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Effects of the intake of white wheat bread added
with garlic and resistant starch: action on calcium
bioavailability and metabolic parameters of
growing Wistar rats

Adriana R.Q1 Weisstaub, *a María Victoria Salinas,b María Jimena Correa, b

Magalí Barchuk,c Gabriela Bergc,d and Angela Zuletaa

Wheat bread is a widely consumed food and is suitable for the introduction of functional ingredients. The

aim of this work was to study the effects of bread with garlic and resistant starch as a fiber source on

physiological, metabolic, and functional parameters using an in vivo Wistar rat model. Rats were fed with

three diets: a control diet prepared according to the American Institute of Nutrition (C), and two semisyn-

thetic diets containing wheat bread (B) and wheat bread with garlic, resistant starch and calcium citrate

(BGR). Fresh feces were weighed and lactobacilli (L) and Enterobacteriaceae (E) were analyzed at different

times: 1, 20, 45 and 60 days. The pH of the caecal content was recorded and at the end of the study

changes in the bone mineral density of total skeleton (ts BMD), femur (F-BMD), spine (S-BMD) and tibia

(T-BMD) were determined. Lipoprotein profile was assessed, atherogenic indexes were calculated and

malonaldehyde content was measured in the serum and liver. In relation to gut microbiota, the BGR

group showed an increase in the L/E ratio with respect to the other groups which was correlated with a

lower cecal pH. Besides, the BGR group presented lower weight and a more favourable metabolic profile.

In relation to bone measurements, the BGR group presented higher values of ts BMC, ts BMD, F-BMD,

and T-BMD than the B group. Thus, bread with resistant starch, garlic and calcium citrate showed a pre-

biotic effect increasing calcium bioavailability and deposition in bones, compared with wheat bread. The

observed beneficial health effects allow us to consider the design of healthier breads.

Introduction

At present, non-transmissible chronic diseases (NTCD) are the
main cause of morbidity and mortality worldwide, an
unhealthy diet being among the main factors that determine
them.1 High consumption of dietary fiber has been associated
with reduced risk of cardiovascular disease, diabetes, hyper-
tension, obesity and gastrointestinal disorders.2 Fermentable
fiber, like non-digestible oligosaccharides, can modify the
colonic microbiota by increasing the proliferation and activity

of beneficial flora producing prebiotic effects, like enhancing
the absorption of minerals such as calcium (Ca), decreasing
blood triglyceride and cholesterol content and reducing oxi-
dative stress.3

Among the population, there are entrenched eating habits,
such as daily consumption of white bread, and due to its high Q3
content of carbohydrates of rapid absorption from wheat
flour,4 it contributes to the development of NTCD. On the
other hand, white bread may be a good vehicle for the intro-
duction of other healthy components, such as garlic and resist-
ant starch,5,6 which have prebiotic properties, in order to
design functional foods.

Garlic (Allium sativum L. ) is widely used all over the world
like a spice or condiment, and many studies have reported the
role of alliums in the prevention of several human diseases
including metabolic syndrome and cardiovascular disease, due
to their effects on lowering lipids, blood pressure and glyce-
mia, being mainly attributed to the presence of fructooligosac-
charides (FOS).7 Moreover, antioxidant effects have been
described due to the high content of organosulfur compounds
in garlic.8–10
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Resistant starch type 4 (R4) is a resistant starch due to
chemical modification11 and has a behavior equivalent to
dietary fiber. It can be added into cereal-based food formu-
lations like white bread, to enhance the fiber content without
a significant energy contribution to the diet.12

The R4 and FOS provided by garlic are not susceptible to
enzymatic attack, arriving intact into the colon where they are
fermented by bifidobacteria and lactobacilli, stimulating their
growth and proliferation and producing final products such as
short-chain fatty acids (SCFA), like propionic, butyric and
acetic acids producing prebiotic effects.3

The aim of this work was to study the effects of wheat bread
and wheat bread prepared with garlic and resistant starch on
physiological, metabolic, and functional parameters using an
animal model.

