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Introduction

Abstract

BACKGROUND: Many studies have indicated that the incidence of serious diabetic complications
may be reduced through strict glycemic control. A low glycemic index diet is one tool to improve
insulin resistance and improve glycemic control in type 2 diabetes mellitus (T2DM).

AIM: The objective was to study the effect of pseudocereals-based breakfasts (quinoa and
buckwheat) on glucose variations at first meal (breakfast) and second meal (standardised lunch) in
healthy and diabetic subjects.

SUBJECTS AND METHODS: Twelve healthy subjects and 12 patients with Type 2 DM (not- insulin
dependent) were recruited in the study. Subjects were provided with quinoa and buckwheat
breakfast meals. A standardised lunch was provided 4 h after breakfast. Postprandial blood glucose
response after breakfast and the second meal effect was measured in healthy and diabetic
subjects. Incremental area under the curve (IAUC) values for glucose was measured in response to
the breakfast and lunch. The glycemic index of the 2 pseudocereals-based test breakfasts was
determined. A white wheat bread (WWB) was served as a reference breakfast meal.

RESULTS: In post-breakfast analyses, healthy subjects showed that buckwheat meal had
significantly lower IAUC values for blood glucose compared to WWB reference meal (P < 0.001)
while quinoa meal showed no significance. In diabetic subjects, buckwheat and quinoa meals had
significantly lower IAUC values for blood glucose compared to WWB reference meal (P < 0.001 and
P < 0.05 respectively). Blood glucose concentrations started to decline gradually for the quinoa and
buckwheat but not for WWB in all healthy and diabetic subjects and returned to near-fasting
baseline levels by 210 min. Post-lunch analyses indicated higher IAUC for the two breakfast types
in healthy and diabetic subjects. In addition, the quinoa and buckwheat breakfast meals were
followed by a significantly flatter blood glucose response to the second meal for the period between
270 and 330 min. At the end of the second meal period, values were below or near-fasting baseline
levels in the breakfast period. The blood glucose concentration after consuming quinoa meal
showed a high peak at 30 min similar to that of WWB reference meal. This peak resulted in a high
glycemic index (GI) for quinoa (89.4). The GI of buckwheat recorded a low value (26.8).

CONCLUSION: The two studied pseudocereals; quinoa and buckwheat have high potential to
improve glucose tolerance at the first and second meal (lunch) and are recommended to be
introduced in our daily diet for healthy and diabetic subjects.

may be reduced through strict glycemic control [3]. A
low glycemic index diet is one tool to improve insulin
resistance and improve glycemic control in type 2

Diabetes mellitus is a progressive chronic
disease  associated with  microvascular and
macrovascular complications [1]. Postprandial
hyperglycemia is a major risk factor for cardiovascular
disease and increased cardiovascular morbidity and
mortality in diabetic subjects [2]. Many studies have
stated the incidence of serious diabetic complications

diabetes mellitus (T2DM) [4].

Although the ability of certain pseudocereals
to lower postprandial glycemia is reported [5], no
studies have been conducted on the effect of
pseudocereals on the subsequent meal. The second
meal effect is the ability of grains to reduce
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postprandial glycemia not only after a meal at which
they were taken but also at a subsequent meal in the
day. This effect is beneficial for blood glucose control
in diabetic patients and also causes an unanticipated
decrease in insulin demands at the subsequent meal

[6].

The second meal effect occurs when the
glycemic index (Gl) of one meal influences the
glycemic response to asecond meal [7]. A low
glycemic index breakfast has been shown to lower the
postprandial glucose responseto lunch [8]. The
second meal effect is important for individuals with
type 2 diabetes and for healthy individuals trying to
control their glucose excursions as well. Jenkins et al.
[9] determined that the Staub-Traugott effect (the
second meal effect), lasted from breakfast to lunch (a
4 hour period) by showing that slow digesting
carbohydrate breakfast meals improved glucose
tolerance during a subsequent lunch. Nowadays, the
second meal effectis beginningto be taken into
consideration.

Quinoa and Buckwheat are grains which
belong to the “pseudocereals’category. They are
characterised by an excellent nutrient profile [10] and
absence of gluten proteins (prolamines) found in
commonly used cereal grains such as wheat, barley,
and oats [11]. Pseudocereals are essentially starchy
crops, rich in essential amino acids, fatty acids,
minerals, and vitamins that make them an alternative
to traditional nutrient starch based gluten-free foods.
Pseudocereals are starchy seeds as cereals but they
are not members of the grass family.

