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Abstract
Introduction: Low glycemic index foods have been associated with several 
health benefits. Similarly, soy-based food products have an increasing 
demand in the market due to its high nutritional value. 
Objectives: The study was conducted to produce high-quality protein-
enriched bread with low glycemic index (GI) value. 
Methods: The fortification of bread was done with soy flour in our study. 
The proximate analysis, sensory evaluation and the GI value of the bread 
sample were determined. 
Result: The crude protein, crude fiber, fat and ash content of the bread 
progressively increased with the addition of soy flour where 20% soy bread 
having the highest values as 14.5%, 0.7%, 5% and 2.1%, respectively 
and control bread having lowest values as 9.2%, 0.2%, 1.8%, and 1.7%, 
respectively. The sensory evaluation of bread showed no significant 
differences in crust, shape, internal texture, appearance and general 
acceptance where the aroma and the taste of bread samples were 
significantly different from the control bread. Taste of bread had a low score 
of 5.81 at 20% soy substitution bread and highly differed with control bread 
(p<0.01). The GI values were significantly lowered by 15% (p<0.05) and 20% 
(p<0.01) soy sample bread. The average GI value of Control, 10%, 15% and 
20% soy substitution bread were 60.4, 49.98, 44.37 and 39.19 respectively. 
Glycemic Index decreased from 18% to 35% with the incorporation of soy 
flour (10% to 20%) in the bread sample. 
Conclusion: The soy flour treated breads were found nutritionally superior 
compared to soy untreated food. 
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Introduction
Bangladesh as the most densely populated 
countries, food habit of the people of this country 
is mainly cereal-based due to the geographical and 
climatic condition of the land. The most dominated 
food consumed by people is cereal rice which is 
followed by wheat. Rice and wheat account for  
62% and 54% of total intake of all foods per capita per 
day for rural and urban people, respectively.1 Cereal 
and cereal-based products or snacks have become 
very popular in Bangladesh day by day. Industries 
are rising for cereal processing and marketing. 
Bread is one of the oldest and traditional products 
in the bakery industry. It is an important staple food 
which consumption is steady and increasing sharply. 
Normal Bread has a high Glycemic Index (GI) 
value according to the international table of GI and 
Glycemic Load value (GL).2 So, the enrichment of 
cereal-based food products with other protein-based 
grain has great attention in research field.3

Soybean (Glycine max) is a new prospective oil 
crop in Bangladesh which is regarded as an ideal 
food for the people of Bangladesh as it contains 
high quantity of protein (40-50%), superior quantity 
of edible oil and a rich amount of calcium, iron, 
phosphorus and most of the vitamins4. Soy protein 
is highly digestible (92-100%). Increased acceptance 
of soy protein is due to unmatched protein qualities 
like good functional properties in food applications, 
high nutritional quality, abundance, availability, and 
low cost. Soybeans have one of the lowest GI values 
of all the legumes (GI =14-20)2 likely because of 
their higher protein and fat content. Since glycemic 
index defined as the percentage of the incremental 
area under the blood glucose response curve in two 
hours by consuming 50g of available carbohydrate 
portion of a food and incremental area under blood 
glucose response curve in two hours by consuming 
50g of reference food, typically used glucose.5 
Low glycemic food ( GI: <50) has  protective role 
against the development of type 2 diabetes mellitus 
and coronary artery disease.6, 7 As a result, many  
soy-based foods fit nicely into a low glycemic diet 
which is much more suitable for heath cautious 
people and in diabetic patients. 

For a balanced diet, modification of bread has 
been needed to improve its nutritional content. 
Replacement of bread carbohydrates with protein 

is concerned in recent studies and fortification was 
done by several fiber-rich protein grains in several 
studies.8,9 Bread is fortified with soy ingredients in 
several studies due to its empirical health benefit and 
its lower cost availability.10, 11 Epidemiological and 
experimental evidence suggests that consumption 
of soybean products may have a significant impact 
upon health.12,13 As soy bean is a low GI food,  
so the addition of soy in bread can be lowering the 
GI of bread. 

Keeping the above consideration, an experiment 
was undertaken to use soy bean flour in bread 
preparation at various proportions to evaluate their 
nutritional quality and glycemic index. Moreover, 
organoleptic/sensory properties of bread treated 
with- and without soy flour were also assessed. 

