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Abstract

Postprandial hyperglycemia is a serious risk factor for cardiovascular
disease and Type 2 Diabetes Mellitus (T2DM). As diet is a cornerstone of
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both T2DM prevention and therapy, we investigated the effects of various
commercially available breads on postprandial glucose response and glycemic
index. Furthermore, the impact of oilseed- and protein-enriched breads was
evaluated, as well as the influence of different wheat flour coarseness settings.
Three experiments were conducted to study the effects of various breads on
the postprandial glucose levels of randomly selected subjects (42 in total). First,
putative differences of seven types of commercially available whole-grain breads

2018; Published: February 15, 2018 were studied. Second, the influence of oilseed- and protein-enriched breads

was investigated and third, the influence of different wheat flour coarseness
settings was characterized. The total Area Under Curve (AUC), postprandial
glucose response, peak glucose level and glycemic index were calculated for
each condition. Consumption of various types of whole-grain breads resulted
in large variations in postprandial glucose response and significant differences
in calculated glycemic indices. Furthermore, postprandial glucose levels
and glycemic indices appeared significantly lower for protein-rich bread than
compared to oil-seed-rich bread. Interestingly, no significant differences in
postprandial glucose levels or glycemic indices were detected for fine, medium
or coarse wheat flour breads. Based on the correlation study, breads with low
total carbohydrates and high amounts of protein are advisable for the prevention
of high glucose loads and should be considered by people suffering from T2DM.

Trial Registration: 02413 (Ethics Commissions of Upper Austria).

Keywords: Glycemic index; Postprandial glucose response; Coarseness
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with reduced amounts of mono- and disaccharides. With respect to
T2DM, foods and diets should be energy controlled and low GI. In
this context, lower GI breads are of particular interest, especially in
regions that consume large amounts of bread (e.g., US, Europe) [3].

Abbreviations

ANOVA: Analysis Of Variance; AUC: Area under the Curve; GI:
Glycemic Index; T2DM: Type 2 Diabetes Mellitus

Introduction

Bread is one of the most important staple foods worldwide
[1]. Therefore, it represents a major source of carbohydrates and,
thus, energy in human nutrition, especially in Western civilization.
Carbohydrates are key modulators and the main determinants of
postprandial glucose response, as the ingestion of carbohydrates
is accompanied by an increase in blood glucose levels [2,3].
Carbohydrate-rich foods are classified into three Glycemic Index
(GI) categories based on their effect on postprandial glucose
response (low <55, medium 55-69 and high <70) [4]. The ingestion
of high-GI foods causes excessive postprandial glucose levels and
can trigger a disproportionately high insulin response, which is
associated with insulin resistance, hyperinsulinemia and, ultimately,
the development of Type 2 Diabetes Mellitus (T2DM) [5]. On the
contrary, low-GI foods are thought to cause moderate increases in
blood glucose concentrations [5]. To prevent increased blood glucose
loads, carbohydrates should be predominantly composed of starches,

In recent years, several strategies and approaches to attenuating the
GI of bread have appeared, including the inclusion of ingredients
with healthful properties. This includes the addition of viscous and
non-viscous fibers, legume flours, fruit-based ingredients, specific
functional micronutrients and enrichment with intact structures not
accessible to human amylase [6-8].

Unfortunately, nutritional characterization of various
commercially available breads, including white, whole-meal and
seeded breads, has indicated high glycemic properties [9]. However,
breads rich in intact grain kernels, oat bran and natural fibers (e.g., beta
glucans) have been reported to improve glycemic control and insulin
sensitivity [9-11]. Furthermore, they promote satiety via slowed
gastric emptying. The ingestion of whole-grain foods in particular has
been associated with lower risks of T2DM, cardiovascular disease and

weight gain [12,13].

The aims of this study were to i) examine the postprandial
glycemic response and GI of seven commercially available whole-

Austin J Clin Med - Volume 5 Issue 1 - 2018
ISSN : 2381-9146 | www.austinpublishinggroup.com
Weghuber et al. © All rights are reserved

Citation: Lanzerstorfer P, Rechenmacher E, Lugmayr O, Stadlbauer V, Héglinger O, Vollmar A. Effects of
Various Commercial Whole-Grain Breads on Postprandial Blood Glucose Response and Glycemic Index in
Healthy Subjects. Austin J Clin Med. 2018; 5(1): 1031.



Weghuber J

Austin Publishing Group

Table 1: Main ingredients of breads under study.

