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Abstract: (1) Background: It has been previously shown that sourdough bread, compared to commercial
yeast bread, elicits a lower postprandial glycemic and insulinemic response in patients with impaired
glucose tolerance (IGT). Aims: Our aim was to evaluate the following aspects in persons with type 2
diabetes (T2DM): (1) glucose variations induced by three different doughs: X = bread prepared with
functional alkaline biocrystal water, Y = sourdough-leavened bread, and W = bakery yeast bread;
(2) the utility of flash glucose monitoring (FGM) to measure GL. (2) Methods: Twelve T2DM following
diets (six males, diabetes duration 10.9 ± 1.3 years with no complications, Hba1c < 7.0%), after 12 h of
fasting, consumed 180 g of the study breads leavened/matured for 48 (X), 8 (Y), and 4 h (W) at room
temperature with 200 mL of water, in a random order, in single-blind conditions, on three different
days. All patients had FGM running for the entire period of the experiments. Insulin was determined by
capillary blood obtained for the basal and peak glucose concentrations. (3) Results: The peak glucose
and peak insulin concentrations were significantly (p < 0.05) higher for W versus both X and Y, without
significant differences between X and Y. The area under the curve of glucose variations for over 240 min
was significantly higher in W than X (p < 0.01) and Y (p < 0.05), without significant differences between
X and Y. (4) Conclusions: (1) Bread prepared with biocrystal water has the same lower GL of sourdough
bread compared to bakery yeast bread, and it is easier to manage its leavening/maturation period;
(2) FGM is a reliable method for determining rapid glucose changes in response to a carbohydrate meal
in persons with type 2 diabetes.

Keywords: glucose index; biocrystal water; sourdough bread; interstitial glucose monitoring; type 2
diabetes mellitus

1. Introduction

Bread is one of the most relevant sources of carbohydrates, not only in the Mediter-
ranean diet. Bread has a high glycemic index (GI) [1,2], inducing a faster exposure to
glucose over time, but it is the actual content of carbohydrates that drives a longer exposure
to glucose, the so-called glucose load (GL). In other words, the GI is a ranking of how
quickly a food raises blood sugar, while the GL takes into account the GI and the amount
of carbohydrate in a serving. The GL is then a measure of the total impact of that kind
of food on blood sugar levels, and it is calculated by multiplying the GI by the amount
of carbohydrate in a serving, as clearly indicated by different online calculators such as
www.omnicalculator.com/health/glycemic-load (accessed on 10 July 2020). An example
is given by watermelon, which has a GI of 79 (moderately high), but, in a normal serving,
the GL is only 4, since it is mostly water. A reduction in the GL is considered favorable to
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health in diabetic or pre-diabetic persons in which a high GL is responsible for a greater and
longer increase in postprandial glycemia associated with cardiovascular disease [3–6]. In
non-diabetic subjects, high-GL food may be associated with cancer [7] or with Nonalcoholic
Fatty Liver Disease [8], particularly in the presence of insulin resistance. The possible
beneficial effects obtained in long-term interventions in which low-GL food is administered
are highlighted by the decrease in fasting insulin and pro-inflammatory markers such as C-
reactive protein, which are proven to be linked with obesity-associated diseases [9]. Several
studies have shown that the sourdough fermentation of wheat flour dough significantly de-
creases the glucose load of bread, since the starch has a reduced amount of glucose [10–12].
In addition to the sourdough fermentation of wheat flour, to date, different strategies to
reduce the GL of bread have been evaluated, but the preparation of most of these breads
is very difficult and not applicable in real life, reducing the possibility of preparing bread
with a low GL for the entire population. Preparing bread with low salt content has become
a nearly-zero-cost intervention directed toward the whole population; it can reduce salt
intake and reduce the spread of hypertension and cardiovascular risk in the population [13].
In the same direction, the adoption of a low-GL bread by the entire population might
be also an additional strategy for a significant reduction in cardiovascular disease in the
population. This goal is achievable if the bread can be prepared with timeliness and costs
favorable to bakers.