Buckwheat (Fagopyrum esculentum Moench)
is denominated as ‘king of the healing grains'. It is a
rich source of essential amino acids, fibres, minerals,
antioxidants, folate, omega-3 fatty acids, potassium, B
vitamins [12]. Buckwheat has also been suggested as
a low GI grain ingredient in some designed foods [13,
14, 15].

Buckwheat grains  contain numerous
nutraceutical compounds as catechins, rutin, and
many other polyphenols [16]. These functional
components are shown to influence positively on the
variations in blood glucose levels, on hypertension,
and dyslipidemia [17]. Moreover, buckwheat grains
are a rich source of soluble and total dietary fibre
dietary fibre and are useful in lowering the incidence
of obesity and diabetes [18].

Quinoa (Chenopodium quinoa Willd) is an
ancient seed cultivated in the Andean region [19]. It is
characterised by its high nutritional properties [20].
Quinoa seeds are rich in proteins having a well-
balanced content of essential amino acids when
compared to those of common cereals [21]. Quinoa
contains significant amounts of phytochemicals
including saponins, flavonoids, phytosterols, phenolic
acids, fat-soluble vitamins, fatty acids, trace elements
and minerals which have many advantageous

biochemical effects [22]. Studies on the hypoglycemic
effects of Quinoa in vivo are rare. A previous study
recommended quinoa to be used as an alternative to
commonly used grains in the production of cereal-
based gluten-free products with a low Gl [23].

The aim of this study was to determine the
postprandial glycemic response after consuming
breakfast meal containing quinoa or buckwheat as
compared to the white wheat bread reference meal in
healthy and diabetic subjects. In addition, the effect of
these breakfast meals on postprandial glycemic
response after a second meal (lunch) was studied and
glycemic indexes of the previously mentioned grains
were calculated.

Subjects and Methods

Subjects

During this randomised prospective study,
healthy and diabetic subjects consumed three
breakfast and lunch meal combinations for a period of
three weeks. Twelve healthy subjects and 12 patients
with Type 2 DM (non-insulin dependent) were
recruited in the study. The 12 healthy subjects were
six women and six men with a mean age of 30 years
(range, 22-40) and normal body mass index (mean
BMI of 21.6 £ 1.5 kg/m”2). The 12 patients with Type
2 DM were seven women and five men with a mean
age of 55 years (range, 40-68) and body mass index
of 24 + 1.6 kg/m”2. Their mean duration of diabetes
was 10 years. Before the start of the experiment,
fasting blood glucose of diabetic subjects was
monitored for a minimum period of 6 months. The
average value of fasting blood glucose was 126
mg/dL. Patients controlled their diabetes by taking oral
hypoglycemic agents beside their normal daily diet;
they have not been diagnosed with other chronic
diseases and were taking breakfast regularly. On the
day of the experiment, patients consumed tested and
reference breakfasts and lunch with no oral
hypoglycemic agents. The volunteers were enrolled
for this study in the National Research Centre (NRC),
Cairo, Egypt, after a written informed consent was
obtained from each of them. Participants were non-
smokers and were not exercising on a regular basis.

Methods

The effect of two pseudocereals-based test
breakfasts and white wheat bread (WWB) served as
the reference meal was evaluated. Blood glucose
response after breakfast and after the second meal
was measured in healthy and diabetic subjects.

Subjects were provided with the test breakfast
meals. Two of the meals were composed primarily of
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two pseudocereals either quinoa or buckwheat; the
third meal was the reference white wheat bread
WWB. The food items contained in the breakfast
control and test meals are provided in Table 1. Quinoa
seeds were bought from our local market; while
buckwheat seeds imported from Russia, were
purchased from Dubai market, United Arab of
Emirates. The two tested boiled pseudocereals
(quinoa; buckwheat) and the WWB reference
breakfast meals were served with butter and cheese
to balance the fat and protein contents of the meals.
In addition, 100 mL milk (3% fat), 150 mL water and
150 mL tea were provided with each meal. The size of
all meals corresponded to 50 g available
carbohydrates, 20 g protein, and 9.6 g fat and
provided 1533 kJ.

