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The prevalence of hypertension has escalated to the point where at least a quarter of 

the world’s adult population is afflicted and is projected to increase further. 

Developing and developed countries are both affected to some extent. Hypertension, 

by itself or in combination with several other risk factors, presents a formidable 

challenge to the wellbeing of modern society. However, as a lifestyle-related disease, 

it can be controlled via modifications to the diet. The research community has 

undertaken an intensive search for novel compounds able to inhibit the angiotensin I-

converting enzyme (ACE), which has been identified as a major target to control 

hypertension. Synthetic compounds, while effective, has given rise to undesirable side-

effects. Therefore, safer alternatives to these compounds have been sought out. ACE 

inhibitory peptides from food protein sources have been identified as a possible 

solution. Green soybean (Glycine max) has long become a popular food among East 

Asian countries, but is otherwise not utilized for other purposes. Green soybean has a 

high protein content (43.35%) which could be exploited to produce bioactive peptides, 

more specifically, ACE inhibitory peptides. Therefore, the work in this thesis was 

undertaken to investigate the potential of green soybean to generate ACE inhibitory 

peptides through enzymatic hydrolysis under controlled conditions. The amino acid 

content of green soybean was evaluated. Defatted green soybean was hydrolysed by 

four food-grade proteases namely, Alcalase, Papain, Flavourzyme, and Bromelain, and 

their hydrolysates’ ACE inhibitory activities were compared. The hydrolysate 

obtained using Alcalase had the strongest inhibitory activity (IC50: 0.14 mg/mL at 6 h 

hydrolysis time) followed by Papain (IC50: 0.20 mg/mL at 5 h hydrolysis time), 

Bromelain (IC50: 0.36 mg/mL at 6 h hydrolysis time), and Flavourzyme (IC50: 1.14 

mg/mL at 6 h hydrolysis time) hydrolysates. Alcalase-digested hydrolysates were 

fractionated based on their hydrophobicity using RP-HPLC, and isoelectric points 
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using isoelectric point focusing technique. The most effective fractions with regards 

to ACE inhibition were subjected to tandem mass spectrometry for peptide 

identification. A total of 10 peptides were identified, with five of the peptides being 

chosen for further characterization based on their ACE inhibitory activities; 

EAQRLLF, PSLRSYLAE, PDRSIHGRQLAE, FITAFR, and RGQVLS, with IC50 

values of 878 µM, 532 µM, 1552 µM, 1342 µM, and 993 µM, respectively. The 

inhibition kinetics of these peptides was studied and a combination of competitive and 

uncompetitive inhibition modes was found. The results revealed that hydrolysates and 

peptides with ACE inhibitory activity can be derived from green soybean and might 

be utilised for development of functional foods with strong antihypertensive activity. 
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Kelaziman penyakit hipertensi telah meningkat kepada tahap dimana sekurang-

kurangnya satu perempat daripada manusia dewasa seluruh dunia mengalaminya dan 

jumlah ini dijangka terus meningkat. Kedua-dua jenis negara iaitu yang sedang 

membangun dan negara maju sama-sama mengalami kesannya. Hipertensi, dengan 

sendirinya atau digandingkan bersama beberapa faktor risiko lain, adalah satu cabaran 

yang hebat kepada kesejahteraan masyarakat moden. Walaubagaimanapun, sebagai 

sebuah penyakit yang berlandaskan gaya hidup, ianya boleh dikawal melalui 

modifikasi terhadap diet. Komuniti penyelidikan telahpun menjalankan usaha 

pencarian sebatian novel yang mampu merencat enzim pengubah angiotensin I (ACE), 

yang telahpun dikenalpasti sebagai sasaran utama untuk mengawal hipertensi. 

Sebatian sintetik, walaupun terbukti berkesan, mempamerkan kesan sampingan yang 

tidak diingini. Oleh itu, usaha mencari alternatif yang lebih selamat telah dijalankan. 