Type of bread Main ingredients

White bread Wheat flour, water, yeast, wheat sourdough, salt

Whole-grain roll

Wheat flour, water, coarse-grain wheat, coarse-grain rye, yeast, wheat bran, coarse-grain soy, flax seeds, coarse-grain wheat malt, rye
sourdough, toasted flour (rye, wheat), rye flour, salt, soy flour, sugar, malted wheat flour, spices, wheat gluten

Multi-seed whole- |Water, coarse-grains (rye, wheat, oat, barley, buckwheat, sorghum), whole-grain wheat flour, rye sourdough, sunflower seeds, rice, flax seeds,

mixed rye bread flakes

grain bread malted rye flour, salt, sugar, oat flakes, yeast

Whole-grain spelt . .

bread Spelt (whole-grain flour, flakes, sourdough), water, sunflower seeds, rye flour, sugar, potato flakes, salt, yeast, buttermilk powder

\tl)\:g;)lde—graln e Coarse-grain rye flour, water, coarse-grain rye sourdough, salt, yeast, sugar

Whole-grain Water, whole-grain wheat flour, whole-grain rye flour, sunflower seeds, flax seeds, coarse-grain soy, wheat gluten, sprout mixture (spelt, maize,

wheat, sorghum, red clover, alfalfa, flax, lentil, pea), rye sourdough, salt, yeast, sugar, wheat germ, amaranth flour, psyllium seed husks, potato

Whole-grain oat
bread

Water, oat flakes, sunflower seeds, spelt flakes, flax seeds, vegetable fibers (psyllium seeds, citric, oat, apple, wheat), pumpkin seeds, sesame,
rye, potato starch, salt, wheat germs, rye sourdough, wheat gluten, barley malt extract, acidifiers (lactic acid, acetic acid)

Whole-grain
wheat bread

Coarse-grain wheat, water, rye sourdough, salt, wheat gluten, yeast

Oilseed bread

Coarse-grain wheat, water, flax seeds, sunflower seeds, rye sourdough, salt, wheat gluten, yeast

Protein bread

(malic acid)

Water, wheat flour, wheat gluten, soy (soy protein, soy flour), potato starch, yeast, salt, rape oil, emulsifier (E481, E472e), dextrose, acidifiers

Table 2: Nutrient composition of breads under study.

Energy content | Total fat = Saturated fat | Total carbohydrate | Sugars | Dietary fiber | Protein | Salt (Na x 2.5)
(kJ/100g) (9/100g) (g/100g) (g/1009) (g/1009) (g/100g) (g/100g) (g/100g)
White bread 990 1.4 0.2 46.6 0.9 3 7.3 1.3
Whole-grain roll 1033 2.4 0.5 42.8 1.4 7.2 9.1 2.3
Multi-seed whole-grain bread 849 3.8 0.5 314 2.9 7 7 11
Whole-grain spelt bread 1009 5.3 0.7 36.6 4.3 6 8.4 14
Whole-grain rye bread 833 1 0.2 37 2.2 7.5 6.3 15
Whole-grain mixed rye bread 1036 9.3 11 23.6 3 8.9 12.6 14
Whole-grain oat bread 995 11.6 1.6 18.6 2.4 11 9.3 14
Whole-grain wheat bread 763 11 0.2 31.1 0.7 7.7 7.4 12
Oilseed bread 990 8.5 0.9 24.7 1.7 9.9 10.1 11
Protein bread 889 1.9 0.2 25.6 0.6 3.1 21.1 15
grain breads (with white bread as the reference), ii) investigate the  Table 3: Sieve analysis of milled whole-grain wheat flour.
influence of fat and protein via oilseed- and protein-enriched breads Particle fractions (%)
on postprandial glucose response and GI, and iii) evaluate the role of
flour coarseness (fine, medium and coarse) on the selected nutritional > 1400 um <1000 um <400 um
parameters. Fine -3 -8 -43
Materials and Methods Meduum e o =
Coarse ~94 max. 6

