
STUDY OF BREAKDOWN PRODUCT (ISOTHIOCY ANA TE) 

OF GLUCOSINOLATES IN BRASSICAVEGETABLES 

(BRASSICA CAMPESTRIS & BRASSICA JUNCEA V AR. RUGOSA) 

CHUNG KIEN TSHUN @ KENNY CHUNG 

DISSERTATION SUBMITIED IN PARTIAL FULFILMENT FOR THE 

REQUIREMENT FOR THE A WARD OF DEGREE OF BACHELOR OF SCIENCE 

(CHEMISTRy) 

INDUSTRIAL CHEMISTRY PROGRAMME 

SCHOOL OF SCIENCE AND TECHNOLOGY 

UNIVERSITY MALAYSIA SABAH 

MAY 2008 

UMS 
UNIVERSITI MALAYSIA SABAH 



PUMS 99:1 
UNIVERSlTI MALAYS[A SA BAH 

" BORANG PENGESAHAN STATUS TESIS@ 

JUDUL: ~~~j of ~n~\:.do~n ~n~lAot (I~Ot\.,io~Ah«h) of-- Q\1.l (.()~i\'\,\ hs 

. n l'" . f' hA' t. n J no" A. '(. '1Z .. 1\ H" l'tl ort.\~,iC-A Vt~ t~~\<-S l)~~~\ ,,~ vDUVlpH, .. S g<. I)v~'~iUl IA~ on \.I 

Ij az:ah: __ ~_"-,rj,-q_~_"' __ M_"_J_~ __ C_'" i_"'_S_(=--~-,t ?1-1I...,.)_i,,_"....:.) __________ _ 

SF-<;( PENGAJIAN: _____ _ 

Saya [.1'11)1-1(1 1'1 U1 -rSl-\VN f) ~NI\l,( , O\0t-l~ , 

I . (HURUF BESAR) 
mcnsal-u mcmbeoarKan tcsis (LPSlSarjuWDolctor falsafah)" inidisimplo di PerpustlL:un Uni ... c.."Siti 

I Ma.laysia Sabah dcng'lln syarat-syantt b:gunun scperti bcril-ut 

II. Tesis adalah ha~lik U;Uvccsi:i MalaysiA Sabah. ' 
2. ~erpustakaan Univcrsiti Mala.ysia Slbah dibcnm.:an membUAt nlinan untuk tujuan pengajian sabaja. 
3 , Pcrpustakaan dibcnarl:an membuat szliru.n tesis ini scbagai baban pcrtukann mtan institusi pc:ogajim 

tinggi. 

4 . uSiia tandakan ( I ) 

SULIT 

TERHAD 

TID AK TERHAD 

~. 
("I AN o J;fkNGi\NPENU US) 

AI~t Tclap : Lo-t 4 I ~!E~At rrt" , 
1~"'"'-1M$\lA;..j I ~W\! t""". 

I Ta~:,;h :_-ls+l-("".LI-() K ____ _ 
'J 

CAT;\. T AJ'f: • POlong yang tidal< bcr~cnun . 

(Mcngmdungi maklUI'nat ymg berdaIjah keselamaur. atau 

Iccpcati~gilI\ Malaysia scperti yang tennal."tUb di dalml 
AKTA:RAl;I.SlA RASMI 1972) 

(McngilI1dungi maklumat TERHAD yang tclah ditentuha 

olch organisasilbadan di maoa peayclidihn dijalankan) 

Di>ahkar. olch 

(TAN"DATANGAN PUSTAKAWA};l 

Nama Penyc\ia 

Tarikh: __________ _ 

•• lib Icsis ini SULIT atau TERHAO. sil .. lampiri.:.an sural d41ipada. pihak bcrlcua.c;a/organis3S1 
hcrkcnun dcngan mcnY2takin 5Chli $Cbab dan (cmpoh IClis ini pcrlu dilcclaskan scbagai SULIT 
dan TERHAD. 

@ Tesis dimaksudw scbaKai tcsis bagi Iju..1h Doktor Falu.."ah dan Sujana socan pcnyelidikan, a(3U 

discrtasi ba!;i penCljillJ1 =n kcrja KUrs\JS dan pcnyciidikUl. at au Lapo~ Projek Sujana Muda 
(LPSM), 

UMS 
UNIVERSITI MALAYSIA SABAH 



11 

DECLARATION 

I affmn that this dissertation is of my own effort except for the material refer to as cited 

in the reference section. 

