms of 

gastrointestinal function, physiological functions of fiber include increased water holding 

capacity, viscosity, fermentability, and the ability to bind bile acids. As a result of 

gastrointestinal function, high-fiber diets have been shown to lower serum cholesterol 

individuals with high cholesterol (Messina, 1999), lowered insulin response, and reduced 

risk of heart disease, diabetes, obesity, and certain forms of cancer (Marlett et al., 2002). 

 Oxidative stress is caused by reactive oxygen species (ROS) and other oxidative 

agents that are byproducts of physiological and biochemical processes. Increased ROS 

levels are known to cause damage to cellular lipids, proteins, and DNA and can 

potentially lead to further chronic health defects, among which are cardiovascular 

disease, atherosclerosis, diabetes, hypertension, and Alzheimer’s disease (Middelton et 

al., 2000). The antioxidative mechanisms of phenols present in beans, especially beans 

with dark seed coats, are thought to promote anticarcinogenic and antioxidant properties 

via their ability to scavenge free radicals and the inhibit oxidative stress that leads to 

disease. Previous studies by Cardador-Martinez et al., (2002) have shown that phenolics 

in bean hulls have the ability to demonstrate antimutagenic properties via the ability of 
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phenolic compounds to scavenge mutagens by forming complexes that reduce or inhibit 

radical activity. 

 

1.5. Common Uses of Dry Beans 

 The variety and format in which beans are consumed can vary based on the food 

habits of local populations and amount of industrial food processing available in certain 

areas. Figure 6 shows bean consumption by variety and setting in the United States.  

 
Figure 6. United States dry bean consumption by variety and occasion 

 (Lucer et al., 2000) 

 

   

The most widely used methods by home cooks for preparing dry beans include 

stovetop boiling, pressure boiling, pressure steaming, and home canning (Xu & Chang, 

2008a). Tiwari & Singh (2012) has also written about the versatile nature of pulses, 

which allows them to fit wide range of applications including soups, casseroles, and 
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salads both as a source of nutrition and flavor. Processing method and time can change 

depending on the end use and additional processing methods having been developed in 

order to fit emerging applications. Recently, new and emerging preparation methods have 

been introduced to satisfy new applications and eating occasions that have emerged as 

consumers change food habits and incorporate new types of foods into their diets. Most 

notably, expansion by the food industry into bean-based snack foods and sweet and 

savory baked goods allows producers to use beans as in ingredient in order to satisfy 

consumer-driven claims such as gluten free or high fiber or protein claims 

(www.pulsecanada.com) 

 Fractionation into proteins, starches and fibers in the pursuit of specific functional 

or nutritional properties is also an emerging area of interest for dry beans. Recent 

applications using pulses as a concentrated source of fiber and protein are garnering 

much attention, especially with regards to meat substitutes, higher fiber foods, and 

allergen-free protein fortification in nutrition-based products. In addition to providing 

nutritional benefits, bean fractions can provide benefits by acting as “clean-label” 

functional ingredients that provide functional attributes such as viscosity building in 

soups and sauces. Key attributes of “clean-label” ingredients include implied 

wholesomeness, absence of artificial ingredients, and absence of major allergens. The 

increasing consumer focus on nutritional, short ingredient labels, and alternative protein 

sourcing make dry beans a compelling addition to many product formulas and culinary 

offerings (www.pulsecanada.com; Kiosseoglou & Paraskevopoulou, 2011). 
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1.6. Quality Metrics of Beans 

 Assessing the overall quality of dry beans is a considerable task, as there are 

several factors to account for when evaluating the characteristics of dry beans, depending 

on the audience and area of focus. Certain factors can be more heavily favored than 

others based on the desired functionality. In order to assess quality in the holistic sense, 

studies assessing soaking and cooking time, nutritional content, functionality, and 

sensory aspects of the finished product are of great interest by both academia and 

industry alike. Indeed, assessing quality from multiple angles is essential for examining 

the overall performance and characteristics of different varieties. 

 

1.6.1. Processing Time 

 While the functional and nutritional benefits of dry beans are gaining increasing 

momentum on both the commercial and consumer level, a major limitation of 

incorporating beans on a regular basis is the relatively long preparation time needed to 

ready dry beans for human consumption. On an industrial level, the commercial retort 

process associated with dry beans carries a significant investment of both time and 

energy in order to prepare a product for the market place, however since this process is 

removed from consumers it tends to have little impact on consumers. In the United 

States, households identify long preparation times as the major hindrance to preparing 

dry beans on a regular basis, and therefore the majority of consumption stems from beans 

processed outside of the home (Lucer et al., 2000). While the technology of  industrial 

food processing has provided a way to circumvent issues of time and energy input, 

populations in developing countries do not have access to this benefit and spend a 
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significantly larger amount of time and energy (in the form of charcoal and firewood) 

preparing dry beans for consumption (Cichy et al. 2015). 

 Given the time and energy inputs needed to make beans fit for human 

consumption, it is therefore important to identify and categorize varieties of beans based 

on their cooking times as a way to minimize the amount of time and energy that goes into 

preparation on the individual level. Previous studies have attempted to catalogue 

commodity bean varieties based on their soaking and cooking times in order to better 

understand how certain types of beans are best fit for certain populations and end uses. 

Cooking time has been found to be a factor of not only physical characteristics such as 

size, shape, and seed coat thickness, but also a result of chemical composition such as 

seed age, starch granule structure, amylose content, and phenolic content of the seed coat 

(Siddiq & Uebersax, 2012; Ross et al. 2010; Akond et al, 2011). 

 

1.6.2. Antioxidant Quality throughout Processing 

Phytochemicals make up a significant group of substances; a majority of which 

are phenolic acids. There is strong evidence of the health benefits resulting from the 

consumption of phytochemicals (Meyer et al., 2000). The antioxidant content of cooked 

beans can be used as a metric for determining nutritional quality. As previously 

discussed, beans are highly regarded as good sources of compounds that contain 

antiradical activity. However, what is less understood is how the quantity and activity of 

antioxidants in beans changes throughout thermal processing. Previous studies have 

highlighted this as a compelling area for further investigation. Xu & Chang (2008a; 2009) 

investigated the antioxidant properties of Black and Pinto beans at various stages of 
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processing while Siah et al. (2014) looked at similar properties in Faba beans. All studies 

found that antioxidant levels were affected by cooking method and cook time and that 

soaking/boiling methods tended to causes greater amount of antioxidant loss across 

multiple bean varieties. In order to accurately assess the effectiveness of these 

compounds in beans, it is therefore necessary to consider their antiradical capacity after 

processing is complete and they are ready for human consumption.  

 

1.6.3. Digestibility of Cooked Beans 

 Nutritional quality can be assessed in how beans contribute to the glycemic 

response. Digestibility of pulses is an area of high interest due to the positive effect on 

blood glucose levels. Slow rates of starch digestion from reduced bioavailability have 

been attributed to the intact tissue and cell structure of pulses in relation to cereal grains, 

as well as high levels of amylose and soluble dietary fiber. The end result is reduced 

levels of insulin response and slow to moderate postprandial glucose levels (Chung et al., 

2008). In vitro evaluation of starch digestibility stands as a method for predicting the rate 

of starch digestion for different varieties of beans, with higher amounts of slowly 

digestible and resistant starches being more favorable due to the positive impact on blood 

glucose levels, gastrointestinal health, and chronic disease. 

  

1.6.4. Texture Properties of Cooked Beans 

While nutritional properties may not be always top of mind for consumers when 

making food selections, sensory characteristics carry much more weight for home cooks 

and chefs alike. Paramount among these properties is texture and consistency of a bean 
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after it is thoroughly cooked. The desired texture and integrity of a cooked bean can vary 

based on the application. Generally, beans with a soft, uniform texture, minimal solids 

loss, and intact seed coats are highly sought after in most applications (Yasui et al, 2014), 

however beans with a higher degree of solids loss and splitting can be favorable in 

applications such as soups and stews, where beans can serve as both an inclusion and also 

a method of thickening the surrounding aqueous environment (Powers, 2003). Therefore, 

characterizing the texture, integrity, and consistency of a cooked bean can help inform 

the consumer of how certain bean varieties may be better suited to certain applications 

and dishes. 

 

1.6.5. Appearance of Cooked Beans 

Lastly, an especially compelling trait for heirloom beans with unique seed coat 

designs and pigments is that of appearance. Seed coat design and appearance is perhaps 

the most defining characteristic for dry beans at the point of purchase, and therefore it is 

important to investigate the physical appearance of beans before and after cooking. Not 

only does seed coat design create a point of recognition and culinary appeal for new bean 

varieties, changes in said pigments throughout processing may also be indicative of 

changes in antioxidant capacity, as seed coat pigment has shown strong correlation to 

various levels of radical scavenging compounds (Aabdel-aal, 1999; Akond, 2011). 

 

1.7. Tests to Assess Quality 

 Assessing the quality and composition of beans is a significant undertaking. In 

order to properly profile the most important characteristics of new bean varieties, studies 

in several areas should be conducted, ranging from analysis of raw bean flours, assessing 
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selected antioxidant profiles throughout processing, and analyzing cooked bean samples 

for sensory and nutritional quality. Areas of study are selected based on current emphasis 

in literature and their ability to directly assess characteristics that are valued by those who 

consume dry beans. 

 

1.7.1. Analysis of Raw Bean Flours 

 When characterizing the content of beans, it is important to determine the 

chemical breakdown of beans into their major chemical components of starch, fiber, and 

protein. Analyzing beans for these basic components allows for better predictions and 

elucidation of observations made with regards to nutritional quality and functionality. 

Enzymatic analysis of starch and total, soluble, and insoluble dietary fiber allows beans 

to be described based on their ability to provide nutrients and gastrointestinal health 

while analysis of nitrogen content can be an indicator of ability to supply necessary 

amino acids to the diet. Methods 76-13.01 (total starch), 32-07.01 (total, soluble, and 

insoluble dietary fiber), and 46-30.01 (crude protein) from the American Association of 

Cereal Chemists (AACCI 1999a; 1999b; 1999c) have all been approved for analyzing 

and reporting attributes in dry beans and pulses. 

 

1.7.2. Methods for Assessing Processing Time 

 Many processing methods for whole beans are in practice today, including 

steaming, pressure cooking, stovetop boiling, and commercial retorting. Among all these 

methods, atmospheric boiling is the most widely used based on its simplicity and 

accessibility for population in developing countries. In this method, beans are typically 
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prepared by soaking and then boiled at atmospheric pressures until the seed can be 

compressed evenly and texture is consistent throughout the entire seed. Instrumental 

methods such as the Mattson cooking apparatus, have been used to determining exact 

cooking time. Such methods have been used previously by Xu & Chang (2008a) because 

they provide a reliable and objective way to determine if a bean seed has been thoroughly 

cooked. An alternative method known as the tactile method was first described by 

Vindiola et al. (1986) and makes a similar assessment using the thumb and forefinger 

instead of instrumentation. The tactile method, while more subjective, is an accurate and 

easily adapted representation of how most global populations evaluate if beans are 

cooked and ready for consumption. The tactile method was chosen for this study based 

on its widespread use and ease of implementation. 

 

1.7.3. Methods to Assess Antioxidant Capacity 

 Multiple in vitro spectrophotometric methods exist for quantification of 

antioxidant compounds and antioxidant capacity in dry beans. Of these, the most 

common methods are hydrogen abstraction or electron transfer reactions (either radical 

scavenging or reductive reactions). Common hydrogen abstraction assays include the 

oxygen radical absorbance capacity (ORAC) assay and the total radical-trapping 

antioxidant parameter (TRAP) assay. In these assays, antioxidants compete with radicals 

for a UV-active or fluorescent probe. Since this assay is carried out in vitro, a common 

limitation is that antioxidants are present at higher concentrations than substrates, which 

is not often the case in vivo (Huang et al., 2005).  
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  On the other hand, electron transfer assays such as the DPPH, FRAP, and Folin-

Ciocalteu assays measure the change in absorption when a probe is reduced by an 

antioxidant. The DPPH free radical scavenging activity method is a decolorization assay 

that tests the ability of a sample extract to quench the 1,1-diphenyl-2-picryhydrazyl 

(DPPH) radical in an in vitro environment. Figure 7 depicts the reaction mechanism, in 

which the stable nitrogen centered DPPH radical (originally purple in color) becomes 

colorless when reduced to a non-radical form upon reaction with antioxidants. This assay 

provides stoichiometric information related to the number of electrons taken up by the 

tested compounds in the presence of the free radical (Moore & Yu, 2008). Results are 

registered as the change in absorbance at 517 nm against a standard (untreated) DPPH 

solution and inhibition is reported as the percent of the original radical amount that has 

been inactivated by the antioxidant compounds present in a sample extract.  

 

 
Figure 7. Reaction mechanism for the DPPH assay (Texeira et al., 2013) 
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Ferric reducing ability of plasma (FRAP) is another simple, inexpensive, and 

highly reproducible test based on the reduction of ferric tripyridyltriazine to ferrous 

tripyridyltriazine by a reductant (including antioxidants as well as other reducing agents). 

Such a mechanism is interpreted as potential of a sample to reduce potential oxidants 

such as peroxynitrite or hypochlorite. The test is best performed at low pH levels, which 

can be a limitation as it does not reflect the environment of the majority of in vivo 

systems (Tyl, 2012). 

Often considered the most versatile and general assessment of phenolic content, 

the Folin-Ciocalteu assay is widely used to quantify the total amount of phenolics present 

in a sample. Also referred to as total phenolics content (TPC), the assay was originally 

developed to quantify certain amino acid residues of proteins and was later adapted for 

analysis of total phenols in wine (Moore & Yu, 2008). The simplicity and reproducibility 

of this assay have caused it to be widely adopted in order to estimate antioxidant content 

in foods. The assay is well suited for assessing hydrophilic compounds and is therefore 

performed in aqueous solvents. The Folin-Ciocalteu reagent, originally yellow in color, 

reacts with phenolic compounds to produce a series of blue-colored compounds that 

register at 760 nm. The change in absorption at this wavelength is used to report results in 

milligrams of gallic acid equivalents per gram of sample (Tyl, 2012). Phenolic groups are 

deprotonated under basic conditions, yielding a phenolate anion with reducing potential, 

and therefore the assay is performed at a pH above 10.Although the chemical nature of 

the Folin-Ciocalteu reagent is not completely understood, it is thought to be a 

phosphomolybdate-phosphotungstate complex. The yellow complex is believed to be 

molybdenum, which becomes turns to blue upon reduction by phenolate anions (Moore 
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& Yu, 2008). Advantageous aspects of the procedure is that it is operationally simple, 

convenient, and highly reproducible. At the same time, it is also a measure of the total 

reducing capacity of a sample and therefore detects all reducing and phenolic groups 

present, including proteins and ascorbic acid, which can be considered a limitation. An 

additional limitation is that this assay is performed at a pH higher than what is realistic 

for both biological systems and food products (Tyl, 2012).  