Study design

The study protocols were approved by the Ethics Commission
of Upper Austria (trial number 02413). In total, 42 men (14) and
women (28) were included in the study. Study subjects were healthy
people of normal weight (mean BMI of 22.5 + 3.0), with a mean age
of 28.1 + 7.2 years. All study participants provided written informed
consent. The first experiment consisted of 15 female and 9 male
subjects, the second of 7 female and 1 male subjects and the third
of 7 female and 3 male participants. Study subjects were urged to
observe the following conditions: Abstention from i) alcohol, ii)
fiber-rich foods, iii) medicines, iv) dietary supplements, v) excessive
physical exercise and vi) smoking for at least 24 hours prior to each
study day. Furthermore, the participants were encouraged not to
eat or drink anything except water or unsweetened tea for ten hours
before measuring fasting plasma blood glucose levels. Fasting blood

samples were collected prior the consumption of the respective test
breads (empty stomach). Each test meal was designed to contain 50g
available carbohydrates from the test bread ingested over a period of
15min. White bread was used as the reference food. Each subject was
served 250mL of drinking water. Blood samples were collected 15,
30, 45, 60, 90 and 120 minutes after bread consumption. The time
interval between testing different breads was at least three days.

Test breads

All test breads were provided by backaldrin GmbH (Asten,
Austria). In total, 9 different commercial whole-grain breads were
studied in addition to the white bread reference: 1) whole-grain
rolls, 2) multi-seed whole-grain bread, 3) whole-grain spelt bread,
4) whole-grain rye bread, 5) whole-grain mixed rye bread, 6) whole-
grain oat bread, 7) whole-grain wheat bread, 8) oilseed bread and 9)
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Figure 1: Comparison of (A) mean fasting and postprandial glucose responses over 120min, (B) mean peak blood glucose levels and (C) calculated glycemic
indices after ingestion of indicated breads. Values are presented as the means + SE; n = 24. ns, not significant, * p < 0.05, ** p <0.01 and *** p < 0.001, significantly
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Figure 2: Influence of ingested oilseed- and protein-enriched breads on (A) mean fasting and postprandial glucose responses over 120min, (B) mean peak blood
glucose levels and (C) calculated glycemic indices. Values are presented as the means + SE; n = 10. ns, not significant and * p < 0.05, significantly different from

& &S

protein bread. Detailed information about the main ingredients is
given in Table 1. Furthermore, the nutrient composition results, as
well as the sieve analysis of different coarseness settings, of the tested
breads are shown in Tables 2, 3.

Blood glucose determination

Finger-prick capillary samples were collected after fasting and 15,
30, 45, 60, 90 and 120 minutes after bread consumption to measure
postprandial glucose levels. Blood glucose concentrations were
measured via a blood glucose meter (Accu-Check Performa, Roche
Diabetes Care GmbH, Mannheim, Germany).

Calculations and statistics

The Area under the Curve (AUC) of glucose was calculated for
each bread test as the area beneath the curve and above the fasting
level from 0 to 120 min using GraphPad Prism 6.0 for Windows
(GraphPad Software, Inc., San Diego, CA, USA). The glycemic index

was then calculated as follows:
Incremental area under glucose curve for test bread
GI[%]= g

incremental area under glucose curve for reference bread *

Significance testing was performed using Graph Pad Prism 6.0 for
Windows. Differences were considered significant with p < 0.05 for
t-tests and two-way ANOVA. All values are given as the means + SE
if not otherwise stated.

Results

Impact of commercially available whole-grain breads on

postprandial glucose response and glycemic index

Before consumption of the different test breads, the basal fasting
glucose levels of subjects were examined, which resulted in a mean
glucose level of 5.1 + Ommol/L, and were comparable for each test
day. Significant differences between the different test breads and the
white bread reference were found in postprandial glucose response
at various points (Figure 1A). The largest mean AUC was detected
for the whole-grain roll (178.2 + 28.8mmol/L), which even exceeded
the mean AUC for the white bread reference (161.5 + 14.4mmol/L).
The smallest mean AUC was calculated for whole-grain oat bread
(82.2 = 9.6mmol/L). Plasma glucose levels reached peak values
(Figure 1B) between 30 and 45 minutes after the ingestion of test
breads and decreased slowly thereafter. Significantly decreased peak
blood glucoses levels were found for whole-grain rye bread (7.2 +
0.2mmol/L), whole-grain mixed rye bread (7.2 £ 0.2mmol/L) and
whole-grain oat bread (6.5 + 0.2mmol/L) compared to white bread
(7.9 + 0.2mmol/L). Based on mean AUC values, GI was calculated
for each test bread (Figure 1C). Again, significantly lower GI values
were obtained for whole-grain mixed rye bread (67.2 + 11.2%) and
whole-grain oat bread (55.3 + 10.1%) compared to white bread
(100%). Interestingly, whole-grain rye bread, which exhibited a lower
peak glucose level, did not show a significant difference (90.2 + 8.6%).
However, multi-seed whole-grain bread, which showed a higher peak
glucose level (7.4 + 0.3mmol/L), was found to have a significantly
lower GI (70.7 + 7.0%). Based on these data, we conclude that peak
blood glucose level is appropriate for estimating the GI of different
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Figure 3: Linear correlation regression analysis. Correlations between (A) total carbohydrate and Gl, (B) total fat and Gl and (C) protein and GI.
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Figure 4: Influence of coarseness (fine, medium and coarse) of whole-grain wheat flour on (A) mean fasting and postprandial glucose responses over 120min, (B)
mean peak blood glucose levels and (C) calculated glycemic indices. Values are presented as the means + SE; n = 8. ns, not significantly different from the positive