May 2008 

CHUNG KlEN TSHUN @ KENNY 

HS 2005 - 3264 

UMS 
UNIVERSITI MALAYSIA SABAH 



iii 

EXAMINERS CERTIFICATION 

Name Chung Kien Tshun @ Kenny Chung 

Title Study of Breakdown Product (Isothiocyanates) of Glucosinolates in 

Brassica Vegetables (Brassica campestris & Brassicajuncea var. rugosa). 

(Dr. Noumie Surugau) 

(Dr. 

e----- . . 
(Prof. Madya Dr. Shariff A. K. Omang) 

May, 2008 

UMS 
UNIVERSITI MALAYSIA SABAH 



iv 

ACKNOWLEDGEMENT 

First of all, I would like to express deep sense of gratitude and acknowledgement 

for the help, advice and guidance of my project supervisor, Dr. Noumie Surugau. Dr. 

Noumie had guided me through the whole project and gave many useful ideas and 

examples. Those ideas and examples leads to the complete project. Besides that, Dr. 

Noumie also corrected the mistakes that I had made and spent her valuable time to make 

my project better. 

Secondly, I want to thank to the advice and guidance from Associate Professor Dr. 

Marcus Japony, Dr. How Siew Eng, Dr. Suhaimi Md. Yasir, Dr. Sazmal Effendi Arshad, 

Dr. Mohd Lutfor Rahman and Mr Jahimin Asik. They give a lot of comments during 

presentation which are very useful for my fmal year project. Besides that, I would like to 

say thank you to all the lab assistants in SST who always helping me to fmd apparatus 

and try to help me when I am facing problems in the apparatus. 

Thirdly, I would like to say thank you to the staffs in IPMB for lending me their 

GC-FID when our school's GC-MS broken down during that time. Especially for Mr. 

Ismail Bin Tajul, Mrs. Rossita Hj. Shapawi, Mr Julian Ransangan, Mr Asri Md. Suari and 

Mr Junaidi who always guide me on the instrument. 

Lastly, I would like to show my highest gratitude and thanks to my family who 

always guiding, supporting, encouraging and giving hope to me for the time in University 

of Malaysia Sabah. Thanks. 

UMS 
UNIVERSITI MALAYSIA SABAH 



v 

ABSTRACT 

A study was carried out on the effect of pH and temperature on the degradation of 

glucosinolates in Brassica vegetables namely Brassica juncea var. rugosa (Gai Choy) and 

Brassica campestris (pak Choy). The pH used in these experiments is pH 0, pH 2, pH 7 

and pH 10. Whereas, the three different temperatures used for these experiments 25°C, 

40°C and 60°C. The products are extracted with dichloromethane. Standard of ~

phenyl ethyl isothiocyanates is used for the identification of peaks in the samples. 

Analysis for the products was done by using GC-FID. The results show that degradation 

of the glucosinolates can be influenced by the pH and the temperature. Isothiocyanates 

can be detected in every pH and every temperature but at different quantities. The ideal 

pH and temperature for the degradation of glucosinolates to give isotlllocyanates in these 

experiments is at pH 7 and 25°C. 
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KAJIAN PENGURAlAN PRODUK-PRODUK GLUKOSINOLAT 

DALAM SA YUR-SAYURAN BRASSICA 

ABSTRAK 

vi 

Kajian yang dijalanlean adalah untuk mengetahui pengaruh pH dan suhu dalam 

penguraian glukosinolat bagi sayur-sayuran Brassica. Penguraian glukosinolat alean 

member isotiosianat, nitril dan tiosianat. Sayur Brassica juncea var. rugosa (Gai Choy) 

dan sayur Brassica campestris (Pak Choy) diambil untuk menjalankan eksperimen. 

Pelbagai pH digunakan untuk eksperimen ini seperti pH 0, pH 2, pH 7 dan pH 10. Tiga 

jenis suhu juga digunakan untuk eksperimen ini seperti 25°C, 40°C dan 60°C. Produk 

tersebut diekstrak dengan menggunakan dikloromethana. Larutan piawai ft-feniletil 

isotiosianat digunakan untuk menganalisis produk-produk terse but dengan menggunakan 

kromatografi gas - pengesan pengionan nyalaan (GC-FID). Keputusan dalam 

eksperimen in; menunjukkan penguraian glukosinolat dapat dipengaruh; oleh pH dan 

suhu. Isotiosianat dapat diperolehi dalam pelbagai pH dan suhu, hanya kuantiti adalah 

berbeza. pH dan suhu yang unggul bagi penguraian glukosinolat dalam eksperimen in; 

adaJah pH 7 dan 25°C. 
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CHAPTER! 