Materials and Methods
Sources of Ingredients of Bread
In order to prepare experimental bread soybean and 
wheat flour were purchased from Wireless Jawtola 
market of Chittagong city, whereas “Saf-instant” 
instant dry yeast, sun flower oil, dano skim milk 
powder, fresh refined sugar and confidence vacuum 
refined salt were individually purchased from Khulshi  
Mart Super Market of Chittagong city in Bangladesh.

Processing of Soy Beans Into Powder Form
The soybean seeds were processed into powder 
form (flour) using the method of the International 
Institute of Tropical Agriculture.14 The process 
ensured the removal of most anti-nutritional factors 
such as the protease inhibitors, lectins etc.15 Briefly, 
soybean was cleaned properly to remove visible 
dirt or debris and then roasted until developing light 
brown. The roasted soybean was then boiled for  
20 minutes and decorticated the seed and drained 
out the water. Afterward, soaked soybean was dried 
at 106°C for 4 hours before grinding and sieving to 
have powdered soybean flour.

Blend Formation and Baking
Four bread samples were prepared of which one 
sample was considered as control and others were 
considered as soy flour treated samples. The ratio of 
whole wheat flour and soy flour in different samples 
was as follows: 100:0 (control sample), 90:10, 85:15 
and 80:20 (treated samples). 
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The four blend formulations were baked using 
the straight dough method.16 The same baking 
formula was followed for all bread samples17:  
56% whole wheat flour or the blend of whole wheat 
flour treated with soy flour, 36% water, 3.4% sugar, 
1.6% vegetable oil, 1% skim milk powder, 1% salt, 
and 1% yeast. All ingredients were then mixed by 
hand for 20 minutes to get an appropriate well-mixed 
dough. The dough was then fermented in a bowl 
covered with sterile and wet clean muslin cloth for  
1 hour at 29°C. The fermented dough was raised 
twice to its initial volume by air trapping during this 
period. Then the raised dough was punched to 
remove air and scaled to 350g dough pieces. This 
weighed dough was molded to its final shape in bread 
making deice and proofed in a manually prepared 
proofing cabinet for an hour at 30°C with maintaining  
85% relative humidity. Final proofed dough was 
baked at 220°C for 30 minutes.

Proximate Analysis
The proximate analysis of the control and treated 
bread samples were performed using the AOAC 
method.18 The proximate analysis determines the 

level of moisture, ash, crude fiber, crude protein, 
crude fat, and carbohydrate contents.

Sensory Evaluation
Sensory evaluation was conducted on the freshly 
baked bread samples (control and treated) by 21 
untrained panelists of the fourth year and the first-
year students  (15 male and 6 female; 19-24 years of 
age) of the Faculty of Food Science and Technology, 
Chittagong Veterinary and Animal Sciences 
University, Khulshi, Chittagong. The sensory 
evaluation attributes were crust, aroma, shape, 
internal texture, taste, appearance and general 
acceptability. Each sensory attribute of the bread 
samples was assessed by the panelists according 
to a 9-point Hedonic scale (1=dislike extremely; 
2=dislike very much; 3=dislike moderately; 4=dislike 
slightly; 5=neither like nor dislike; 6=like slightly; 
7=like moderately; 8=like very much and 9=like 
extremely).19

Study of Assessing Glycemic Index 
The study was conducted using an internationally 
recognized method of assessing GI.20

Table 1: Mass and nutrient contents of the test portion of the 
glucose reference and the four sample breads

Sample types	  Description of	 Portion	 Protein	 Fat	 Available	 Fiber
	 items	 size (g)	 (g)	 (g)	 carbohy	 (g)
					     drate (g)

Reference	 Glucose	 25	 0	 0	 25	 0
Control	 Whole wheat (WW) bread (100:0)	 46.7	 4.3 	 0.8	 25	 0.08
	 plus other ingredients  (A)
Test bread	 10% Soy bread in WW  (90:10)	 52.5	 6.5	 1.9	 25	 0.2
samples	 plus other ingredients (B)
	 15% Soy bread in WW  (85:15))	 54.5	 7.2 	 2.4 	 25	 0.3 
	 plus other ingredients (C	
	 20% Soy bread in WW (80:20)	 57.8 	 8.4 	 2.9 	 25	 0.4 
	 plus other ingredients  (D)

Study Subjects
Ten healthy and non-smoking fourth-year students 
of Faculty of Food Science and Technology, 
CVASU were randomly recruited. Exclusion criteria 
were being overweight, dieting, impaired glucose 
tolerance, illness or food allergy or on regular 
medication. Verbal and written consent was taken 
from each participant.