Table 1: Composition of the breakfast meals

Breakfast WWB Quinoa Buckwheat Cottage Butter Milk Water Tea
cheese

g g g g g mL mL mL

WWB meal 125 - - 40 7 100 150 150

Quinoa meal - 80 - 50 15 100 150 150

Buckwheatmeal - - 67 75 5 100 150 150

WWB, white wheat bread (reference meal).

Blood glucose concentration readings were
taken every 30 min using Accu-Check Active meter
(Roche Diagnostics GmbH, Germany) [24].

White wheat bread WWB

WWB made from 100% refined wheat flour
(extraction 72%) was used as the reference food. The
bread was made from 300 g white-wheat flour, 200
ml. water, 3 g dry yeast and 3 g salt. Each dough was
proofed for 60 minutes to allow fermentation, then
flattened and cut into round pieces of 15 cm diameter
and 0.2 cm thickness, and a second proofing was
made for 30 minutes. WWB was baked in an oven at
250° C. WWB was served as the reference meal.

Second-meal study

Four hours after consuming the test and
reference breakfast meals, healthy and diabetic
subjects were served a second standardised high-Gl
meal. This meal consisted of 100 g deep- fried
meatballs, 250 g mashed potatoes, and 60 g canned
sweet corn (El Tahya, Cairo, Egypt). Lunch meal
provided 2384.88 kJ. In addition, 250 mL water was
served with each meal. Both breakfast and lunch
meals provided approximately 45% of a total daily
energy intake.

Estimation of blood glucose
after breakfast and second-meal

response

Subjects were requested to fast overnight for
10-12 hours. Capillary blood sample was obtained by
a finger prick using a monoejector Lancet device
(Accu-ChekSoftclix). Blood samples were taken
before breakfast meals to determine fasting blood
glucose concentrations (0 min). Postprandial blood
samples were taken at 30, 60, 90, 120, 150, 180 and
210 min after the breakfast. In addition, blood samples
were taken for glucose determination immediately
before the second meal (240 min, ie, 4 h after
breakfast considered as 0 times for the second meal)
and at 270, 300, 330, 360 and 390 min post-lunch.
The first drop of blood was placed onto the strip and
readings were taken (within 5-10 sec) and recorded.

Calculation of Glycemic index (Gl)

The GlIs of quinoa and buckwheat were
determined after the test meals had been served to
healthy subjects. The WWB reference meal and the
test meals were taken by the subjects in random order
after an overnight fast and were separated by a
washout period for the duration of one week. The
meals were served at the same time in the morning
and subjects were asked to consume all meals within
10-12 min.

The Incremental areas under curves (IAUC)
of test meals and reference meal of each individual
were calculated. The Gl for the test meals was then
calculated by dividing the value of glucose IAUC of
the test meal by that of the reference meal for the
same individual ignoring any area beneath the
baseline [25] multiplied by 100 as shown in the
following equation:

IAUC of test meal x 100

IAUC of reference meal

Glycemic index=

Statistical analysis

Differences between fasting and postprandial
glucose concentrations were determined and
incremental area under the curve (IAUC) calculations
were completed using the AutoCAD program. The
IAUC for blood glucose was calculated between 0-60,
0-120, 0-180 and 0-210 minutes postprandial for all
participants for breakfast, and 240-300, 240-360,
240-390 min for lunch. Paired t- test were used to
identify differences between quinoa, buckwheat, and
the WWB reference meal. P-Value < 0.05 indicated a
statistically significant difference for all tests. All
continuous variable data are reported as the mean *
standard error. Statistical Package for the Social
Sciences software (SPSS) for windows (SPSS Inc.,
Chicago, IL, version 17.0) was used for the statistical
analysis.
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Results

First meal responses
diabetic subjects

in healthy and

Glucose tolerance curves:

The blood glucose tolerance curves are
shown in (Fig. 1 & 2) and (Fig. 3 & 4) for healthy and
diabetic subjects after consumption of three breakfast
meals. By comparison with the WWB reference meal,
the blood glucose response curves and the peak rise
of blood glucose were significantly reduced after
consumption of buckwheat meal (p < 0.001). No
significant differences were observed in the peak rise
of blood glucose after consumption of quinoa meal as
compared to the WWB reference meal. In healthy
subjects, there was a quick rise in blood glucose
concentrations (mean + SD) and peaked at 30 min for
the WWB reference, quinoa and buckwheat meals
(152 + 18.5 mg/dL, 153 + 16.6 mg/dL, 124 + 13.1
mg/dL respectively).
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Figure 1: Mean capillary blood glucose conc. during the first and
second meal following ingestion of WWB or Quinoa breakfast in
healthy subjects