Peptida perencat ACE daripada sumber protein makanan telahpun dikenalpasti sebagai 

sebuah penyelesaian. Kacang soya hijau (Glycine max) telah sekian lama merupakan 

makanan yang tidak asing dikalangan penduduk negara Asia Timur, namun tidak 

digunapakai untuk tujuan yang lain. Kacang soya hijau memiliki kandungan protein 

yang tinggi (43.35%), yang boleh dieksploitasi untuk menghasilkan peptida bioaktif. 

Oleh itu, tesis ini dijalankan untuk menyiasat potensi kacang soya hijau untuk 

menghasilkan peptida perencat ACE melalui kaedah hidrolisis enzim di bawah 

keadaan terkawal. Kandungan asid amino kacang soya hijau telah ditentukan. Kacang 

soya hijau yang dinyahlemak telah melalui proses hidrolisis oleh empat enzim protease 

gred makanan iaitu, Alcalase, Papain, Flavourzyme, dan Bromelain, dan kadar aktiviti 

perencat ACE dalam hidrolisat masing-masing dibandingkan. Hidrolisat yang terhasil 

menggunakan Alcalase memiliki aktiviti perencatan terbaik (IC50: 0.14 mg/mL pada 6 

jam masa hidrolisis) diikuti oleh hidrolisat Papain (IC50: 0.20 mg/mL pada 5 jam masa 
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hidrolisis), Bromelain (IC50: 0.36 mg/mL pada 5 jam masa hidrolisis) dan 

Flavourzyme (IC50: 1.14 mg/mL pada 6 jam masa hidrolisis). Hidrolisat yang 

dihasilkan daripada Alcalase telah dibahagikan berdasarkan tahap hidrofobik 

menggunakan RP-HPLC, beserta dengan titik isoelektrik menggunakan kaedah 

pemfokusan titik isoelektrik. Fraksi yang paling berkesan terhadap perencatan ACE 

telah dipilih untuk pengenalpastian jujukan peptida melalui UPLC-MS/MS. Sebanyak 

10 peptida telah dikenalpasti, lima daripadanya dipilih untuk pencirian lanjut 

berdasarkan aktiviti perencat ACE masing-masing; EAQRLLF, PSLRSYLAE, 

PDRSIHGRQLAE, FITAFR and RGQVLS, dengan nilai IC50 masing-masing 

sebanyak 878 µM, 532 µM, 1552 µM, 1342 µM, dan 993 µM. Kajian ke atas kinetik 

perencatan peptida tersebut dijalankan dan gabungan antara mod perencatan 

kompetitif dan tidak kompetitif dikenalpasti. Hasil kajian menunjukkan hidrolisat serta 

peptida yang mampu merencat ACE dapat diperoleh dari kacang soya hijau dan 

seterusnya mungkin dapat digunakan untuk pembangunan makanan fungsian yang 

memiliki keupayaan antihipertensi yang kuat. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Hypertension is a major health problem affecting people from all walks of life and all 

over the world. It is considered a leading risk factor for mortality (Ezzati, Lopez, 

Rodgers, Vander, & Murray, 2002) and is projected to affect 1.56 billion individuals 

by the year 2025 (Kearney et al., 2005). Left untreated, hypertension may lead to other 

non-commmunicable diseases (NCD) such as stroke, coronary heart disease, kidney 

dysfunction, disability and death (Lee & Cooper, 2009). Currently, treatment for 

severe hypertension involves synthetic drugs such as captopril, enalapril, and 

lisinopril. The aforementioned drugs target a key enzyme in the renin-angiotensin 

system, the angiotensin I-converting enzyme (ACE), which regulates blood pressure 

by converting angiotensin I into the potent vasoconstricting angiotensin II, while also 

inactivating a vasodilator, bradykinin (Erdos, 1975). Therefore, inhibition of ACE 

results in a decrease of blood pressure. The use of the aforementioned drugs are 

effective and are supported by clinical trials, but unfortunately cause side-effects such 

as dry cough, skin rashes, taste disturbances, and angioedema (Roberts, 2014; 

Messerli, 1999). 

