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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Rice is the staple food for over 90% of the world's population as well as in 

Malaysia. Rice has been reported to be the most important food crop and the primary 

source of food among Malaysians (Noraida et al., 2018). Since it is the major food crop, 

rice is presented in a different type of rice which included fragrant white rice, parboiled 

rice and red rice (Atkinson et al, 2008). Cooked rice is commonly consumed during lunch 

and dinner where the average intake of white rice is 2.5 plates per day (Norimah et al., 

2008). According to Nur Indrawaty et al. (2012), Malaysians usually consumed cooked 

rice with vegetables and fish or chicken. Because of the variety of multicultural races 

exist in Malaysia, rice is consumed in many different cooking methods and also combined 

with others ingredient. For example, Nasi Lemak is one of the famous local food rice­

based meals in Malaysia. Rice and rice-based foods are often classified as having a high 

glycemic index (GI) (Hsu, Lu, Chang, & Chiang, 2015). Different cooking methods can 

have a significant effect on in vitro and in vivo digestibility of rice starch which in the 

end affect the glycemic index values. Rice-based meals in Malaysia are often added with 
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There are several studies that had been done to determine the GI values of rice 

available in Malaysia in tenns of the rice alone without any added component to the rice, 

but only a few studies determined the GI values of rice that commonly consumed in terms 

of mixed meals by Malaysian. This is very inconvenient as most of the Malaysian 

population consumed rice mixed with other ingredients or dishes. The established GI 

database is not able to express the actual Malaysian local rice-based meals. Although the 

GI value can be estimated using formula, it may overestimate the GI values. In recent 

studies, only Nasi Lemak in rice-based meals categories was examined to determine the 

total sugar content. This data is not enough since Malaysia has variety of rice-based 

meals. 

GI values in mixed meals have been a controversial issue since several studies 

have shown that GI values of rice-based mixed foods expressed different GI values 

compared to the rice alone, especially if the food was added with fat and protein 

(Wolever, 2013). Some studies showed that adding fat and protein, it will decrease the GI 

values of mixed foods (Sun et al., 2014). While according to Hsu et al. (2015), the mixed 

meal has a higher GI value compared to a single food. Contradict with the study by Sun 

et al. (2014) which stated that by mixing of rice with other ingredients will lower the 

incremental peak of glucose when compared to the rice alone. Sugar is commonly added 

to the rice-based meals and sugar is the source of carbohydrate where higher content of 

sugar can increase the GI values but the presence of other nutrients may lower the GI 

(The Glycemic Index Foundation, 2012). Thus a further study need to be done to confirm 

this. 
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Not only that, but practicing a lower GI diet also helped to improve athletic perfonnance 

because lower GI foods gave a constant release of glucose which is crucial for endurance 

sports performance (Mondu.zi & Arcelli, 2009). 

In general, continuous consumption of high GI food increased high risk of obesity, 

cardiovascular diseases and type II diabetes (Jenkins, 2007). Since obesity has become 

Malaysia concern, by taking low GI food it can be used for weight management because 

of low GI diet play role in appetite regulation. Low GI food have a slower rate of digestion 

and absorption of carbohydrate which give a long time of satiety (Lavin et al., 1998). 

2.4 In vivo and in vitro measurements 

GI values can be obtained from two method which is in vivo and in vitro

measurement where both of the measurement have its own pros and cons. In vivo

measurement is the gold standard in determining the GI value where a human feeding 

method that involved the recruitment of volunteer under ethical committee approval 

was done. The glycemic response was obtained from the reading of the blood drawing 

from the volunteer (Woolnough et al.,2008). While in vitro measurement is a time­

and cost-efficient method to analyze the glycemic properties of foods by mimicking 

the physiological processes occurred in the mouth, stomach, and small intestine 

(James et al., 2010). In vitro method is an alternative method to predict the glycemic 

response of a food where it's measured the digestibility of carbohydrates after a 
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protocols that -mimic the human digestion phase from oral to intestinal phases 

(Fernandez-Garcia et al., 2009). 