Otherwise, in diabetic subjects, blood glucose
concentration peaked at 90 min (263 £ 14.8 mg/dL)
for the WWB reference meal, while that of quinoa and
buckwheat meal peaked at 60 min (264 £ 24.6 mg/dL)
and at 120 min (174 £ 13.5 mg/dL) respectively. Blood
glucose concentrations started to decline gradually in
all healthy and diabetic subjects and returned to near-
fasting baseline levels by 210 min (Fig. 1 & 2, 3 & 4).
In contrast, diabetic subjects consuming the WWB
reference meal had higher blood glucose
concentrations at 210 min (174 + 9.8 mg/dL) than that
of the baseline level (112 + 6.3 mg/dL).

Glucose incremental area under the curve
(IAUC)

The first and second meal glucose IAUC of

the reference and the two test meals are shown in
Table 2.The percent change is given by the following
formula:

Percent change = (Reference mean- Test mean) +
Reference meal x 100

In healthy subjects, the greatest reduction in
the breakfast periods glucose IAUC at 0—60 min, 0—
120 min, 0—-180 min and 0—210 min was achieved with
buckwheat meal which recorded 80.8%, 73.2%,
74.5% and 76.2% respectively lower values than that
after the WWB reference meal (p<0.001).
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Figure 2: Mean capillary blood glucose conc. during the first and
second meal following ingestion of WWB or Buckwheat breakfast in
healthy subjects

The breakfast glucose IAUC of quinoa meal
was not significantly different from the WWB reference
meal, although it was reduced at 0-120 min, 0-180
min and 0-210 min by 9.9%, 14.0% and 5.4%
respectively. However, at 0—60 min, the breakfast
glucose IAUC of quinoa meal was 29.3% greater than
that produced by the WWB reference meal and the
difference was statistically significant (p < 0.05).
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Figure 3: Mean capillary blood glucose conc. during the first and
second meal following ingestion of WWB or Quinoa breakfast in
diabetic subjects

In diabetic subjects, the greatest reduction in
the breakfast periods glucose IAUC at 0—60 min, 0—
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120 min, 0-180 min and 0-210 min was achieved with
buckwheat meal which recorded 46.2 %, 48.6%,
50.8% and 53.4% respectively lower values than that
after the WWB reference meal (p < 0.001).

No significant differences were observed in
the breakfast glucose IAUC of quinoa meal at 0-60
and at 0-120 min that was reduced by 1% and 5.3%,
while at 0—-180 min and 0-210 min, reduction were
25.0% and 31.7% respectively lower values than that
after the WWB reference meal (p < 0.05).
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Figure 4: Mean capillary blood glucose concentration during the first
and second meal following ingestion of WWB or Buckwheat
breakfast in diabetic subjects

Second meal responses in healthy and
diabetic subjects

Glucose tolerance curves:

Blood glucose concentrations determined
immediately before and after the second meal are
shown in (Fig.1 & 2) and in (Fig. 3 & 4) for healthy and
diabetic subjects. From these figures, it is shown that
the blood glucose concentrations just before the
second meal (at 240 min) were significantly lower
after the quinoa and buckwheat breakfast meals than
after the WWB reference meal in healthy and diabetic
subjects. These concentrations were below the
breakfast fasting baseline values.

There was a quick rise in blood glucose
concentrations that peaked at 270 min for the quinoa
and buckwheat meals (155 + 18.7 mg/dL and 130 %
9.5 mg/dL) in healthy subjects after lunch. Otherwise,
in diabetic subjects, blood glucose concentrations
peaked at 300 min (198 + 16.8 mg/dL and 192 + 14.9
mg/dL). Glucose values during the second meal
period were fairly flat for quinoa and buckwheat
breakfast meals between 270 and 330 min (ie. 30-90
min. after consumption of the lunch).

At the end of the second meal period, values
were below or near-fasting baseline levels in the
breakfast period (Fig. 1-4) in healthy and diabetic
subjects.