Another test often performed is total flavonoids content assay (TFC). The method, 

which has also been widely adopted and used on a variety of samples, is based on 

flavonoids’ capabilities to form a stable complex with aluminum ions in an aqueous 

solution. Complexation of AlCl3 is complexed with NaNO2  in alkaline conditions. The 

method is based on the nitration of any aromatic ring bearing a catechol group that has 

position three or four neither substituted nor sterically blocked (Figure 8). After the 

addition Al(III), a yellow solution is formed, which is then turned red by the addition of 

NaOH. The resulting color change of the solution, which registers at 510 nm, is dictated 

by the ratio of aluminum ions to flavonoids molecules and their hydroxylation patterns 

(Pekal & Pyrzynska, 2014). Catechin is the most commonly used standard, and therefore 

results are expressed as milligrams of catechin equivalents per gram of sample (Tiwari, 

2013). 
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Figure 8. Chemical structures of commonly studied flavonoids 

 (Pekal & Pyrzynska, 2014) 

 

1.7.4. Cooked Bean Texture 

 Firmness after cooking is an important characteristic in determining the quality 

beans. Instrumental texture analysis was used to quantity the relative firmness of bean 

varieties to one another. While sensory methods exist, textural measurements based on 

mechanical assays are useful for quantifying the texture of cooked beans due to their 

objectivity and repeatability.  Previous texture studies on beans cover many areas, 

including effect of processing method on cooked texture (Revilla & Vivar-Quintana, 

2008; McGLynn et al., 2003) and as a function of soaking time and temperature (Abu-

Ghannam, 1998). Generally, it was found that method of processing and hydration rate 

during soaking have an effect on the final texture of the cooked product. Additionally, 
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variations in firmness of whole seeds and counterparts of the seed (Yasui et al., 2014) and 

the effect of variety and composition (Stanley & Aguilera, 1985) have been investigated 

and differences in texture as a function of variety and structure have been reported. 

As all seed components (cotyledon, testa, embryonic and axis) contribute to the 

overall firmness of a cooked bean, the ideal measurement would take into account the 

maximum force necessary to puncture the entire seed rather than produce a firmness 

value for each individual component. The Kramer shear is applicable for such as 

measurement, as the cell has the ability to average variations in firmness among all 

components of beans to produce a single value that can be used to compare the general 

firmness between different bean samples. Additionally, the design of the probes allows 

the same method to be used to compare results across beans of unique shapes and sizes 

(Yasui et al. 2014). 

 

1.7.5. Pasting Properties 

Milled bean flours are of interest for their ability to form a viscous paste upon 

heating and mixing. Pasting properties are a useful tool in characterizing the starch 

structure of bean flours, in addition to profiling key pasting behaviors of milled flours in 

various processing applications as a food ingredient. 

Amylographic methods can help determine viscosity changes that take place 

during heating/cooling and stirring of a flour-water mixture, with key measurements 

including pasting temperature, final viscosity, and setback. Among the most popular 

instruments for measuring pasting properties is the visco-amylograph, such as the 

Brabender Micro-Viscoamylograph (MVAG) (Duisburg, Germany). With the MVAG, a 
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starch suspension is heated under shear to 95℃ at a constant controlled rate and held for a 

period of time before it is cooled and held at 50℃ for a period of time, during which 

viscosity measurements of the suspension are graphed as a function of temperature and 

time. Starches can be differentiated based on their viscosities at five key points of 

interest; peak viscosity, viscosity at 95℃, viscosity after holding at 95℃, and viscosity at 

50℃. Starches types can be distinguished from one another based on measurements and 

the shape of the pasting curve over time (Deffenbaugh and Walker, 1989). Pasting 

temperature (also known as starch gelatinization temperature) is a key measurement 

within this test, as it measures the temperature at which the viscosity increase of slurry 

correlates to a loss in starch birefringence (Thomas & Atwell, 1999). Pasting behavior of 

a food typically follows one of three different types of curves based on the predominant 

form of starch. A-, B-, and C-type starches are differentiated based on their crystalline 

structures.  The major type of starch in bean flours is C-type starch, which is a 

combination of A- and B-type starches and exerts unique pasting properties in 

comparison to A- and B-type starches. C-type starches do not reach a peak viscosity like 

cereal starches, but instead show a constant increase in viscosity with increasing time and 

temperature (Kaur & Singh, 2005). Pasting properties have also been reported to be 

influenced by size, rigidity, amylose content and swelling power of granules. In general, 

an increase in amylose content is thought to inhibit swelling power, and therefore starch 

with lower amylose typically exhibits higher viscosity and lower pasting temperature. 

Additionally, pasting temperatures can inversely correlate to the swelling ability of starch 

in that high pasting temperature indicates reduced swelling ability (Cai et al., 2014). 
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1.8. Heirloom Bean Varieties 

1.8.1. History and Significance of Heirloom Crops 

 Wide genetic diversity within agricultural crops is a result of mobile human 

populations. As populations moved around the world, they transported and planted seeds 

to sustain them (Brouwer et al., 2016), which eventually led to the emergence of varieties 

distinct in appearance and composition that have been bred to thrive in specific 

geographic regions. Heirloom crop varieties, being a direct result of such human 

behavior, are defined as being at least 50 years old whose heritage has been preserved by 

regional, ethnic, or family groups (Veteto, 2007; DeMuth, 1998).  

Despite historical reliance on heirlooms, the shift to industrial agriculture and 

mass production (where yield and efficiency are favored) have reduced human reliance 

on small scale, local growing operations and instead shifted dependence towards high 

input operations requiring large amounts of water, fertilizer, fossil fuels, and 

mechanization (Timothy, 2015). National food distribution systems have reduced reliance 

on crops bred for their ability to thrive locally and instead shifted the majority of 

consumption to commodity varieties grown in select locations with the ability to thrive en 

mass in large scale settings. Today, the majority of dry beans in the United States are 

grown as commodity crops in North Dakota, Michigan, Minnesota, Idaho, Nebraska, and 

Washington (USDA NASS, 2014). Within the United States, major consumption is now 

limited to five major market classes, with Pinto being the most highly consumed dry 

bean, followed by Navy, Black, Garbanzo, and Great Northern bean varieities (Câmara et 

al. 2013). Unlike commodity varieties, heirlooms are not well suited to the demands of 

mass-market distribution, where standardized appearance and longevity post-harvest are 
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essential (Timothy, 2015), and therefore steep declines in heirloom consumption have 

occurred as a direct result of agricultural industrialization. 

 According to Brouwer et al. (2015), recent interest has shifted back to heirloom 

crop varieties as a reflection of the “defetishization” of commodity foods and 

industrialized food production. While heirloom tomatoes originally emerged as an icon of 

the heirloom movement, the idea has since expanded to include additional forms of 

produce and cereal grains, including pulses (Jordan, 2007; Brouwer, 2015). This renewed 

interest in alternative food sources is a reflection of the larger movement away from 

industrial agriculture and land-use intensification. In contrast to industrialized food 

production, alternative agriculture is associated with sustainable, localized farming 

practices with a common goal of supporting local economies, increasing transparency in 

food production, and reducing human impact on the environment.  

There are multiple benefits to be realized by expanding production and 

distribution of heirloom beans, including the ability to support regional economies, 

preserve local cultures, and provide environmental benefits. The dry beans category as a 

whole is already widely regarded as a sustainable crop for its ability to grow with less 

input such as irrigation and fertilizer, and for its utility as a rotational crop for breaking 

disease cycles (Miles et al., 2015). Heirloom varieties have the specific benefit of 

bringing genetic diversity to a category where heavy consolidation has resulted in fewer 

commodity varieties remaining in regular production. Another unique benefit of 

heirlooms is their ability to support local agricultural and distribution channels such as 

farmers markets, as they have been bred to adapt to a regional growing conditions and 

therefore are better suited to local distribution (Miles et al., 2015). Heirlooms have also 
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been celebrated for their ability to bring unique flavors and cultural significance to local 

cuisine (Morris et al., 2013). As a result the increasingly high demand for locally grown 

crops in the United States presents an opportunity for heirloom bean varieties to be 

produced and brought to local markets (Martinez, 2010). In reaction to emerging market 

opportunities and increased consumer interest in heirlooms, growers have been incented 

to include heirloom varieties in their operations in order to diversify production, break 

disease cycles, and realize the economic premiums that heirloom beans often attain 

(Swegarden et al., 2016).  

Currently, most existing research on heirloom beans has been from an agricultural 

standpoint and studies on the postharvest performance of heirlooms are relatively scarce. 

Recent studies (Swegarden et al., 2016; Brouwer et al., 2015, Brouwer et al., 2016;) have 

begun to profile the regional performance of select heirloom varieties in aspects of 

agronomic performance such as productivity, water usage, and breeding models. From a 

food science perspective, there is currently an extensive body of work available on 

commodity varieties which could be applied to heirlooms. While Miles et al., (2015) has 

previously investigated cooking time against growing practices, opportunity exists to 

build on this work and further characterize heirloom beans for their performance as a 

source of nutrition and ingredient functionality in prepared foods. Past research on 

commodity varieties has sought to investigate varietal and compositional effect on 

processing times (Cichy et al., 2015; Yousef et al., 2011) and pasting properties 

(Ambigaipalan et al., 2011). With regards to nutrition, the relationship between seed coat 

pigment and antioxidant compounds is of particular interest within the beans category. 

Previous studies (Luthria & Pastor-Corrales, 2006; Xu & Chang, 2009; Akond et al., 
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2011) have identified bioactive compounds in beans including phenolic acids, flavonoids, 

anthocyanins, and tannins. Antioxidant profiles have shown to vary with level and type of 

seed coat pigment. Given the prevalence of vibrant and unique seed coat pigments in 

heirlooms bean varieties, this category presents a unique opportunity for further 

investigation of antioxidant capacity as a function of seed coat color.  

Recent work with other forms heirloom crops has shown potential for commercial 

success within heirloom beans. New market channels have emerged for heirloom grains 

in the form of farmer-breeder-chef collaborations. Such partnerships seek to select high-

yielding crop varieties that contribute distinct flavor and high nutritional content in hopes 

of leveraging agronomic skills, culinary perspectives, and logistical breeding skills to 

develop locally adapted varieties with high end-use potential (Murphy et al., 2005). As 

these partnerships continue to develop, it behooves the academic community to consider 

heirloom beans in hopes of identifying varieties that contribute distinct functional, 

nutritional, and sensory benefits. By elucidating and sharing these unknown factors, 

heirlooms become more commercially viable as the path to market for heirloom beans 

becomes more defined. 

 

1.8.2. Visual Characteristics of Heirloom Beans 

Figure 9 shows pictures of 20 different dry bean varieties (17 heirlooms, three 

commodities). As shown from the figure, seed shape and seed coat design can vary 

significantly among varieties. While some seed coat designs such as that of Low’s 

Champion are solid in color, others can be marked with distinct patterns such as Lina 

Sisco’s Bird Egg and Yin Yang. Appearance can also differ among seeds of the same 
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variety. Such is the case for Peregion, where seed coats are a combination of black and 

pink with black, irregularly shaped stripes.  Such visual remarkability of heirlooms 

varieties is used as an effective marketing tool, as the appearance of dry seeds is both 

easily noticed and stimulating to consumers. It is also an effective way to easily 

differentiate heirlooms from commodity beans at the point of purchase, in effect giving 

individual varieties their own identity.  
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Figure 9. Photos of seventeen heirloom and three commodity varieties of dry beans. 

Heirloom varieties; Bumblebee (BB), CAL (Calypso), Dapple Grey (DG), Hutterite Soup 

(HS), Ireland Creek Annie (ICA), Jacob’s Cattle (JC), Jacob’s Cattle Gold (JCG), 

Koronis Purple (KP), Kenearly Yellow Eye (KYE), Low’s Champion (LC), Lina Sisco’s 

Bird Egg (LS), Peregion (PER), Painted Pony (PP), Soldier (SOL), Steuben Yellow Eye 

(SYE), Tiger’s Eye (TE), Yin Yang (YY). Commodity varieties: Lariat (LAR), Eclipse 

(ECL), OAC Rex (REX) (Swegarden et al., 2016) 

 

 

Heirloom varieties are also unique in both size and shape of individual seeds. 

Table 6 lists the shape, 100-seed weight, and dimensions for the 20 varieties shown in 

Figure 19. Among the heirlooms listed in the table, 100-seed weight ranged from 18.5-

55.7g while the range for commodity varieties was 18.4-32.9g. The larger weight range 
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for heirlooms is indicative of more diversity in seed size. Dimensions such as length, 

width, and thickness can also vary between heirlooms and commodities, is reflected in 

unique seed shapes among individual varieties. 

 

Table 6. Seed Shape, 100-Seed Weight, and Dimensions of 20 Selected Varieties of Dry 

Beans (17 Heirlooms and 3 Commodities)
1
 

Variety Seed Shape 

100-Seed 

Weight (g) 

Length 

(mm) 

Width 

(mm) 

Thickness 

(mm) 

Bumble Bee Cuboid 55.7 14.4 8.8 6.6 

Calypso Round 38.3 11.3 8.3 6.8 

Dapple Grey Oval 36.3 12.5 7.5 6.0 

Eclipse* Oval 18.4 9.1 6.1 4.7 

Hutterite Soup Round 28.1 10.7 6.8 5.7 

Ireland Creek Annie Kidney; cuboid 35.4 13.9 7 5.6 

Jacob's Cattle Kidney 52.0 15.9 7.5 6.2 

Jacob's Cattle Gold Kidney 41.0 14.7 7.3 6.1 

Koronis Purple Kidney 48.0 16.4 7.1 5.7 

Kenearly Yellow Eye Round 41.7 12.1 7.8 6.7 

Lariat* Oval 32.9 12.3 7.9 5.7 

Low's Champion Truncate oval 38.9 12.0 7.6 6.9 

Lina Sisco's Bird Egg Round 40.6 12.1 8.0 6.4 

Peregion Oval 18.5 12.1 6.3 4.8 

Painted Pony Kidney 24.7 12.7 5.7 4.8 

OAC Rex* Oval 19.3 8.9 5.9 5.2 

Soldier Cuboid 38.9 13.8 7.0 6.5 

Steuben Yellow Eye Round 39.1 12.2 7.6 6.5 

Tiger's Eye Kidney 50.1 16.5 7.7 5.7 

Yin Yang Round 41.8 11.5 8.1 5.9 
1Swegarden et al. (2016) 

*Commodity varieties 

 

1.9. Conclusions 

The popularity of heirloom crop varieties such as beans creates an opportunity to 

catalogue additional varieties of beans for the unique nutritional, functional, and culinary 

attributes they are capable of offering. With consumer attitudes shifting away from 

industrialized agricultural, heirloom beans are an appealing alternative to commodity 
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varieties that are currently used on a national and international scale. By characterizing 

heirloom varieties, it becomes possible for growers and distributors to add diversity to the 

dry bean market that exists today. Small scale growers, local economies, and food 

enthusiasts alike stand to benefit from making additional varieties of heirloom beans 

available to the market. Recent cultural shifts have shown that consumers are seeking out 

foods associated with local agricultural, sustainability, and small-scale production. 