Experimental Procedure
Glucose (Galaxose D powder, Galaxo Smithkline 
Company, BD) as a reference and four test bread 
samples (one control and three soy flour treated) at 
the rate of 25g of available carbohydrate plus other 
ingredients in each bread sample were served to 
the participants. Mass and nutrient contents of the 
reference and bread samples are given in Table 1. 
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The reference glucose was prepared by dissolving 
the glucose in 250ml of plain water. Bread samples 
(control and treated) as per the required number 
of species were prepared the day before the 
experiment started. The prepared bread samples 
were stored overnight in the bread box covered with 
lid ensuring normal circulation of air to maintain its 
best quality. The individual portions of the bread were 
weighed on the day of the experiment and served 
with 250 ml of plain water to the study participants. 
The participants consumed their allocated bread 
and water at a comfortable pace within 10 minutes. 
The experimental methods20 used in the study are 
briefly outlined here.

The experiment with samples (glucose and bread 
samples) was conducted between Day 0 and Day 
12 for a total of 6 sessions allowing one day wash 
out time for the participants. The study participants 
had light food items such as daily normal diet before 
the start of fasting. For each experimental session, 
all participants had overnight fasting (10-12 hours) 
followed by finger-prick blood taking at 8-9 am 
and consumption of the samples as per schedule. 
Fingertip capillary blood appears to give the greatest 
sensitivity to blood glucose response.20 Glucose 
consumption was only done for the first and last 
experimental sessions. During each experimental 
session, six additional finger-prick blood samples 
were collected from each participant at 15 up to  
60 minutes then 30 minutes interval followed up 
to 120 minutes. Glucose concentrations were 
measured immediately from the blood samples 
(Details given below).

Blood Glucose and Glycemic Index Determination
Glucose concentration in the blood sample was 
measured in mmol per ml by Gluco Dr. (Korea, model 
no AGM 2100) blood glucose test Meter. A two-hour 
blood glucose response curve (0-120 minutes at 
15 minutes interval) was constructed against blood 
glucose concentration and the incremental area 
under the glucose response curve (IAUC) was also 
calculated. 

The Glycemic Index value for each sample was 
calculated for individual participants by dividing the 

IAUC value for the samples by their average two-hour 
blood glucose IAUC value for the reference glucose 
and multiplying by 100 to obtain a percentage score. 
The final reported GI value for each sample was 
the mean GI value for that sample in the group of 
10 participants.

GI= Two hours Incremental area under the blood 
glucose response curve after consumption of  
25 gm available carbohydrates from sample bread 
/ Two hours Incremental area under the blood 
glucose response curve after consumption of 25 gm 
reference glucose 100

Statistical Evaluation
Proximate, sensory and glucose incremental 
area data were collected in Microsoft Excel 2007 
spreadsheet. Afterward, data were exported to SPSS 
17 (SPSS Inc., 233 South Wacker Drive, 11th Floor, 
Chicago, IL 60606-6412). Data were sorted, coded 
and recorded before statistical analysis in SPSS 17 
software. Proximate and sensory data were analyzed 
by one way ANOVA test to assess the significance 
level of variation at a 95% confidence interval (CI). 
Post hoc (Tukey) test was done to identify the 
variation between the sample groups. Glycemic 
index calculated in Microsoft excel and further one 
way ANOVA and post hoc test were done at 95% 
confidence interval to denote significant variation 
within the different sample groups. Descriptive 
statistics (frequency, percentage, means, standard 
deviation, and standard error mean) were performed 
for different bread samples.