INTRODUCTION 

1.1 Background of Study 

Centuries ago, people use plants and herbals to cure illness. Some of them play a 

protective role for various diseases, such as cancer. Epidemiological studies have 

demonstrated that the regular consumption of fruits and vegetables may reduce the 

risk of developing chronic diseases, including cardio-vascular disease and cancer 

(pascale et af., 2007). A large number of potentially anticarcinogenic agents have 

been suggested in fruits and vegetables so far, e.g. fiber, vitamins C and E, 

carotenoids. flavonoids, phenols, phytoestrogens, diallylsulfides, and limonene. The 

mechanisms by which these agents may act include dilution and binding of 

carcinogens in the digestive tract (fiber), antioxidant effects, inhibition of nitrosamine 

formation, inhibition of activation of promutagens/procarcinogens, induction of 

detoxification enzymes, alteration of honnone metabolism, and others (Verhoeven et 

al., 1997). 
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1.2 Types of Brassica Vegetables 

Cruciferae of Brassica genus also have cancer preventive potential. Cruciferous 

vegetables are the major dietary source of naturally occurring thioglucosides or 

glucosinolates in diet which distinguishes them from other vegetables. Brassica 

vegetables, including all cabbage-like vegetables are a genus of the family Cruciferae 

and contribute most to our intake of glucosinolates (Verhoeven el aI., 1997). They are 

the Brassica crops - Brussels sprouts, cabbage, broccoli, spinach, cauliflower, 

watercress, oilseed rape and mustard. 

1.3 Glucosinolates in CruciJerae Species 

Glucosinolates comprise the major secondary metabolites in many Cruciferae species. 

Glucosinolates and their hydrolysis products can affect human health significantly. 

Some of the hydrolysis products have anti-nutritional and toxic properties (e.g., goitrin 

and cyanoepithioalkanes), whereas others have potential beneficial effects (e.g., 

sulforaphane and indole-3-carbinol) (Mellon et aI., 2002). 

Glucosinolates and myrosinase are segregated in intact plants. Glucosinolates-

myrosinase system forms a part of the plant's natural defense system or pre-formed 

chemical defenses against fungal disease and pest infection. Glucosinolates and 

myrosinase are stored separately, but when tissues are disrupted, the enzyme will 

hydrolyse the glucosinolates. Glucosinolates are usually present in the leaves of 

Brassica spp. at concentrations that can yield bioactive catabolites in amounts 

sufficient to prevent the development of the pathogens under bioassay conditions 
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(Doughty et al., 1996). The total content of the glucosinolates was highest in broccoli 

(-67 ~mol/g fresh weight) and lowest in green cabbage (-10 ~mol/g fresh weight) 

(Song et al. 2005). 

1.4 Hydrolysis of Glucosinolates 

Glucosinolates are characterized by their ability to be hydrolysed by the enzyme 

myrosinase to yield glucose and a labi1e aglucone which spontaneously rearranges 

with the loss of sulfate to give rise to an unstable thiohydroximate-O-sulphonate 

which can rearranged to an isothiocyanate as the major product. The nature of the 

product depends on the hydrolysis conditions and on the particular glucosinolates. 

Glucose has invariably been found as the sugar moiety attached through a ~-

thioglucosidic linkage. Myrosinase, a natural-occuring enzyme in vegetables will 

catalyze the breakdown or degradation of glucosinolates to give isothiocyanate, 

thiocyanate, nitrile and indole. 

1.5 Isothiocyanates in Glucosinolates 

The decrease risk of cancer linked to a diet rich in the Brassica vegetables is linked to 

isothiocyanates absorbed the ingestion of glucosinolates (Verhoeven e/ aI., 1997). It is 

generally thought that dietary glucosinolates are converted to isothiocyanates and 

other products by bacteria of the gastrointestinal tract and that isothiocyanates are 

absorbed to produce associated cancer-preventive activity. 
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lsothiocyanates have a pleasant appetite-stimulating flavor at low 

concentration whereas nitriles have a garlic-like flavor. The less pleasing flavor of 

cooked frozen Brussels sprouts compared with the flavor of the cooked fresh 

vegetables is related to the low concentration of isothiocyanate in the frozen material 

as a result of myrosinase inactivation during blanching, and to the high concentration 

of allylcyanide in the frozen vegetables due to autolysis or non-enzymic degradation 

of allylglucosinolate (Hasapis & MacLeod, 1982). 

