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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Master of Science 

 

EFFECTS OF GERMINATION ON NUTRITIONAL PROPERTIES AND 

ANTI-NUTRIENTS IN SELECTED LEGUMES 

By 

MEGAT RUSYDI BIN MEGAT RADZI 

April 2015 

Chair: Assoc. Prof. Azrina binti Azlan, PhD  

Faculty: Medicine and Health Sciences 

 

Legume is a plant in the family of Fabaceae (or Leguminosae) that is cultivated and 

consumed throughout the world. Legume’s role in human health appears to be limited 

because of several limiting factors such as low protein and starch digestibility, poor 

mineral bioavailability and high anti-nutritional factors. Germination is defined as a 

process that occurs during seed growth that starts with uptake of water until the 

emergence of radicle through the surrounding structure. It has been suggested that 

germination is a cheaper and more effective technology that can improve the quality of 

legumes by increasing their nutritional value. This study is conducted to compare 

changes in proximate content, anti-nutrients, anti-oxidants, dietary fibre, total sugar and 

fatty acid composition after germination process in kidney, mung, soy beans and peanuts. 

Germination was done by soaking the legume samples followed by leaving the samples 

on wet muslin cloth until the emergence of radicle. Germination caused a significant 

increase (p<0.05) of moisture content while ash, carbohydrate, protein and fat contents 

were significantly decreased. Total dietary fibre (both soluble and insoluble) was found 

to be significantly increased (p<0.05) in all germinated legume samples. Tannin content 

in germinated mung beans and peanut was decreased while phytic acid of germinated 

mung and soy beans was significantly decreased (p<0.05). Total cyanide content was 

significantly decreased (p<0.05) in all germinated legumes. All germinated legumes had 

significantly lower (p<0.05) total phenolic content while ferric reducting ability of 

plasma (FRAP) level was increased in all except germinated peanuts. Diphenyl-1-

picrylhydrazyl (DPPH) activity of germinated mung beans was improved while in other 

germinated legumes, it was reduced. For fatty acid composition, saturated fatty acids was 

decreased in germinated soy beans and peanuts while polyunsaturated fatty acids was 

increased in germinated peanuts. For total sugar content, germination increased the level 

in all legume samples. Overall, germination has been proven to improve nutritional 

properties of legumes but the changes are influenced by the type of legumes.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia Sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

KESAN PERCAMBAHAN KEPADA SIFAT PEMAKANAN DAN ANTI-

NUTRIEN DI DALAM KEKACANG  

Oleh 

MEGAT RUSYDI BIN MEGAT RADZI 

April 2015 

Pengerusi: Prof. Madya Azrina binti Azlan, PhD  

Fakulti: Perubatan dan Sains Kesihatan 

 

Kekacang adalah tumbuhan di dalam keluarga Fabaceae (atau Leguminosae) yang 

ditanam dan dimakan di serata dunia. Peranan kekacang di dalam kesihatan manusia 

adalah terbatas kerana beberapa faktor seperti penghadaman protein dan kanji yang 

rendah, kehadiran mineral yang rendah dan tinggi faktor anti-nutrien. Pencambahan 

ditakrifkan sebagai proses yang berlaku semasa pertumbuhan biji benih yang bermula 

dari pengambilan air sehingga kemunculan radikal merentasi struktur persekitaran. 

Proses ini adalah efektif dan lebih murah untuk menambah baik kualiti kekacang dari 

segi nilai pemakanan. Kajian ini dijalankan untuk membandingkan perubahan di dalam 

kandungan proksimat, anti-nutrien, anti-oksidan, serat, jumlah gula dan komposisi asid 

lemak selepas proses pencambahan di dalam kacang merah, hijau, soya dan tanah. Proses 

pencambahan sampel kekacang dimulakan dengan merendam sampel di dalam air 

sebelum dibiarkan di atas kain muslin lembap. Pencambahan menyebabkan kenaikan 

signifikan (p<0.05) kandungan air, manakala kandungan abu, karbohidrat, protein dan 

lemak menurun secara signifikan. Jumlah kandungan serat (larut dan tidak larut) didapati 

bertambah secara signifikan (p<0.05) di dalam semua sampel kekacang cambah. 

Kandungan tannin di dalam kacang hijau dan kacang tanah cambah berkurang manakala 

asid fitik di dalam kacang hijau dan soya berkurang secara signifikan (p<0.05). 

