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Glycemic Index (GI) is used to rank carbohydrate foods based on their ability to 
raise postprandial blood glucose level after eating. Research on GI testing for 
Malaysian foods are still at its infancy and its applicability in mixed meals are 
debatable. Therefore, this experimental study was conducted to determine and 
estimate the GI of commonly consumed foods in Malaysia including mixed 
meals. A total of 33 healthy subjects (15 men and 18 women, mean BMI 22 ± 
2.25 kgm-2, mean age 23 ± 2 years) were recruited via advertisement 
throughout Universiti Putra Malaysia. Subjects were divided into three groups 
namely Rice (Fragrant Rice, Red Rice, and Parboiled Rice), Noodles (Noodles) 
and Kuih (Keropok Lekor, Cucur Bilis, Cekodok, Wet Spring Roll and Fried 
Spring Roll) Groups. Besides, mixed meals (Fried Fragrant Rice, Fried Red 
Rice, Fried Parboiled Rice, Fried Noodles, and Noodles Soup and Spaghetti 
Soup) were assigned to the subjects from Rice and Noodles Group 
respectively. Subjects were randomly assigned to the food tested and the three 
times reference food (glucose solution). Capillary blood glucose was measured 
before eating and over two hours postprandial. The incremental areas under 
the blood glucose curve (iAUC) were calculated and GI value of tested foods 
were measured. All the procedures were adhered to the Australian Standard 
2007©. The estimation of GI in mixed meals were calculated using predicted or 
adjusted techniques. If the GI is a valid measure in estimating the GI in mixed 
meals, it should provide significant association between measured GI and 
predicted techniques or measured GI and adjusted techniques. The iAUC of 
the test foods ranging from 72.15±8.96 to 161.09±15.14 mmol.min/L with Wet 
Spring Roll yielding the highest, while Fried Parboiled Rice showed the lowest 
blood glucose response. There was no significant difference were found 
between the iAUC of each test food and the reference food 
(202±7.75mmol.min/L) (p<0.05) except for Noodles Group which showed 
significantly lower than the reference food. Adding fat and protein in mixed 
meals was further reduced the iAUC by 18 to 36%. There was a significant 
difference between GI of the tested foods and reference food. Wet Spring Roll 
has the highest GI value and this were significantly difference to Red Rice, 
Parboiled Rice, Noodles, Keropok Lekor, Cucur Bilis and Cekodok Pisang 
(p<0.05). The GI (glucose =100) of the food in descending order were as 
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followed; Wet Spring Roll (GI = 78), Fragrant Rice (GI=65), Fried Spring Roll 
(GI=63), Red Rice (GI=62), Cucur Bilis (GI=58), Parboiled Rice (GI=57), 
Keropok Lekor (GI=57), Cekodok Pisang (GI=56) and Noodles (GI=55). Only 
the adjusted GI was significantly associated with measured GI (r=0.43, p<0.01) 
but not the predicted GI (p> 0.05). In conclusion, the iAUC of Noodles Group 
were significantly lower as compared to reference food.  Rice, Noodles and 
Kuih Groups fall into medium GI categories, except for Wet Spring Roll which 
was categorized into high GI food. Addition of fat and protein into the meal 
cause a further reduction in iAUC. GI in mixed meals was a valid measure to 
estimate GI value in mixed meals as it provides significant association between 
the measured GI in mixed meals and adjusted GI in mixed meals but no 
significant association found between measured GI in mixed meals and 
predicted GI in mixed meals.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk Ijazah Master Sains 