Heirlooms beans are capable of satisfying the above, in addition to preserving local 

culinary traditions and culture while still being an economical source of vital nutrients 

and functionality. 

Previous studies of mainstream varieties of dry beans have shown a high degree 

of differentiation with regards to physical appearance, composition, processing time, and 

quality of the cooked product. Therefore, significant opportunity exists to expand interest 

to new and under-utilized heirloom varieties in order to identify new benefits and expand 

usage to new applications and populations. Heirloom varieties have the potential to 

provide unique benefits with regards to nutrition, functionality, and sensory benefits. 

Additionally, heirlooms varieties can be grown and marketed to suit the needs of local 

agricultural conditions and markets. While short processing times and high nutritional 

quality are universally valued in all populations and applications, desired physical and 

functional properties can vary based on the end use. It is therefore advantageous to 

categorize additional varieties of dry beans in order to gain a better understanding of the 

unique contributions to processing and culinary applications each one has to offer.  

 By exploring the nutritional and physicochemical changes of dry beans 

throughout processing, their unique characteristics can be determined and applied in uses 
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that currently exist today. By investigating soaking and cooking times new bean varieties 

can be compared to the known preparation times of commodity varieties. For nutrition 

specifically, looking at the glycemic response and stability of antioxidant compounds 

throughout processing provides a glimpse into the ability of new bean varieties to 

contribute to a multitude of health benefits already associated with dry beans. Profiling 

the pasting properties of heirloom bean flours offers a glimpse into how new varieties can 

contribute thickening and other viscosity-related properties to food products as an added 

ingredient.  Finally, evaluating texture of the cooked product will help compare the 

sensory quality of cooked heirloom beans with varieties that are widely used today. Once 

the characteristics of these new and unique bean varieties are known, research and 

industry will have expanded knowledge on the benefits and behaviors of dry beans as a 

whole.  
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2. Evaluation of Beans Before and After Cooking 

 

2.1. Overview 

Dry beans have been used as a major source of human nutrition for many years 

due to their rich macronutrient content and highly diverse micronutrient composition 

(Câmara et al., 2013). Additionally, the popularity of dried beans can be attributed to 

their ability to be stored for extended periods of time at ambient temperatures and 

relatively low cost to grow and prepare making them both a practical and economical 

source of nutrition for parts of the world where controlled storage and distribution are not 

available.  

 Dry beans are highly versatile depending on the application and therefore are an 

appealing choice for both home cooks and commercial food operations alike. Indeed, 

beans have the potential to be consumed in various forms including dried whole seeds, 

canned, and as milled flours used as a functional ingredient in prepared food products 

(Tiwari & Singh, 2012). In recent years, consumer awareness about the nutritional 

benefits of beans has made them a popular choice for increasing protein and fiber in the 

diet. Therefore, beans are gaining popularity as an excellent way to satisfy the needs of 

emerging dietary trends such as vegetarian, vegan, gluten-free, or allergen-free diets. The 

chemical composition of beans has been shown to affect their performance in processing 

and formulation, as exhibited through differences in the ability to build viscosity, retain 

water, bind oil or exhibit anti-foaming activity (Tiwari & Singh, 2012). Additionally, 

desirable traits such as low cooking time are often sought out in order to minimize the 

amount of time and energy needed to prepare beans for consumption (Goodwin, 2003).  
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 The most recent of food trends to emerge in the marketplace is that of local, 

sustainable, and organic agriculture. As part of this trend, preserving genetic diversity 

with regard to agriculture and food production has become an increasingly familiar 

concept. With the industrialization of agriculture over the past 200 years, efficiency based 

on the ability to mass produce commodity crops has risen at the expense of diversity in 

what is grown and brought to the mass market place. Despite the existence of an 

estimated 10,000 varieties of dry beans (http://www.zursunbeans.com/) relatively few 

varieties are in wide distribution today and major market classes in the United States are 

limited to about 14 market classes, with the Pinto bean accounting for the majority in 

terms of production and consumption (Câmara et al., 2013). A renewed interest in 

reviving lesser-known crop varieties is beginning to emerge, primarily in the form of 

fostering the production and marketing of heirloom plant varieties.  

With regard to crops including dry beans, the term “heirloom” refers to seeds that 

have distinctly remarkable characteristics (both in appearance and name) that are likely 

the cause of their rise in popularity. The association of heirloom plant varieties with small 

farming operations and organic growing practices has been an effective driver for their 

emergence in small-scale outlets such as farmer’s markets, cooperative grocery stores, 

and culinary operations with a focus on sustainability. Despite their rising popularity, 

significant hurdles exist for producers attempting to expand beyond strictly localized 

markets. In order for diversity to be added at the national and industrial level, heirloom 

beans need to be catalogued for comparison against commodity varieties in how they 

perform in areas deemed essential by industry, ranging from agronomical information 

through processing performance and finally ending with quality and sensory 
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characteristics. In this frame, the aim of this present study is to assess the quality of 

heirloom beans through their processing times, starch pasting properties, cooked texture 

and in vitro starch digestibility. By elucidating some of these unknowns, the path to 

market for new bean varieties becomes shorter and more easily achieved. 
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2.2. Introduction 

 Dry beans have high fiber, high protein, and a low fat content which makes them 

an appealing source of nutrition, especially in recent years as the popularity of plant-

based foods gains momentum (USDA ERS, 2016). In addition to the steady growth of 

dry beans during the second half of the 20th century, the popularity of locally farmed, 

heirloom plant varieties has increased. The rise of heirloom bean varieties mirrors similar 

trends observed for cereals and vegetables in that consumers are seeking out lesser-

known varieties with appealing visual characteristics, unique names, and ties to local 

heritage and culture (Bullard, 2016). While characteristics of major market varieties 

beans have been well studied and documented (Câmara et al., 2013; Tiwari & Singh, 

2012; Xu & Chang, 2008a; Ross et al., 2010), very little is known about the processing 

parameters, nutrient content, or sensory characteristics of new and emerging heirloom 

bean varieties. Therefore as research efforts in academia continue to characterize beans, 

expanding the work to new varieties could help identify new applications for the 

category.  

Historically, dry bean consumption has been in the form of cooked whole beans 

either as industrially prepared canned beans or dry beans prepared at home. New 

applications for beans have emerged recently, such as use of bean flours in baked goods 

and snack foods or as a value-added ingredient that provides protein and fiber. As food 

trends continue to evolve, opportunity exists to expand usage occasions for dry beans to 

new food products. While roughly three quarters of bean consumption is from beans 

purchased dry and prepared at home, the time commitment needed to soak and cook 

beans is often cited as a major deterrent that prevents frequent consumption (Lucier et al., 
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2000). Therefore, considerable focus has previously been placed on identifying beans 

with shorter processing times in hopes of alleviating the issue of long processing times. 

With such a limited amount of research available on the processing times and 

characteristics of cooked heirloom beans, it is essential to characterize the overall quality 

of new varieties in order to maximize their usage in culinary applications. The main 

purpose of this study was to characterize the chemical composition, preparation time, and 

cooked quality of four heirloom bean varieties and compare the findings to a commodity 

bean as a control. By examining composition, hydration rates, boiling time, pasting 

properties, cooked bean texture, and in vitro starch digestibility, a general assessment of 

quality was made. 

  

2.3. Materials and Methods 

2.3.1. Samples 

Four heirloom bean (Phaseolus vulgaris) varieties (Hutterite Soup, Jacob’s Cattle, 

Koronis Purple, and Tiger’s Eye) were kindly provided by the Department of 

Horticultural Science of the University of Minnesota (St. Paul, MN, US). Pinto (Lariat 

cv) beans were used as control. All samples were grown during the 2013 crop year. 

Samples were provided by four different farmers in Minnesota and Wisconsin. Broken or 

damaged seeds and foreign material were removed by hand prior to sample preparation 

and chemical analysis.  
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2.3.2. Chemicals and Reagents 

 Thermostable alpha-amylase (3,000 U/mL), amyloglucosidase (200 U/mL p-

nitrophenyl β-maltoside), and protease (50 mg/mL; 350 tyrosine U/mL) were purchased 

from Megazyme (Megazyme International Ireland Ltd, Bray, Ireland). Pancreatin from 

porcine pancreas (activity 3× USP/g) and invertase from baker’s yeast (Saccharomyces 

cerevisiae) (300 U/mg) were purchased from Sigma-Aldrich (Saint Louis, MO).   

 

2.3.3. Preparation of Bean Samples 

Raw beans were ground using a Cyclone Sample Mill (UD Corporation, Boulder, 

CO). Material that did not pass through a 0.5 mm screen was ground into a fine powder 

using a mortar and pestle. Soaked and cooked beans were treated immediately with liquid 

nitrogen and freeze-dried before grinding with a mortar and pestle (particle size ≤0.5 

mm). All sets of ground samples were kept at -20⁰C in air-tight containers until analysis. 

 

2.3.4. Proximate Analysis 

Moisture content of the ground beans was determined by drying samples at 180⁰C 

for 4 minutes using an infrared balance (MB 45, OHAUS, Parsippany, NJ). Nitrogen 

content was determined according to approved AACCI method 46-30 (AACCI, 1999), 

using a DuMaster D-480 (Buchi Labortechnik AG, Flawil, Switzerland). Total starch was 

determined in accordance with approved AACCI method 76-13 (AACCI, 1999) using the 

Total Starch kit provided by Megazyme (Megazyme International Ireland Ltd., Bray, 

Ireland). Total (TDF), soluble (SDF) and insoluble (IDF) dietary fiber determined using 

the enzymatic gravimetric approach according to the approved method AACCI 32-07.01 
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(AACCI, 1999). All analyses were conducted in duplicate (n=2) with the exception of 

total starch, which was determined in triplicate (n=3).  

 

 

2.3.5. Determination of Soaking Time 

Bean samples were soaked in double distilled water (sample/water ratio 1:3 w/v) 

at 25°C for up to 28 hours.  Soaking time was determined according to the method 

described by Xu & Chang (2008a). Water absorption of dry beans was measured hourly 

for the first six hours, then measured every 2 hours between 6 to 16 hours, followed by a 

final measurement at 28 hours. Soaked beans were blotted dry with a paper towel at each 

appointed time to remove excess water, weighed, and placed back into their soaking 

water. Water absorption of the samples was calculated via weight increase at each time 

point against starting sample weight. Individual water absorption curves were made by 

plotting weight increase over time. Plateau phase of the water absorption curve was 

defined as 100% hydration. Water absorption curves are expressed as percent hydration 

versus soaking time. Soaking time was determined as the time needed for beans to reach 

50% of maximum hydration. Soaking test was performed in duplicate. 

 

2.3.6. Determination of Cooking Time  

Soaked beans were cooked in duplicate in boiling water (sample/water ratio 1:3 

w/v) until the optimal cooking time, which was determined using the tactile method 

described by Xu & Chang (2008a). Soaked beans were boiled until 90% of the beans 

could be easily squeezed between the forefinger and thumb with moderate pressure. 
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Water uptake during cooking was measured by determined the difference in weight 

before and after boiling. Prior to boiling, beans were weighed and the value recorded. 

After boiling, beans were reweighed and the difference in weight was calculated as water 

absorbed during cooking.The results are expressed as the percent increase over the 

original weight. 

Cooked beans were used as-is for texture analysis (paragraph 2.3.8). For in vitro 

starch digestibility (paragraph 2.3.9), cooked beans were treated immediately with liquid 

nitrogen, freeze-dried and ground using a mortar and pestle (particle size ≤ 0.5mm). 

2.3.7. Pasting Properties 

Pasting properties were measured using a Micro-Viscoamylograph (MVAG) (CW 

Brabender Instruments, South Hackensack, NJ). An aliquot of sample (15 g) was 

dispersed in 100 mL of distilled water (scaling both bean flour and water weight on a 

14% flour moisture basis) and stirred at 250 rpm. The following temperature profile was 

applied: heating from 50°C to 95°C at a rate of 3°C /min, holding at 95°C for 15 min, 

cooling from 95°C to 50°C at a cooling rate of 3°C/min, and holding at 50°C for 1 min.  

The following indices were considered: i) pasting temperature (temperature at which an 

initial increase in viscosity occurs); ii) peak temperature (temperature at the maximum 

viscosity); iii) hot viscosity (viscosity achieved after holding at  95°C); iv) final viscosity 

(viscosity achieved at the end of the test at 50°C) ; v) setback (index of the viscosity 

increase during cooling corresponding to the difference between the final viscosity and 

the viscosity reached after the first holding period at 95°C ). The test was run in duplicate 

for each sample (n=2).  
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2.3.8. Cooked Bean Firmness 

The firmness of cooked beans was measured using AACCI approved method 56-

36.01 (AACCI, 1999d). An aliquot of beans (180.0 ± 0.5g) was soaked and cooked 

according to the methods described previously. Cooked beans were drained and placed in 

a container with 25°C double distilled water (700 mL) for 30 seconds. The step was 

repeated so that semi-cooled beans were re-drained and placed in a new container of 

25°C double distilled water (700 mL) for 90 seconds. Finally, drained beans were 

transferred to a covered container lined with a paper towel for temporary storage until 

analysis. Analysis was performed within 20 minutes of beans being removed from the 

cooking water. Firmness was measured with a TA.XTplus texture analyzer (Stable Micro 

Systems, Godalming, U.K.) fitted with a 50 kg (490 N) load cell. A 5-blade Kramer shear 

cell (HDP/KS5, Stable Micro Systems) was operated with a cross-head speed of 1.5 

mm/s and operating distance of 28 mm. Peak firmness (N/g) was defined as the 

maximum force (N) normalized by the weight (g) of sampled loaded into the shear cell, 

as outlined in the approved method. Exponent software (version 6.0.6.0, Stable Micro 

Systems) was used for firmness measurements and data calculations. Cooking and 

firmness measurements (n=6) were performed on independently cooked samples and 

average peak firmness values were reported.  

