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Abstract

The incidence of Diabetic Mellitus (DM) is increasing at an alarming rate especially in developing countries
like India. Bakery products are highly popular and lend themselves easily for modification into therapeutic
products. Therefore, the present study was planned to develop high fiber (wheat bran) bread and testing it for
possible use in the dietary management. Wheat bran bread (WBB) was developed in the laboratorythrough
various trials. Bread prepared with maximum 7.5 % replacement found acceptable sensorily and used for
further study. A total of 25 subjects (20 type Il diabetics and 5 non diabetics) of average age 53 years were fed
white bread (WB) and WBB (approximately 5 slices, weighing 97.84 g for WB and 104.40 g for WBB, providing
50 g carbohydrate) on 2 different days. Blood glucose levels were determined at fasting, 60, 120 and 180 min.
The glucose increments were estimated by area under the curve (AUC) and expressed as Gl. The Gl for non-
diabetics was found to be significantly lower (69.16 + 1.75) when compared to diabetics (77.04 + 3.84). Similar
trend was observed in females (75.05 + 9.50) when compared to males (77.70 + 4.24) within the diabetic group.
The average GL calculated for the WBB was found to be 38.20 g for diabetics and 40.97g for non diabetics. It
may be concluded that the bread prepared by supplementing 7.5% wheat bran is acceptable and could be
useful in the dietary management of diabetics as well as healthy subjects.
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Introduction lipids, decrease blood pressure and assist in weight
management. Changes in the socio-economic

o conditions have increased the domestic demand and

_ WHO reports that there are over 175 million  ¢onsymption of bakery products. The industry is
people with diabetes” inthe world and the number presently growing at about 10 % p.a. in our country.
is expected to increase to well over 350 million people Normally bakery products are calorie dense and
by the year 2025 (Bailey, 2004). In India, the figure  pearing negligible fiber and therefore, continuous
will be 57 million. At present the cases of cardiac consumption of these may lead to major chronic
heart diseases are nearly 15 million in our country  gjseases like obesity, hypercholestremia, diabetes
(Bamji 2003). Anderson and Akanji (1993) examined mellitus and hypertension etc. (Kamaliya, 2005).
the results of 53 studies and concluded that fiber Increasing health consciousness and easy
supplements and high fiber diets improve glycemic  yqgification of bakery products has led to their
control, increase sensitivity to insulin, lower serum development as therapeutic products suitable to
individual needs. Matz (1996) has suggested the use
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the GL is a better predictor of the impact of a
carbohydrate containing food on postpran-dial insulin
secretion (Bell and Sears 2003). The present study was
planned for testing high fiber bread prepared using
wheat bran for its possible use in the dietary
management of diabetics by estimating Gl and GL.

Materials and Methods

Product Development

Wheat bran bread was developed in the laboratory.
For that, various trials of bread preparation were
carried out by replacing white flour with wheat bran
from 3to 15 % and evaluated using a9 point hedonic
scale (8 judges X 3 replications) followed by a
composite scoring test for the bread prepared by
replacing 7.5%, 9% and 10% white flour with wheat
bran (by a panel of experts —8 judges X 3 replications)
on the day of preparation and after 24 hrs. White
bread was prepared using the commercial formula
(i.e. 0 % wheat bran) (Kamaliya and Kamaliya,
2001).The bread prepared using 7.5% replacement of
WB, ranked highest in all the sensory characteristics
for both the days thus it was considered as the WBB
for subsequent study. The WBB contains about four
and half times more fiber as compared to WB. To
assess the real effect of WBB on Gl, feeding trials of
both the breads were carried out on human subjects
as depicted out in Figure 1.

Subject Selection

To check the beneficial affect of WBB on diabetes
using Gl, 25 subjects were selected through purposive
random sampling technique. For this local doctors
were contacted and requested to provide a list of
diabetic patients. They were also requested to contact
and convince the patient to become volunteer for the
study. The patients were than individually contacted
and convinced to become volunteers. A few non-
diabetic subjects were also contacted and convinced
for the same purpose. Inall atotal of 52 persons were
contacted out of which 25 adult human subjects
agreed to enrolled for the study. Classification of
enrolled subject is given in Table 1. Subjects aged 35-
70 years from a similar socio economic status, belong
to the local area and most were employees of Sardar
Patel University. They had a more or less similar
physical activity, patterns, lifestyle and food
consumption pattern.