1.6 Factors Affecting Degradation of Glucosinolates 

There are several factors for the processing of degradation of glucosinolates. 

Temperature, pH and enzymatic conditions are the main and important factors for the 

processing. With these factors, the products of the degradation glucosinolates will be 

increase especially isothiocyanates and indole which both products will decrease the 

risk of cancer. For example, only 17% of glucobrassicin was degraded after acidic 

hydolysis (Tiedink et al., 1988). Effect of various cooking procedures, such as heating 

and autolysis will lead the breakdown of glucosinolates increases (Slominski & 

Campbell, 1988). Indole glucosinolates showed fourfold increase after chopping by 

Verkerk et al. (1997). 

1.7 Metbodologies for the Analysis Glucosinolates Degradation Products 

Gas chromatography with flame ionization detector (GC-FID) is used in the assay of 

desulfated glucosinolates with a chemical derivatization step to enhance analyte 

volatility (Song et al., 2005). LC-MS was used to identify desulfated glucosinolates 
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using atmospheric pressure chemical ionization (APeI) (Kim et af.. 2001). This 

ionization method gives poor sensitivity for glucosinolate, isothiocyanate, and amine 

detection, most of the researcher chooses to use GeIMS than LC-MS (Song et at., 

2005). Glucosinolates degradation products will be extracted using standard method 

and then analyzed with GC-FID. 

1.8 Objectives of Study 

The objectives of the study are: 

• To analyze qualitatively the breakdown product (isothiocyanates) of the 

glucosinolates in Brassica vegetables. 

• To evaluate the effects of temperature and pH on the glucosinolates 

degradations. 

1.9 Scope of Study 

Two types of Brassica vegetables are chosen for the experiments namely Brassica 

campeslris (pak Choy) and Brassicajuncea var. rugosa (Gai Choy). The degradation 

of glucosinolates in Brassica vegetables will be analyzed using GC-FID instrument. 

Based on the previous works reported elsewhere, there are many types of 

glucosinolates in these Brassica vegetables. The main focus of this present study is to 

identify the glucosinolates presence in these vegetables based on the glucosinolates 

degradation products. The glucosinolates chain (R) chemical structures of the 
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degradation products have similar structure to the parent glucosinolate (as indicated in 

Table 2.1). 

In addition, due to difficulty in obtaining commercial standard compounds for 

all the known glucosinolates in Brassica, therefore quantitative analysis is not 

included in this study. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Glucosinolates 

2.1.1 Introduction 

Glucosinolates are naturally constituents of cruciferous vegetables (Bending & 

Lincoln, 2000). They are fonnerly tenned the mustard oil glucosides - are amino acid-

derived secondary plant products that contain a sulphate and a thioglucose moiety, and 

occur in the order of Capparales and a few other unrelated families of dicotyledons 

(Halkier & Du. 1997). Glucosinolates are thioglycosidic compounds found in various 

quantities and ratios in the seeds, roots, stems, and leaves (Leoni et al., 1997). They 

are also a unifonn class of naturally occurring anions which have been found 

exclusively in the plant kingdom, and occur in eleven families of dicotyledon. They 

have been detected in practically every species studied of the Cruciferae, 

Capparaceae, Tovariaceae, Resedaceae and Moringaceae. Other families in which 

they occur in one or more taxa include Limnanthaceae, Caricaceae, Tropaeolaceae, 

Gryostemonaceae, Salvadoraceae, and Euphorbiaceae (Bones & Rossiter, 1996). 
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2.1.2 Types of glucosinolates 

There are seven major glucosinolates in Brassica vegetables: the methylsulfinylalkyl 

glucosinolates (glucoiberin, glucoraphanin, and glycoalyssin), the olefinic 

glucosinolates (sinigrin, gluconapin, and progoitrin), and the aromatic glucosinolates 

(gluconasturtiin) (Song et 01. 2005). Glucoraphanin and glucoiberin were the major 

glucosinolates in broccoli, and sinigrin was the major glucosinolates in the other 

Brassica vegetables (Song et 01., 2005). 
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Figure 2.1 Molecular structures and classification of glucosinolates (Song & 

Thomalley, 2006). 
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