ACE inhibitory peptides from food protein sources are considered to be effective and 

safer without side effects associated with synthetic drugs. A well known example of 

this is the commercialization of dried bonito hydrolysate, containing ACE inhibitory 

peptides, which was officially approved as Foods for Specified Health Use (FOSHU) 

by the Ministry of Health and Welfare in Japan (Ohama, Ikeda, & Moriyama, 2006; 

Fujita, Yamagami, & Ohshima, 2001). Up until recently, various ACE inhibitory 

peptides have been identified from different food proteins such as casein (Rahimi et 

al., 2016; Tauzin, Miclo, & Gaillard 2002; Pihlanto-Leppälä, Rokka, & Korhonen, 

1998;), whey protein (Lacroix, Meng, Cheung, & Li-Chan, 2016; Pihlanto-Leppälä et 

al., 1998), fish proteins (Girgih et al., 2016; Ko et al., 2016; Hwang, 2010; Astawan et 

al., 1995), algae (Sheih, Fang, & Wu, 2009; Sato et al., 2002; Suetsuna & Chen, 2001), 

porcine muscles (Katayama et al., 2003; Arihara, Nakashima, Mukai, Ishikawa, & 

Itoh, 2001), corn gluten (Suh, Whang, Kim, Bae, & Noh, 2003) and soybean (Capriotti 

et al., 2015; Wu & Ding, 2001; Shin, Ahn, Nam, Lee, & Moon, 1995). Food protein 

derived ACE inhibitory peptides are promising alternatives to synthetic drugs, as part 

of a functional food ingredient designed to control hypertension (Li, Le, Shi, & 

Shrestha, 2004). However, the peptides need to be released from their precursor 

proteins before being able to express their bioactivity. An appropriate choice of peptide 

release methodology is needed to fully realise the potential of food proteins to act as a 

source of ACE inhibitory peptides. Enzymatic hydrolysis are often employed for 

production of bioactive peptides, due to the degree of control that can be exerted upon 

the process (Piovesana et al., 2018). 
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Green soybean or vegetable soybean is a specialty soybean harvested when the seeds 

are immature (R6 stage), and have expanded to fill 80 to 90 percent of the pod width 

(Konovsky, Lumpkin, & McClary, 1994). True green soybean varieties are virtually 

indistinguishable from immature soybeans, other than a few unique characteristics 

(Mimura, Coyne, Bambuck, & Lumpkin, 2007). Worldwide, it is an underutilized crop 

but is popular in East Asia especially in Japan and China. As with regular soybeans, 

green soybean varieties are rich in protein and highly nutritious (Redondo-Cuenca, 

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

content of green soybean could yield various peptide sequences able to inhibit ACE, 

thus controlling high blood pressure.  

1.2 Problem Statement 

Hypertension is a major risk factor for several chronic diseases, and because it is often 

symptomless, hypertension is considered to be a serious condition requiring medical 

attention. Hypertension is commonly treated with synthetic drugs, which comes with 

the risk of adverse side effects, while protein hydrolysates containing peptides with 

ACE inhibitory activity are considered a safe alternative for human consumption as 

part of a functional food ingredient. However, the peptides need to be released from 

its inactive state in their precursor proteins. This often requires the use of certain 

proteolytic enzymes operating at specific conditions as different enzymes under 

different conditions produces different peptides with varying degrees of potency 

against ACE. As noted previously, various types of food protein have been 

investigated as raw material for production of ACE inhibitory peptides. The 

continuous search for new sources of ACE inhibitory peptides are based on the need 

to add value to underutilized resources or food industry byproducts that are rich in 

protein content (Udenigwe & Aluko, 2012). Green soybean has not been previously 

assessed for its potential to generate ACE inhibitory peptides. This research attempts 

to investigate the potential of green soybean as a source of ACE inhibitory peptides 

due to its status as an underutilized crop. 
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1.3 Objectives 

To the best of my knowledge, green soybean protein has not yet been appraised for its 

potential ACE inhibitory activity. Thus, in order to evaluate the potential of green 

soybean as a source of ACE inhibitory peptides, the objectives of this study are (1) to 

produce protein hydrolysates with ACE inhibitory activity; (2) to fractionate and 

profile the ACE inhibitory activity of the hydrolysate; and (3) to characterize the mode 

of action of the ACE inhibitory peptides derived from green soybean protein 

hydrolysate. 
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