Materials and methods
Rats and diets

Twenty-four male weaning Wistar rats (40.9 ± 2.0 g) were
obtained from the Animal Service Laboratory, Facultad de
Farmacia y Bioquímica (FFyB), University of Buenos Aires
(UBA) (Argentina). The rats were housed in individual stainless
steel cages in a temperature (21 ± 1 °C) and humidity (60 ±
10%) controlled room with a 12 h light–dark cycle, and
throughout the experiment the animals were allowed free
access to deionized water and food. Three groups of rats (n = 8
per group) were fed for 60 days with the following diets,
respectively (Table 1):

- Control group (C): Semi-synthetic diet prepared according
to the American Institute of Nutrition diet (AIN 93) containing
5% of cellulose.13

- Wheat bread group (B): Semi-synthetic diet prepared
according to the AIN 93 diet containing 5% of total fiber from
white bread made with wheat flour and calcium citrate (Fluka,
USA) (11.41 g of Ca salts per kg wheat flour).

- Wheat bread added with garlic and R4 group (BGR): Semi-
synthetic diet prepared according to the AIN 93 diet containing
5% of total fiber from white bread made with wheat flour and

calcium citrate (Fluka, USA) (11.41 g of Ca salts per kg wheat
flour), with the addition of garlic (3 g per 100 g wheat flour)
and R4 (20 g per 100 g wheat flour).

Considering the contribution of wheat flour to the total
content of proteins, lipids, carbohydrates, minerals and vita-
mins, these nutrients were added to the B and BGR diets to
reach equivalent amounts in the three diets, with final values
in accordance with the requirements of AIN 93 for rats.

The analyses of the three diets confirmed that they were iso-
caloric and supplied a similar amount of macronutrients, Ca
(0.5 g per 100 g diet) and phosphorus (P) (0.3 g per 100 g diet),
respectively.

The control diet (C) (AIN 93 G diet) contained 5 g per 100 g
diet of cellulose. In order to make bread diets, white bread (B)
(fiber: 5.56 g per 100 g bread) and white bread added with
garlic and R4 (BGR) (fiber: 15.51 g per 100 g bread) were
added in different amounts to provide a final dietary fiber con-
centration of 5 g per 100 g diet. Finally, dextrin was added as a
carbohydrate source to achieve 1 kg of diet in the B and BGR
diets (Table 1).

Body weight (BW) was recorded once a week throughout the
study. Food intakes were recorded every three days throughout
the experiment and total intake (g per 60 days) and daily
intake (g per day) were calculated.

This study was approved by and carried Q4out in accordance
with the National Institute of Health Guide for the Care and
Use of Laboratory Animals and approved by the Committee of
Health Guide for the Care and Use of Laboratory Animals of
the FFyB, UBA. All experiments complied with the current laws
of Argentina.

Feces moisture

Feces were collected from the three groups every 15 days and
dried to constant weight to calculate the percent moisture (%
M), according to AOAC methods.14

Intestinal balance

Individual fresh feces samples were weighed and total lactoba-
cilli (L) (beneficial microflora) and Enterobacteriaceae (E)
(used as an index of pathogenic microbiota) were analyzed at
the beginning (t1), 20 days (t20), 45 days (t45) and 60 days (t60)
of the assay. The samples were diluted (1 : 10 w/v) with physio-
logical solution (9 : 1000 w/v NaCl) and were homogenized
under sterile conditions. Serial dilutions of the homogenized
samples were obtained and aliquots (0.1 mL) of appropriate
dilution were spread onto the surface of two agarized media
(Britania, Argentina): Mann–Rogosa–Sharpe (MRS) for total L
and MacConkey for E counts. The MRS media culture plates
were anaerobically incubated at 37 °C for 48 h, while the
MacConkey media culture plates were aerobically incubated at
37 °C for 24 h. All media were prepared using sterile distilled
water. The results were expressed as log CFU per g feces. The
intestinal balance was calculated as the ratio between the bac-
terial populations (L/E).

Table 1 Composition of the control (C), wheat bread (B) and wheat
bread added with garlic and R4 (BGR) diets

Ingredient (g per kg diet) C B BGR

White bread — 868.0 —
White bread added with garlic (3%) and R4
(20%)

— — 322.0

Casein 200.0 67.5 152.6
Soybean oil 70.0 39.0 63.3
Mineral mixture (AIN-93-M-MX) 35.0 10.3 27.2
Vitamin mixture (AIN-93-VX) 10.0 9.7 10.0
L-Cystine 3.0 3.0 3.0
Cellulose 50.0 — —
Choline bitartrate
(41.1% choline) 2.5 2.5 2.5
Dextrin 629.5 — 419.4
Total energy (kcal per kg diet) 3828 3829 3828
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Apparent calcium absorption (%CaAbs)

Food intake and feces recorded during the last three days of
the experiment were used to calculate the apparent Ca absorp-
tion as follows (eqn (1)):

½ðCa intake� fecal CaÞ=Ca intake� � 100: ð1Þ
Feces were dried under infrared light and pounded. Diets

and feces were wet-ashes withQ5 nitric acid using Parr bombs.15

The Ca concentration in the diets and feces was determined
using an atomic absorption spectrophotometer.16 Lanthanum
chloride (6500 mg L−1 in the final solution) was added to avoid
interferences. The NIST reference material RM 8435 (whole
milk powder) was also subjected to identical treatment to
verify the accuracy of the analytical procedures and treated
with each batch of samples to ensure accuracy and reproduci-
bility of the mineral analysis.