Continuous subcutaneous glucose monitoring (CGM) is now widely accepted as
an alternative means to conventional finger-prick tests for measuring glucose levels in
individuals with diabetes mellitus, particularly those who utilize intensive insulin treat-
ment [14–16]. Flash glucose monitoring (FGM) is a wireless method that uses a sensor
to monitor interstitial fluid glucose functioning as a hybrid between blood glucose mea-
surement with a glucometer (SMBG) and CGM. Patients can obtain near-real-time glucose
levels without finger pricks by regularly scanning the sensor. FGM has been proven to
be an economical alternative to CGM [17,18]. More than 99.9% of the interstitial glucose
measurements by FGM and capillary glucose pairs are within the combined zones of A and
B of the consensus and Clarke error grids [19,20].

Recently, we become aware of a particular kind of bread with a long maturation/fermentation
time (between 24 and 48 h) at room temperature, the dough of which is prepared with functional
alkaline (biocrystal) water at pH 9.0, which has glucose/fructose content some 10 times lower
than usual bread.

In the light of these considerations, the two aims of this work were as follows:

(1) To compare the GL of the dough prepared with functional alkaline (biocrystal) water
(X) against one prepared with “mother” yeast, sourdough-leavened bread (Y), and
one prepared with a commercial rapid leavening dough, bakery yeast bread (W), in
persons with type 2 diabetes (T2DM);

(2) To investigate the utility of FGM to measure rapid glucose changes after a GL in T2DM.

2. Patients and Methods

This work has been carried out in accordance with The Code of Ethics of the World
Medical Association [1964 Declaration of Helsinki and its later amendments] for exper-
iments involving humans. The study was approved by the local Ethics Committee on
14 July 2020 (NP 248/2020/CE), and informed consent was obtained from each participant.

2.1. Patients

Twelve type 2 persons with diabetes (T2DM, Table 1) in good metabolic control without
drug therapy, regularly attending our Diabetology Operative Unit, were enrolled in the
study after informed consent was obtained. Female patients had been in physiological
menopause for at least two years. Patients did not have evidence of celiac disease or
gluten intolerance.
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Table 1. Baseline anthropometric and biochemical data of the twelve T2DM.

Age [years] 69.9 ± 1.3 LDL Cholesterol
[mmol/L] 2.91 ± 0.5

HbA1c [mol/L %] 49.8 ± 1.8
6.7 ± 0.25

Total Cholesterol
[mmol/L] 4.92 ± 0.6

BMI 27.9 ± 1.2 Triglycerides
[mmol/L] 1.42 ± 0.3

Diabetes duration [years] 10.9 ± 1.3 HDL Cholesterol
[mmol/L] 1.44 ± 0.1

Systolic blood pressure [mmHg] 119 ± 3.1 SGOT [nkat/L] 415 ± 39

Diastolic blood pressure [mmHg] 75 ± 1.2 SGPT [nkat/L] 421 ± 49

Creatinine [µmol/L] 75.4 ± 4.1 γGT [nkat/L] 445 ± 69
Data are represented as mean SEM.

Patients were randomly offered 180 g of three different breads prepared in the form
of “focaccia”, cooked on the morning of the experiment, with 200 mL of still water at
08:00 a.m. after at least 10 h of fasting. The bread was consumed within 15 min, and during
the test, participants remained seated quietly for the entire observation period of 240 min.
All subjects followed a standard normal-caloric balanced diet (57% carbohydrates with
<10% simple carbohydrates, 25% fat with <10% saturated fat, 18% protein, salt < 6 g per
day, fibres 16 g/1000 Kcal) at least three weeks before starting the study and maintained it
thoroughout the entire observation period. In detail, they ate the same dinner the evening
before the entire observation period for the different tests. Patients were asked to maintain
the same usual physical activity during the experimental period.