Feeding Trials and Blood Collection
The enrolled subjects were asked to maintain an

approximately constant activity level, dietary pattern
(avoidance of sweets and party meals- especially for
a couple of days before GI measurements) and a
general life style during the feeding period. All the
enrolled subjects were requested to report to the
laboratory of P. G. Department of Home Science,
Sardar Patel University, Vallabh Vidhyanagar.

Collection of data on general information, general
dietary pattern, daily routine schedule (life style,
exercise etc.), basic medical history and present drug
therapy were obtained through a simple
guestionnaire. The dietary information (diet on the
previous evening, period of fasting etc.) were also
collected at this time.

Blood samples (finger prick) of the subjects were
collected in the fasting condition. Immediately after
that, they were fed 5 slices of WB (weighing 97.84 g
and providing 50 g carbohydrate). The blood collection
were repeated after at 1, 2 and 3 hrs of WB ingestion.
Within a period of 2 week, the subjects were once
again requested to report to the laboratory in the same
manner followed earlier. This time subjects were fed
approximately 5 slices weighing 104.40 g of WBB.
The blood was collected similar to earlier.

Blood samples (0.1 ml) of the subjects were
collected in a test tube containing 1 ml of 0.05 M
NaOH, mixed well and used for analysis using the
glucose oxidase method. For each subject, blood
glucose response curve was plotted. Area obtained
weather above or below the fasting line were included
for calculation. The area was split in to right angle
triangle and than its area was calculated. On that
bases the Gl and GL of WBB was determined.

The standard SPSS program was run to analyse the
data. All the data were tested for significance using
the ANOVA / Duncan’s test (Steel and Torrie, 1980).

Results

Blood Glucose Level

Results for fasting and postprandial blood glucose
levels (1 hr, 2 hr and 3 hr) as well as percent change
in blood glucose levels after the ingestion of WB are
presented in Table 2. Both the male and female non
diabetic groups showed lower fasting blood glucose
levels as compared to both the diabetic (male and
female) groups. These results were as expected. None
of the groups showed significant differences, between
each other. After 1 hr of feeding WB all the four groups
showed a rise in blood glucose level. The trend in
blood glucose levels remained similar, i.e. lower in
non diabetics as compared to diabetics, as expected.
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Both male and female diabetic groups showed more
or less similar increase in percent glucose at the end
of one hour. The reason for the increase is well
known that after ingestion of food, by about 1 hr the
blood glucose level is increased to the maximum.
However, non diabetic males and females showed
lower blood glucose values one hour after the
ingestion of WB, females showing a slight increase
compared to males. When blood glucose level was
analyzed at 2 hrs postprandial period, a non
significant decreasing trend was observed in all the
groups. Comparing the fall in blood glucose levels
between 1 hr and 2 hr values it was seen that
diabetics showed an average fall of 46.50 mg while
the non diabetics showed a fall of 55.23 mg. In
diabetic groups the retardation was lower as compared
to non diabetic groups. The 3 hr postprandial blood
glucose concentrations came back to it’s original
fasting levels in the case of non diabetic female group.
However, in the case of non diabetic males it was found
to be slightly higher than the fasting value. It may be
because of reduced efficiency of insulin due to older
age. In both the diabetic groups the blood glucose level
did not come back to their fasting concentrations.
During the 3™ hr all the groups showed a similar
decrease in blood glucose concentration except the non
diabetic male group.

Results for fasting and postprandial blood glucose
concentrations as wellas percent change in blood
glucose concentrations at 1, 2 and 3 hrs after ingestion
of WBB are presented in Table 3. Percent change in
blood glucose is also presented in Fig. 2. Fasting blood
glucose levels of all the 4 groups were similar to levels
observed for the testing of WB previously. The reason
is that the subjects again came back for the feeding
trial within a period of one week. After 1 hr, the same
trend was observed as that obtained after feeding
WB. However, the percent increase was lower for WBB
as compared to WB in diabetics indicating the
beneficial effect of wheat bran supplementation.
Similar trend was observed in non diabetics also. The
2 hr postprandial blood glucose level were reduced
with an average percent decrease of 14.95% for
diabetics and 24.78 % for non diabetics. The highest
decrease was found in non diabetic males followed
by non diabetic females. Both the diabetic groups
showed a lower decrease in blood glucose
concentration as compared to the non diabetic
groups. However the difference was non significant.
The 3 hr blood glucose concentrations fell close to
that of the fasting blood glucose concentrations.
However, in both the diabetic groups, the blood
glucose levels did not come down to fasting values.
Low levels of insulin and their inefficiency invariably

attribute for the slower fall in diabetics.