control (white bread) and within indicated the coarseness setting.

breads, although some exceptions were detected in our study.

Investigation of the influence of oilseeds and proteins

Whole-grain oat bread exhibited the lowest peak blood glucose
level and GI. As they are especially rich in total fat (11.6g/100g),
protein (9.3g/100g) and dietary fiber (11.0g/100g) compared to
other breads under study, we investigated the influence of oilseed-
and protein-enriched breads on the measured parameters. The
oilseed bread was especially rich in fat (8.5g/100g) and dietary fiber
(9.9g/100g), whereas the protein bread had lower fat content (~4-
fold) but was significantly higher in protein (21.1g/100g, 2-fold
higher than the oilseed bread). These breads had comparable levels of
total carbohydrates. The detailed nutrient composition of the oilseed
and protein breads can be found in Table 1. Significant differences
in postprandial glucose response, peak blood glucose levels and GI
were found for the protein bread but not for the oilseed bread (Figure
2A-C).

Influence of macronutrients on Gl

To determine the most influential nutritional parameters on
the GI, linear regression and correlation analyses were carried out
for all breads under study (Figure 3A-C). We found a clear positive
correlation between total carbohydrate and GI (R value 0.83; p <
0.01), as well as an inverse correlation between total fat and GI (R
value 0.66; p < 0.05). No significant correlation was found between
protein content and GI (R value 0.24; p = 0.17). Therefore, high
protein and fat content in combination with a reduced carbohydrate
level seems to favor a lower GI.

Determination of the effect of different coarseness

There is evidence that the coarseness of flour has an impact on
postprandial glucose response and directly influences the glycemic
index of baked goods [14,15]. In the last part of this study, we
investigated the effect of fine, medium and coarse wheat flour in
whole-grain bread. The results of the sieve analysis and the respective
particle fractions are shown in Table 3. Fine whole-wheat flour
consisted of at least ~48% grain smaller than Imm and ~43% smaller
than 0.4mm. Medium whole-wheat flour consisted of ~75% wheat
grains larger than 1.4mm and ~15% smaller than 1mm, and coarse
whole-wheat flour had approximately 94% wheat grain particles
larger than 1.4mm. To our surprise, we did not detect significant
differences in postprandial glucose response, peak blood glucose
levels or GI across the different coarseness settings (Figure 4A-C).

Discussion

As bread is consumed all over the world, variations in processing
techniques and ingredients are manifold. Consequently, bread’s
nutritional composition, energy content and GI values vary
considerably [16]. In the present study, we evaluated the effects of
different commercially available whole-grain breads (whole-grain
roll, multi-seed whole-grain bread, whole-grain spelt bread, whole-
grain rye bread, whole-grain mixed rye bread, whole-grain oat
bread, whole-grain wheat bread, oilseed bread and protein bread)
in comparison to white bread on postprandial glucose response,
peak blood glucose levels and GI after standardized carbohydrate
consumption.
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As expected, the main ingredients and, thus, the nutritional
composition of whole-grain breads under study varied considerably
(Tables 1, 2) and led to significant differences in the measured
parameters. The highest postprandial glucose response, which was
even higher than that of white bread, was induced by the whole-grain
roll. Except for whole-grain oat bread, all tested breads promoted
postprandial hyperglycemia with peak blood glucose levels above
7mmol/L (Figure 1B). In addition to the whole-grain oat bread, whole-
grain rye bread and whole-grain mixed rye bread showed significantly
lower peak blood glucose levels compared to the reference bread.
Surprisingly, the calculated GI values for whole-grain rye bread were
not significantly different from those of white bread (100%), whereas
the GI values of whole-grain mixed rye bread, whole-grain oat bread
and multi-seed whole-grain bread were significantly lower.