Glucose incremental area under the curve
(IAUC)

The second meal IAUC calculations began at
240 min. In healthy subjects, the second meal glucose
IAUC at 240-300 min, 240-360 min and 240-390 min
that followed the buckwheat breakfast meal recorded
higher values than that after the WWB reference meal
by 53.5% (p < 0.05) for the first period of time, while it
showed no significant difference for the other periods
of time (17.5% and 18.7% respectively). High
significant differences were observed in the second-
meal glucose IAUC of quinoa breakfast meal at 240—
300 min, 240-360 min, 240-390 min, and values were
197.2%, 126.0% and 127.9% respectively greater
than that after the WWB reference meal (p < 0.001)
(Table 2).

Table 2: Postprandial blood glucose incremental area under
the curve (IAUCs) values after the reference white wheat bread,
quinoa and buckwheat breakfast meals and the following
second meal in healthy and diabetic subjects (n = 12)

WwB QUINOA  BUCKWHEAT

Mean + SE  Mean + SE Mean + SE *P - value
Time | 1] 1} a b
0-60 min 1257 + 14 1625 + 28 241+5 <0.05 <0.001
0-120 min 2123 +£37 1912 £ 43 569 + 10 NS  <0.001
0-180 min 2681 + 46 2307 £ 39 683 £ 12 NS  <0.001
HEALTHY 0-210 min 2857 £ 50 2703 £ 47 679+ 15 NS  <0.001
240-300 min 527 +12 1566 + 35 809 + 14 <0.001 <0.05
240-360 min 789+ 14 1783 + 40 927 +21 <0.001 NS
240-390 min 791+ 25 1803 + 31 939+ 16 <0.001 NS
0-60 min 5373 £ 157 5423 +93 2891 £ 49 NS  <0.001
0-120 min 13613 +176 12892 +225 7000 + 157 NS  <0.001
0-180 min 19864 + 208 14889 +333 9764 + 171 <0.05 <0.001
DIABETICS 0-210 min 22021 +230 15041+263 10262+175 <0.05 <0.001
240-300 min 2801 +29 3715+63 3857 + 67 <0.05 <0.05
240-360 min 4363 £46 7978 + 178 7445 +127 <0.05 <0.05
240-390 min 4363 + 46 8519 + 149 8023 + 179 <0.05 <0.05

A=1vsll, b=1vs . *P < 0.05 (significant), P < 0.001 (highly significant), p > 0.05 (not
significant).

On the other hand, in diabetic subjects, the
second meal glucose IAUC values at 240-300 min,
240-360 min, 240-390 min after the buckwheat and
quinoa breakfast meal produced both a significantly
higher glucose area than that after the WWB
reference meal (by 37.7%, 70.6% and 83.9% for the
former; and 32.6%, 82.9% and 95.3% for the later (p <
0.05) (Table 2).

Glycemic indexes of the test breakfast
meals

The Gls of all the test breakfast meals are
given in Table 3. The Gl of the buckwheat meal (Gl:
26.8) was significantly lower than that of the WWB
reference meal (GI:100) (p < 0.001). The Gl for the
quinoa meal (GI1:89.4) was not significantly different
from that of the WWB meal (G1:100).

Table 3: Glycemic Index of the reference and test meals (per 50
g carbohydrates portion)

Breakfast meals Glycemic Index (Mean + SE)
WWB 100.0°+ 2.0
Quinoa 89.4°+1.9
Buckwheat 26.8°+15

Values in the same column with different superscript letters are significantly different (P <
0.05).
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Discussion

In this study, the effect of quinoa and
buckwheat meals on glycemic response of healthy
and diabetic subjects has been investigated. This
study was designed to test the first meal response of
a pseudocereal breakfast meal containing either
quinoa or buckwheat and to determine their residual
effects after the second meal of high glycemic index
lunch. The goal of this study was to maintain blood
glucose levels close to normal baseline as possible
without risking hypoglycemia.

After the first meal, postprandial glucose
excursions and IAUC values were lower for the quinoa
meal compared to the control WWB reference meal,
while the lowest postprandial glucose variations and
IAUC were observed for the buckwheat meal.
Previous studies have similarly reported that
buckwheat significantly lowered plasma glucose
responses as compared with the refined wheat flour
bread [26].