Results
Nutritional Composition of Whole Wheat Bread 
and Soy Flour Treated Bread
The results of proximate analysis on the whole wheat 
flour bread and soy flour treated bread samples 
are presented in Table 2. The proximate analysis 
evidenced that soy flour treated bread contained a 
significantly better level of protein, carbohydrate, fat, 
ash and fiber than that of whole wheat flour bread 
(p=0.001). According to the hypotheses, the protein 
level in the formulated bread increased and the 
carbohydrate level decreased significantly when the 
amount of soy flour added into the bread. 
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Table 3: Hedonic sensory score of the whole wheat and soy flour treated bread samples

Attributes/	 A (N=21)	 B (N=21)	 C (N=21)	 D (N=21)	 P (1-ANOVA)	 P(Post-
Bread sample						      hoc test)

Crust	 7.6±1.2	 7.3±1.3	 7.1±1.7	 7.1±1.3	 0.61	 N/A
Aroma	 7.4±1.1ad	 6.8±1.1	 6.7±1.2	 6.2±1.1ad	 0.01	 A vs D <0.01
Shape	 7.4±1.3	 7.9±1	 7.7±1.3	 7.6±1.3	 0.58	 N/A
Internal Texture	 7.1±1.5	 7.2±1.4	 7.2±1	 7.1±1.4	 0.99	 N/A
Taste	 7.1±1.5ad	 6.8±1.2	 7±1.1cd	 5.8±1.7acd	 0.01	 A,C vs D<0.01
Appearance	 7.5±1.1	 7.6±1.1	 7.5±1	 7.3±1	 0.72	 N/A
General Acceptance	 7.3±1.4	 7.3±1	 7±1.3	 6.7±1.4	 0.34	 N/A

Note: Data are average value ± standard deviation. Values in the same row with same superscripts 
are statistically significant (p<0.05)

A - Bread produced from 100% wheat flour
B – Bread produced from composite flours of 90% wheat and 10% soy bean
C – Bread produced from composite flours of 85% wheat and 15% soy bean
D – Bread produced from composite flours of 80% wheat and 20% soybean

Table 2: Proximate composition of wheat flour and soy flour treated bread samples

Parameter/	 A (N=3)	 B (N=3)	 C (N=3)	 D (N=3)	 P (1-ANOVA)	 P(Post-
Bread sample						      hoc test)

Crude protein (%)	 9.2± 0.02a	 12.4± 0.02b	 13.1± 0.01c	 14.5± 0.03d	 <0.001	 All sample 	
							       <0.001
Crude fiber (%)	 0.2 ± 0.02a	 0.5± 0.02b	 0.5± 0.02c	 0.7± 0.02d	 <0.001	 All sample
						      <0.001
Crude fat (%)	 1.8 ± 0.02a	 3.7± 0.01b	 4.3± 0.04c	 5.1± 0.06d	 <0.001	 All sample	
							       <0.001
Ash (%)	 1.7 ± 0.1ab	 1.9± 0.02abc	 2± 0.01 bcd	 2.1± 0.1cd	 <0.001	 A vs B
						      B vs C
						      C vs D
						      <0.001
Moisture (%)	 33.7 ± 0.1a	 34± 0.1abc	 34.2± 0.2bcd	 34.4± 0.01cd	 <0.001	 All sample 	
							       <0.001
Total Carbo-	 53.5 ± 0.1a	 47.6± 0.05b	 45.9 ± 0.22c	 43.3± 0.1d	 <0.001	 All sample
hydrate (%)						      <0.001

Note: Data are average value ± standard deviation. Values in the same row with different superscripts 
are statistically significant (p<0.01).

A - Bread produced from 100% wheat flour
B – Bread produced from composite flours of 90% wheat and 10% soy bean
C – Bread produced from composite flours of 85% wheat and 15% soy bean
D – Bread produced from composite flours of 80% wheat and 20% soybean
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Sensory Evaluation
The mean score of taste was significantly varied 
among bread classes and the post-hoc test 
suggested the mean score was significantly lower 
in all bread classes as compared with bread class 
A (p<0.05) (Table 3). The mean score of crust, 
shape, internal texture, appearance, and general 

acceptability was not statistically different in all 
bread classes as compared to control bread. The 
mean score of aroma significantly differed among 
bread classes and the post-test showed that the 
mean score of sample D was significantly lower as 
compared with bread class A.