In vivo method are complicated, expensive and time consuming while in vitro

method are simple, inexpensive, and also applicable to larger number of samples 

(Ferrer-Maira} et al., 2012). In vitro method also a useful, method to estimate the 

biological response of high carbohydrate meals (Hu et al., 2004). But in vitro method 

only provide the trends of food's glycemic response which cannot give the numerical 

GI values. Concentration of dialyzable glucose was used to predict the glycemic 

response (Argyri et al., 2016). 
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CHAPTER 3 

METHODOLOGY 

3.1 Sampling and sample preparation 

Rice-based meal samples (Appendix A) were selected based on purposive 

sampling method as data regarding specific food choices among Malaysian are quite 

limited (Asma A et al., 2010). Four rice-based meals which are fried rice, Nasi Kerabu, 

Nasi lemak and chicken porridge were selected. White rice, glucose, and white bread 

were used as the references. All the foods were purchased from a local cafeteria in the 

Faculty of Medicine and Health Sciences. Each of the samples (included the side dishes 

such as protein and vegetables) were ground together to homogenize followed by freeze­

drying before the experiment. Non-edible part of the cooked dishes ( chicken bone) was 

removed. The freeze-dried samples were blended into powder fonn and kept in an airtight 

container and stored in the refrigerator at 4 °c.
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boiling water bath for exact.12min then quickly cooled to room temperature. Thus, the 

determination was done by reading the absorbance of the reaction mixture at 630 nm 

against blank using the spectrophotometer. 

A simplified procedure of extraction and determination of total available carbohydrates 

were illustrated below. 

I 

1 g of dry sample was added into 100ml 
stoppered graduated cylinder. 

10ml of water was added and stirred to 
homogenize. 

13ml of 52% perchloric acid was added into the 
mixture. 

Stirred in a shaker at least 20mins. 

Diluted the mixture with water until 100ml. 

Mixed and filterred into a 250ml volumetric 
flask. 

Diluted to mark with water and mix. 

l 

Figure 3.2: Extraction method for determination of total available carbohydrate 

content. 
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Diluted I 0ml of sample extract to I 00ml with water. 

Pipetted 1ml of diluted sample extract/ water/ glucose standard 
working solution into test tube. 

5ml of anthrone reagent was added rapidly to each test tube and 
mixed the content thoroughly. 

Test tube was placed in a boiling water bath for exactly 12 mins, 
cool quickly to toom temperature. 

Absorbance of reaction mixture was read at 630 run against 
blank. 

Figure 3 .3: Detennination of total available carbohydrate content method. 

For calculation: 

Total available carbohydrate content(% glucose by weight)=�, where 
axw 

a: Absorbance of glucose standard working solution. 
b: Absorbance of sample extract. 
w: Weight of sample taken (g). 
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on the six-well plate was removed to add IO µL of amyloglucosidase and 0.5 mL of a 

pancreatin-bile salt mixture (0.2 g porcine pancreatin and 1.2 g bile extract, suspended 

in 100 mL 0.1 MNaHCO3) into the digested sample. Subsequently, the insert was placed 

back onto the well and the incubation was continued in a shaking incubator for 2 hours, 

simultaneously 0.2ml of aliquots was taken out every 30 min until the last 120 minutes 

from the dialysate which was label as t = 30 min, t = 60 min, t = 90 min, t = 120 min, 

where t = 0 min was set at the start of the second phase of the in vitro digestion. The 

aliquot was used for the determination of glucose. The aliquots was then mixed 

immediately with 0.8 mL ethanol in a microcentrifuge tube and 30 minutes later the tubes 

was centrifuged for 10 minutes at 5000 rpm at 20 °C which this process purposely to 

clarify the ethanol supernatant fraction before analysis of sugars. The concentration of 

glucose in the soluble and low molecular weight fraction of the digest which is the 

dialyzable glucose was tested as an index for the prediction of glycemic response. 

Dialyzable glucose concentration determination was using the dinitrosalicylic method 

against the blank at 540 nm in the spectrophotometer. 

Based on Argyri et al. (2016), the highest correlation was found at 120 min of 

dialyzable glucose ratio. Thus, only dialyzable glucose ratio at 120 min were calculated 

using the following calculation: 

A glucose standard curve that within the absorbance reading range was developed to 

obtain the y=mx +c equation. Then the x value was substituted with the absorbance 

reading to obtain the concentration of dialyzable glucose concentration. 
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3 .6 Detennination of sugar composition 

High Perfonnance Liquid Chromatography (HPLC) method was used to 

determine the sugar composition in each samples where the procedure was based on 

Waters (2012). First, dry sample weighted 1.0g was added into 50ml centrifuge tube . 