 

2.3.9. in vitro Starch Digestibility 

The in vitro starch digestibility of cooked beans was measured following the 

method by Englyst et al. (1992) with a few modifications according to Annor et al. 

(2013). First, an enzyme mixture was prepared from porcine pancreas (Sigma-Aldrich, P-
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1625, activity 3× USP/g), invertase from baker’s yeast (Saccharomyces cerevisiae) 

(1450, Sigma-Aldrich), and amylo-glucosidase (200 U/mL p-nitrophenyl β-maltoside, 

Megazyme International Ireland, Bray, Ireland) according to Englyst et al. (1992). Fresh 

enzyme mixture was prepared for each hydrolysis. The freeze-dried and ground cooked 

bean samples were then weighed such that they contained 500 mg of starch on a dry 

weight basis. After addition of 10 mL of 0.1M sodium acetate buffer (pH 5.2), 5 mL of 

an enzyme mixture of pancreatin from porcine pancreas, invertase, and amyloglucosidase 

was added. The sample enzyme mixture was then incubated for 2 hr at 37°C, with 0.1 mL 

aliquots taken every 20 min. The aliquots were immediately put into chilled 80% ethanol 

to stop the hydrolysis. The amount of glucose released was determined by glucose 

oxidase/peroxidase assay (Megazyme International Ireland Ltd, Bray, Ireland) using 0.9 

as a converting factor. The amount of hydrolyzed starch was reported on a dry weight 

basis. Hydrolyzed starch was classified into rapidly digestible starch (RDS), slowly 

digestible starch (SDS), and resistant starch (RS) according to Englyst et al (1992).  

Calculations were made as follows: RDS = glucose released at 20 min × 0.9; SDS = 

(glucose released at 120 min – glucose released at 20 min) × 0.9; and RS = total starch – 

(RDS + SDS). An example of the equation used for determining glucose values are 

shown in Appendix A. 

 

2.3.10. Statistical Analysis 

Analysis of variance (ANOVA) was performed utilizing Statgraphics XV version 

15.1.02 (StatPoint Inc., Warrenton, VA, USA). Bean types were used as factor. When a 
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factor effect was found significant (p≤0.05), significant differences among the respective 

means were determined using Fisher’s Least Significant Difference (LSD) test.  

 

2.4. Results and Discussion 

2.4.1. Qualitative Aspects of Whole Raw Beans 

 Pictures of heirloom and control beans are below shown in Figure 10.  Hutterite 

Soup had a seed coat pigment that was uniform and light yellow in color (Figure 10a) 

while Jacob’s Cattle had a dark red seed coat with irregularly shaped white spots (Figure 

10b). Koronis Purple had a seed coat with varying shades of purple (Figure 10c). Finally, 

Tiger’s Eye had a seed coat design that was a mixture orange and red pigment (Figure 

10d).  Pinto bean had a seed coat pigment that was light brown with dark brown stripes 

(Figure 10e). The 100-seed weights and dimensions of each bean variety were similar to 

those reported for beans grown during the 2013-2014 crop year by Swegarden et al., 

(2016). 
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Figure 10. Pictures of raw beans: Hutterite Soup (a), Jacob’s Cattle (b), Koronis Purple 

(c), Tiger’s Eye (d) and Pinto (e) 

 

2.4.2. Chemical Analysis of Raw Bean Flours 

 Chemical composition of raw beans is shown in Table 7. Protein values ranged 

from 22.3-25.9%, with Tiger’s Eye and Hutterite Soup having the highest and the lowest 

protein content, respectively. Protein values were found to be similar to values previously 

reported by others (Rehman & Shah 2005; Câmara et al., 2013) and higher than Pinto (P 

≤ 0.05), with the exception of Hutterite Soup which was not found to be significantly 

different (P ≤ 0.05). Starch values for all samples ranged from 36.3-40.2%, which was 

found to be similar to values previously reported for pulses (Ambigaipalan et al., 2011). 

Among heirlooms bean, Tiger’s Eye had a lower starch value than Koronis Purple (P ≤ 

0.05), whereas Hutterite Soup and Jacob’s Cattle did not have significant differences (P ≤ 
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0.05). Total dietary fiber ranged from 27.1-34.9%, with all heirlooms having higher 

values than Pinto.  

Fiber values were similar to the range for dry beans previously reported by Tosh 

& Yada (2010). Among heirlooms, Koronis Purple had the highest value while other 

beans were not found to be significantly different from each other (P ≤ 0.05). Insoluble 

dietary fiber was found to be the major fiber component, representing more than the 70% 

of the total fiber in Koronis Purple and reaching up to 84% of total fiber for Pinto. In 

contrast, soluble dietary fiber ranged from 3.9% for Pinto up to 8.5% for Koronis Purple. 

Both insoluble and soluble dietary fiber values were similar to previous reports for dry 

beans (Tiwari & Singh, 2012; Tosh & Yada, 2010). Kutos et al., (2003) reported a 

slightly lower TDF value for Pinto beans of 23.3% than what is reported here, with IDF 

and SDF proportions of TDF (67% and 33%, respectively) being noticeably different as 

well. Tiwari & Singh (2012) have proposed that TDF and the breakdown of IDF/SDF can 

vary within the same variety based on growing conditions, agronomic practices, and 

storage conditions.  
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Table 7. Moisture, protein, starch, and fiber (total, insoluble, and soluble)  

content of raw beans*  

 Moisture
1
 Protein

1
 Starch

2
 

Total 

Dietary 

Fiber 

(TDF)
1
 

Insoluble 

Dietary Fiber 

(IDF)
1
 

[% of TDF] 

Soluble Dietary 

Fiber (SDF)
1
 

[% of TDF] 

Hutterite 

Soup 
9.7 ± 0.25 

22.3 ± 

0.08
a
 

36.8 ± 0.65
ab

 
28.6 ± 

1.97
ab

 

23.5 ± 1.30
a
 

[82.2] 

4.7 ± 0.62
a
 

[17.8] 

Jacob’s 

Cattle 
10.2 ± 0.07 

25.9 ± 

0.40
c
 

36.8 ± 0.24
ab

 
29.7 ± 

1.00
ab

 

24.0 ± 0.26
a
 

[80.8]
 

5.2 ± 0.67
a
 

[19.2]
 

Koronis 

Purple 
9.6 ± 0.10 

24.7 ± 

0.22
b
 

37.9 ± 0.64
b
 

34.9 ± 

0.34
c
 

25.6 ± 0.23
a
 

[73.4]
 

8.5 ± 0.11
b
 

[26.6]
 

Tiger’s 

Eye 
10.4 ± 0.12 

25.7 ± 

0.01
c
 

36.3 ± 0.24
a
 

30.7 ± 

2.06
b
 

25.1 ± 1.73
a
 

[81.8]
 

5.1 ± 0.30
a
 

[18.2]
 

Pinto 10.1 ± 0.16 
22.4 ± 

0.41
a
 

40.2 ± 0.87
c
 

27.1 ± 

0.30
a
 

22.8 ± 1.47
a
 

[84.1]
 

3.9 ± 1.06
a
 

[15.9]
 

* Data are expressed as mean ± standard deviation as g/100g on a dry weight basis, with the exception of moisture which is 

expressed as percent on a wet weight basis.. Values marked the same letter in a column are not significantly different (P≤0.05) 
1Analysis was performed in duplicate (n=2) 
2Analysis was performed in triplicate (n=3) 

 

The higher protein and fiber contents of the heirloom varieties could be indicative 

of increased health benefits and functionality associated with these nutrients. Based on 

the higher soluble dietary fiber content of heirlooms beans compared to Pinto, it is 

possible that the nutritional profile of heirloom varieties may come with inherent health, 

such as sustained energy due to the delayed release of carbohydrates.  

 

2.4.3. Water Absorption, Hydration Rate and Soaking Time 

 Traditionally, dry legumes are soaked in order to hydrate them prior to boiling, 

making them easier to cook. The water absorption curve of black beans, illustrated in 

Figure 11, was characterized by an initial phase of rapid water pickup followed by an 

equilibrium phase, during which the beans approached their full soaking capacity. The 

saturation phase was defined as point at which beans absorbed decreasing amounts of 

water with each time point. The plateau phase was defined as the point of equilibrium 

http://onlinelibrary.wiley.com/enhanced/doi/10.1111/j.1750-3841.2007.00625.x#f1
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when weight gain ceased, indicating that beans had reach their maximum hydration 

potential. All heirlooms had similar absorption profiles, reaching a point of saturation 

after 16 hours and achieving the plateau phase of water absorption after approximately 20 

hours. All heirloom samples had steeper curves than Pinto, indicating faster hydration 

rates. Tiger’s Eye had the steepest curve and therefore fastest hydration rate of all 

heirloom samples while Koronis Purple showed the lowest. The absorption curve for 

Pinto was especially unique. A relatively flat curve indicated that it took significantly 

longer for the Pinto beans to reach the saturation and subsequent equilibrium phases.  

 
Figure 11. Water absorption curves for raw beans 

 

Soaking time for beans was defined as the amount of time required to reach 50% 

of the maximum hydration potential, as this level has previously been found to be the 

minimum amount of hydration necessary to achieve even cooking throughout the entire 

seed (Xu & Chang, 2009; Xu & Chang, 2008a). Table 8 lists the calculated soaking times 
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and moisture content for each bean. In order to calculate the exact time needed to reach 

50% hydration, soaking times were determined by calculating the quadratic equation for 

each variety based on the hydration percentages over a 24 hour period as proposed by Xu 

& Chang, (2008a). Quadratic equations for each curve are shown in Appendix A. All 

heirloom varieties had similar soaking times, ranging from 4.5 to 5.5 hours due to faster 

hydration rates versus Pinto. Moisture content after soaking ranged from 26.4 to 28.7 

g/100g, with Hutterite Soup have the lowest moisture content of all beans. 

 

Table 8. Calculated soaking time to 50% hydration for raw beans* 

 
Soaking time 

(hh:mm) 

Moisture Content 

(g/100g) 

Hutterite Soup 4:50 26.4 

Jacob’s Cattle 5:07 28.7 

Koronis Purple 5:19 27.2 

Tiger’s Eye 4:33 28.5 

Pinto 8:10 28.4 

*Analysis performed in triplicate (n=3) 

 

The range of soaking times for heirlooms is similar to previous studies for black 

beans (Xu & Chang, 2008a). While the range of soaking times for the heirloom samples 

was similar to literature values, the soaking time for Pinto was notably high. Ross et al., 

(2010) found that the higher rates of water uptake during soaking were linked to 

decreased amounts of lipids and total phenolics content in the seed coat. A similar trend 

was reported by Akond et al. (2011), in which the authors found that higher rates of water 

absorption were linked to lower amounts of polyphenols in the seed coats of various 

types of beans. This theory was found to be partially true among the different beans 

tested here. Hutterite Soup had one of the fastest hydration rates while also having the 

lightest seed coat color and lowest amount of total phenols (see next chapter). The bean 
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with the fastest hydration rate was Tiger’s Eye, which had a darker seed coat color and 

higher amounts of phenols (see next chapter). Phenolic content of beans will be discussed 

in detail in Section 3.4 

 Another possible explanation is the association of water absorption with the 

physical characteristics of the seed coat and surface area of the seed. Pulses with a thin, 

amorphous seed coat tend to have higher rates of water absorption during the initial 

hydration phase versus those with thicker seed coats. Additionally, smaller beans tend to 

hydrate at faster rates due to higher surface area to volume ratios (Tiwari & Singh, 2012). 

Figure 12 shows beans after soaking. As depicted in the figure, all beans with the 

exception of Hutterite Soup (Figure 12a) underwent significant changes in seed coat 

appearance and soaking water underwent a change in color. This phenomenon indicated 

that some soluble constituents (possibly including phenolic antioxidant constituents) were 

leached into the soaking water (Xu & Chang, 2008a). The loss of some of the soluble 

components into soaking water will be discussed in the next chapter. 

  

 
Figure 12. Beans and water after soaking to 50% of maximum hydration; Hutterite Soup 

(a), Jacob’s Cattle (b), Koronis Purple (c), Tiger’s Eye (d), and Pinto (e) 
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2.4.4. Cooking Properties 

2.4.4.1. Determination of Cooking Time 

Multiple methods exist for thermal processing of beans including stove top 

boiling, pressure cooking, pressure steaming, autoclaving, and extrusion. Stove top 

boiling was selected as the cooking method for this study due to relative ease of 

implementation and widespread use in home kitchens.  

Cooking times for all beans are shown below in Table 9. Cooking times ranged 

from 1 hour to 1 hour 25 minutes, with Pinto, Jacob’s Cattle, and Tiger’s Eye all having 

the shortest cooking times while Hutterite Soup had the highest. The values for cooking 

time fall with the range previously reported, however a wide range has been reported. 

Cichy et al. (2015) reported boiling times of 30 to 41 minutes for various types of beans 

while Xu & Chang (2008a) reported optimum boiling times in the range of 60 minutes to 

1 hour and 40 minutes. 

 

Table 9. Cooking and total preparation times for beans 

 

Cooking 

time 

(hh:mm) 

Total 

preparation time 

(hh:mm) 

Water absorption 

during cooking (g) 

Hutterite Soup 1:25 6:05 1.82 

Jacob's Cattle 1:00 6:07 1.61 

Koronis Purple 1:10 6:29 1.63 

Tiger's Eye 1:00 5:33 2.04 

Pinto 1:00 9:10 1.75 
*Analysis performed in duplicate (n=3) 

 

Table 9 also includes total preparation time that reflects the total amount of time 

needed for a raw bean to reach 50% hydration rate and be boiled until thoroughly cooked. 

The range of total preparation time was over 2 hours, ranging from 5 hours 33 minutes 
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for Tiger’s Eye to 9 hours 10 minutes for Pinto. Despite having a similar cooking time 

compared to heirlooms, Pinto had the longest total preparation time by over 2 hours 

compared to all other beans. The difference was primarily driven by the low rate of 

hydration observed during soaking so that the time to reach 50% of maximum hydration 

set it apart from all other beans. Hutterite Soup had the longest cooking time, however 

total preparation time was the middle value observed. Tiger’s Eye had the lowest total 

preparation time driven by both soaking and cooking time being the shortest of those 

observed.  