In general, products based on whole-grain rye have been reported
to modulate postprandial insulin secretion and blood glucose profile
[17-20] and to induce higher subjective satiety [21-23]. So far, the
underlying regulatory mechanisms have not been elucidated, but
several studies suggest that the effects are related to the high fiber
content of rye, which might influence the glucose absorption rate and
hormonal response through decreased nutrient diffusion rates [24].
In addition, structural features of rye products might inhibit starch
hydrolysis through the formation of an amylose layer around starch
granules, thereby inhibiting glucose uptake [17]. The whole-grain oat
and multi-seed whole-grain breads are especially rich in dietary fibers
that are reported to have positive effects on glucose metabolism by
reducing the pH of the intestinal tract, consequently inhibiting starch
digestion and delaying gastric emptying. Furthermore, intact fiber
structures are not accessible to human amylases, and conversion into
monosaccharides might be reduced [7]. In addition, the whole-grain
oat bread was the most protein- and fat-enriched bread with the lowest
energy content of all the commercially available breads included in the
first study. To identify the macro-nutritional parameters that reduce
GI in more detail, protein and oilseed breads were investigated in the
second stage of this study. Compared to the white bread control, only
the protein bread exhibited significantly reduced peak blood glucose
level and glycemic index. The oilseed bread had comparable amounts
of total fat, carbohydrates, dietary fiber and protein with respect to
the identified low GI whole-grain oat bread. As the energy content
of these two breads is comparable, this finding is quite surprising.
One explanation could be that whole-grain oat bread is rich in
non-cereal fibers (e.g., psyllium seeds, citric and apple) and cereals
(oat, wheat) (Table 2). Soluble dietary fiber, which mainly occurs in
legumes but is also found in oats, may have direct or indirect effects
on reduced glucose reabsorption and thus on the glycemic index of
the respective bread [7]. On the contrary, the protein content of the
protein-enriched bread is twice as high as that of the oilseed bread,
whereas the oilseed bread possesses a fat content four times higher
and fiber content three times higher than the protein-based bread.
The results suggest that oilseeds do not have any beneficial effects
on glycemic index. On the contrary, protein is a parameter that can
be increased to successfully reduce the GI of bread. Moreover, it is
known that the natural gluten content of some cereals can limit starch
bioavailability and enzyme accessibility [3]. However, as revealed by
linear regression and correlation analyses, carbohydrate content had
the most prominent effect on GI, followed by total fat and protein

content. These results indicate that postprandial glucose response
and, therefore, GI are determined by a multitude of nutritional
parameters rather than by a single contributing factor. Moreover, the
individual responses of subjects have to be taken into account, as large
variations were observed for all analyzed parameters (as indicated by
the large ranges in the respective figures). Finally, the effects of flour
coarseness on postprandial glucose response and GI were investigated.
Epidemiological data consistently suggest an inverse relation between
the consumption of whole-grain foods and the risk of coronary heart
disease and, possibly, of T2DM [25-28]. As whole-grain breads are
mostly made with milled flour of small particle size, we examined
breads baked with fine, medium and coarse whole-grain wheat flour
with comparable nutritional composition. Studies showed that milled
cereals as well as rice exhibit a higher glycemic index as in its original
shape, as starch hydrolysis is facilitated [14,15,29]. We therefore
expected differences in postprandial glucose response and peak blood
glucose levels. To our surprise, we did not find a significant effect of
the coarseness of the tested whole-grain wheat flours on our selected
parameters (Figure 4). Again, the study found that some individuals
are more sensitive to the milling degree than others. A possible
explanation for these results is that the particles in the coarse flour
were still too small and contained starch that could be digested, as in
bread baked with finely milled whole-grain wheat flour.

Conclusion

Whole-grain products are reported to have several positive
effects on human health [30], including reducing coronary heart
disease [26,31,32], T2DM [25,27,33] and metabolic syndrome [7,34].
This study reports large variations in the impacts of various whole-
grain-based breads on relevant T2DM-related parameters and
indicates complex nutritional relationships and individual response
characteristics. Therefore, it is difficult to provide recommendations
for effective food-based dietary guidance for patients. In general,
bread with reduced carbohydrate content in combination with high
fiber, protein and fat content seems to be preferable, but dietary
optimization for each individual is necessary.
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