Next, acetonitrile mixture (25ml from acetonitrile and water mixture of 50 to 50 ratio) 

was added and homogenized for 15 minutes. Subsequently, the mixture was centrifuged 

at 3200 rpm for 30 minutes. After that, the supernatant was collected and filtered by 

0.45 µm membrane filter using syringe. Samples obtained was then kept in vial before 

injected into the HPLC to be analyzed. 

The working condition for the HPLC used was showed in Table 3. Sugar content 

was detennined by Refractive Index Detector against the standard solution at 1.0, 0.8, 

0.5, 0.2 and 0.1 mg/mL. From the equation of standard curve of all sugar (Appendix I to 

Appendix M), the sugar composition (fructose, glucose, maltose, lactose, sucrose) of the 

rice-based meals were detennined by substituting the value of peak area of 

chromatograph (Appendix D to Appendix H) of sugar in rice-based meals into the y­

value in the equation of the standard curve. Total sugar content was the sum of the five 

individual sugar. Analysis for each samples was carried out in duplicate. 

Total sugar content {°A) = Glucose (%) + Fructose (%) + Maltose (%) + Sucrose (%) + 

Lactose 
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Table 3.1: The working condition ofHPLC. 

Column 

Detector 

Flow rate 

Mobile phase 

Column temperature and RI detector 

temperature 

3. 7 Statistical Analysis

Working Condition 

X bridge BEH Amide, 4.6mm x 100mm, 

2.Sµm

Refractive Index (RI) detector 

1.0mVmin 

Acetonitrile: distilled water 

40°c 

The data obtain from this study was recorded in the IBM SPSS version 23 where 

the data was calculated and expressed into mean and standard deviation (SD) using one­

way ANOV A and Pearson correlation calculation for the correlation of glycemic 

response and sugar composition. The hypothesis of this study was decided whether to be 

accepted or rejected where the significance different was set at value less than 0.05 (p 

value <0.05). 
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Table 4.1: The percentage of total available CHO(%) in lg sample and weight of sample for 
0.25g CHO (g). 

Samples 
Total available CHO (%) in 1 Weight of sample for 0.25& 

g sample CHO (g) 

Glucose 100 0.250 

White bread 58.36 0.529 

White rice 49.04 0.S06

Fried rice 45.22 0.542 

NasiLemak S8.99 0.423 

Nasi Kerabu 41.S5 0.522 

Chicken porridge S6.84 0.439 

Total available carbohydrates (CHO) content was determined before the 

determination of glycemic response. As shown in Table 4.1, the total available CHO in 1 

g of food samples was measured and ranged 47.55% to 100%. Within the rice-based 

meals, Nasi Lemak had the highest total available CHO (58.99%) followed by chicken 

porridge (56.84%), Nasi Kerabu (47.55%) and fried rice (45.22%). Glucose, white rice, 

and white bread were used as the reference food. A total of 0.25g of available CHO was 

used for the glycemic response determination. 

4.1 In vitro dialyzable glucose concentration for prediction of glycemic response of 

selected rice-based meals 

The prediction of glycemic response was determined by using the in vitro method 

where 0.25 g of available carbohydrates in each food were used to collect the 

concentration of dialyzable glucose readings as the index for the prediction of glycemic 

response (Argyri et al., 2016). The dialyzable glucose at 0, 30, 60, 90 and 120 minutes 

28 

© C
OPYRIG

HT U
PM

 
UPM 



was calculated after the-initiation of the second phase of the in vitro digestion to identify 

the trend of the selected rice-based meal's glycemic response. While, dialyzable glucose 

concentration at 120 minutes was used as the predictor of glycemic response (Argyri et 

al., 2016). The result was used to screen and estimate the glycemic potential of the foods 

(Kumar et al., 2018). Glucose, white bread, and white rice were used to compare the 

glycemic response between the selected rice-based meals. 

Table 4.2: In Vitro dialyzable glucose concentration of selected rice-based meals. 

