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Abstract 
The glycemic index (GI) rates carbohydrate-containing foods by how 
much they boost blood sugar. High GI foods increase the risk of  
non-communicable diseases, especially diabetes. The aim of the 
study was to develop the low and medium GI in ready to eat meal with 
consumer acceptance. The crossover design was use in this study and 
fourteen healthy participants consumed 25 g available carbohydrate.  
Blood samples were taken within 0-120 min after starting to eat the 
test meal. Glucose and insulin were measured by automated chemistry 
analyzer. Area under the curve of glucose was use for glycemic index 
calculation. For the five test meals, GI mean values and standard error 
of mean were as follows. Chicken basil fried rice (46.9±13.8), fried whole 
wheat pasta with chicken (53.1±8.7), and steamed minced chicken rice 
with seasoned shiitake mushrooms (37.6±6.3) in the low GI group, with 
pork fried rice (57.2±8.7) and minced chicken rice with sauce (57.6±6.8) 
meals in the medium GI group. Test meals contained high amount of 
dietary fiber which could affect to GI value and blood insulin. Soluble 
fiber as beta-glucans source in the developed to eat meal such as 
shitake mushroom and other vegetables might help to delay gastric 
emptying. Therefore glucose in the diet was absorbed more gradually, 
with decreased blood glucose levels and increased insulin response. 
Knowledge of GI values in these developed ready to eat meals can be 
used to guide food choices for individuals suffering from diabetes and 
obesity.
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Introduction
Changes in economic and socialaspects, as well 
as advances in technology, medicine and public 
health, have led to lower birth and mortality 
rates with longer average life span. As a result,  
Thailand has quickly become an aging society. 
The process of aging involves bodily changes 
as cell functions deteriorate. Aging populations  
are at greater risk of developing health problems, 
especially diabetes mellitus (DM). Globally,  
the prevalence of diabetes has increased by 125.4% 
from 211.2 million people in 1990 to 476.0 million  
in 2017.1 The management goal of type 2 diabetes  
is to optimize glycemic control of the patients to 
prevent medical complications from hyperglycemia.2 
Food is an important health factor, andeating healthy 
and nutritious meals improves the quality of life. 
Using medication alone may not be sufficient to 
restore normal bodily functions, with the possible 
induction of other diseases from drug side effects. 
The glycemic index (GI) value is a suitable tool for 
blood glucose management of diabetes patients. 
Consumption of low-medium GI foods improved 
blood glucose levels in people with diabetes.3-6  
The GI value is defined as the incremental area 
under the blood glucose response curve of a 25 to 
100 g carbohydrate portion of a test food expressed 
as a percent of the response to the same amount 
of carbohydrate from a standard food taken by the 
same subject.7-9  A high GI diet causes faster sugar 
digestion and absorption in the gastrointestinal tract. 
This mechanism increases the beta cell workload 
with over secretion of the insulin hormone, whereas 
a lower GI diet improves insulin sensitivity.10-11  

Low-medium GI foods promote weight loss, improve 
blood glucose and blood pressure, and control 
triglyceride levels.12-13 The aim of this study was  
to develop ready to eat meals and determine their 
GI values as therapeutic diets/disease-specific diets 
for people with diabetes and/or obesity. The five 
ready to eat meals included chicken basil fried rice, 
pork fried rice, fried whole wheat pasta with chicken, 
steamed minced chicken rice with seasoned shiitake 
mushrooms and minced chicken rice with sauce. 

Materials and Methods
Raw Materials
Ingredients used for producing the control and 
developed ready to eat meals consisted of chicken 
breast, egg and pork tenderloin (Betagro Public 

Co., Ltd., Thailand), white rice and brown rice  
(Sandee Rice Co., Ltd., Thailand), pasta and 
whole wheat pasta (La Molisana) and white 
and brown sugar (Mitr Phol Group, Thailand),  
oyster sauce (Tramaekrua Co., Ltd., Thailand),  
soy sauce (Yanwalyun Co., Ltd., Thailand), sesame 
oil (Union Food Industry Co., Ltd., Thailand), 
canola oil (Lam Soon Public Co., Ltd., Thailand), 
tomato sauce (Hi-Q Food Products Co., Ltd., 
Thailand), salt (Prung Thip Co., Ltd., Thailand), 
white pepper powder and red bean (Raitip Co., Ltd., 
Thailand) and frozen pea, carrot and sweet corn  
(Makro Public Co., Ltd., Thailand). Straw mushrooms, 
oyster mushrooms, spring onion, celery, chili, 
carrot, sweet pea, baby corn, garlic, red basil 
and onion were purchased from Salaya Market,  
Nakhon Pathom, Thailand.