All patients had FGM running (FreeStyle Libre ® from Abbott, Chicago, IL, USA) from
at least 24 h before the first test day and expiring at least 24 h after the third test day. Blood
samples for serum insulin and blood glucose were collected basally and at the peak glucose
concentration, as determined by FGM measurements being in stable phases. All subjects
ate the different breads on three different occasions that were three/four days apart.

2.2. Study Breads

The three different types of bread with standardized compositions and fermenta-
tion/maturation times at room temperature are described in Table 2.

Table 2. Doughs’ compositions.

Flour [g] Yeast [g] Biocrystal
Water [g] Salt [g] Extra Virgin

Olive Oil [g]
Homemade

Mother Yeast [g] Tap Water [g] Fermentation/Maturation [h]

X 1000 2 700 25 30 0 0 48
Y 1000 2 0 25 30 250 600 8
W 1000 2 0 25 30 0 700 4

Doughs’ compositions. X = Functional alkaline water bread; Y = sourdough-leavened bread; W = bakery yeast
bread. Doughs were prepared to finish fermentation maturation time together and cooked in the morning just
before the experiments.

The biocrystal alkaline water used in this study was functional alkaline water, obtained
through purification with ceramics with trace elements, antioxidants, ionization, and
hydrogenation. Specifically, the water was initially micro-filtered through activated carbon
and then, through a process of reverse osmosis, the pure osmotic water passed through a
system of bioceramics and semi-precious metals (tourmaline, zeolite, hematite), becoming
alkaline functional water at pH 9.0 (www.biocrystalacquaalcalina.com/acqua-biocrystal,
accessed on 20 March 2021).

www.biocrystalacquaalcalina.com/acqua-biocrystal
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2.3. Isolation of Microbial Flora by Culture-Dependent Microbiological Analysis

To determine the presumptive lactic acid bacteria [LAB] in the three dough samples
(X, Y, and W), 10 g of each dough was mixed with 40 mL of sterile NaCl solution (0.9%
weight/volume) and homogenized in a classic blender. Tenfold dilution series for each
suspension were made, and 100 µL of each dilution was plated in triplicate on de Man–
Rogosa–Sharpe (MRS) agar medium (Biolife, Bellingham, WA, USA), supplemented with
10 mg/L of cycloheximide (Sigma-Aldrich, St. Louis, MO, USA, Merck, Rahway, NJ, USA)
and in Luria Bertani (LB) agar (Sigma-Aldrich, Merck) medium. All plates were incubated
at 30 ◦C for 48 h. The procedures were performed in triplicate. Up to 50 colonies were then
randomly picked from the lowest countable dilutions and were grown in 5 mL of MRS
broth (Biolife) at 30 ◦C for 24 h.

2.4. Bacterial Identification by MALDI-TOF Mass Spectrometry

Isolated bacteria were identified by MALDI-TOF mass spectrometry according to the
“direct colony extraction technique” [21]. Briefly, a small portion of a single colony was
directly smeared as a thin film onto a target plate (VITEK® MS-DS SLIDE, Biomerieux,
Marcy-l’Étoile, France), using a 1 µL loop (performed in two spots for each strain), im-
mediately followed by the addition of 1 µL of α-cyano-4-hydroxycinnamic acid (VITEK
MS-CHCA, BioMerieux) for each sample spot. The samples were allowed to dry at room
temperature before MS analysis [22]. To calibrate the mass spectrometer, the E. coli ATCC
8739 strain was inoculated on the central spot of the target slide, useful for every acquisition
group. Matrix solution (α-cyano-4-hydroxycinnamic acid, BioMérieux) was also tested
alone as a negative control. For the analysis, each spot was irradiated with 500 laser shots
at 50 Hz, and spectra were acquired (mass range of 2 to 20 kDa in the linear model). Identi-
fication results were obtained by transferring the data from the Vitek acquisition station
to the Vitek MS analysis server. Confidence values for each tested strain were calculated
using the software MK2/2020. According to the manufacturer, values between 60.0 and
99.9 indicated the reliable discrimination of species or species groups [23].