A change in blood glucose concentration of combined
diabetics groups after feeding control and experimental
bread is presented graphically in Figure 3.

Glycemic Index and Glycemic Load

Values obtained for blood glucose concentrations
of each individual were plotted on a graph and the
AUC was calculated separately for both the breads.
On the basis of this data Gl as well as GL were
calculated. The results obtained are presented in Table
4. Area under the curve for WBB was observed to be
low in all the groups as compared to the respective
AUC obtained for WB. It clearly indicates that when
wheat bran was added to the bread it reduced the blood
glucose absorption which resulted in lowering of the
AUC. Areaunder the curve for WB and WBB showed
no significant differences. Gl for WBB ranged from 77.04
to 81.25% within an average of 77.04% for diabetics
and 81.93% for non diabetics. The average GL
calculated for the WBB was found to be 38.20 g for
diabetics and 40.97g for non diabetics. However, it
ranged from 37.53 to0 38.85 g for diabetics and 40.62 to
41.20 g for non diabetics.

Persons contacted and convinced (N = 52)

!

Subject selected (N=25)

v ;

Visit | Visit 1l
WBB Feeding WB Feeding

e Blood Glucose
* FBG
« Pp,BG
* Pp,BG
" PleOBG

e AUC
e Glycemic Index

e Glucose load

Fig. 1: Experimental Design for Clinical Trials for Bread Evalu-
ation

WBB= Wheat Bran Bread, WB= White Bread, FBG = Fasting
Blood Glucose

PP,,BG= Postprandial blood glucose after 1 hr of bread inges-
tion

PP_,,BG = Postprandial blood glucose after 2 hr of bread ingestion
PP, .BG = Postprandial blood glucose after 3 hr of bread ingestion
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Table 1: Classification of subjects enrolled for glycemic index measurements

Type Il Diabetes Normal Total
No. Age (Yrs.) No. Age (Yrs.) No. Age (Yrs.)

Range Avg. Range Avg. Range Avg.

Male 15 41-66 54 03 42-66 50 18 41-66 52

Female 05 49-70 55 02 35-58 47 07 35-70 51

Total 20 41-70 55 05 42-58 49 25 35-70 53

Table 2: Fasting and postprandial as well as percent change in blood glucose levels after feeding white bread
Group Fasting 1lhr % ch (1 hr) 2hr % ch (2 hr) 3hr % ch (3 hr)

Diabetic male 161.07a 302.312 102.302 264.352 -15.71a 194.002 -29.43a
(15) +20.16 +21.80 +10.72 +31.96 +4.97 +29.52 +3.15
Diabetic female 167.522 317.432 100.782 262.842 -18.442 190.722 -27.292
(5) +32.70 +35.32 +19.20 +41.20 +5.00 +28.32 +2.73
Diabetic 162.682 306.09 2 101.922 263.972 -16.392 193.182 -28.902
Total (20) +16.77 +18.18 +9.10 +25.57 +3.88 +22.89 +2.43
Non diabetic male 109.932 212.89a 94.072 163.762 -21.002 125.932 -22.352
3) +4.14 +17.88 +16.58 +23.13 +16.40 + 14.09 +3.80
Non diabetic 131.042 237.022 82.292 175.692 -27.362 129.422 -24.712
female (2) +21.61 +28.21 +8.53 + 50.08 +12.48 +27.70 +5.69
Non diabetic Total 118.372 222542 89.362 168.532 -23.552 127.332 -23.302
(5) + 8.86 +14.50 +9.91 +20.49 +9.94 +11.71 +2.81
‘F’ Value 1.55Ns 1.61Ns 0.17Ns 1.00Ns 0.26 NS 0.60Ns 0.44Ns

NS = Non significant, % ch = Percent change, Values are Mean+SEM
Means bearing the same superscript within the column do not differ significantly (p < 0.05)
Values in parentheses indicate number of subjects

Table 3: Fasting and postprandial as well as percent change in blood glucose levels after feeding wheat bran bread