Fig.1: Blood glucose response curves of glucose and bread samples

Fig. 2: Glycemic index of bread samples (N=10). Data are expressed as mean± standard deviation

Glycemic Index
The mean blood glucose response curves for 
the glucose and bread samples are shown in  
Figure 1. The response curves in 10% and 15% soy 
flour treated bread samples raised steadily up to  

45 minutes and then fell down slowly below the 
control bread sample response curve. The response 
curve in 20% soy flour treated bread sample raised 
steadily during the first 30 minutes and ran below 
the curves produced by other samples. The mean GI 
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values significantly varied by sample types (p<0.01) 
(Figure 2). The mean GI value was lower in any of 
samples B to D (soy flour treated bread) than in 
sample A (no soy flour, control) (p<0.05). In pair-wise 
comparison, the mean GI value was significantly 
lower in sample C and sample D than in sample B 
(p<0.05). The mean GI value in sample D was lower 
than in sample C (p<0.05) (Figure 2).

Discussion
The proximate analysis revealed that the content 
of crude protein, crude fiber, crude fat, ash, and 
moisture significantly increased, whereas the 
content of carbohydrate significantly decreased in 
soy flour added bread in the present study. Higher 
level of protein in the treated bread is due to the 
adding soy which contains more protein than wheat 
flour in the same weigh.21 The proximate outcomes 
of the present study are in-line with the results of 
many earlier studies.4,22,23 Therefore, the findings 
in current and earlier studies suggest that soy flour 
treated bread has been qualified as an improved 
diet in all aspects of nutrients compared with soy 
flour untreated bread. As soy treated bread providing 
consumers with added protein it has the potential 
to improve the protein-energy malnutrition problem 
which is a common scenario in Bangladesh.23

             
Sensory evaluation of sample breads determined 
that aroma and taste of the breads were statistically 
different with 20% soy treated bread sample 
(P<0.05) which indicates that the addition of Soy flour 
may negatively affect bread aroma and taste. People 
in Bangladesh generally accustomed to wheat 
bread. That may be the reason panelists did not like 
the aroma and taste in the soy treated bread. No 
statistical difference was evidenced for Crust, shape, 
internal texture, appearance and general acceptance 
of the breads were statistically similar between soy 
treated and untreated breads in the present study. 
Several studies found similar findings.17, 24,25

 
Overall the GI values gradually decreased in soy 
treated breads and comparing soy untreated bread 
the reduction rate was much significant in 20% soy 
treated bread (60 to 39%) followed by 15% soy 
treated bread (60-42%) and 10% soy treated bread 
(60-50%). It indicates that the increase of amount 
of soy flour with wheat flour cause to lowering the 

glycemic index value of the food. Carbohydrates 
present in soy are slowly digested and absorbed, 
thus produce slow and small rises in blood sugar 
and helps in lowering the glycemic index.26,27 Since 
high amount of soy added causes to decrease the 
consumer acceptance, so addition must be at level 
where maximum consumer accepts the product 
while also ensuring the health benefit for the human 
body 28. In our experiments, 15% incorporation of 
soy has high acceptance with significantly lower 
the GI value (p<0.05). The current study measured 
glucose concentration by applying one method.  
However, more than one method of measuring 
glucose concentration in blood might have increased 
the validity of glucose estimation. Also, the sample 
size in this study was small (Brouns et al., 2005) to 
measure GI value.

Conclusion
The soy flour treated breads (in particular 20% soy 
flour added bread) were nutritionally superior to 
that of the soy untreated bread (bread made form 
100%’ flour’). The 20% soy treated bread contained 
a higher amount of protein, fat, fiber and ash content.  
The 15% soy flour treated bread had higher 
nutritional and organoleptic qualities. The 10% soy 
flour treated bread had the highest mean scores of 
overall acceptance. In general, the soy flour treated 
breads produced lower GI values on consumption 
which suggests the better nutritional quality of the 
food. So, the soy flour which costs lower than wheat 
flour has economic implications in manufacturing of 
baked goods which would reduce the importation 
of wheat flour.  The soy flour made bread could 
meet up better protein requirements along with 
fat and calories for the poor section of people in 
Bangladesh which could prevent from occurring 
protein deficiencies of the people. The low GI of soy 
treated bread appears to be an additional benefit for 
human health and suggests that soy foods are an 
appropriate part of diet plans intended to improve 
control over the blood glucose level.
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