 
PENENTUAN DAN JANGKAAN INDEKS GLISEMIK MAKANAN MALAYSIA  

 
Oleh 

 
NUR MAZIAH HANUM BINTI OSMAN 

NOVEMBER 2015  

Pengerusi: Prof Madya Dr. Barakatun Nisak Mohd Yusof, PhD

Fakulti: Perubatan Dan Sains Kesihatan  

Indeks Glisemik (GI) digunakan untuk mengkelaskan makanan berkarbohidrat 
atas keupayaannya meningkatkan aras glukosa darah selepas makan. 
Penyelidikan ke atas Indeks Glisemik (GI) untuk makanan di Malaysia masih di 
peringkat awal dan penggunaan dalam makanan campuran masih 
diperdebatkan. Oleh itu, eksperimen  ini telah dijalankan bagi menentukan dan 
menganggarkan GI makanan terpilih di Malaysia termasuk makanan 
campuran. Seramai 33 subjek yang sihat (15 lelaki dan 18 wanita, purata IJT 
22 ± 2.25 kgm-2, purata umur 23 ± 2 tahun) telah dipilih melalui iklan di 
Universiti Putra Malaysia. Subjek dibahagikan kepada tiga kumpulan iaitu 
Kumpulan Nasi (Beras Wangi, Beras Merah dan Beras Rebus), Kumpulan Mee 
(Mee) dan kumpulan Kuih (Keropok Lekor, Cucur Bilis, Cekodok Pisang, Popia 
Basah dan Popia Goreng). Selain itu, makanan campuran (Nasi Goreng Beras 
Wangi, Nasi Goreng Beras Merah, Nasi Rebus Goreng, Mee Goreng, Mee Sup 
dan Spagheti Sup) telah diberikan kepada subjek mengikut Kumpulan Nasi dan 
Mee. Subjek diberikan makanan secara rawak untuk makanan ujian dan tiga 
kali makanan rujukan (larutan glukosa). Glukosa diukur sebelum makan dan 
selama dua jam selepas makan. Kawasan luas dibawah graf (iAUC) dikira dan 
nilai GI makanan ujian diukur. Semua prosedur mematuhi Piawaian Australia 
2007©. GI anggaran dikira menggunakan teknik ramalan atau teknik 
pelarasan. Jika GI adalah ukuran yang sah untuk menganggarkan GI dalam 
makanan campuran, ia perlu mempunyai hubungan yang signifikan antara GI 
ukuran dengan teknik ramalan GI atau GI ukuran dengan teknik pelarasan GI. 
Julat iAUC makanan ujian adalah  dari 72.15 ± 8.96 hingga 161.09 ± 15.14 
mmol.min / L dengan Popia Basah mempunyai iAUC paling tinggi, manakala 
Nasi Rebus Goreng mempunyai iAUC yang paling rendah. Walau 
bagaimanapun, terdapat perbezaan yang tidak signifikan antara iAUC setiap 
makanan ujian dan makanan rujukan (202±7.75mmol.min/L) (p<0.05) kecuali 
Kumpulan Mee yang menunjukkan signifikan iAUC yang lebih rendah 
berbanding makanan rujukan. Menambahkan lemak dan protein dalam 
makanan campuran mengurangkan iAUC sebanyak 18 hingga 36%. Terdapat 
perbezaan yang signifikan antara GI makanan rujukan dan makanan ujian. 
Popia Basah mempunyai perbezaan yang signifikan dengan Beras Merah, 
Beras Rebus, Mee , Keropok Lekor, Cucur Bilis dan Cekodok Pisang (p<0.05).  
GI (glukosa = 100) mengikut urutan menurun adalah; Popia Basah (GI = 78), 
Beras Wangi (GI = 65), Popia Goreng (GI = 63), Beras Merah (GI = 62), Cucur 
Bilis (GI = 58), Beras Rebus (GI = 57), Keropok Lekor (GI = 57), Cekodok 
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Pisang (GI = 56) dan Mee (GI = 55). Hanya teknik pelarasan mempunyai 
perbezaan ketara dengan GI diukur (r = 0.43, p <0.01) tetapi tidak teknik 
ramalan (p> 0.05). Kesimpulannya, terdapat perbezaan yang signifikan 
diantara iAUC Kumpulan Mee dan makananan rujukan. Kumpulan Nasi, Mee 
dan Kuih berada dalam kategori GI sederhana kecuali Popia Basah 
dikategorikan di dalam kelas tinggi GI. Penambahan lemak dan protein dalam 
makanan menyebabkan penurunan iAUC. GI dalam makanan campuran 
adalah cara yang sahih untuk menganggarkan nilai GI dalam makanan 
campuran kerana ia mempunyai hubungan yang signifikan antara GI yang 
diukur dan GI diselaraskan dalam makanan campuran tetapi tiada hubungan 
yang signifikan didapati antara GI diukur dan GI ramalan dalam makanan 
campuran. 
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CHAPTER 1  
 