Group Fasting lhr % ch (1 hr) 2hr % ch (2 hr) 3hr % ch (3 hr)
Diabetic male 166.702 248.6720 55.562 216.192 -15.602 197.39a -7.82a
(15) +16.75 +16.33 +7.37 +24.28 +5.35 +22.36 +2.70
Diabetic female 174.614 306.59b 84.37a 267.452 -13.01a 203.972 -27.33a
(5) +32.53 +35.36 +16.20 +33.45 +3.14 +46.03 +7.39
Diabetic 168.672 263.152 62.762 229.002 -14.95a 199.04 -12.70a
Total (20) +14.54 +15.70 +7.22 +20.27 +4.05 +19.70 +3.26
Non diabetic male 101.092 182.42a 80.84a 130.982 -26.83a 104514 -16.77a
3) +1.75 +8.33 +11.18 +22.97 +16.33 +5.12 +9.79
Non diabetic female 133.11a 203.112 56.902 161.04 -21.71a 138.032 -14.13a
2) +28.85 +18.78 +19.89 +36.62 +10.79 +30.31 +0.71
Non Diabetic 113.904 190.692 71.262 143.004 -24.78a 117.92a -15.72a
Total (5) +12.07 +9.04 +10.56 +18.62 +9.66 +12.93 +5.40
‘F’ Value 1.15Ns 2.91Ns 1.57Ns 1.87Ns 0.39Ns 1.30Ns 3.22Ns

NS = Non significant, % ch = Percent change, Values are Mean+SEM
Means bearing the same superscript within the column do not differ significantly (p < 0.05)
Values in parentheses indicate number of subjects

Table 4: Glycemic index and glycemic load of wheat bran bread

AUC of Control AUC of Experimental Glycemic$ Glycemic@

Group bread (cm?) bread (cm?) Index (%) Load (g)
Diabetic male 74.03% 56.362 77.702 38.852
(15) +5.67 +4.43 +4.24 +2.12
Diabetic female 84.15b 60.672 75.052 37.532
(5) +8.77 +6.69 +9.50 +4.75
Diabetic 76.562 57.442 77.042 38.2a
Total (20) +4.78 +3.66 +3.84 +1.92
Non diabetic male 61.662> 50.932 82.392 41.202
®3) +5.69 +5.41 +1.46 +0.73
Non diabetic female 46.032 37.422 81.252 40.622
) +0.66 +2.04 +3.24 +1.62
Non Diabetic 55.41a 45522 81.93a 40972
Total (5) +4.94 +4.49 +1.33 +0.07
‘F’ Value 2.03Ns 1.15Ns 0.15Ns 0.15Ns

AUC = Area Under Curve, NS = Non significant

Means bearing the same superscript within the column do not differ significantly (p < 0.05)
Values in parentheses indicate number of subjects

$ = AUC of experimental bread/ AUC of control bread X 100

@ = GI X Carbohydrate content of food / 100
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Fig. 2: Percent changes in postprandial blood glucose levels as compared to fasting after
feeding white and wheat bran bread

WBB = Wheat bran bread, WB = White bread, DM = Diabetic male group, DF = Diabetic
female group, NDM = Non diabetic male group, NDF = Non diabetic female group
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Fig. 3: Average glycemic response of diabetics for white and wheat bran bread

WBB = Wheat bran bread, WB = White bread
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Discussion

Results for blood glucose levels are in concurrence
with the high fiber bakery produts developed by other
workers. Dubois et al. (1995) reported that adding oat
bran to the test meals markedly reduced the post meal
insulinrise (p £0.05). Ellisetal. (1988) reported that
a significant insulin sparing effect in non diabetic
subjects was achieved using a palatable guar biscuit
containing less than 3 g of guar flour. Smith et al.
(1982) reported that guar containing biscuit has been
found to be effective in reducing the postprandial rise
in blood glucose level.

Values for Gl of WBBfound at par with Bell and
Sears (2003) reported 81% GI for whole grain dark
rye bread. Bell and Sears (2003) reported 13and 159
GL for whole grain brown rice and whole grain dark
rye bread. Powel (2002) also reported the GL for
different types of wheat breads to vary between 10 to
12 g. Inthe present study although the GI was similar
to the other reported studies the GL was surprisingly
high.

Conclusion

Considering the low GI obtained for WBB in
comparison to WB in both diabetics as well as non
diabetics, 7.5% wheat bran fortified bread may be
recommended as a replacement for the
commercially available white flour bread in the
daily diet of diabetic as well as normal human
subjects.

Future Scope

Like bread other bakery products such as biscuits,
cookies, cakes and pastries could be modified to make
it useful for diabetics.
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