Development of Healthy Ready to Eat Meals
The five ready to eat meals (Table 2) were developed 
based on the control meal formula using INMUCAL-
Nutrients V.4.0. This is a computer program 
consisting of a food composition database and 
used to calculate and formulate diets. The aim was  
to produce healthy ready to eat meals that contained 
350-400 kcal of energy, not less than 1.5 g of fiber 
per 100 kcal and not more than 100 mg of cholesterol 
per serving. The healthy ready to eat meals were 
also designed to contain carbohydrate 45-50%, 
protein 15-25% and fat 30-35% of total energy 
intake according to healthy diets recommended by 
the WHO.14 Both the control and developed ready to 
eat meals were determined for proximate analysis, 
GI value and sensory evaluation.

Sensory Acceptability Test
Sensory evaluation was conducted using 40 
untrained panelists comprising faculty members, 
staff and graduate students of the Institute  
of Nutrition, Mahidol University (INMU), Thailand. 
Criteria for recruitment included ≥ 20 years  
of age, regular ready to eat meal consumers and no 
history of allergy to ingredients used such as wheat 
flour, red bean, corn and pea. The panelists were 
educated on testing terminologies and requested to 
evaluate the various ready to eat meals as both the 
control and developed formulae, for appearance, 
color, odor, taste, texture and overall liking using  
a 9-point hedonic scale.15 Sensory evaluation 
tests were performed in individual testing booths 
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under daylight-fluorescent lights of the sensory 
science laboratory at INMU. The samples were 
packed in plastic boxes and coded using random 
three-digit numbers. Samples were served (30 g) 
at 60-65°C in a random sequence. Panelists were 
instructed to rinse their palates with distilled water 
between samples. The experiment was designed as  
a completely randomized block (CRB). Samples with 
overall liking scores equal to or more than 7 were 
selected as developed formulae.

Proximate Analysis
Moisture content, ash, protein, fat, carbohydrate, 
total dietary fiber, and cholesterol were determined 
using the standard method of AOAC 2016.16  
Energy/caloric value of each developed ready to 
eat meal was calculated by multiplying the protein 
content by 4, fat content by 9, and carbohydrate 
content by 4.

Determination of GI
Fourteen healthy subjects (7 males and 7 females) 
aged between 18 and 35 were recruited for this study. 
Inclusion criteria included body mass index (BMI)  
< 25 kg/m2, blood glucose < 5.6 mmol/L and HbA1c 
<5.7%.  All participants gave their informed consent 
before participation. All protocols were approved by 
the Human Ethics Committee, Mahidol University 
Central Institutional Review Board (MU-IRB; COA. 
NO. 2019/202.191). Baseline characteristics of the 
fourteen subjects are shown in Table 4. The day 
before the study began, all subjects consumed  
a standard meal of similar serving size with water 
for dinner. They were prohibited from undertaking 
vigorous exercise, drinking caffeine, alcohol and 
smoking. All the subjects were asked to undergo an 
overnight fast for 8-12 hours.

Test Meals
The five test meals were served as 25 g portions 
containing available carbohydrate, and compared 
with the reference food (25 g of glucose powder 
dissolved in 250 mL water). The test meals were 
consumed in random order during the reference food 
sessions, with at least 5 days of wash-out period.8-9,17

Blood Chemistry Determinations
Fasting blood glucose was taken after 8-12 h  
of overnight fasting and measured at 0 min before 
consumption of the reference food or test meal as  

a baseline. Subjects consumed the reference food or 
test meal within 15 min. Then, 5 mL of venous blood 
was taken from the scalp vein, and again at 15, 30, 
45, 60, 90 and 120 min. All blood chemistry analyses 
were conducted using an automated analyzer  
at Bangkok Medical Lab Co., Ltd., Thailand. The  
GI value was described as the incremental area 
under the blood glucose response curve (IAUC) of  
a 25 g available carbohydrate portion of the test 
meal expressed as a percent of the response to the 
same amount of carbohydrate from the reference 
food taken by the same subject. The incremental 
area under the plasma glucose curve (IAUC) for 
each food was calculated for GI value. The GI value 
for each test meal was calculated as the ratio of the 
2-h IAUC of the test meal divided by the IAUC of the 
reference food at 2-h and multiplied by 100.