Kandungan sianida berkurang secara signifikan (p<0.05) di dalam semua kekacang 

cambah. Kandungan fenolik mengalami penurunan signifikan (p<0.05)  di dalam semua 

kekacang cambah manakala paras FRAP meningkat di dalam semua kekacang cambah 

kecuali kacang tanah. Aktiviti DPPH kacang hijau cambah meningkat manakala di dalam 

kekacang cambah lain, ia berkurang. Untuk kandungan asid lemak, asid lemak tepu 

berkurang di dalam kacang soya dan tanah cambah manakala asid lemak poli-tak-tepu 

meningkat di dalam kacang tanah. Untuk kandungan gula, pencambahan telah 

meningkatkan kandungan gula di dalam semua sampel kekacang. Secara keseluruhan, 

pencambahan telah meningkatkan kandungan zat pemakanan kekacang tetapi 

perubahannya dipengaruhi oleh jenis kekacang.  
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CHAPTER 1 

INTRODUCTION 

1.1 Study Background 

 

Legume is a plant in the family of Fabaceae (or Leguminosae), or a fruit of these specific 

plants. Legume family can be characterized by “edible seeds, borne in pods that often 

open along two seams, by pea-shaped flowers, and by compound stipulate leaves” 

(Mazur, Duke, Wähälä, Rasku & Adlercreutz, 1998). Legumes have been recognized as 

important sources of proteins, carbohydrates, dietary fibre, and in some cases of oil. 

Generally, they contain 18-25% proteins and contribute to important part of low-income 

people’s diet especially in developing countries. There are approximately 20 leguminous 

species being used for human consumption such as pea (Pisum sativum L.) in Asian 

countries, common bean (Phaseolus vulgaris L.) in Latin American and African 

countries, chickpea (Cicer arietinum L.) in India and lentil (Lens culinaris Med.) in 

countries of the Middle East (Morrow, 1991, de Almeida Costa, da Silva Queiroz-

Monici, Reis, & de Oliveira, 2006). 

 

Germination is defined as a process that occurs during seed growth that starts with uptake 

of water until the emergence of radicle through the surrounding structure (Nonogaki, 

Bassel, & Bewley, 2010). It generally preceded by soaking the legume seeds in water. 

During this period, reserve materials stored in cotyledon of the seeds, were degraded and 

used for respiration and synthesis of new cells prior to the developing of embryo thus 

causing significant changes in the biochemical characteristics. The source of energy 

during this process is mainly from fats and carbohydrates in the seeds (Vidal-Valverde 

et al., 2002). 

 

In recent times, the numbers of studies on the effect of germination on legume seeds are 

increasing due to the positive nutritional effects reported. Moisture, total ash, total 

protein and total dietary fibre contents have reportedly increased with increased 

germination time while antinutritional factors, such as phytic acid, tannin and 

hemaglutinin activity were decreased (El-Adawy et al., 2003; Sangronis, Rodriguez, 

Cava, & Torres, 2006; Ghavidel & Prakash, 2006; Khandelwal, Udipi & Ghugre, 2010). 

Levels of free amino acids and the functionality of the seeds due to the subsequent 

increase in the bioactive compounds were found to be increased after germination (Frías, 

Miranda, Doblado, & Vidal-Valverde, 2005; López-Amorós, Hernandez & Estrella, 

2006, Vernaza, Dia, Gonzalez de Mejia, & Chang, 2012). Vitamins and anti-oxidant 

capacity were found to be increased after germination due to the enhancement of vitamin 

C, E and tocopherols’ content (Vidal-Valverde et al., 2002; Frias et al., 2005; Fernandez-

Orozco et al., 2008). 

 

It has been suggested that germination is a cheaper and more effective technology that 

can improve the quality of legumes by increasing their nutritional value (Frias et al., 

2005). In addition, germinated soy beans are served as vegetables and used in salads, 

soups, and side dishes in Asia countries such as China, Korea and India (Vidal-Valverde 

et al., 2002; Sangronis et al., 2006; Choi & Bajpai, 2010). However, the effects of 

germination on the chemical composition and biochemical constituents of seeds vary 

differently among plant species, seed varieties or cultivars and the germination 
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conditions such as temperature, light, moisture and the time of germination (Sattar, 

Durrani, Mahmood, Ahmad, & Khan, 1989; Bau, Villaume, Nicolas, & Mejean, 1997; 

Kuo, Rozan, Lambein, Frias, & Vidal-Valverde,  2004; Paucar-Menacho, Berhow, 

Mandarino, de Mejia, & Chang, 2010, Vernaza et al., 2012). 