INTRODUCTION 

 
1.1  Background 

 
The concept of glycemic index (GI) has been introduced since the last 40 years 
as a method to classify carbohydrate foods based on their effect to 
postprandial blood glucose level after meal (Jenkin et al, 1981). This concept 
was drawn based on the potential factors such as nature of carbohydrates and 
dietary fiber that affect the postprandial blood glucose level after meal which 
finally influence the management of diabetes (Jenkins et al., 1981). The 
concept is considered as an extension of fiber hypothesis which suggested that 
fiber consumption reduces the rate of nutrient influx from the gut (Jenkins et al., 
2002). 
 
 
The GI concept is now widely recognized and applied in research, dietary 
guidelines as well as commercial application purposes. The use of GI concept 
has been integrated in several     country dietary guidelines including United 
Kingdom (Connor et al., 2003), Australia    Diabetes (Australia Guidelines 
Development Consortium, 2001), Canada (Canadian Diabetes Association, 
1999) and American (Bantle et al., 2008). The growing interest in GI from 
research, public health and industrial bodies might be due to the positive 
evidence related to GI on human health and performance in various ways 
(Brouns et al., 2005; Wolever, 2006). 
 
 
GI has been used for dietary management of Type 2 Diabetes Mellitus (Mohd 
Yusof, Abd. Talib, Norimah, Gilbertson, & Azmi, 2010), prevention of Type 2 
Diabetes Mellitus (Shyam et al., 2013), weight management (Gustafson & 
Nitka, 2008; Larsen et al., 2010), cognitive function (Micha, Rogers, & Nelson, 
2010; Renata Micha, Rogers, & Nelson, 2011), cardiovascular diseases (Lin, 
2011; McKeown et al., 2009; Msc et al., 2013), athletic performance (O'Reilly, 
Wong, & Chen, 2010; Stevenson et al., 2009) and cancer such as breast 
cancer (Bertuccio et al., 2009; Dong & Qin, 2011b).  
 
 
The first International Table of GI has almost 600 foods (Foster-Powell & Miller, 
1995). Later, the amount of food being tested were increasing from year to year 
(Foster-Powell, Holt, & Brand-Miller, 2002). Currently there were about 2480 of 
food being compiled (Atkinson, Foster-Powell, & Brand-Miller, 2008).  Most of 
the food being tested were staple food, fruits, vegetables, legumes and dairy 
product (Atkinson et al., 2008).  The data quality has been improved for the last 
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few years but precaution is needed to assign GI values to food because this 
requires knowledge of local foods (Shyam et al., 2012).  
 
 
GI is a properties of individual food. An early study in mixed meal discuss the 
ability to predict glycemic responses to mixed meals from the GI of the 
constituent foods (Hollenbeck, Coulston, & Reaven, 1986). GI in mixed meals 
usually predicted based on the sum of the GI contributions of each 
carbohydrate component of the meal (Wolever & Jenkins, 1986). Some studies 
revealed, that the predicted GI in mixed meals overestimate the GI value of the 
meals (Dodd, Williams, Brown, & Venn, 2011; Hatonen et al., 2011). Hence, a 
new technique has been established to adjust the GI in mixed meal so it is 
similar to the measured GI in mixed meal. Recently, only one study done by 
Sun et. al (2014), discuss the similarity found between measured GI and 
adjusted GI in mixed meal.  
 