For diabetics, the blood glucose excursions’
recovery periods returning to the baseline level are
longer than those for healthy subjects [27]. In other
words, diabetic subjects had a slower rate of glucose
clearance in the blood, while healthy subjects had
better blood glucose clearance following ingestion of
meals. This concept is consistent with the present
results showing that concentrations of blood glucose
after consuming quinoa and buckwheat meal
breakfasts steadily began to decline to below baseline
levels by 120 min in healthy and by 210 min in
diabetic subjects (Fig. 1-3). Meanwhile,
concentrations of blood glucose after consuming
WWB reference meal began to decline, and returned
to a value slightly higher than baseline level in healthy
subjects, while in diabetic subjects, a high blood
glucose response was recorded and blood glucose
failed to return to the baseline value by 210 min (Fig.
1-3). Postprandial glycemia for type 2 diabetes vary
widely depending on the type and the amount of
carbohydrate consumed [28].

In this study, peak blood glucose response
after consuming buckwheat meal was lower than that
of quinoa and WWB reference meal in both healthy
and diabetic subjects (Fig. 2-4). It must be noted that
in diabetic subjects, blood glucose peak was observed
at 60 min (264 mg/dl) and at 90 min (263 mg/dl) after
the consumption of quinoa and WWB reference meal
respectively. The buckwheat meal resulted in a lower
blood glucose peak at 120 min (174 mg/dl) than did
the quinoa, or WWB reference meal. These results
may be attributed to the variability in two
polysaccharides: amylose and amylopectin of quinoa,
wheat and buckwheat. Information in the literature
suggests that considerable variability exists in the
amylose content of quinoa (3% - 20%) [29] which is
considered to be lower than in cereals as wheat (20%-

30%) [30]. Furthermore, amylose content of
buckwheat starch granules recorded the highest
values and fluctuates between 15% and 52% and has
higher resistant starch content [31].

Several studies have shown that the amylose
content was negatively correlated with the onset of
gelatinization [32]; the degree of gelatinization is
greater when the amylose content is low and vice-
versa. This phenomenon leads to that amylose will be
more susceptible to be hydrolyzed by alpha-amylase
(starch digestive enzymes) and become glucose
resulting in an increase in blood sugar levels [33]. In
other words, starches with low amylose level have
higher glycemic indexes [34]. Inversely, starches with
a higher amylose content, as in buckwheat, will be
less susceptible to gelatinization, amylose retrogrades
more rapidly than amylopectin after cooling, and forms
an amylase-resistant crystal structure (resistant
starch) leading to reduction in the rate of digestion
[35], that is slowing the breaking down into glucose,
which makes the low glycemic index. Such previous
studies are in accordance with our results as quinoa
recorded an early postprandial blood glucose peak
(60 min) and a high glycemic index 89, while
buckwheat recorded postprandial blood glucose peak
later (120 min) and a low glycemic index 26.8. In an
In vitro study by Wolter et al [36], it was reported that
guinoa bread showed highest predicted Gl (95) as
compared to WWB (GI = 100). Other studies made in
individuals with celiac disease showed that quinoa
has a glycemic index slightly lower than that of gluten-
free bread and pasta [37]. All these results were found
to be similar to the present study.

Despite the high GI of quinoa and early high
blood glucose peak (peak at 30 min in healthy and at
60 min in diabetic subjects) [38], concentrations of
blood glucose after consuming quinoa meal
breakfasts steadily began to decline and returned to
below baseline levels. This could be explained by the
fact that quinoa contains considerably a high content
of health-beneficial phytochemicals including vitamin
E, iron, zinc and magnesium contents, as well as
saponins, phenolics and phytosterols [39]. These
bioactive compounds may attenuate carbohydrate
metabolism and hyperglycemia; improve pancreatic 3-
cell function and insulin release [40]. Abugoch found
antioxidants  capacity = compounds such as
polyphenols, phytosterols, and flavonoids in grains of
qguinoa [41]. These compounds may be related to the
effects of the reduction in postprandial glucose levels
in the individuals tested, suggesting an improvement
in insulin action and pancreatic function.

A second-meal effect in the form of a reduced
glucose response to a high Gl lunch was also shown
after quinoa and buckwheat breakfast meal.