 

It was estimated that 345.7 million tonnes of legumes were produced in 2010, increased 

from 224.59 million tonnes in 2007 (FAO, 2007; FAO, 2010). Out of this value, soy 

beans were the largest type of legumes produced (264 million tonnes) followed by peanut 

(37.95 million tonnes). Across the globe, United States of America (USA) was the largest 

producer of soy beans with 90.6 million tonnes produced, followed by Brazil (68.75 

million tonnes) and Argentina (52.67 million tonnes). For peanut, the largest producer 

was China with 15.7 million tonnes, followed by India (5.64 million tonnes), and Nigeria 

(2.64 million tonnes). Other types of legumes were mass produced in India (4.87 million 

tonnes), Brazil (3.16 million tonnes) and Myanmar (3.03 million tonnes).  According to 

a report by Akibode and Maredia (2011), the average per capita consumption of all 

legumes in developing countries was around 8 kg/year, while in the developed countries 

and the rest of the world, the consumption was around 4 kg/year. Although the data for 

specific legumes are not available, it was reported that the worldwide consumption of 

common beans (Phaseolus spp.) was around 3.03 kg/year.    

 

Peanut (Arachis hypogea L.) is known by several names throughout the world, such as 

groundnut and earth nut, because the seeds develop under the ground. Peanuts shelf live 

are not long; hence, utilization of peanuts into different product has to be made (Pattee, 

2005). Most peanuts grown in U.S. are used for oil production, peanut butter, 

confections, and snack products (Yu, Ahmedna, Goktepe & Dai, 2006).  A. hypogea, of 

the pea family, that develops in an underground pod and a pod containing two seeds with 

thin brownish skin. It is also widely cultivated in warm climates, and has short lived 

yellow flowers. Average peanut contains 25.5% protein, 41.8% fat, 6.1% fibre and 

16.30% carbohydrates (Tee, Noor, Azudin, & Idris, 1997). 

 

Soy bean (Glycine Max) is a species of legume native to East Asia and one of the most 

important crops in China (Liu, Guo, Zhu & Liu, 2007) although in recent years, the 

amount of production of soy bean was led by U.S.A (FAO, 2010). The value of soy bean 

is based on their protein and fat content. Protein in soy bean is quite high, 33.8%, while 

other nutrients such as fat and carbohydrate are 18.9% and 25.5%, respectively (Tee et 

al., 1997). Soy bean oil, usually high in linoleic, oleic, and linolenic acid, is beneficial to 

human health and related to reduce risk of cardiovascular disease, prevention of certain 

cancer and improved glucose tolerance in diabetes patients (Redondo-Cuenca, 

Villanueva-Suarez, Rodriguez-Sevilla, & Mateos-Aparicio, 2006).  

 

Kidney beans (Phaseolus vulgaris) can be found mainly in arid and semi-arid areas of 

Pakistan (Yasmin, Zeb, Khalil, Paracha, & Khattak, 2008). It is also the most widely 

produced and consumed legume in Africa, India, Latin America and Mexico (FAO, 

2002). In India, kidney beans are commonly known as Rajmah which represent a rich 

and cheap source of protein and carbohydrates among the population (Wani, Sogi, Wani, 

Gill, & Shivhare, 2010). Dry kidney beans contains 27.1% protein, 1.89% fat and 57.7% 

carbohydrate (Kaur & Singh, 2007; Yasmin et al., 2008). Kidney beans can be consumed 

either raw or cooked alone or along with cereals and other food groups (Yasmin et al., 

2008). It is reported that kidney beans have numerous health benefits such as reduce 

heart and renal disease risks, lower glycaemic index for persons with diabetes, increase 

satiation, and cancer prevention (Shimelis & Rakshit, 2007). 
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Mung bean (Vigna Radiata), also known as green bean, is mainly cultivated in China, 

Thailand, India, and also in hot and dry regions of South Europe and Southern USA. In 

Egypt, it was introduced as summer legume crop by the Ministry of Agriculture (El-

Adawy, Rahma, El-Bedawey, & El-Beltagy, 2003).  It contains 16.10% protein, 0.8% 

fat, 64.2% carbohydrate and 3.7% fibre (Tee et al., 2004). 

 

In this study, kidney, mung, soy beans and peanuts were selected as study samples 

because these four legumes are the most consumed by Malaysians (APO, 2003). Peanuts 

are mainly used in local dishes, as well as being processed and produced as oil, peanut 

butter and margarine. Soy beans are often being used as beverages while the by-products 

such fermented soy bean cake, soy bean curd and sauce, are consumed as side dishes. 

Mung beans can either be cooked or sprouted while the dried beans are prepared as soup 

or snacks as well as kidney beans. 

 

 

1.2 Problem Statements 

 

Numerous studies have shown that intake of legumes have many health effects in 

controlling and preventing various metabolic diseases such as diabetes mellitus and 

coronary heart diseases (Anderson, Smith, & Washnock, 1999; Liu et al., 1999). A 

prospective cohort study among diabetic population from European countries found that 

intake of 20 g legumes per day was inversely related to the risk for cardiovascular 

mortality significantly (Nothlings et al., 2008). Phytochemicals found in soy beans can 

reduce lipid peroxidation and increase resistance of low-density lipoprotein (LDL) to 

oxidation (Anderson & Major, 2002; Winham, Hutchins, & Johnston, 2007). Intake of 

whole grain and legume powder combined can reduce fasting levels of glucose and 

insulin among coronary artery disease patients without diabetes mellitus (Jang, Lee, Kim, 

Park, & Lee, 2001).  