Sample In-vitro dialyzable glucose concentration (mg/ml glucose) 

0 minutes 30 minutes 60 minutes 90 minutes 120 minutes 

Glucose 1.36 ± 0.02 1.38 ± 0.08 1.36 ± 0.05 1.35 ± 0.06 1.36 ± 0.06 

·white 1.25 ± 0.01 1.27 ± 0.00 1.28 ± 0.00 1.30 ± 0.00 1.31 ± 0.01 

bread

White rice 0.13 ± 0.03 1.27 ± 0.02 1.29 ± 0.03 1.32 ± 0.00 1.32 ± 0.01 

Fried Rice 0.40 ± 0.02 1.29 ± 0.01 1.30 ± 0.01 1.31 ± 0.01 1.29 ± 0.00 

Nasi Lemak 1.13 ± 0.05 1.31 ±0.01 1.30 ± 0.02 1.31 ± 0.02 1.31 ± 0.01 

Nasi 1.23 ± 0.00 1.31 ± 0.03 1.28 ± 0.01 1.27 ± 0.04 1.23 ± 0.00 

Kerabu 

Chicken 1.09 ± 0.01 1.23 ± 0.00 1.25 ± 0.01 1.26 ± 0.02 1.26 ± 0.02 

Porridge 

Values are expressed as mean± SD, n=3. 

Based on Table 4.2, all samples started low at 0 minutes and peaked at 30 minutes 

and glucose have the highest peak compared to other samples. The glycemic response 

trend of glucose and white rice where almost similar to Argyri et al. (2016) study, thus 

the result of this study were reliable. Unlike other trends of rice-based meals that 

increased moderately, Nasi Kerabu showed a trend was decreasing back after the rise at 

29 

© C
OPYRIG

HT U
PM

 
UPM 



30 minutes. This may due to the higher fiber content in Nasi Kerabu compared to other 

rice-based meals based on the recipes. Dietary fiber content was identified as one of the 

food components that reduced the glycemic response (Nayak, Berrios & Tang, 2014). 

Thus, this may be the reason for Nasi Kerabu to fall back the trend after the peak at 30 

minutes. 

The highest concentration of dialyzable glucose peak at 30 minutes was glucose 

(1.38 ± 0.08) followed by Nasi Lemak (1.31 ±0.01), Nasi Kerabu (1.31 ± 0.03), fried rice 

(1.29 ± 0.01), white bread (1.27 ± 0.00), white rice (1.27 ± 0.02) and chicken porridge 

(1.24 ± 0.00). Until at 120 minutes, the ranking had changed where glucose remains the 

highest (1.36 ± 0.06) followed by white rice (1.32 ± 0.01), Nasi Lemak (1.31 ± 0.01), 

white bread (1.31 ± 0.01), fried rice (1.29 ± 0.00), chicken porridge (1.26 ± 0.02) and 

Nasi Kerabu (1.23 ± 0.00). 

From the ranking itself, it shows that mixed meals do give a lower dialyzable 

glucose concentration compared to white rice itself. This is consistent with Kaur, 

Ranawana, & Henry (2016) study where white rice was considered as high glycemic 

index (GI) food. This finding corresponds to several studies where the addition of fat and 

protein does reduce the glycemic responses (Sun et al., 2014). Also reported by Wolever 

(2011) where fat lowered the glycemic response with significant peak rise reduction. 
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Table 4.3: One-way ANOV A between in vitro dialyzable glucose concentration and the 
selected rice-based meals at 120 minutes. 

Time Sample (Mean:SD) 

120 minutes Glucose 1.356 ± 0.05'78 

White bread 1.308 ± 0.009c

White rice 1.323 ± 0.0136

Fried Rice 1.294 : 0.004 

Nasi Lemalc I .306 : o.oo§<I 

Chicken porridge 1.255 ± 0.016•6

Nasi Kerabu 1.233 ± o.002•bcd 

Mean values are expressed in mg/ml glucose. Value in (mean± SD) column with same 
superscript were significantly different. Results show significant difference whenp < 0.05 
(ANOVA). 

Based on Table 4.3, there was a statistically significant difference between the 

dialyzable glucose concentration of selected rice-based meals at 120 minutes (F=9.355, 

p<0.0 1 ). The dialyzable glucose concentration of chicken porridge and Nasi Kerabu were 

significantly lower than glucose and white rice (p<0.0 1 ). Nasi Kerabu was significantly 

lower than white bread (p<0.0 1 ). From the results, this showed that Nasi Kerabu has the 

lowest prediction of glycemic response among the selected rice-based meals. Chicken 

porridge has a higher prediction of glycemic response compared to Nasi Kerabu but not 

significantly (p<0.05) different. 
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At 120 minutes, glucose (1.356 ± 0.057) was ranked with the highest dialyzable 

glucose concentration followed by white rice (1.323 ± 0.013), white bread (1.308 ± 0.009), 