2.5. Glucose and Insulin Determinations during the Study

During the three test days, participants performed manual scanning of the sensor
every 5 min after eating to identify the peak glucose concentration. The analysis of the
graph obtained during the 4-h study allowed the calculation of the area under the curve
(AUC) of glucose variations after the bread was eaten (Figure 1).
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Figure 1. Representation of the interstitial glucose modifications during the one-day test in one
T2DM. In the figure, the start eating = 08:00 a.m. and end study day = 12:00 a.m. times are indicated.
* indicates blood sampling: at basal and at peak. ◦ indicates the moment of scanning the sensor; this
was carried out frequently after having eaten the bread to identify the peak of glucose increase after
the meal.
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This was obtained with Excel using the trapezoidal formula, dividing the 240-min
experiment into 5-min intervals. During the study, serum samples were collected by finger
pricks for blood glucose and insulin determination at the basal concentration, before eating
the bread, and at the peak blood glucose concentration, as determined by the “flat” position
of the arrow in the FGM display. The first blood drop from the finger prick was used to
determine blood glucose (blood glucose readings were performed on the built-in meter free
style® glucometer, Abbott, used to scan interstitial glucose variations over time), while an
additional 8–10 drops were collected in a conical 1.0 mL Eppendorf vial and centrifuged for
20 min at 4000 rpm with a refrigerated Eppendorf centrifuge, 5427R, and the supernatant
was stored at −20 ◦C until it was assayed for insulin determination. Insulin was determined
in all twelve T2DM for the three different test days in the same assay using a sandwich
immunological test based on the principle of chemiluminescence (LIAISON Insulin kit;
DiaSorin, Saluggia, Italy). Briefly, 100 µL of serum was diluted with 210 µL of the LIASON
Endocrinology Diluent buffer, and after being mixed well, 150 µL of the mixture was used
to determine insulin concentrations. All samples were assayed in duplicate. The assay was
not affected by hemoglobin values up to 1000 mg/dL, and the analytical sensitivity was
0.5 µIU/mL. The evaluation of serum insulin response along with the glycemic one is more
effective in characterizing glucose metabolism impairment [24,25].

2.6. Statistical Analysis

The sample size was calculated based on preliminary data and considering a minimum
power of 80% (type-II error, 1-beta), 5% of significance (alpha: 0.05), and a medium effect
size (f = 0.25), using Gpower software(GH/2021). Descriptive summary statistics for
continuous data numbers, means, and standard errors of the mean (SEMs) were performed
for all measurements. Multiple linear regression analysis was used to determine the
predictors of significance at the determined points (from 0 to 240 min at 30-min intervals
for interstitial glucose variation during the three test days). ONE-way ANOVA was used
to compare data at the single time points during the bread load, and T-Student’s test for
paired data was applied when appropriate. p values ≤ 0.05 were considered statistically
significant. All statistics were performed with the SPSS software package V28 for Windows.

3. Results
3.1. Bread Characterisation

The three different kinds of bread were highly different in terms of glucose/fructose
and lactic acid composition. Both the functional alkaline water bread and sourdough-
leavened bread had a similar low concentration of glucose/fructose, which was somehow
10–15 times lower than the bakery yeast bread, while the sourdough-leavened bread was
richer in lactic acid (Table 3).

Table 3. Moisture [weight loss in grams from 100 g of dough left for 5 h in an oven at 100 ◦C], simple
carbohydrate, and lactic acid concentrations at the end of fermentation/maturation in the three
different breads.

Moisture [g] Glucose g/100 g Fructose g/100 g Lactic Acid
g/100 g

Functional alkaline
water bread 32 0.062 0.1 <0.001

Sourdough-
leavened bread 30 0.05 0.22 0.381

Bakery yeast bread 27 1.5 1.3 <0.001

Microbiological analysis showed the absence of bacterial growth on the plates be-
longing to the X and W doughs, while 100% of the colonies isolated from the plates of the
sourdough (Y) dough belonged to Pediococcus parvulus. The absence of contamination was
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confirmed by the absence of bacterial growth on LB agar plates plated with suspensions of
each dough.