 

Although legumes have important part in the diet of many developing countries, their 

role appears to be limited due to several limiting factors such as poor mineral 

bioavailability (Rao & Prabhavathi, 1982; Kamchan, Puwastien, Sirichakwal, & 

Kongkachuichai, 2004) and high antinutritional factors (Das, Chaturvedi, & Nagar, 

1999; Ramulu & Udayasekhara, 1997; Savelkoul, Vanderpoel & Tamminga, 1999). Poor 

digestibility of proteins and inhibitory effects for absorption and utilization of calcium, 

iron, and zinc have been attributed to the presence of protease inhibitors (trypsin), α-

amylase inhibitors, lectins, polyphenolic compounds, tannins and phytic acid (Liener, 

2003; Yasmin et al., 2008). 

 

Many studies have been done to study the effect of germination on proximate content 

and antinutritients in legumes such as kidney beans (Yasmin et al., 2008), soy beans (Bau 

et al., 1997) and cowpea (El-Adawy et al., 2004; Ghavidel & Prakash, 2006). There are 

also studies on the effect of germination on carbohydrate composition of the dietary fiber 

of peas (Martin-Cabrejas et al., 2003), anti-oxidant content and anti-oxidant capacity of 

lupin seeds (Frias et al., 2005) and fatty acid composition (Bau et al., 1996; Dhaliwal & 

Aggarwal, 1999). However, there are no thorough studies on nutritional properties of 

germinated legumes that compare between different types of legumes.  
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1.3 Significance of Study 

 

The significance of this study is to share the knowledge of how germination process 

affects the nutritional composition of legumes and how human can benefit from it. This 

study also aimed to provide data on nutritional contents of germinated legumes as well 

as the non-germinated legumes. These data may be useful for further research in the 

future as well as developing new and improved food products for the market. 

 

Based on previous studies, nutrients such as amino acids, carbohydrates and dietary fibre 

were found to be increased in germinated legumes compared to non-germinated legumes. 

Study by Urbano et al. (2005) found that germination caused a notable decrease in α-

galactoside content and significant increase in sucrose, glucose and fructose. Similar 

result was found by Vidal-Valverde et al (2002) as they found that the amount of soluble 

sugar content increased after two days of germination.  Theoretically, this finding may 

result in sweeter legumes after germination compared to raw legumes, hence, improved 

the taste and acceptance of the legumes themselves. 

 

Ghavidel & Prakash (2006) found that in vitro starch digestibility was increased in 

legumes after germination compared to non-germinated legumes, as well as in vitro 

protein digestibility. This finding shows that germinated seeds are more easily digested 

by human, especially for elderly and babies. Besides that, germinated legumes were 

found to be low in anti-nutrients such as tannin and phytic acid. Study by Yasmin et al. 

(2008) found that total tannin, phenols, cyanide and phytic acid were decreased 

significantly after 96 hours of germination. This finding was further supported by 

Khandelwal et al. (2010) as they found that polyphenols and tannins were decreased after 

germination in Indian pulses such as Bengal gram and lentil. Anti-nutrients contribute to 

poor digestibility of protein and inhibitory effects for absorption and utilization of 

calcium, iron and zinc. Hence, reduction in anti-nutrients will allow protein to be 

digested more easily and absorption of nutrients could take place. 

 

Study by Torres, Frias, Granito, & Vidal-Valverde (2005) found that germinated pigeon 

peas seeds could be good ingredients in pasta products. In the study, germinated seeds 

were made into powder and used as ingredients to produce pasta products in different 

proportion. The end product had shorter cooking time, similar acceptance to control pasta 

in sensory evaluation and higher protein, fat, dietary fibre and mineral contents.  

 

 

1.4 Objective 

 

1.4.1 General Objective 

To compare changes in proximate content, anti-nutrients, anti-oxidants, dietary fibre, 

total sugar and fatty acid composition of germinated and non-germinated soy, mung, 

kidney bean and peanut.  
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1.4.2 Specific Objectives 

 

1.4.2.1 To compare the nutrients (carbohydrate, protein, fat, fibre, ash and moisture), 

anti-oxidant content (Total phenolic content, DPPH activity and FRAP activity), anti-

nutrient (total cyanide, tannin, and phytic acid content) total sugar available, dietary fibre 

fractions and fatty acid composition (FAC) of germinated and non-germinated soy, 

mung, kidney bean and peanut 

 

1.4.2.2 To correlate the nutritional contents of germinated and non-germinated soy, 

mung, kidney bean and peanut. 
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