The difference in hydration rate and cooking time could have been driven by a 

variety of genetic factors that vary by variety such as surface area to volume ratio, seed 

coat thickness and permeability, and starch granule structure (Cichy et al., 2015). The 

same authors also proposed that external factors, such as growing location, seed coat 

thickness, and length of storage have also shown to have an effect and that beans with 

lighter seed coats had lower cooking times than those with red or purple seed coat colors. 

Despite these findings, the opposite effect was observed here as Hutterite Soup had the 

lightest seed coat color while having the longest recorded cooking time.  

 

2.4.4.2. Effect of Cooking on Appearance 

 Previous studies have shown that method of cooking affects both the final 

appearance of the cooked bean. One of the main causes for changes in appearance is 

thought to be leaching of seed coat pigments into the surrounding cooking water (Siah et 

al., 2014; Xu & Chang, 2008a; Alonso et al., 1999). Figure 13 shows the appearance of 

beans after boiling for their specific cook times. As shown in the figure, significant 
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pigment and solids leaching was observed for Jacob’s Cattle, Koronis Purple, Tiger’s 

Eye, and Pinto (Figures 13b-d). Hutterite Soup did not undergo as drastic of a color 

change (Figure 13a), mostly likely due to the fact that the seed coat of the raw bean 

contained less pigment compared to the other samples.  

  
Figure 13. Beans and water after boiling; Hutterite Soup (a), Jacob’s Cattle (b),  

Purple (c), Tiger’s Eye (d), and Pinto (e) 

 

2.4.5. Pasting Properties of Bean Flours 

 Pasting properties are commonly used to measure the functional properties of 

starch and flours by characterizing the process of gelatinization and subsequent 

retrogradation of starch granules in a given food. While the test was originally designed 

for use with cereal flours, application has since been expanded to include starch in dry 

bean flours (Maninder et al., 2007). The pasting profiles for cereal and pulses are 

inherently different in that cereal starches follow A- and B- type pasting profiles, while 

pulse starches follow C-type profiles. Unlike cereal starch profiles, C-type starches do not 
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reach a maximum viscosity because they continue to increase in viscosity with extended 

time and temperature (Kaur & Singh, 2005).  Pasting properties are important in 

determining consumer acceptance of various bean varieties, especially in cases where the 

consumer is adding a milled ingredient to a food product in hopes of thickening or adding 

structure to the food matrix such as in soups, dressings, or sauces (Adebowale & Lawal, 

2004).  Indeed, pasting temperature provides an indication of the minimum temperature 

required to cook the flour. Viscosity at 95°C indicates the viscosity of a paste at hot 

temperatures. Final viscosity indicates the ability of a specific flour type to form a 

viscous paste while setback measures retrogradation tendency of flours upon cooling of 

cooked flour pastes (Kaur & Singh, 2005). As starch granules swell they exude soluble 

amylose into the surrounding aqueous environment, which could be a possible 

explanation for the gradual increase in viscosity with temperature observed for all beans 

(Ghiasi, et al., 1982). 

Pasting curves for bean flours are shown in Figure 14. All samples showed 

behavior typical of C-type starches, with a gradual increase in viscosity as time and 

temperature increased and a lack of peak viscosity and breakdown. Heirloom beans had 

steeper curves than Pinto. Among heirlooms, Hutterite Soup showed the steepest increase 

in viscosity while Jacob’s Cattle showed the flattest curve among heirloom beans. A 

steeper curve can be related to larger increases in viscosity over time, and therefore 

heirloom bean starches appear to gelatinize at lower temperatures and build more 

viscosity with added time and temperature.  
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Figure 14. Micro-viscoamylograph curves showing the viscosity of bean flour slurries as 

a function of time and temperature. Sample abbreviations are as follows: Tiger’s Eye 

(TE), Koronis Purple (KP), Jacob’s Cattle (JC), Pinto (P), Hutterite Soup (HS) 

 

Values for pasting temperature, peak temperature, viscosity at 95°C, final 

viscosity, and setback are displayed in Table 10. The range for pasting temperature was 

between 72.1 and 77.5°C, with Pinto having the highest pasting temperature of all beans. 

Higher pasting temperatures in Pinto have been related to a higher degree of crystallinity, 

decreased amylose leaching, and a lower degree of starch chain aggregation (Hoover & 

Ratnayake, 2002). Among heirlooms, Tiger’s Eye had the lowest pasting temperature 

while Jacob’s Cattle and Koronis Purple had the highest. The lower pasting temperatures 

together with higher hot viscosity for heirlooms could indicate that the starches in these 

beans are more prone to swelling and gelatinization versus the Pinto bean. This behavior 

could be related to the lower preparation times observed in relation compared to the time 
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for Pinto (9 hours for Pinto, 6 hours for heirloom beans, including the soaking time). 

Viscosity at 95°C, also known as hot viscosity, ranged from 140.0 to 229.5 mPa*s. 

Jacob’s Cattle had the lowest hot viscosity while Hutterite Soup had the highest value, 

showing that Hutterite Soup is capable of forming the most viscous paste at high 

temperatures. With regards to final viscosity and setback, the range observed was 594.5-

825.0 mPa*s and 295-402 mPa*s, respectively.  

Table 10. Pasting properties of raw bean flours* 

 

Pasting 

Temperature 

(°C) 

Maximum 

Viscosity 

(mPa*s) 

Viscosity at 

95°C (mPa*s) 

Final 

Viscosity 

(mPa*s) 

Setback 

(mPa*s) 

Hutterite 

Soup 
73.4 ± 0.01

b
 301 ± 5.7

b
 229.5 ± 33.2

b
 819.0 ± 45.3

b
 403 ± 2.1

b
 

Jacob’s 

Cattle 
75.2 ± 0.01

c
 430.5 ± 41.7

a
 140.0 ± 7.1

a
 720.5 ± 21.9

ab
 388  ± 26.2

b
 

Koronis 

Purple 
75.2 ± 0.01

c
 332 ± 4.2

b
 225.5 ± 14.8

b
 825.0 ± 45.3

b
 359 ± 31.8

b
 

Tiger’s 

Eye 
72.1 ± 0.01

a
 467.5 ± 12.0

b
 205.5 ± 30.4

b
 788.5 ± 88.4

b
 352 ± 18.4

b
 

Pinto 

 
77.5 ± 1.0

d
 437 ± 72.1

a
 176.0 ± 11.3

ab
 594.5 ±16.3

a
 295 ±12.7

a
 

*Analysis performed in duplicate (n=2). Values within a column marked with the same letter are not significantly 

different (P≤0.05) 

 

The process of starch gelatinization is well documented in literature. During 

gelatinization and pasting, starch granules hydrate by binding free water. Amorphous 

regions of the starch granule swell upon the application of heat and eventually, swollen 

granules disintegrate during shear due to becoming increasingly fragile. As granules 

disintegrate, soluble material is released into the surrounding solution. The resulting mass 

is a highly viscous paste consisting of solubilized amylose and amylopectin that has 

leached from starch granules and formed a continuous phase. Within this continuous 

phase is a dispersed, discontinuous phase of granule remnants and insoluble components 

(Hoover & Ratnayake, 2002; Kaur & Singh, 2005). Pinto had the lowest final viscosity 
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and setback values compared to all other beans, suggesting that heirlooms are more 

effective at forming a viscous paste after heating and more subject to retrogradation upon 

cooling (Kaur & Singh, 2005). Differences observed in viscosity during heat and cooling 

could be due to differences in amylose content among bean varieties (Hoover & 

Ratnayake, 2002). Although starch is the primary component of pasting behavior, the 

comprehensive chemical composition (starch, protein, dietary fiber) of bean flours can 

affect pasting properties, which in turn can affect cooking time and properties of the 

cooked product. Therefore, an additional explanation for differences in pasting behavior 

could be driven by thermally induced swelling, denaturation, and unfolding of proteins, 

lipids, and minerals (Henshaw et al., 1996).  

While no published data are available for heirlooms, the properties for Pinto are 

similar to values previously reported by Hoover & Ratnayake (2002). Pinto beans 

exhibited higher pasting temperatures, lower viscosities, and a lower degree of setback 

than black beans, chickpeas, lentils, navy beans, and smooth peas. The high viscosity and 

setback observed for heirloom beans at high temperatures implies that they would be well 

suited for food applications that require stable thickening after heat treatment such as 

soups, sauces, or puddings (Kaur & Sandhu, 2010). While heirlooms are also more 

capable of forming a firm gel after cooling, their high degree of retrogradation makes 

them undesirable for shelf stable sauces and baked applications, where they could be 

more prone to precipitation, water separation, and staling (Kaur & Singh, 2005).  

 

 

2.4.6. Cooked Bean Texture 
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 Firmness measurements are reported in Table 11. The values reported indicate the 

force that was required to compress, shear, and extrude a predetermined amount of 

sample through a Kramer shear cell. The range was considerable; measuring 181.1-304.7 

N. Koronis Purple, Tiger’s Eye, and Pinto had the highest values, followed by Jacob’s 

Cattle. Hutterite Soup had the lowest firmness measurement of all beans.  

The low firmness value for Hutterite Soup could be due to the fact that it had the 

longest cooking time. The longer boiling time need to achieve even cooking throughout 

the whole seed could have caused a softer overall texture compared to the other beans, in 

which faster cooking times led to less overall solubilization of seed coat and cotyledon 

components. Another possible explanation of texture difference could be water content, 

in which beans that absorb more water during cooking and have a higher water content 

have a softer texture. In this scenario however, there did not appear to be a strong 

relationship between firmness and water absorption or water content of the cooked beans. 

Curves used to determine maximum force can be found in Appendix B. 

Table 11. Maximum shear force of whole cooked beans 

  

Maximum 

shear force 

(N/g) 

Hutterite Soup 181.1 ± 15.5
a
 

Jacob’s Cattle 217.1 ± 24.3
b
 

Koronis Purple 283.7 ± 32.9
c
 

Tiger’s Eye 304.7 ± 32.9
c
 

Pinto 302.7 ± 21.4
c
 

*Values within a column marked with the same 

letter are not significantly different (P≤0.05) 
 

Previous studies have attributed variation in firmness of cooked beans to inherent 

composition of beans as well as physical and chemical changes that take place during 

cooking (Yasui, 2014). Structural degradation of the bean begins during soaking, when 

water penetrates the seed coat and begins to hydrate the interior components. Structural 
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and chemical changes are accelerated by the addition of heat during cooking when turgor 

pressure is destroyed, leading to a decrease in firmness that is mainly due to 

solubilization of cell-wall pectins (Abu-Ghannam 1998).  There is also strong evidence 

that the high amounts of soluble pectin in certain bean varieties is one of the mechanisms 

that leads to a softer texture after cooking (Wang et al., 1988).  

 

2.4.7. In vitro Starch Digestibility 

Kinetics of starch digestibility is shown in Figure 15 and the related amount of 

rapidly digestible (RDS), slowly digestible (SDS), and resistant starch (RS) is shown in 

Table 12. All heirloom beans showed lower rates of starch digestibility over time, likely 

indicating a greater capacity of modulating glucose release. Hutterite soup had the 

highest amounts of rapidly and slowly digestible starch among heirloom samples while 

the values for Jacob’s Cattle and Tiger’s Eye were similar. Koronis Purple had the lowest 

digestible starch curve slope over the two hour time period, indicating a higher rate of 

starch digestion compared to other beans. 
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Figure 15. Curves and error bars showing grams of digestible starch over a two hour 

period 

  

The ranges of RDS, SDS, and resistant starch RS were 15.3-26.5g/100g, 41.7-

60.0g/100g, and 20.1-45.1g/100g of sample, respectively. All heirloom samples had 

lower values for RDS and SDS and higher values of RS compared to Pinto. Among 

heirlooms, Tiger’s Eye had the lowest value for RDS while Hutterite Soup had the 

highest. For SDS, all heirloom samples had similar values. Hutterite Soup had the lowest 

value for RS while Koronis Purple had the highest.  
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Table 12. Rapidly digestible, slowly digestible, and resistant starch after two hours* 

 

Rapidly 

Digestible 

Starch (RDS)
1
 

Slowly 

Digestible Starch 

(SDS)
1
 

Resistant 

Starch (RS)
1
 

Hutterite Soup 19.7 ± 1.56
c
 48.4 ± 6.28

ab
 31.9 ± 6.43

b
 

Jacob's Cattle 15.3 ± 0.51
ab

 47.1 ± 3.40
ab

 37.6 ± 3.82
b
 

Koronis Purple 17.5 ± 1.05
bc

 41.7 ± 9.20
a
 45.1 ± 1.96

c
 

Tiger's Eye 14.3 ± 0.33
a
 51.9 ± 7.62

ab
 37.4 ± 1.43

b
 

Pinto 26.5 ± 2.6
d
 60.0 ± 13.63

b
 20.1 ± 7.13

a
 

*Analysis performed in triplicate (n=3). Values within a column marked with the same letter are 

not significantly different (P≤0.05) 
1Reported as grams per 100g of starch 

 

 

 The results for heirlooms are similar to previously reported results for legumes 

(Chung et al., 2008). Variation in starch digestibility could be related differences in starch 

structure, including relative crystallinity and chain length distribution of amylopectin 

(Chung et al., 2006). All heirloom beans showed higher retrogradation tendency 

compared to Pinto, which corresponded lower rate of starch digestion and higher amounts 

of resistant starch. Retrogradation makes starch more resistant towards enzymatic 

breakdown and can consequently reduce glycemic response. The cause is thought to be 

due to the C-type crystalline structure present in legumes that is less accessible to 

digestive enzymes (Zhang et al., 2006). In general pulse starches tend to have lower 

digestibility than cereal starches, which is attributed to their higher amylose and resistant 

starch content as well as a lower tendency to lose crystallinity and granular starch 

structure upon heating (Chung et al., 2008; Singh, 2011). Additionally, amylose chains 

present within cereal and legume starches show potential towards the formation of 

amylose-lipid complexes, higher crystalline lamella thickness, and a thicker peripheral 

layer (Morita et al., 2007; Jenkins & Donald, 1995). All of the above are factors that 
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make highly crystalline, high amylose starch granules more resistant to enzymatic 

hydrolysis. Additionally, Chung et al. (2006) found that the presence of residual 

crystallites physically limits the accessibility of enzymes during the early stage of 

hydrolysis, which suggests that higher crystallinity is not only related to more resistant 

starch but also induces slow digestion during the early stages of hydrolysis, and which is 

manifested by a higher slowly digestible starch content. 