Nasi Lemak (1.306 ± 0.009), fried rice (1.294 ± 0.004), chicken porridge (1.255 ± 0.016) and 

Nasi Kerabu (1.233 ± 0.002). Nasi Kerabu was the lowest ranked in prediction of glycemic 

response which may be due to the presence of protein, fat, and fiber. Based on recipes, 

Nasi Kerabu has more fiber content compared to other rice-based meals. The fiber 

component was reported to give effect to the glycemic respond by lowering it down 

(Kumar et al., 2018). Not only that, the content of fat and protein may also help to reduce 

the glycemic response. Although Nasi Lemak and fried rice contain vegetables as one of 

the ingredients it is not as much as in the Nasi Kerabu. 

Based on the recipes (Appendix B), Nasi Lemak and fried rice may have a higher 

content of fat and protein compared to chicken porridge but chicken porridge have lower 

predicted glycemic response compared to both of the rice-based meals. Sun et al. (2014) 

stated that the addition of fat and protein may reduce the glycemic responses but chicken 

porridge showed the opposite result. This may due to the moderate amount of fat and 

protein content in these dishes. As reported by Robert & Ismail (2012), a moderate 

amount of fat and protein might give no effect to the glycemic responses. Thus, a future 

study needs to identify the amount of fat and protein in each rice-based meals. 

The reason for chicken porridge glycemic response was lower that Nasi Lemak 

and fried rice were not very clear since there were many factors contributing to the 

alteration of glycemic responses. This may due to the gelatinization of the starch in the 

rice granule which causes by the swelling of the starch granules by addition of water to 
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the rice which decreases the starch digestibility causing lower glycemic response (Parada 

et al., 2019). 

4.2 Sugar composition of selected rice-based meals 

Sugar composition of the selected rice-based meals was detennined based on 1 g 

of the dry weight of the samples using High Perfonnance Liquid Chromatography 

(HPLC) method with Refractive Index (RI) detector .. The sugars that been analyzed were 

fructose, glucose, sucrose, maltose, lactose. Maltose and lactose were undetectable in all 

the food samples. This is due to no milk and malt product that had been used as one of 

the ingredients of the food samples. Thus total sugar content was calculated from the sum 

of sugars analyzed except maltose and lactose. 
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Table 4.4: One-way ANOV A between sugar compositions in each selected rice-based 

mixed meals in Malaysia. 

Sugar 
Com position (%) 

Fructose 

Glucose 

Sucrose 

Total sugar 

Sample Mean SD 

White rice 0.32· 0.00 

Fried Rice 0.39· 0.02 

NasiLernalc 0.71b
0.05 

Nasi Kerabu 1.33 0.01 

Chicken porridge 0.68b 0.05 

White rice 0.28 0.01 

Fried Rice 0.39 0.02 

Nasi Lemalc 0.55 0.01 

Nasi Kerabu 1.36 0.02 

Chicken porridge 0.73 0.06 

White rice 0.08• 0.01 

Fried Rice 0.33· 0.01 

Nasi Lemalc 1.96 0.12 

Nasi Kerabu 4.80 0.20 

Chicken Eorridge 1.07 0.04 
White rice 0.68 0.01 

Fried Rice 1.11 0.00 

Nasi Lemalc 3.21 0.06 

Nasi Kerabu 7.49 0.17 

Chicken porridge 2.48 0.06 
Values arc expressed as mean± SD, n=2. Valued in the same column with same superscript 
letters were not significantly different (p > 0.05, ANOV A, Tukey-HSD) 
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Based on Table 4.4, the mean difference of fructose content was significantly 

different (F 3486.36, p=<0.01) among all the rice-based meals. Nasi Lemak and chicken 

porridge plus white rice and fried rice were not significantly different (p= <0.05). Within 

the rice-based meals, Nasi Kerabu has the highest fructose content (1.33%) followed by 

Nasi Lemak (0.71 %), Chicken porridge (0.68%), and fried rice (0.39%). 