Statistical Analysis
Statistical analysis was performed using SPSS  
18 (Chicago, USA). Data were presented as means, 
standard deviations and standard errors of the 
mean. After testing data normality, ANOVA with 
the Bonferroni post hoc test were used to assess 
differences in blood glucose and insulin among 
the test meals. Statistical significance was set at  
p value <0.05.

Results 
Developed Ready To Eat Meals
Sensory Acceptability Test
Sensory attribute scores of the control and 
developed ready to eat meals are shown in  
Table 1. Results indicated that all sensory attribute 
scores as appearance, color, odor, taste, texture 
and overall liking of the developed ready to 
eat meals were lower than the control formula.  
Some ingredients and seasoning quantities were 
changed to obtain nutrient compositions following 
the WHO recommendations for a healthy diet.14 

However, no significant differences were recorded 
between the control and developed ready to eat 
meals for all sensory attributes. Sensory attribute 
scores of the developed ready to eat meals were 
all higher than 7 (like moderately). Therefore, these 
five developed ready to eat meals were accepted by 
consumers used an average value of 6 (like slightly) 
in a 9-point hedonic scale as the acceptability limit 
for consumers liking the product.18-20
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Table 2: Composition of five developed ready to eat meals

Food 	 Major ingredients/ processing

Chicken basil fried rice	 Brown rice, chicken, basil, garlic/fried
Pork fried rice 	 Brown rice, pork, egg, pea, carrot, corn /fried
Fried whole wheat pasta with chicken	 Whole wheat pasta, chicken, pea carrot, corn, onion /fried
Steamed minced chicken rice with	 Brown rice, chicken, pea, carrot, long bean, shitake
seasoned shiitake mushrooms	 mushroom/steam chicken and vegetables
Minced chicken rice with sauce.	 Brown rice, chicken, straw mushroom/grilled chicken and
 	 stir fried vegetables

Table 1: Sensory evaluation of the control and developed ready to eat meals.1

Sensory	                 Chicken basil 	            Pork fried ricens	             Fried whole	 wheat       Steamed minced	        Minced chicken 
attributes	                 fried ricens   	                        	            pasta with chickenns	    chicken rice	 with               rice
	 		                                                     			                               seasoned shiitake	          with saucens
						                                                                       mushroomsns	

							     

	 C	 D	 C	 D	 C	 D	 C	 D	 C	 D

Appearance	 7.38±1.04	 7.07±1.17	 7.28±0.77	 7.07±1.17	 7.56±0.91	 7.33±0.71	 7.00±1.24	 7.03±1.10	 7.28±1.25	 7.27±0.94
Color	 7.38±0.83	 7.37±1.14	 7.31±0.90	 7.37±1.14	 7.78±1.01	 7.57±0.73	 7.00±1.41	 7.07±1.05	 7.38±1.07	 7.27±1.05
Odor	 7.53±0.76	 7.25±1.14	 7.59±0.76	 7.25±1.14	 7.28±0.92	 7.23±0.90	 7.13±1.26	 7.33±1.12	 7.16±1.32	 7.20±1.03
Taste	 7.56±1.11	 7.00±1.33	 7.50±1.02	 7.00±1.33	 7.09±1.28	 7.10±0.80	 7.25±1.05	 7.20±1.27	 7.22±1.13	 7.20±1.03
Texture	 7.53±0.92	 7.11±1.30	 7.44±0.95	 7.11±1.30	 7.41±1.10	 7.40±0.81	 7.19±1.09	 7.20±1.19	 7.47±0.84	 7.33±0.84
Overall	 7.56±1.01	 7.19±1.21	 7.50±0.88	 7.19±1.21	 7.50±0.84	 7.47±0.63	 7.31±0.97	 7.30±1.24	 7.34±1.10	 7.40±0.89
liking
C=control formula; D= Developed formula; 1=Nine-point hedonic scale (1=dislike extremely and 9=like extremely); 
ns= no significant difference at p<0.05 by Duncan multiple range test.

Composition of Developed Ready to Eat Meals
Major ingredients and processing of the five 
developed ready to eat meals are shown in  
Table 2 as rice, meat (chicken and pork), vegetables 

with different seasoning and processing methods, 
with proximate analyses shown in Table 3.  
Energy distribution in the meals ranged for 
carbohydrate: protein: fat ratio at about 55: 20: 25. 