 
 
1.2  Problem Statement 

 
The applied research on the GI is growing in recent years (Brouns et al., 2005). 
In Malaysia the applied research on GI (Loh, Daniel Robert, & Jan Mohamed, 
2013; Shanita, Hasnah, & Khoo, 2011; Shyam, Kock Wai, & Arshad, 2012) has 
growing but yet the established GI database for Malaysian foods is still 
absence. The research in GI testing on Malaysian foods is still at its infancy. 
There were about 783 foods in food composition table (Tee, 1997) but only 
0.06 % had a known GI value. While, from 2,480 data from International Table 
of Glycemic Index only 0.0004% of food is Malaysian foods which is biscuit 
(Atkinson, Foster-Powell, & Brand-Miller, 2008). This not absolutely be able to 
represent Malaysia foods as Malaysian culture comprises of multi-ethnical 
races. Even a food with known GI value is a similar food from Malaysia, but 
food that originated from Malaysia is not available. Health professional needs 
to carefully look into GI International Table to replace it with the similar food 
(Shyam et al., 2012). 
 
 
This study choose rice, noodles and kuih as test foods based on the survey 
conducted among GDM mother which are described in details in the methods 
section. While GI values of rice was previously determine, rice were chosen 
because over 97% of population in Malaysian consumed rice with average 
twice daily consumption (A Karim, 2008). Meanwhile, kuih were chosen due to 
limited GI testing done on kuih and it is one of the top ten of commonly 
consumed foods daily (A Karim, 2008). While noodles has been a popular 
choice among Chinese in Malaysia and as a good alternative for substituting 
rice among diabetics patients due to its GI value (Robert, 2012).  
 
 
Furthermore, GI in mixed meal has initiated a controversial as it showed that GI 
of the individual foods does not apply to mixed meals which contain a 
combination of carbohydrates along with the protein and fat (Coulston et al., 
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1984). Since then, studies has been done to understand the addition of fat and 
protein in meals as meal is usually consumes as a whole rather than single 
meal (Brand-Miller & Buyken, 2012). Some study supported that by adding a 
certain amount of fat and protein to the meal, the GI in mixed meal were 
lowered than the single meal (George, Garcia, & Edwards, 2014; Kendall, 
Josse, Esfahani, & Jenkins, 2011; Sun, Ranawana, Leow, & Henry, 2014). 
However, study in Malaysia showed that the GI in mixed meal were almost 
similar to the single meal (Daniel Robert & Ismail, 2012). A further study need 
to be done to confirm this.  
.  
 
1.3 Significance of the Study 

 
As the research on GI values of Malaysian food is still at its early stage, thus 
the findings from this study is believed to contribute to the GI values database 
of local foods. Along with the establishment of GI database Malaysia, health 
professionals can use it wisely in dietary guidelines and health 
recommendation. 
 
 
On the other hand, with the increasing interests of applied research in GI, the 
findings of this study and along with the development of local GI database, is 
believed to serve as a basis for GI intervention and health recommendations in 
the future. 
 
 
This study has also provided useful information on the methods/ techniques of 
the GI estimation when to be used in mixed meals.  Most of the foods tested in 
the International Table of GI are single carbohydrate containing food (Atkinson 
et al., 2008). Health professional need to look carefully to assign GI of food as 
this require the knowledge of the food to be assigned to food (Shyam et al., 
2012).  
 
 
1.4  Objectives 

 
 
1.4.1  General Objective 

 
To investigate and estimate the Glycemic Index values of selected commonly 
consumed foods in Malaysia 
 
 
1.4.2  Specific Objectives 

 
1. To determine the intra variability within the subject as quality control for the 

glycemic index testing procedure 
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2. To determine the glycemic response calculated as incremental area under 
the curve (iAUC) of healthy subjects after consuming the reference food 
and test food groups 

3. To determine GI value of selected commonly consumed foods in Malaysia 
4. To estimate the GI value in mixed meal using predicted and adjusted 

techniques 
 
 
1.5  Hypotheses 

 
� Ho 1:  There is no significant different between glycemic response 

calculated as incremental area under the curve raised by the reference 
food (glucose) and test food groups 

� Ho 1:  There is no significant different between glycemic index of the 
reference food (glucose) and test food groups 

� Ho 1:  The GI in mixed meal cannot be estimated if there was a significant 
association between prediction techniques and measured GI or adjusted 
techniques and measured GI.   
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