The presence of a variety of vegetables in Nasi Kerabu was higher compared to 

other meals may be the reasons for Nasi Kerabu to have the highest fructose content as 

fructose is commonly found in fruits and vegetables (Barclay et al., 2012). Also reported 

by White (2013), vegetables contain comparable proportions of fructose and glucose. In 

Nasi Kerabu, torch flower, cabbage, bean sprouts, cucumber, long beans, and Iemongrass 

were used as the ingredients in the finished meals. This shown that Nasi Kerabu has a 

higher amount of vegetables compared to Nasi Lemak which only have cucumber while 

chicken porridge only has parsley and fried rice only has mixed vegetables ( carrots, peas, 

and corns). This is based on the recipes of the rice-based meals used in this study. 

Based on Table 4.4, the mean difference of glucose content was significantly 

different (F-3017.87, p<0.01) among all the rice-based meals. Within the rice-based 

meals, Nasi Kerabu has the highest glucose content (1.36%) followed by Chicken 

porridge (0. 73%), Nasi Lemak (0.55%), and fried rice (0.39%). Rice basically contain 

glucose and obtain from the starch gelatinization during cooking process. 

The mean difference of sucrose content was significantly different (F=705.36, 

p<0.0 I) among all the rice-based meals. Within the rice-based meals, Nasi Kerabu has 

the highest sucrose content (4.8%) followed by Nasi Lemak (1.96%), chicken porridge 

(1.07%) and fried rice (0.33%). Sucrose is obtained from the table sugar and sauce added 
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during the cooking process (Chong et al., 2019). Rice itself also contains sucrose (Hu et 

al., 2017). Based on the recipes, all the rice-based meals were added with table sugar and 

sauces. The table sugar and sauces were added into the side dishes of the rice-based meals 

such as the 'sambal' for the Nasi Lemak, Sucrose content in Nasi Kerabu was the highest 

also may be caused by the way of the food was cooked since all the food samples were 

purchased from local restaurant, thus no accurate data on how to rice-based meals were 

prepared. 

Within the rice-based meals, Nasi Kerabu has the highest total sugar content 

(7.49%) followed byNasi Lemak (3.21%), chicken porridge (2.48%), fried rice (1.11%). 

All the rice-based meals total sugar content was significantly different (F 3239.76, 

p<0.05). The main contributor for the total sugar was sucrose content where among the 

three types of sugar, sucrose has a higher percentage in most of the selected rice-based 

meals compared to other sugars. This is because sucrose is commonly available in the 

form of granulated sugar, loaf sugar, castor sugar and powdered sugar (MOH, 2012). This 

table sugar was also known as one of the ingredients used in most local food (Amarra et 

al., 2016). Based on the recipe, all selected rice-based meals were added with table sugar. 

When compared with Chong et al. (2019) study, the total sugar content of Nasi 

Lemak was 1.5%, while in this study total sugar was higher at 3.21%. This showed that 

the cooking process does affect the sugar content. Its also may due to the sugar added to 

the Nasi Lemak since everyone have their own sweetness preferences. 
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4.3 Correlation between predicted of glycemic response and sugar composition in 

selected rice-based meals 

A Pearson product-moment correlation was run to determine the correlation 

between dialyzable glucose concentration and sugar composition in selected rice-based 

meals. The correlation between sugars and dialyzable glucose concentration at 120 

minutes was determined. 

Table 4.5: Pearson Correlation between the sugar compositions with in vitro dialyzable 
glucose concentration at 120 minutes 

Sugar composition 

Fructose 

Glucose 

Sucrose 

Total sugar 

In-vitro dialyzable glucose concentration at 
120 minutes 

r p-value

-0.789•• 0.007

-0.866•• 0.001

-0.707• 0.022

-0.750• 0.012

• •. Correlation is significant at the 0.01 level (2-tailed)

•. Correlation is significant at the 0.05 level (2-tailed) 

Based on the Table 4.5, there was a strong, inverse correlation between dialyzable 

glucose concentration at 120 minutes and sugar composition. The strongest correlation 

was between dialyzable glucose concentration at 120 minutes and glucose (r=-0.888, p= 

0.001). While fructose (r = -0.789, p = 0.007), sucrose (r = -0.707, p = 0.022), and total 

sugar (r= -0.750, p = 0.012) also show statistically significant strong, negative correlation 

with dialyzable glucose concentration at 120 minutes. Although there was a strong, 

negative correlation between the sugars and predicted glycemic response at 120 minutes, 
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only Nasi Lemalc was significant (p <0.05) between the samples. Based on Table 4.6, 

Nasi Lemak was positively, strong correlated with glucose (r =0.998, p = 0.041) and 

fructose (r = 0.997, p = 0.046). While negatively, strong correlated with sucrose (r = -

0.998, p = 0.041) and total sugar (r = -0.998, p = 0.037). 