Table 3: The proximate analysis of the developed ready to eat foods

Nutrition value (per 100 g)	 M-1	 M-2	 M-3	 M-4	 M-5

Energy (kcal)	 179	 151	 129	 130	 125
Fat (g)	 5.21	 4.46	 3.59	 3.84	 3.43
Saturated fat (g)	 1.42	 0.81	 0.45	 0.63	 0.99
Cholesterol 	 10.41	 27.58	 7.33	 10.78	 7.76
Protein (g)	 8.76	 7.8	 6.33	 6.46	 6.35
Carbohydrate (g)	 24.29	 19.97	 17.9	 17.49	 17.18
Fiber (g)	 5	 4.39	 4.77	 1.91	 2.97
Sugar (g)	 2.71	 2.4	 3.52	 2.38	 3.62
Sodium (mg)	 259	 217	 147.15	 170.64	 212.67
Vitamin A (µg)	 8	 9	 1.79	 1.8	 ND
Vitamin B1 (mg)	 0.08	 0.2	 0.07	 0.04	 0.04
Vitamin B2 (mg)	 0.04	 0.04	 0.03	 0.05	 0.04
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Calcium (mg)	 32	 25	 27.39	 15.73	 20.14
Ferric (mg)	 1.96	 0.93	 0.97	 0.53	 0.66
Ash  (g)	 1.41	 1.08	 1.21	 0.9	 1.08
Moisture  (g)	 60.34	 66.7	 70.97	 71.31	 71.96

M-1; chicken basil fried rice, M-2; pork fried rice, M-3; fried whole wheat pasta 
with chicken, M-4; steamed minced chicken rice with seasoned shiitake 
mushrooms, M-5; minced chicken rice with sauce.

Glycemic Index Values of Developed Ready to 
Eat Meals
Anthropometric and biochemical characteristics 
of the subjects are shown in Table 4, with mean 
glucose and insulin responses displayed in Fig.1. 
Highest peak of glucose response at minute 30 
for the reference food (glucose solution) was 
significantly higher than all test meals (p value<0.05). 
No significant difference was observed for insulin 

response; however, the trend of the peak for test 
meals was similar to glucose. Two hours after 
meal consumption, the incremental area under the 
curve (IAUC) of blood glucose and insulin were 
determined, as shown in Fig. 2. The IAUC values  
of all developed ready to eat meals were significantly 
lower than the reference food (p value<0.05) but no 
differences were observed among developed ready 
to eat meals.

Table 4: Anthropometric and biochemical characteristics of fourteen subjects

Parameters	 Mean ±S.D

Age (years)	 26±3
Systolic blood pressure (mmHg)	 115±8
Diastolic blood pressure (mmHg)	 76±7
Body mass index (BMI; kg/m2)	 22.37±2.86
Waist circumference (cm)	 77.70±10.65
Blood chemistry	
HB1AC (%)	 5.2±0.3
Blood glucose  (mmol/L)	 4.71±0.30
Triglycerides  (mg/dL)	 73.71±30.20
Total Cholesterol (mg/dL)	 199.07±23.11
Cholesterol-high density lipoprotein (HDL)  (mg/dL)	 70.00±19.06
Cholesterol-low density lipoprotein (LDL)  (mg/dL)	 113.86±18.30
Kidney function 	
Blood urea nitrogen (BUN) (mg/dL)	 11.38±1.80
Creatinine (mg/dL)	 0.89±0.21
Liver functions 	
Aspartate aminotransferase (AST) (Unit/L)	 21.31±6.56
Alanine transaminase (ALT) (Unit/L)	 14.77±3.81
Alkaline Phosphatase (ALP) (Unit/L)	 57.85±23.78

The percentage of blood glucose IAUC was 
compared between test meals and the reference 
food, with glycemic index values shown in Table 5. 
No significant difference in GI values was recorded 
among the developed ready to eat meals; however, 
the meals were classified into different GI groups.  
Chicken basil fried rice (M-1), fried whole wheat 

pasta with chicken (M-3), and steamed minced 
chicken rice with seasoned shiitake mushrooms  
(M-4) were in the low GI group, whereas pork fried 
rice (M-2) and minced chicken rice with sauce  
(M-5) were in the medium GI group. The test meal 
M-4 showed the lowest GI, blood glucose and insulin 
response (Table 2 and Fig.2).
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Fig.1: Mean and standard error of mean for glycemic (1A) and insulin (1B) response after meal consumption.* 
Statistical significant (p value <0.05) was observed between reference and each menu with Bonferroni post 

hoc test. Reference; glucose solution, M-1; chicken basil fried rice, M-2; pork fried rice, M-3; fried whole 
wheat pasta with chicken, M-4; steamed minced chicken rice with seasoned shiitake mushrooms, M-5; 

minced chicken rice with sauce.