3.2. Effect of the Different Bread Doughs on Interstitial Glucose, Capillary Blood Glucose, and
Serum Insulin

Absolute changes (delta values) in interstitial glucose at 30-min intervals for all the
observational periods were significantly higher with the bakery yeast bread (W) than the
sourdough-leavened bread (Y) and functional alkaline water bread (X) after 60 min (p < 0.05
and p < 0.01, respectively), 90 min (p < 0.05 and p < 0.01, respectively), and 180 min (p < 0.01
for both). The peak glucose concentration was anticipated at 90′ with W compared to Y and X
(120′ for both) (Figure 2).
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Figure 2. Interstitial glucose as determined by FGM in the 12 patients during the three different
experimental days. Delta changes from basal in interstitial glucose determined at 30-min intervals
during the entire experiment as determined by FGM. ** p < 0.01 functional alkaline water bread vs.
bakery yeast bread; § p < 0.05. §§ p < 0.01 sourdough-leavened bread versus bakery yeast bread in the
12 T2DM.

The AUC of interstitial glucose as determined by Libre FGM in the period of 0–240 min
was significantly higher with bakery yeast bread (W) in comparison to the other two tested
breads, without a significant difference between these last two (Table 4). The interstitial
glucose at time 0 and the peak glucose concentration were not significantly different from
what was obtained when measuring blood glucose in the three different test days (Table 4).
The delta peak blood glucose was significantly lower in the functional alkaline water bread
and sourdough-leavened bread as compared to the bakery yeast bread (p < 0.05). No
significant differences were evident for basal insulin in the three test days, while the insulin
at peak glucose was significantly higher in the bakery yeast bread as compared to the
functional alkaline water bread (p < 0.05) and sourdough-leavened bread (p < 0.05), without
significant differences between the last two (Table 4).
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Table 4. Effect of the different bread doughs in the twelve T2DM.

X Y W p

Interstitial Glucose
mmol/L

AUC 0–240 min 819.6 ± 72.1 926.0 ± 73.4 1016.4 ± 84.4 **,§

Time −10′ 7.4 ± 0.5 7.3 ± 0.3 7.4 ± 0.5 ns

Delta peak/basal 7.7 ± 0.3 8.0 ± 0.9 9.4 ± 0.5 ns

Capillary blood glucose
mmol/L

Time −10′ 7.3 ± 0.4 7.2 ± 0.3 7.3 ± 0.3 ns

Delta peak/basal 7.7 ± 0.4 8.1 ± 0.7 9.3 ± 0.6 *,ˆ

Serum insulin
[µU/mL]

Basal insulin 9.5 ± 2.1 9.3 ±1.9 9.7 ± 1.7 ns

Peak insulin 63.5 ± 10.8 62.2 ± 10.5 85.7 ± 14.2 *,§
AUC = area under the curve. Interstitial glucose: glucose determined by FGM; capillary blood glucose: glucose
determined by finger prick test. X: functional alkaline water bread; Y: sourdough-leavened bread; W: bakery
yeast bread. Data are means ± SEM. * p < 0.05, and ** p < 0.01 X vs. W; ˆ p < 0.05, X vs. Y; § p < 0.05, Y vs. W. No
significant differences were present within any group for both basal and peak glucose concentration measured in
blood and determined by FGM.

No significant changes in the baseline anthropometric and biochemical data were
present at the end of the three experimental days in the twelve T2DM. AGP reports
were downloaded at the end of the 14 days, with either the mean glucose concentration
(7.0 ± 0.1 mmol/L), the glucose management index (42 ± 1.3 mmol/L), or the time in
range—TIR (80 ± 3.4%) confirming the good metabolic control of the twelve T2DM during
the 14-day study period.

Additional material has been added at the end of the emanuscript (see Appendix A).