The results reflected that the higher the total sugar content (fructose, glucose, 

sucrose), the lower the prediction of glycemic response. According to The Glycemic 

Index Foundation (2017), glucose (01=100) and sucrose (0l=65) were giving high GI 

values while fructose were categorised as low GI sugar (01=19). Thus, a high amount of 

sucrose and glucose supposed to increase the glycemic response. In this study, sucrose 

was the main contributor to the sugar content where it is may be obtained from the table 

sugar added or the hydrolyzed starch of the rice itself. Although sucrose is the main sugar 

found in the rice-based meals, yet it is in a small percentage which is below 5%. Thus, 

the GI values of the sugar itself may not contributing to the glycemic response. This is 

due to the rice-based meals is a mixture of protein, fat, fiber, carbohydrates, sugar and 

others nutrients. This is why sugar is concluded not as the main factor affecting the 

glycemic response. Other components in the rice-based meals may contributed to the 

results such as cooking process, fiber content and the addition of fat and protein. These 

factors are also postulated to contribute to the negative correlation observed. 
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Table 4.6: Pearson Correlation between the sugar compositions with in vitro dialyzable glucose concentration in each 
selected rice-based meals. 

Sugar Composition (%) 

Sample Fructose Glucose Sucrose Total sugar 

r p-value r p-value r p-value r p-value

White rice -0.715 0.493 0.715 0.493 0.715 0.493 0.715 0.493 

Nasi Lemak 0.997* 0.046 0.998* 0.041 -0.998* 0.041 -0.998• 0.037 

Fried rice -0.394 0.742 -0.392 0.743 0.371 0.758 -0.929 0.242 

Chicken 
0.578 0.608 0.578 0.608 -0.569 0.614 0.583 0.604 

porridge 

Nasi Kerabu 0.038 0.976 0.023 0.985 0.002 0.999 0.07 0.99S 

• .Correlation is significant at the 0.05 level (2-tailed)
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CHAPTER 5 

CONCLUSION, LIMITATION AND FUTURE RECOMMENDATION 

5 .1 Conclusion 

Rice is known as the staple food for Malaysian. Cooked rice is commonly eaten 

in mixed meals with combination of vegetables and either chicken or fish. Glycemic index 

(GI) values were known to help people with diabetes, obesity problem, cancers and 

athletes to plan for their diet for better health status. Yet, the availability of known GI 

values for rice-based meals food are still limited. While estimating the GI value from 

published GI value of similar rice-based meals are debatable. 

This is due to several factors that could affect the GI values and one of it is sugar 

content. Sugar included glucose, fructose and sucrose which have its own GI values. Rice 

itself also contain glucose and sucrose which give the taste to rice. Rice-based meals are 

commonly added with table sugar and sauces which also contributed to the increase of 

sugar content. Y ct, database for sugar content of rice-based meals also limited. Thus, this 

study determined the glycemic response based on concentration of dialyzable glucose and 

sugar composition of selected rice-based in Malaysia. 
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The predicted glycemic response showed that Nasi Kerabu have the lowest GI 

values and was significantly different among the studied rice-based meals. However, 

Nasi Kerabu elicited the highest sugar content compared to others selected rice-based 

meals. Although The Glycemic Index Foundation (2017) stated that the higher sugar 

content supposed to give higher glycemic response, it cannot be generalized for the 

studied rice-based meals because the meals is a mixture of several components such as 

protein, fat, fiber and others which affect the glycemic response. Thus, a further study 

need to be done for further explanation of the result. Although Nasi Kerabu have the 

lowest glycemic response among other selected rice-based meals, it is important to take 

into account the amount of fat and protein in the meals as the low GI food may contain 

high energy or high amount of fat that also could reduce the glycemic response (Mann et 

al., 2007). 

5 .2 Strengths and Limitations 

This study is one of the few study that determined the sugar composition and 

estimated the glycemic response of selected rice-based meals in Malaysia. Similar study 

need to be done using in vivo methods to identify the actual values of GI and more 

selection of food need to be included since Malaysia have varieties of rice-based meals. 