Fig. 2: The incremental area under the curve of blood glucose and insulin after meal consumption.* Statistical 
significant (p value <0.05), ANOVA with Bonferroni post hoc test. Reference; glucose solution, 

M-1; chicken basil fried rice, M-2; pork fried rice, M-3; fried whole wheat pasta with chicken, 
M-4; steamed minced chicken rice with seasoned shiitake mushrooms, 

M-5; minced chicken rice with sauce.

Table 5: Glycemic index (GI) values of five developed ready to eat meals

Food	 Available	 Experimental	            GI		  GI	 Serving
	 carbohydrate	 portion			   classification	 size
	 g/100 g	 (g)	 Mean	 SEM		  (g)

Chicken basil fried rice	 19.29	 129.6	 46.9	 13.8	 Low	 225
Pork fried rice	 15.58	 160.5	 57.2	 8.7	 Medium	 250
Fried whole wheat pasta	 13.13	 190.4	 53.1	 8.7	 Low	 250
with chicken
Steamed minced chicken	 15.58	 160.4	 37.6	 6.3	 Low	 285
rice with seasoned shiitake
mushrooms
Minced chicken rice with	 14.21	 175.9	 57.6	 6.8	 Medium	 280
sauce.
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Discussion 
Five healthy ready to eat meals were developed 
and their glycemic index values were investigated. 
Consumer acceptance and glycemic index testing 
were conducted by fourteen healthy subjects.  
The GI values of the five meals were split into 
low and medium GI groups. GI values of food are 
important indices that can be used to ameliorate 
the risk of diabetes, cardiovascular disease (CVD) 
and obesity.3-6,12,21-22 Therefore, development  
of low-medium GI ready to eat meals as a healthy 
diet would be beneficial to consumers, and especially 
for those with health problems.

Many factors relating to food ingredients and human 
metabolism are known to affect blood glucose after 
food consumption. Macronutrients as carbohydrate, 
protein, fat and fiber content and processing 
methods can all impact the GI value.23-24 In this 
study, all developed ready to eat meals contained 
major ingredients as brown rice, vegetables,  
and meat with low-medium GI values. Rice is a 
staple food for people in many countries, with 
nutritive and GI values depending on amylose 
and dietary fiber content.25 Our findings for the five 
developed ready to eat meals concurred with other 
studies, suggesting that dietary fibers help to prolong 
the absorption of glucose in the gastrointestinal 
t ract  and improve insul in  sensi t iv i ty. 26-29  
Whole grains, beans, mushrooms and vegetables 
were used as sources of dietary fiber to develop 
healthy food recipes and all developed ready to 
eat meals contained high amounts of dietary fibers  
(>5 g/serving).  Bean products showed a GI lowering 
effect when consumed with a carbohydrate meal, 
while higher protein and fat contents demonstrated 
an increase in insulin secretion, which caused lower 
blood glucose response.25,28 The five developed 
ready to eat meals showed no significant differences 
in GI values since macronutrients in each meal and 
the balance of energy distribution in the formulation 
step were similar. Brown rice or whole wheat flour, 

mushrooms, vegetables, and meat all have low 
sodium and fat contents. Test meal, steamed minced 
chicken rice with seasoned shiitake mushrooms 
showed the lowest GI value, blood glucose and 
insulin value contained shitake mushrooms which 
are a good source of beta-glucans (soluble fiber). 
Previous studies demonstrated that beta-glucans 
contained in mushrooms helped to delay gastric 
emptying, thus glucose in the diet was absorbed 
more gradually, with decreased blood glucose levels 
and increased insulin response. Our findings were in 
agreement with other studies, which demonstrated 
that beta-glucans in shiitake mushrooms reduced 
hyperglycemia and induced insulin sensitivity.30-31

Conclusions
Knowledge of the GI values of foods can be used 
to increase menu choices and may have important 
implications for the prevention and treatment of type 
2 diabetes, CVD and obesity. Consumers in Thailand 
often buy and consume ready to eat food with  
no thought or consideration about health aspects. 
Development of nutritious food or a disease-specific 
diet would offer alternative healthy eating choices  
for  pat ients or  heal th-conscious people.  
The developed ready to eat meal with GI information 
could provide heathier food and the convenient 
life. Moreover, this is a choice for the therapeutic  
diet that may suitable for diabetes patients.
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