Carbohydrates that break down quickly during digestion and release glucose 

rapidly into the bloodstream are considered to have a high glycemic index (Jenkins, 

2007). The retrogradation makes the starch resistant towards breakdown by digestive 

enzymes and consequently reduces the glycemic index (Fredriksson et al., 2000). Foods 

rich in resistant starch cause slow and steady insulin release that enables a greater part of 

the stored fat to be transported to the liver and eventually used for energy. Therefore, 

resistant starch plays an important role in the insulin response moderation and regulating 

the glucose metabolism (Higgins, 2004). Additionally, slowly digestible starch is linked 

to stable glucose metabolism and satiety (Lehmann & Robin, 2007). 

2.5. Conclusions 

 The results of this research capitalize on two emerging trends in the marketplace 

today; the first being increased consumer desire to incorporate the health benefits of dry 

beans into the diet and the second being the popularity of using distinct and unique 

varieties of vegetables and grains in culinary applications. With the growing popularity of 

legumes and increased desire for new and unique foods, heirloom bean varieties present a 

unique opportunity to bring new and differentiated foods to the market place. Efforts to 

increase dry bean consumption have focused on identifying quick cooking varieties of 
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beans that would make consumption more accessible and practical on a regular basis and 

therefore the ideal variety would supply valuable nutrients, hydrate quickly, require a low 

boiling time while still yielding a final product of acceptable integrity and texture. 

Heirloom beans are of interest not only for their unique shapes and colors but also for 

their chemical characteristics, processing times, and potential health benefits. Generally, 

the heirlooms in this study had more protein and soluble fiber compared to Pinto. In 

addition to nutritional benefits, processing times for heirloom varieties was heavily 

favorable to the control because of shorter overall preparation times. In terms of texture, 

Hutterite Soup had the lowest shear force among all beans evaluated, implying a softer 

texture of the whole bean after cooking. This, coupled with the highest final viscosity, 

could lead to unique applications where soft texture and ability to build viscosity is 

favored. Lastly, the differences in in vitro starch digestibility showed the heirloom beans 

contain higher amounts of slowly digestible and resistant starch versus the Pinto bean. It 

is therefore recommended that heirloom beans be considered as an alternative to market 

varieties for their ability to reduce processing times, provide unique textures, and provide 

higher amounts of slowly digestible carbohydrates. 

 Given that appearance is a major differentiating factor for heirloom beans, 

opportunity exists to further classify heirlooms with regards to antioxidant capacity as a 

function of their vibrant and unique seed coat colors. In order to further characterize the 

potential health benefits of heirlooms, Chapter 3 will evaluate the antioxidant activity of 

these heirloom beans throughout processing, 
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3. Changes in Antioxidants in Heirloom Beans Before and After Processing 

3.1. Overview 

A considerable amount of the commercial appeal heirloom beans carry is 

attributable to their vibrant colors and distinct seed coat patterns. In addition to aesthetics, 

such remarkable seed coats may actually contribute nutritional benefits, such as those 

associated with highly pigmented, antioxidant rich foods. While colored commodity 

beans already are regarded as rich sources of antioxidants, it is well known that 

antioxidant capacity is highly affected by processing treatments such as soaking and 

cooking. Processing is necessary for improving sensory properties and inactivating 

antinutritional factors however it may have a detrimental effect on antioxidant capacity, 

as many antioxidant compounds are often lost to the surrounding cooking water or 

inactivated due to extended exposure to high temperatures. While ample literature exists 

on the overall change in antioxidants between raw and cooked beans, information is 

lacking regarding the effects of soaking and cooking separately and virtually no 

information is available for heirloom varieties specifically. In order to investigate this 

area further, this study examined the change in DPPH scavenging activity, total phenolic, 

and total flavonoid content after soaking and cooking in order to determine the degree of 

loss after each processing step. Antioxidants in heirlooms showed susceptibility to loss 

throughout processing. The effect of soaking was minimal compared to cooking, which 

was found to be the major cause of reduction in antioxidant capacity in all beans. The 

results showed that extended exposure to boiling temperatures causes a higher degree of 

antioxidant loss than just soaking alone, indicating that thermal degradation could be the 
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primary cause of loss in heirloom bean varieties while the change caused by leaching 

without exposure to heat is relatively minimal. 
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3.2. Introduction 

 Common dry beans (Phaseolus vulgaris) are an important class of legumes based 

on their accessibility, nutritional content, and low cost. Traditionally, beans have been 

considered for their high amounts of protein, fiber, and slowly digestible starch. More 

recently however, common beans (especially those with vibrant seed coat colors) have 

gained attention for their role as a functional food in decreasing cases of chronic diseases 

such as cancer, cardiovascular disorders, and diabetes (Peterson & Dwyer, 1998; 

Anderson & Major, 2002; Madar & Stark, 2002; Adebamowo et al., 2005). Potential 

health benefits have been attributed to the presence of phenolic compounds that possess 

antioxidant properties (Xu & Chang, 2008a). While previous research has indicated that 

beans are rich sources of antioxidants, it remains unclear how antioxidant activity is 

affected by processing methods required to prepare beans for consumption.  

The rise in popularity of heirloom beans presents an especially unique and 

compelling area of study. With the increasing focus on heirloom beans being due in part 

to their vibrant and unique seed coat designs, there is a unique opportunity to measure 

their antioxidant capacity against the documented performance reported for commodity 

varieties. The major modes of loss during processing are attributed to two main areas; the 

first of which is leaching of unbound, water soluble compounds into the surrounding 

cooking water and the second being thermal degradation of compounds due to prolonged 

exposure to high temperatures (Xu & Chang, 2008a; Akillioglu & Karakaya, 2010). Xu 

& Chang (2009) investigated the effects of steaming versus boiling and found that, while 

steaming caused less loss, both cooking methods caused a reduction in antioxidant 

capacity. The results imply that thermal degradation alone is a possible source of 

antioxidant loss, but such an effect may be compounded by the aqueous conditions 
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typical of atmospheric boiling. Therefore, it is advantageous to investigate the effect of 

soaking (and therefore leaching alone) and boiling (both leaching and exposure to heat) 

separately. Changes in antioxidant capacity are often reported solely for the finished 

product, and therefore the effect of soaking alone is relatively unknown with regards to 

overall processing. By highlighting the major cause of loss, future work can aim to 

elucidate mechanisms for loss and identify processing methods and parameters that 

reduce the loss of these valuable bioactive compounds during processing.  

 Currently, very few studies have investigated soaking and cooking steps 

separately and virtually no information in this area is available for heirloom beans. The 

unique seed coat pigmentation differentiates heirloom varieties from their commodity 

counterparts and makes them an appealing target of study with regards to antioxidant 

capacity throughout processing. Therefore, the aims of this study were to compare the 

antioxidant contents of heirloom beans among varieties and also determine the effect of 

processing on such compounds by analyzing in vitro antioxidant activity, total phenolics 

content, and total flavonoids content. 

 

3.3. Materials and Methods 

3.3.1. Bean Samples 

 

Four heirloom bean (Phaseolus vulgaris) varieties (Hutterite Soup, Jacob’s Cattle, 

Koronis Purple, and Tiger’s Eye) were kindly provided by the Department of 

Horticulture of the University of Minnesota (St. Paul, MN, US). Pinto (Lariat cv) beans 

were used as control. All samples were grown during the 2013 crop year. Samples were 

provided by four different farmers in Minnesota and Wisconsin. Broken or damaged 
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seeds and foreign material were removed by hand prior to sample preparation and 

chemical analysis.  

3.3.2. Sample Preparation 

 

Raw beans were prepared in the same manner as outlined in section 2.3.3. Soaked 

and cooked beans were prepared in the same manner as outlined in section 2.3.5 and 

2.3.6, respectively, prior to immediately being treated with liquid nitrogen and freeze-

dried before grinding with a mortar and pestle (particle size ≤0.5 mm). All sets of ground 

samples were kept at -20°C in air-tight containers until analysis.  Sample extraction for 

the antioxidant activity assays was performed in duplicate (n=2) following the method 

described by Xu & Chang (2008a). An aliquot (0.2 g) of sample was extracted with 10 

mL of acetone/water/acetic acid (70:29.5:0.5) at 25°C for 2 hours in the dark using an 

orbital shaker (G24 Environmental Shaker, New Brunswick Scientific Co., Edison, N.J.). 

After centrifugation (10 min, 13,000 x g), the supernatant was recovered and stored in the 

dark at -20°C until analysis. 

 

3.3.3. Chemicals and Reagents 

 

2,2-Diphenyl-1-picryhydrazyl radical (DPPH) was purchased from EMD 

Millipore Corp. (Billerica, MA), Folin-Ciocalteu’s reagent was purchased from Fisher 

Scientific (Fair Lawn, NJ), gallic acid was purchased from Sigma (St. Louis, MO), and 

catechin hydrate was purchased from Tokyo Chemical Industry Company America 

(Portland, OR).  

 



78 
 

3.3.4. DPPH Radical Scavenging Activity Assay 

 

Radical DPPH scavenging capacity of the extracts was determined using the 

methods described by Tiwari et al. (2013), with few modifications. The test was 

performed in duplicate (n=2) for each extraction performed above, for a total of 4 

subsamples. Briefly, 200 µL of sample extract plus 800 µL acidified acetone solvent was 

added to 200 µL of freshly prepared DPPH solution (0.25 g/100 mL acidified acetone 

solvent). A control mixture (Acontrol) of 1000 µL acidified acetone extraction solvent and 

200 µL DPPH solution was used. The mixture was kept 25°C for 30 minutes. Absorbance 

(Asample) was read at 517 nm at 30, 60, 90, and 120 minute time points using a UV-visible 

spectrophotometer. Results were expressed as the percentage of scavenging effect based 

on the equation [1-(Asample/Acontrol)] x 100].  

 

3.3.5. Folin-Ciocalteu Assay 

The Folin-Ciocalteu assay was carried out as described by Xu and Chang (2008a) 

with slight modifications. A mixture of the sample extracts (50 µL), double distilled 

water (3 mL), Folin-Ciocalteu’s reagent solution (250 µL), and 7% NaCO3 (750 µL) was 

incubated for 8 min at 25°C . After that, an aliquot (950 µL) of distilled water was added 

and the mixture was incubated for 2 hours at 25°C before absorbance was read at 765 nm 

against a distilled water blank using a UV-visible spectrophotometer. Calibration curve 

for gallic acid in the linearity range of 50-1000 µg/mL (r=0.99) was used to express the 

results as milligrams of gallic acid equivalents per gram of sample on a dry weight basis 

(mg of GAE/g sample). An example standard curve for gallic acid is shown in Appendix 

D. The test was performed in duplicate (n=2) for each extracts for a total of four 
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absorbance values for dry beans and eight absorbance values for soaked and cooked 

beans. 

 

3.3.6. Total Flavonoids Content 

TFC was determined using a method described by Xu & Chang (2007) in which 

0.25mL sample extract, 1.25mL double distilled water, and 75µL of 5% NaNO2 solution 

were mixed and allowed to rest for 6 minutes. Subsequently, 150 µL of a 10% 

AlCl3•6H2O solution was added and the mixture was allowed to stand for 5 minutes 

before 0.5 mL of 1M NaOH was added. The mixture was brought to a final volume of 

2.5mL with distilled water and gently mixed. Absorbance was read immediately at 510 

nm using a UV-visible spectrophotometer (Biochrom WPA S800, Biochrom Ltd., 

Cambridge, UK). Calibration curve for (+)-catechin in the linearity range of 25-

1000µg/mL (r=0.99) was used to express the results as milligrams of (+)-catechin 

equivalents per gram of sample on a dry weight basis (mg CE/g sample). An example 

standard curve for (+)-catechin is shown in Appendix D. 

 

3.3.7 Statistical Analysis 

 

Analysis of variance (ANOVA) was performed utilizing Statgraphics XV version 

15.1.02 (StatPoint Inc., Warrenton, VA, USA). Bean variety was used as factor. When a 

factor effect was found significant (p≤0.05), significant differences among the respective 

means were determined using Fisher’s Least Significant Difference (LSD) test.  
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3.4. Results  

3.4.1. in vitro Antioxidant activity (DPPH), Total Phenolic Content (TPC), and Total 

Flavonoids Content (TFC) of Raw Beans 

 

Data for in vitro antioxidant activity, total phenolic content, and total flavonoids 

content of raw beans is tabulated below in Table 13. In vitro antioxidant activity 

according to the DPPH inhibition assay was measured in two ways; scavenging curves 

over a two hour window (Figure 16) and percent of the DPPH radical that had been 

inhibited after 30 minutes (Table 13). Jacob’s Cattle, Tiger’s Eye, and Pinto showed a 

prolonged increase in DPPH inhibition activity from 0 to 90 min and before reaching 

equilibrium between 90 and 120 minutes. Hutterite Soup and Koronis Purple appeared to 

have less change over the course the 120 minute window. Hutterite Soup showed the 

lowest values over the entire duration of the two hour window while Koronis Purple had 

the highest levels from start to finish. 

 
Figure 16. DPPH scavenging activity over raw beans over 2 hours 
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 For comparison purposes, DPPH inhibition activity was captured at 30 minutes 

based on precedent from previous studies using this time frame (Xu & Chang, 2007; 

Boateng et al, 2008; Akond et al., 2011). DPPH inhibition after 30 minutes ranged from 

11.8-94.3%, with all samples being significantly different (P ≤ 0.05). Heirlooms showed 

similar activity to Pinto, while Hutterite Soup had the lowest activity while Koronis 

Purple had the highest. 

 

Table 13. in vitro Antioxidant activity (DPPH), total phenolic content (TPC), and total 

flavonoids content (TFC) of raw beans 

  DPPH
1
 TPC

2
 TFC

3
 

Hutterite Soup 11.81 ± 0.96
a
 4.75 ± 0.07

a
 1.18 ± 0.07

a
 

Jacob’s Cattle 75.51 ± 0.78
c
 9.45 ± 0.30

c
 8.25 ± 0.27

cd
 

Koronis Purple 94.26 ± 0.24
e
 8.58 ± 0.34

b
 6.30 ± 0.18

b
 

Tiger’s Eye 78.55 ± 1.30
d
 9.57 ± 0.55

c
 8.68 ± 0.55

d
 

Pinto 72.36 ± 0.37
b
 8.45 ± 0.31

b
 7.69 ± 0.60

c
 

*Analysis was performed in triplicate quadruplicate (n=4).Values within a column marked with the same 
letter are not significantly different (P≤0.05) 
1Data are expressed as percent of DPPH radical inhibited after 30 minutes 
2Data are expressed as milligrams of gallic acid equivalents per gram (mg GAE/g) on a dry weight basis 
3Data are expressed as milligrams of catechin equivalents per gram (mg CE/g) on a dry weight basis 

 

The range observed here was larger than what has been reported previously. 