4. Discussion

A decreased postprandial glucose concentration induced by a low-GL diet is associ-
ated with a reduced risk for cardiovascular disease [26,27], particularly in persons with
diabetes [28,29] and, likely, could help in preventing some forms of cancer [30,31]. In
addition, low-carbohydrate [32–34] or low-GL diets [35,36] result in great weight loss over
periods of 3–6 months and have a favorable effect on triglyceride and HDL cholesterol [37].

In this work, we analyzed the GL induced by three different breads, and we observed
a significant decrease in GL induced by functional alkaline water bread and sourdough-
leaved bread compared with bakery yeast bread. Although one limitation of this “acute”
study is that the results cannot be transferred in the long term, these results suggest
that the continuous use of these kinds of breads might be useful in reducing weight
in overweight/obese T2DM when assumed chronically, with beneficial effects on both
glycemic metabolic control and the reduction in cardiovascular risk. These results may
encourage the commencement of long-term studies in this direction.

Interestingly, we also observed a reduction in postprandial blood glucose, a well-
established cardiovascular risk factor in T2DM, with both the functional alkaline water and
sourdough-leaved bread. Foods with high GI can result in an increase in blood glucose and
insulin concentration in blood, whereas those with low GI do not have these effects [38],
ultimately reducing the cardiovascular risk and diabetes onset in predisposed subjects.

In recent years, there has been an increased focus by food manufacturers on the
use of low-glycemic products, replacing the sugars and starch in conventional food with
ingredients such as alcohols, oligo- and polysaccharides, or glycerin. The effectiveness
of added dietary fibers in reducing the GL of bread is controversial [39]. In addition,
even if the inclusion of fibers or wholemeal flour in the production of bread can influence
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the glycemic response, the protocols to implement this method, to be effective, must
consider the use of different technologies which are sometimes complicated to implement
in practice [40]. Another method described for the reduction in GL in bread is the addition
of beta glycans, [41], which effectively reduce GL, but their taste is not very pleasant and
they are therefore not usable in practice. Other authors have suggested replacing breads
with rice, potatoes, or hummus [42], but this option is difficult to apply to Mediterranean
culture, where bread is one of the main sources of carbohydrates.

It has been reported that sourdough-leaved bread has a lower GI than commercial
bread, due to the consumption of glucose by the enzymes of the lactobacilli bacterial and
fungal flora of the dough “ mother”, improving glucose metabolism in healthy subjects [43].
This effect has been attributed mainly to the reduction in sugars and the presence of lactic
acid. Previously, postprandial glycemic and insulinemic responses to a meal containing
sourdough bread, compared to a reference meal containing leavened bread with yeast for
bread making, in subjects with impaired glucose tolerance was evaluated [44]. A limitation
of that study was that a 500-calorie mixed meal (100 g of bread, 200 mL of semi-skimmed
milk, 15 g of glucose-free marmalade, 10 g of butter) containing 58% carbohydrates, 12%
protein, and 30% lipids was used. The mixed meal might have altered the absorption of
carbohydrates, making the interpretation of the data difficult.

In this study, we offered bread alone with a total of 480 calories to T2DM, and both
the functional alkaline water and sourdough-leavened bread resulted in a lower AUC
over the period of 240 min, together with a significantly lower increase in glucose at the
predetermined 60, 90, and 180 min. Both kinds of breads had somehow 10–15-fold less
simple sugar due to the consumption operated by lactobacilli in sourdough-leavened bread
in a relatively short period and by yeasts operating for 48 h in functional alkaline water
bread. The process of maturation in the functional water bread lasted between 24 and
48 h due to the fact that the starting pH was 9.0 and so remained ideal [pH 5.0] until the
end of the maturation period. Without using the functional water, the pH of the dough
would have rapidly gone below pH 3.0, making the dough inedible. Due to the similar
results obtained with the two breads, we have hypothesized that the main driver of the
reduction in glycemic response to the meal was the consumption of simple sugars more
than the presence of lactic acid, although we cannot exclude the idea that the more complete
maturation time obtained with the functional water bread might have influenced sugar
absorption. Sourdough-leavened bread only had a significant amount of lactic acid, as
expected by the presence of Pediococcus parvolus, a species belonging to lactic acid bacteria
commonly associated with the fermentation process of wines and cider and recently found
in sourdough of household origin [45].