The results of the present study add to
evidence that quinoa and buckwheat breakfast meals
improve glucose tolerance at a subsequent high
glycemic second meal as compared to WWB
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reference meal in healthy and diabetic subjects.
Before lunch, at 240 min, blood glucose
concentrations for quinoa and buckwheat were below
fasting baseline values than in breakfast period. In
contrast, blood glucose concentrations in subjects
consuming WWB reference meal recorded a value
higher than the fasting baseline values in breakfast
period.

Furthermore, in diabetic subjects it is clear
that quinoa and buckwheat breakfast meal improved
postprandial glycemia resulting in a flattened
postprandial curve (270; 300; 330 min), indicating
modulation in insulin response to the glucose released
into blood, and prevention of rebound hypoglycemia.
Consumption of quinoa meal has been shown to
improve glucose tolerance at the subsequent meal.
This effect may be attributed to the fact that quinoa
contains Alpha-glucosidase inhibitors which act at the
small intestine's brush border, inactivating the enzyme
responsible for breaking down complex carbohydrates
(slowing digestion and absorption of high Gl meal
lunch), prolonging glucose absorption, and flattening
the postprandial glycemic curve [42] (low glucose
peak 198, plateau during postprandial glucose at 270;
300; 330 min).

Results of the present study confirmed that
buckwheat breakfast meal lowered first and second
blood glucose response in healthy and diabetic
subjects. In healthy subjects, buckwheat starch was
so slowly digested that it failed to increase
postprandial blood glucose concentrations to a
measurable extent. In diabetic subjects, a relevant
control of the glucose release in the first two hours
was observed, resulting in a flattening of the glucose
curve followed by a slow decrease of blood glucose
concentration then returning to the pre-prandial level.
Previous studies suggested that the delay of the
absorption rate of the carbohydrate component is
possibly due to the high viscous fibre content and the
high ratio of amylose starch to amylopectin that
induced reductions in both postprandial glucose and
insulin responses [43].The high amount of resistant
starch content in buckwheat has been identified as a
key contributing factor to its low GI characteristics.
The amylase enzyme is unable to break down this
form of starch, therefore it passes undigested
throughout the body and may be used as a nutrient
source for gut microflora and providing a mechanism
for blood glucose control [44].

Another proposed mechanism involved in
buckwheat's glucose lowering abilities is its high
content of D-chiro-inositol known as fagopyritols (D-CI
is a rare isomer of vitamin B8 that is naturally found in
many grains). Buckwheat containing the second high
concentrations next to mung beans [45]. Fagopyritols
are structurally similar to a galactosamine derivative of
D-chiro-inositol, a putative insulin mediator that
facilitates a decrease in blood glucose concentrations
[46]. Furthermore, buckwheat grain contains D-
fagomine, a natural glucose analogue that is not

digestible. This substance is a simple soluble fibre
that controls the postprandial glycemic response by
delaying the absorption of carbohydrates in the small
intestine delivering these nutrients to the large
intestine, improving the assimilation of the nutrients
and also maintaining a healthy digestive gut system.
These findings support a mechanism related to a slow
rate of glucose delivery to the blood. In addition to a
prolonged digestive phase is a prolonged suppression
of plasma fatty acids, which has been shown to be
associated with improved response to insulin action
[47].

At the end of the second meal period, values
were near or below fasting baseline levels as in the
first meal period for all breakfast types.

This study showed that despite quinoa has a
high glycemic index, blood glucose after consuming
quinoa meal breakfasts steadily began to decline and
return to below baseline levels. Quinoa meal also
improves glucose tolerance after the second meal.
The low-glycemic index breakfast meal containing
buckwheat has a remarkable impact on glycemic
control as it improves glucose tolerance after the first
and second meal in healthy and diabetic subjects.
Both pseudocereals quinoa and buckwheat improve
glycemic control after the second meal presented by
the flattened glucose curve (270; 300; 330 min), and
glucose levels returned to near or below fasting
baseline levels as in the first meal period preventing
rebound hypoglycemia.

In  summary, quinoa and buckwheat
pseudocereals could be considered as a new source
of specific foods with potential health benefits to
improve first and second-meal glucose excursions in
healthy and diabetic subjects. In addition, it should be
noted that despite the fact that quinoa can help to
improve the management of Type 2 DM as it shows
sustainable blood glucose response after the first and
second meal, it must be consumed in a measured
amount as blood glucose level peaked early at 60 min
in diabetic subjects. This phenomenon must be
considered and needs more investigations.
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