Values from a previous study by Boateng et al. (2008) reported a range of 49.8-62.6% for 

various legumes (black-eyed peas, kidney, Pinto, and soy), with Pinto having a value of 

53.3%. The smaller range and fact that the reported value for Pinto was lower by almost 

20% could be due to experimental factors such as choice of extraction solvent (Xu & 

Chang, 2007). It is also possible that variation was introduced via agronomic factors such 

as growing location, crop year, and storage length as such an effect has been shown to 

affect other compounds such as tannins and lectins in dry beans (de Mejia et al., 2003).  
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The range for total phenolic content according to the Folin-Ciocalteu method was 

4.75-9.57 mg GAE/g. With the exception of Hutterite Soup, all heirloom beans had TPC 

values that were similar to Pinto, with Jacob’s Cattle and Tiger’s Eye having slightly 

higher values compared to Pinto (P ≤ 0.05). Notably, the total phenolic content of Tiger’s 

Eye and Jacob’s Cattle were nearly twice that of Hutterite Soup, which had the lowest 

value of all beans. The results from this study were similar to values previously reported 

for various dry beans (Boateng et al. 2008; Xu & Chang, 2009).  

Total flavonoids content ranged from 1.18-8.69 mg CE/g. Both Hutterite Soup 

and Koronis Purple had lower total flavonoids values than Pinto; however the margin of 

difference for Hutterite Soup was more than five times than that of Koronis Purple. 

Tiger’s Eye was the only bean to have a significantly higher (P ≤ 0.05) total flavonoids 

value than Pinto. The total flavonoids range from this study was higher than the values 

reported by Akillioghu & Karakaya (2010) and Xu & Chang (2007) (0.14-1.27 mg CE/g 

and 0.26-3.21 mg CE/g, respectively). The exact cause for the difference remains unclear, 

but a possible explanation could be due to the same factors cited for total phenolics, such 

as genotype, growing conditions, and maturity at harvest. Post-harvest age, and storage 

conditions (Boateng et al. 2008). Additionally, choice of extraction solvent could have 

affected the results, as recovery of polyphenols from plant based foods has been shown to 

depend heavily on experimental factors such as type of extraction solvent. Such an effect 

has been investigated by Xu & Chang (2007), who reported significant variation in 

antioxidant values within the same samples when extraction solvent was changed. 

3.4.2. in vitro Antioxidant Activity, Total Phenolic Content and Total Flavonoids Content 

of Soaked Beans 
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 After soaking, beans were reevaluated for in vitro antioxidant activity, total 

phenolic content, and total flavonoids. DPPH inhibition curves over the two hour window 

followed the same trend as was observed in raw beans (Appendix E). Changes in in vitro 

antioxidant activity at 30 minutes are reported in Table 14. The results for soaked beans 

ranged from 11.59-94.16%, with Hutterite Soup having the lowest value and Koronis 

Purple having the highest. The effect of soaking on in vitro antioxidant activity did not 

follow a clear trend for all varieties of beans and many changes observed appeared to be 

minor. The net change in DPPH inhibition for raw versus soaked Hutterite Soup, Koronis 

Purple, and Pinto was relatively small and not significant, while the net change for 

Jacob’s Cattle and Tiger’s Eye was more considerable (7.30% and 7.45%, respectively). 

For beans where the percent change was positive, it is unlikely that soaking caused an 

actual increase in the antioxidant capacity. Rather, it is possible that soaking had a 

“softening” effect on the seed coat and made bioactive compounds more extractable after 

the soaking period. Such an effect has previously been proposed by Xu & Chang (2008a), 

who proposed that extended soaking can cause bound antioxidant compounds to 

hydrolyze from the cell walls of seed coats and become more easily extracted and 

available for detection. While data on dry beans is limited, Xu & Chang (2008b) 

observed decreases in select pulses (dry pea, yellow pea, chickpea, and lentil) however 

the degree of difference was considerately less than that observed here.  
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Table 14. in vitro Antioxidant activity (DPPH), total phenolic content (TPC), and total 

flavonoids content (TFC) of soaked beans* 

 DPPH
1
 

Change 

(%)
**

 
TPC

2
 

Change 

(%)
**

 
TFC

3
 

Change 

(%)
**

 

Hutterite 

Soup 
11.59 ± 1.84

a
 -1.90 3.71 ± 0.21

a
 -22.11 1.77 ± 0.23

a
 +63.56 

Jacob’s 

Cattle 70.02 ± 5.65
b
 -7.30 

8.51 ± 0.38
e
 -9.95 7.21 ± 1.20

c
 -12.48 

Koronis 

Purple 94.16 ± 1.82
d
 -0.10 

6.49 ± 0.52
b
 -24.36 6.36 ± 0.55

b
 -0.95 

Tiger’s 

Eye 
84.40 ± 2.35

c
 -7.45 7.91 ± 0.67

d
 -17.35 8.53 ± 1.00

d
 +0.93 

Pinto 74.27 ± 1.84
b
 +2.63 7.46 ± 0.09

c
 -11.72 5.65 ± 0.41

b
 -24.68 

*Analysis was performed in octuplicate (n=8). Values within a column marked with the same letter are not 

significantly different (P≤0.05) 
**Refer to Appendix C for calculation 
1Data are expressed as percent of DPPH radical inhibited after 30 minutes 
2Data are expressed as milligrams of gallic acid equivalents per gram (mg GAE/g) on a dry weight basis 
3Data are expressed as milligrams of catechin equivalents per gram (mg CE/g) on a dry weight basis 

 

 

 Total phenolic content after soaking ranged from 3.71-8.51 mg GAE/g, with 

Hutterite Soup having the lowest value and Jacob’s Cattle having the highest for all beans 

(Table 14). While the impact of soaking on in vitro antioxidant activity did not follow a 

clear trend, the decrease in values for total phenolics content was observed for all beans 

and the degree of change was also more significant, ranging from 9.95-24.36%. Jacob’s 

Cattle had the lowest amount of loss for all beans while Koronis Purple showed the 

highest amount, at almost a 25% decrease. Previous studies have found mixed results on 

the effect of soaking on total phenolics values. Xu & Chang (2008a) reported 25.8% loss 

of total phenolics for black beans after soaking, while Boateng et al. (2002) found that 

soaking significantly decreased the phenolics content of Pinto (P ≤ 0.05) but had no 

significant effect (P ≤ 0.05) on kidney beans.  

After soaking, total flavonoids content ranged from 1.77-8.53 mg CE/g, with 

Hutterite Soup having the lowest value and Tiger’s Eye having the highest (Table 14). 

The change from soaking for total flavonoids content was mixed and ranged from a 
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24.68% loss in Pinto to a 63.56% gain in Hutterite Soup. It should be noted however, that 

Hutterite Soup was most susceptible to high percent changes due to the low starting 

amount of total flavonoids, and even minor changes in amount resulted in large percent 

changes for this variety. The change after soaking for most varieties was similar to trends 

previously observed by Boateng et al. (2008), who reported an increase values after 

soaking for Kidney and Pinto beans but saw no change (P ≤ 0.05) in black-eyed peas. The 

authors explained the difference as possibly being due to variation in seed coat thickness, 

permeability, and the amount of compounds that are bound to the cell walls of seed coats.  

 

3.4.3. in vitro Antioxidant Activity, Total Phenolic Content and Total Flavonoids Content 

of Cooked Beans 

 

DPPH inhibition curves of cooked beans followed the same trend as in raw and 

soaked beans in that the percent of DPPH radical that was scavenged continued to 

increase over the two hour window (Appendix E). The values for DPPH inhibition at 30 

minutes were significantly affected by cooking, ranging from 11.14-64.06%. The DPPH 

inhibition value for cooked Pinto was within the range reported for heirloom beans, while 

Hutterite Soup had the lowest value among all beans. Koronis Purple maintained the 

highest DPPH inhibition value after cooking, meaning it had the highest value at all 

stages of processing (raw, soaked, and cooked). As seen in in Figure 17, cooking also 

proved to be a greater cause loss than just soaking alone. The range of loss after cooking 

was 5.65-51.86%. All heirlooms exhibited lower degrees of antioxidant activity loss 

versus Pinto. Among the heirloom varieties, Hutterite Soup had the lowest amount of loss 

while Jacob’s Cattle had the highest. Xu & Chang (2008b) reported similar behavior 
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among various pulses after a boiling process, citing a range of loss between 52.9-88.4%. 

The higher range of loss could have been due to a slightly longer boiling time (90 min) 

than what was used in this study (60-85 min).  

      

Table 15. in vitro Antioxidant activity (DPPH), total phenolic content (TPC), and total 

flavonoids content (TFC) of cooked beans* 

 
Hutterite 

Soup 

Jacob’s 

Cattle 

Koronis 

Purple 

Tiger’s 

Eye 
Pinto 

DPPH
1
 11.14 ± 1.50

a
 37.06 ± 0.82

c
 64.06 ± 3.75

e
 47.95 ± 2.06

d
 34.84 ± 1.25

b
 

Change from raw to 

cooked (%)
**

 
-5.65 -50.92 -32.04 -38.95 -51.86 

Change from soaked 

to cooked (%)
**

 
-3.86 -47.07 -31.97 -43.18 -53.09 

TPC
2
 3.34 ± 0.30

a
 6.37 ± 0.40

d
 4.17 ± 0.15

c
 3.81 ± 0.13

b
 3.79 ± 0.17

b
 

Change from raw to 

cooked (%)
**

 
-29.68 -32.59 -51.52 -60.19 -55.15 

Change from soaked 

to cooked (%)
**

 
-9.73 -25.15 -35.9 -51.83 -49.20 

TFC
3
 ND

4
 4.56 ± 0.63

d
 3.72 ± 0.20

c
 4.50 ± 0.25

d
 3.31 ± 0.13

b
 

Change from raw to 

cooked (%)
**

 
ND

4
 -48.48 -41.11 -47.97 -57.01 

Change from soaked 

to cooked (%)
**

 
ND

4
 -41.14 -41.67 -47.48 -42.93 

*Values within a column marked with the same letter are not significantly different (P≤0.05) 

**Refer to Appendix C for calculation 
1Data are expressed as percent of DPPH radical inhibited after 30 minutes 
2Data are expressed as milligrams of gallic acid equivalents per gram (mg GAE/g) on a dry weight basis 
3Data are expressed as milligrams of catechin equivalents per gram (mg CE/g) on a dry weight basis 
4Not detected 
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     Figure 17. DPPH inhibition for raw, soaked, and cooked beans 

 

Figure 18 shows total phenolic content for raw, soaked, and cooked beans. 

Cooking had a significant effect on total phenolic content by decreasing the overall range 

to 3.34-6.37 mg GAE/g (Table 15). As with DPPH inhibition, Hutterite Soup again 

showed the lowest total phenolic value of all beans while Jacob’s Cattle had the highest, 

being nearly twice that observed for Hutterite Soup. The values for Pinto and Tiger’s Eye 

were similar (P ≤ 0.05) while being slightly higher than Hutterite Soup. Loss due to 

cooking was considerable for all beans and ranged from 30-60%. Hutterite Soup showed 

the least amount of loss while Tiger’s Eye had the highest. In addition, Tiger’s Eye was 

the only heirloom that showed a greater percentage of loss after cooking versus Pinto. Xu 

& Chang (2008b) again reported similar behavior, with loss due to cooking ranging from 

33 to 50%. While cooking generally seems to decrease total phenolics in beans, the 

opposite effect was observed by Akillioglu & Karakaya (2010) who reported three to 

four-fold increases in total phenolics values for common beans and Pinto beans, 
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respectively. In this case, the authors attributed their observations to increased extraction 

of antioxidant compounds that had hydrolyzed from cell walls and become more soluble 

during the soaking and cooking process.  

 
Figure 18. Total phenolic content for raw, soaked, and cooked beans 

 

As seen from Figure 19, total flavonoids content was also affected by the cooking 

process. The range observed for total flavonoids after cooking was 3.31-4.56 mg CE/g, 

however the value for Hutterite Soup was below the detectable limit. All heirlooms 

besides Hutterite Soup had higher total flavonoids versus Pinto. Both Jacob’s Cattle and 

Tiger’s Eye had the highest values among all the beans, with their values not being 

significantly different (P ≤ 0.05).  The range of total flavonoids lost due to cooking was 

41.11-57.01%. All heirlooms showed less loss versus Pinto while among heirlooms, 

Jacob’s Cattle had the highest loss among heirlooms. Previous studies have reported 

mixed results on the effect of cooking in total flavonoids. While Akillioglu & Karakaya 
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(2010) reported slight increases in the total flavonoid contents in Pinto and common 

beans after cooking, Siah et al. (2014) reported considerable total flavonoids decreases in 

faba beans of varying seed coat pigments.  

 

 

 
Figure 19. Total flavonoid content for raw, soaked, and cooked beans 

 

 

3.5 Discussion 

3.5.1. Effect of Variety on Antioxidant Composition 

The cause of variation in antioxidant content between varieties could have been 

caused by factors such as seed coat color. The lighter seed coat colors of Hutterite Soup 

and Pinto bean relative to the Jacob’s Cattle and Koronis Purple supports the theory of a 

relationship between darker seed coat pigments and higher antioxidant values based on 

existing evidence that the majority of antioxidant compounds being concentrated in the 

seed coats of beans (Cardador-Martinez et al., 2002). Akond et al. (2011) found that 

beans with light colored seed coats showed little to no antioxidant activity, while beans 
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with dark seeds coats showed higher amounts of both in vitro and in vivo activity. The 

same authors also found that total phenolic and anthocyanin content was strongly 

correlated with DPPH scavenging ability, suggesting that pigmented compounds in beans 

are a significant driver of antiradical activity.  

While the correlation between dark seed coat pigment and high levels of 

antioxidants in beans in literature is strong, the trend was not universally observed here. 