Furthermore, this study provided an overview of the trend of glycemic response 

of the selected rice-based meals to be used in future clinical study to estimate the actual 

GI values. Next, this study also help the health professional for dietary management by 
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exposing that although rice have been categories as high GI food but it is better to 

consume with fibers, protein and fat because it can lower down the glycemic response. 

This study does not measured the content of fiber, fat and protein in each rice-based 

meals. Thus, a direct conclusion of the main cause of the reduction in the glycemic 

responses be made. Also, the selected rice-based meals used in this study were purchased 

from local cafeteria. Thus, the results was reflecting what is available for purchase rather 

than the controlled amount of nutrient content. 

5.3 Recommendations 

Future research is needed to determine the actual GI values by using in vivo method 

and sugar composition for future use since this study only give overview about the 

glycemic response of selected rice-based meals and sugar composition database are still 

lacking in Malaysia. The nutrient content such as fat, protein and vegetables should also 

be measured and control to identify the potential factors on the glycemic response and 

better understanding which factors could affect the GI value of the rice-based meals. 

Similar study need to be done as there are more variety of rice-based meals in Malaysia 

and can be add to Malaysian Food database. 
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APPENDICES 
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APPENDIXB 

General recipes of each selected rice-hued meals 

Nasi Lemak 

Coconut milk steamed rice, hardboiled egg, dried anchovies sambal, small cucumber 

slice, salt and sugar 

Nasi Kerabu 

White rice, flower cloth, fried chicken, coconut fish flakes, spiced sauce, salt, sugar, 

gula melaka, and salted egg. 

The Kerabu (Herb Salad) is a mix of finely shredded local herbs and raw vegetables 

like the following. 

Long beans, bean sprouts, cabbage, cucumber, Vietnamese mint, kaffir lime leaves, 

lemongrass and torch ginger. 

Fried rice 

White rice, egg, chicken cube, mixed vegetables ( carrots, peas, and com), oil, garlic, 

peppers, salt, sugar and sambal shrimp paste. 

Chicken porridge 

Porridge, shredded chicken breast, fried onions, salt, sugar and parsley. 
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APPENDIXC 

The glucose standard curve of dialyzable glucose concentration 
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APPENDIXD 

Chromatograph of Nasi Kerabu. 
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APPENDIXE 

Chromatograph of Nasi Lemak. 
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APPENDIXF 

Chromatograph of Fried rice. 
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APPENDIXG 

Chromatograph of Chicken porridge. 
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APPENDIXH 

Chromatograph of white rice. 
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APPENDIX I 

Fructose standard curve by HPLC-RI. 
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APPENDIX I 

Glucose standard curve by HPLC-RI. 

Glucose standard curve by HPLC-RI 
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Concentration (mg/ml) 

RT Area %Area 

7.298 122891 20.03 

7.302 250163 19.99 

7.318 650809 20.12 

7.331 1091580 21.49 

7.337 1305269 20.92 
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APPENDIXK 

Sucrose standard curve by HPLC-RI. 

Sucrose standard curve by HPLC-RI y = 1E+06x - 2641.2 
R2 = 0.9991 1400000 
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ca 800000 

600000 

400000 
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0.00 0.20 

Sample Peak 
RT 

Name Name 

Std 1 Sucrose 9.562 

Std 2 Sucrose 9.568 

Std 3 Sucrose 9.591 

Std 4 Sucrose 9.606 

Std 5 Sucrose 9.618 

Std= Standard 

.. .. 
•••.. .. .. .. .. .. .. .. .. .. 

-···.. .. •• .. •• .. 

0.40 0.60 0.80 

Concentration (mg/ml) 

Area %Area 
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1300273 20.84 
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APPENDIXL 

Maltose standard curve by HPLC-RI. 

Maltose standard curve by HPLC-RI 
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Concentration (mg/ml) 

Sample Peak 
RT Area %Area Height Concentration 

Name Name 

Std 1 Maltose 11.067 124592 20.31 6694 0.100 

Std 2 Maltose 11.082 254168 20.31 13433 0.200 

Std 3 Maltose 11.132 652767 20.18 33506 0.500 

Std 4 Maltose 11.172 996524 19.62 50011 0.800 

Std 5 Maltose 11.195 1173110 18.80 58359 1.000 

Std = Standard 
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