Bakers and pizza makers choose to use rapid leavening dough since the use of “mother”
yeast has very narrow margins of use, caused by the very tight fermentation/maturation
time (between 6 and 8 h). This time affects the work activity of the baker, with repercussions
on the final price and therefore causing a reduction in the possibility of spreading this type
of dough to the general population. A much more flexible process that could foresee a
leavening/maturation time with wider margins, between 24 and 48 h at room temperature,
would clearly allow the baker to lower costs and therefore the increase the possibility of
greater diffusion at the population level. We found no bacterial growth in our “functional”
bread, indicating that the process of maturation/leaving for 48 h at room temperature
is safe.

To the best of our knowledge, this is the first time that FGM has been used to determine
glucose variations in response to different doughs in humans. We measured blood glucose
and insulin by finger pricks at both basal and peak interstitial glucose concentrations in a
moment when the two compartments were in equilibrium, with no significant differences
between blood and interstitial glucose. On the other hand, using the plot of the curve of
interstitial glucose variation over 240 min after eating the bread, we were able to calculate
the AUC by the trapezoidal rule at 5-min intervals, giving a more precise calculation
compared to what is usually determined at 30-min intervals. Using FGM, we were also able
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to observe the glucose patterns in the days before the three experiments and, in particular,
the night before.

One limitation of this study is that the results cannot be transferred in the long term,
being an “acute“study. Long-term population studies could favor the production of this
kind of bread at the same cost as regular bread, allowing to diffuse it amongst the whole
population, prioritizing the health of the general population with a “small coin for big
numbers”. At present, we are trying to start this implementation in the local population.

5. Conclusions

(1) Bread prepared with biocrystal water has the same low glycemic load of sourdough
bread compared to traditional bread, and it enables the easier management of the
leavening/maturation period.

(2) FGM is a reliable method to determine the area under the curve during glycemic
changes in response to a carbohydrate meal in persons with type 2 diabetes.
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Appendix A

Table A1. Randomization chart.

Patient SEX Test Day 1 Test Day 2 Test Day 3

1 M X Y W
2 F X Y W
3 M X Y W
4 F W X Y
5 M W X Y
6 M W X Y
7 F Y W X
8 M Y W X
9 M Y W X
10 F W Y X
11 F Y X Y
12 F X W W

M = male, F = female; X = functional alkaline water bread; Y = sourdough-leavened bread; W = bakery yeast
bread. Tests were performed in single-blind conditions on three different days in random order, three days apart,
over a period of two weeks.

www.janasdia.com
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Figure A2. Appearance of the different types of bread after baking and immediately before serving.
The three different types of bread as they were prepared for each session from left to right: functional
alkaline water bread, sourdough-leavened bread, bakery yeast bread.

Table A2. Results from the 5-point hedonic scale for each sensorial attribute.

Bread Smell Taste Consistency Acceptance

Functional alkaline water bread 3.9 ± 1.1 4.1 ± 1.1 4.4 ± 0.9 4.6 ± 0.5
Sourdough-leavened bread 4.7 ± 0.4 * 4.7 ± 0.4 4.7 ± 0.7 4.8 ± 0.3
Bakery yeast bread 4.2 ± 1.2 4.3 ± 1.0 4.6 ± 0.7 4.7 ± 0.5

* p < 0.05 vs. functional alkaline water bread. To determine consumer acceptability, a simple 5-point hedonic
scale questionnaire for each sensorial attribute (odor, taste, texture, and general acceptance during the test) was
used, where 5 was the highest score (i.e., extremely positive = like very much) and 1 the lowest (i.e., extremely
negative = dislike very much). No substantial differences in terms of the consumer acceptability of the three
different bread were reported apart from smell.
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