The heirloom beans with darker pigments had higher antioxidant activity than those with 

no pigment however there seemed to be no clear trend between degree of pigmentation 

and in vitro antioxidant activity, total phenolic, or total flavonoid content. For example, 

Koronis Purple and Jacob’s Cattle had relatively dark seed coat colors (purple and dark 

red, respectively), but they did not always have the highest values for DPPH, total 

phenolic, and total flavonoids. In the case of total flavonoids, Tigers Eye had the highest 

amount of flavonoids despite having a lighter seed coat hue (orange) compared to the 

darker hues of Jacob’s Cattle and Koronis Purple. Many tests address only a small 

portion of the possible antioxidant profile, and therefore discrepancies between 

antioxidant activity and total phenolic or flavonoid content could arise based on the assay 

chosen and the types of compounds present in a given sample. While the DPPH 

inhibition assay measures the sum of all anti-radical activity in a sample, the Folin-

Ciocalteu and total flavonoids assays are specific to the phenolic compounds. While seed 

coat pigment and antioxidant content appeared to follow a general trend in this study, 

rank order for DPPH inhibition did not necessarily mirror that of total phenolic or 

flavonoids content. Therefore, it is possible that a portion of the activity detected by 



91 
 

DPPH inhibition could be due to non-phenolic antioxidant compounds present in beans 

such as saponins that would not have registered in these experiments (Lee et al., 2011).  

3.5.2. Effect of Processing on Antioxidant Composition 

In addition to variation among varieties, antioxidants in all varieties appeared to 

be affected by the processing. Generally cooking seemed to be a greater cause of 

antioxidant loss than soaking, as the change after soaking was minimal compared to the 

decrease caused by cooking. Pinto showed the highest amount of loss while among 

heirlooms, Hutterite Soup had the lowest percent loss throughout soaking and cooking. 

This lower degree of loss was likely due to the lower starting values in Hutterite Soup 

compared to other bean varieties. As seen from Tables 14 and 15, Hutterite Soup was 

unique in that it showed relatively little change after each processing step compared to 

the other four bean varieties. The resistance to change could be attributed to such a low 

amount of antioxidant compounds available in the raw form, and therefore less readily 

available for loss via leaching or thermal degradation. Another possible explanation is 

that Hutterite Soup could have had a higher ratio of antioxidants in the inner parts of the 

seed (such as the testa or cotyledon) and less in the outer cell wall, making loss via 

leaching more difficult. Such a theory has been proposed by Xu & Chang (2008b), who 

profiled the various dry beans to determine antioxidant content by subcomponent.  

In cases where varietal rank order for DPPH, TPC, and TFC levels changed after 

soaking or cooking, it is possible that certain antioxidant compounds were more tightly 

bound to the cells walls in certain varieties, and therefore were less susceptible to 

leaching into the surrounding aqueous environment. For example, if a certain variety 

contained higher amounts of bound phenolic compounds the antioxidant levels in that 
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sample would have appeared less susceptible to change after soaking or boiling. In cases 

of increasing antioxidants after processing, soaking may have softened the cell walls of 

the seed coats and made some bound compounds more easily extractable and therefore 

available for detection, as proposed by Xu & Chang (2008b). Moving forward, further 

opportunity exists to analyze these compounds in further detail to determine the 

individual phenolic acids present and which of those compounds, if any, are more subject 

to change throughout thermal processing. Additionally, investigating the ratios of soluble 

versus bound phenolics before and after cooking could be helpful in identifying varieties 

that undergo less antioxidant loss throughout processing. 

In addition to the overall effect of processing, a point of interest in this study was 

the difference in loss of antioxidants caused by soaking versus cooking. As seen from 

Table 14, soaking seemed to have a minor effect on the change in antioxidants between 

bean varieties. Tiger’s Eye showed the greatest amount of DPPH inhibition loss; however 

it had the smallest net change for total flavonoids. Similarly, total phenolic content of 

Koronis Purple was most affected after soaking compared to other beans, however DPPH 

inhibition and total flavonoid content showed relatively little change. In addition to 

differences among varieties, not all antioxidant compounds showed the same behavior. 

The total phenolic content of all varieties seemed to be more heavily affected by soaking 

than for DPPH or total flavonoids, suggesting that phenolics may be more prone to 

leaching than other compounds that would have registered activity in the DPPH assay. 

Another point of difference as highlighted in Chapter 2 is the difference in 

soaking time that was required for each bean to reach 50% hydration. While Pinto had a 

significantly longer soaking time than all heirloom beans, it was only for total flavonoids 
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that Pinto had the greatest amount of loss compared to the heirloom varieties with shorter 

soaking times. Boateng et al. (2008) and Xu & Chang (2008a; 2008b) observed increased 

loss of phenolic compounds in beans that required longer soaking times. The 

phenomenon was attributed to longer soaking times allowing unbound polyphenols in the 

bean to hydrolyze and diffuse into the soaking water, leading to lower total phenolic 

compounds remaining in the soaked sample. On the other hand, Siah et al. (2014) 

observed little change in the phenolics profiles of soaked faba beans and attributed this to 

the fact that soaking at ambient temperatures was not enough to disrupt the 

physicochemical structure of the seed coats that house many antioxidant compounds. The 

majority of results point to possible hydrolysis and loss of antioxidant compounds into 

the water, however further study is needed on the isolated effect of soaking in order to 

elucidate the exact mechanisms of loss. 

For all beans in this study (with the exception of Hutterite Soup), prolonged 

exposure to heat was by far the greatest cause of antioxidant loss compared to soaking at 

ambient temperatures. The extent of loss was so great that after cooking there seemed to 

be no clear distinction between varieties as to which were more susceptible to loss. These 

results suggests that loss after cooking depends less on variety and type of antioxidant in 

question, and rather that loss is much more universal. While many studies have 

investigated the effect of thermal processing, changes in antioxidant profiles are often 

attributed to a combination of thermal degradation and leaching of water soluble 

compounds into the cooking water. In addition to the isolated effect of soaking, analyzing 

antioxidant capacity after thermal processing can provide a good indication of the 

nutritional value of beans as they would typically be consumed. While the major 



94 
 

mechanism of loss during soaking is likely the aforementioned leaching of water soluble 

compounds into soaking water, boiling adds an additional aspect of thermal degradation 

that could lead to antioxidant loss.  

While the effect of thermal processing on antioxidants in beans is well studied, 

cooking methods have varied greatly and results published to date have been mixed. Xu 

& Chang (2009) reported significant losses in total phenolics (63-77%), total flavonoids 

(32-54%), and antioxidant activity (60-66%) after boiling while Bressani & Elias (1980) 

observed a range of 30-40% loss of total phenolics across different bean varieties. In 

contrast, other studies have reported an increase in antioxidant capacity after thermal 

processing using a variety of processing methods, such as one by Akillioghu & Karakaya 

(2010), who found that total phenolics, total flavonoids, and antioxidant activity of Pinto 

beans increased after soaking, boiling, and an in vitro digestion process. Despite 

differences in reported antioxidant values, one commonly accepted observation is that 

atmospheric boiling tends to be the most destructive method with regards to antioxidant 

compounds. Xu & Chang (2008a) reported significant losses in beans after atmospheric 

boiling compared to steaming and pressure boiling. The degree of loss was thought to be 

greater with boiling methods due to leaching of water soluble compounds to the 

surrounding cooking water, whereas alternative methods such as steaming, autoclaving, 

and toasting show lower degrees of loss and in some cases, even increased levels. 

Boateng et al. (2008) observed that dry toasting yielded higher phenolic and flavonoid 

contents versus boiling and proposed that the disruption of the cell wall through heating 

and breakdown of insoluble phenolic compounds could have led to better extractability of 

certain compounds that would otherwise have been bound to the cell wall and not 
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detected in analysis. The authors also proposed that dry roasting increased the phenolics 

content due to the formation of Maillard products such as hydroxymethylfurfuraldehyde 

(HMF), which register high antioxidant activity. While data are plentiful, it is often 

difficult to directly compare results across studies due to differences in soaking and 

cooking methodology. This is important, as cooking method has shown to strongly 

influence the degree of change in antioxidant capacity after processing and thus results 

must be viewed through the lens of the type of preparation method used.  

3.6. Conclusions 

 In addition to the socioeconomic appeal of heirloom beans discussed previously, 

one of the key appealing characteristics for heirloom beans is attributed to their vibrant 

colors and seed coat designs. Such vibrant colors imply the presence of possible 

antioxidant compounds often found heavily pigmented foods, and therefore heirlooms 

present an appealing subject for characterization of antioxidant activity. While pigmented 

commodity beans have long been the subject of focus for their antioxidant profiles, 

significant gaps remain in this area and to date there has been relatively little work done 

to isolate the effect of each processing step on changes in antioxidant profiles. Therefore, 

this chapter aimed to strengthen two areas of research where knowledge is lacking, the 

performance of heirloom beans as a function of their seed coat pigments and the effect of 

isolated processing steps on antioxidants. 

 Generally, the highly pigmented heirloom bean varieties used in this study had 

higher levels of antioxidant compounds and in vitro antioxidant activity compared to the 

Pinto bean. This trend was observed at all stages of processing (raw, after soaking, after 

cooking), therefore implying the possibility that the dark and vibrant seed coat pigments 
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that give heirlooms their remarkability may also come with the inherent health benefits 

attributed to foods with high antioxidant capacity. By performing analysis in between 

each processing step, it was also determined that boiling is by far the cause of the greatest 

loss versus just soaking alone. With such loss being due to both thermal degradation and 

pigment leaching into the cooking water (as seen by a darkening of soaking and cooking 

liquids), opportunity exists to expand study to include additional heirloom varieties in 

hopes of identifying a variety that is both quick-cooking and experiences a minimal 

amount of antioxidant loss before it is ready for consumption. Finally, exploring non-

aqueous methods of processing such as steaming or dry roasting may elucidate the effect 

of different processing environments on antioxidants in hopes of identifying methods the 

induce minimal degradation and loss into the surrounding environment.  
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4. Overall Conclusions and Recommendations 

 This work provided a general assessment of four heirloom bean varieties in terms 

of their composition, processing times, and quality after soaking and cooking. Heirloom 

beans were composed of higher amounts of favorable nutrients such as protein and 

soluble dietary fiber and displayed lower starch digestion kinetics. Heirlooms also 

required shorter overall processing times compared to control. After cooking, texture and 

pasting properties differed among the individual heirloom varieties as well as against the 

control. The favorable nutrient composition, shorter processing times, and unique 

functional properties of each bean make them a compelling way to introduce unique, 

remarkable ingredients into new applications. 

 Seed coat identity is a major factor of differentiation for heirloom varieties, and 

therefore special attention was given to heirloom varieties that contain vibrant colors and 

unique seed coat designs. The results from this study show that there is considerable loss 

of seed coat pigmentation and design from the raw to cooked form of these beans, such 

that different varieties were not as distinguishable after cooking. Given the considerable 

emphasis on appearance as an appealing factor for heirlooms, it is therefore 

recommended that beans in their raw state, rather than cooked, be used to drive 

acceptance and penetration among new users.  

The findings of this study also showed that seed coat pigmentation may be an 

indicator of antioxidant content. Antioxidant capacity was notably higher in the heirloom 

varieties that were highly pigmented. Of equal importance is the fact that processing, 

especially boiling, which caused significant amounts of antioxidant loss. While possible 

modes of loss could have a combination of leaching into processing water and thermal 



98 
 

degradation within the sample matrix, precise causes were not specifically investigated in 

this study. Therefore, future work should consider investigating the mechanisms of loss 

and work to identify cooking methods that preserve the antioxidant components of beans 

throughout both soaking and thermal processing. Observations from this study will 

contribute to a relatively small body of knowledge of how each individual processing 

step of soaking and cooking affect the antioxidant content and activity of beans. While 

soaking appeared to induce small changes in antioxidants, boiling proved to cause 

significant decreases in antioxidant contents. While the exact amount of change varied 

between bean varieties, highly pigmented beans appeared more susceptible to loss versus 

beans with relatively little pigment.  

Heirloom beans will continue to gain popularity as part of a growing movement 

towards locally grown, nutrient-dense, plant-based foods. Despite the large number of 

known varieties, relatively few have been catalogued and most published research to date 

is limited to select number commodity varieties such as Black, Kidney, Navy, and Pinto. 

Research on heirlooms beans should continue by expanding work to additional varieties 

in an effort to identify and capitalize on unique nutritional and functional properties 

inherent to certain varieties. Additionally, profiling of each variety should be expanded to 

new areas such as exploration of alternative cooking methods to identify shorter 

processing times and identifying cooking methods that induce the lowest amount of 

nutritional loss. Such recommended future studies will provide a broader and more 

thorough understanding of how heirloom beans can satisfy unique culinary and 

nutritional needs while satisfying the consumer desire for foods originating from local 

economies and small-scale agriculture systems.   
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Appendix A: Hydration curves 

 

 

 
Figure 20a Hydration Curve for Pinto beans 

 

 
Figure 17b. Hydration curve for Hutterite Soup 
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Figure 17c. Hydration curve for Jacob’s Cattle 

 

 

 

 
Figure 17d. Hydration curve for Koronis Purple 
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Figure 17e. Hydration curve for Tiger’s Eye 

 

 

  



112 
 

Appendix B: Graphs from Texture Analysis 

 

 
Figure 21a. Texture graph for Pinto 
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Figure 18b. Texture graph for Hutterite Soup 
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Figure 18c. Texture graph for Jacob’s Cattle 
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Figure 18d. Texture graph for Koronis Purple 
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Figure 18e. Texture graph for Tiger’s Eye 
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Appendix C: Example equations for calculating DPPH, TPC, and TFC % change 

 

% 𝐶ℎ𝑎𝑛𝑔𝑒𝐷𝑃𝑃𝐻  =  100 × 
[𝐷𝑃𝑃𝐻𝑠𝑜𝑎𝑘𝑒𝑑 − 𝐷𝑃𝑃𝐻𝑟𝑎𝑤]

𝐷𝑃𝑃𝐻𝑟𝑎𝑤
 

 

 

% 𝐶ℎ𝑎𝑛𝑔𝑒𝑇𝑃𝐶  =  100 ×  
[𝑇𝑃𝐶𝑠𝑜𝑎𝑘𝑒𝑑 − 𝑇𝑃𝐶𝑟𝑎𝑤]

𝑇𝑃𝐶𝑟𝑎𝑤
 

 

 

% 𝐶ℎ𝑎𝑛𝑔𝑒𝑇𝐹𝐶  =  100 ×  
[𝑇𝐹𝐶𝑠𝑜𝑎𝑘𝑒𝑑 − 𝑇𝐹𝐶𝑟𝑎𝑤]

𝑇𝐹𝐶𝑟𝑎𝑤
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Appendix D: Examples of standard curves 

 

 

 
Figure 22 Example of an absorbance curve for gallic acid 

 

 

 
Figure 23. Example of an absorbance curve for catechin 
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Appendix E: DPPH Curves for soaked and cooked beans 

 

 
Figure 24a. DPPH scavenging activity over soaked beans over 2 hours 

 

 
Figure 21b. DPPH scavenging activity over cooked beans over 2 hours 