Bone measurements

At the end of the experiment (t = 60), total skeleton bone
mineral content (ts BMC) and total skeleton bone mineral
density (ts BMD) were determined in vivo under light anesthe-
sia with a total body scanner by dual energy X-ray absorptio-
metry (DXA), provided with specifically designed software for
small animals (DPX Alpha, Small Animal Software, Lunar
Radiation Corp., Madison, WI) as previously described.17–19 In
brief, all rats were scanned using an identical scan procedure.
Precision was assessed by measuring one rat five times with
repositioning between scans on the same day and on different
days. The coefficient of variation (CV) was 0.9% for ts BMD
and 3.0% for ts BMC. The analysis of the different subareas
(femur, proximal tibia and spine) was carried out on the
image of the animal on the screen using a ROI for each
segment. The BMD CV was 2.2% for the femur. To minimize
interobserver variations, all analyses were carried out by the
same technician.

Then, the rats were placed under anesthesia (50 mg per kg
BW of ketamine hydrochloride + 10 mg per kg BW of xylazine)
and the right femur was excised at sacrifice for biochemical
analysis. The femur was cleaned of any adhering soft tissue
and dried at 100 °C for 72 hours, and fat was extracted by
immersion for 15 days in a chloroform–methanol (3 : 1)
mixture, which was removed and replaced every three days.
Finally, it was dried for 48 hours at 100 °C. The fat-free and
dried femurs were weighed, and ashes were obtained at 700 °C
until they were white and crystalline. Thereafter, they were dis-
solved in HCl and diluted for Ca and P analysis. The amounts
of Ca and P were calculated as percentage content of dried fat-
free tissue and the femur Ca/P ratio was also calculated. The
Ca concentration in the femur was determined with the same
method as that for the diets and feces, and P concentrations
were measured according to the Gomori method.20

Caecal pH

After the rats were killed, the caecum from each rat was
excised, split open, and the pH recorded using a portable

digital pH meter (HANNA HI-98103, USA) that was previously
calibrated.

Serum samples

An abdominal incision was made; blood was withdrawn from
the abdominal aorta and centrifuged at 3000–3500 rpm for
20 minutes at 4 °C. The obtained serum samples were stored
at −80 °C for further determination of the lipoprotein profile.

Total cholesterol (TC) and triglyceride (TG) levels were
measured using commercial enzymatic kits (Roche
Diagnostics GmbH, Mannheim, Germany) in a Cobas C-501
autoanalyser; the intra-assay coefficient of variation (CV) was
<1.9% and the inter-assay CV was <2.4% for all parameters.
High density lipoprotein cholesterol (HDL-c) was determined
by a standardized selective precipitation method using phos-
photungstic acid/MgCl2 as a precipitating reagent.21 Given the
naturally low serum concentration of low density lipoprotein
cholesterol (LDL-c) in rats, non-HDL cholesterol (non-HDL-c)
was calculated as the difference between TC and HDL-c as an
approximation of atherogenic lipoprotein levels.

Besides, two atherogenic indexes of the serum were calcu-
lated as the risk index: (a) the Castelli index as the relation TC/
HDL-c and (b) the TG/HDL-c index calculated to estimate
insulin resistance.22 The amount of malonaldehyde (MDA)23

and proteins according to Lowry et al. (1951)24 were deter-
mined in the serum and liver.

Statistical analysis

The results were expressed as mean ± standard deviation (SD).
Differences were tested by one-way analysis of variance
(ANOVA) and the statistical differences among the samples
were determined using the LSD (least significant difference)
test. The significance was established at p < 0.05.

Results and discussion
Effects of diets on intake and body weight gain (BWG)

Daily intake (g per day), total intake (g per 60 days), initial rat
BW (g), final rat BW (g), and BWG (g per 60 days) for the three
experimental groups are shown in Table 2.

Even though the total energy provided by each diet was the
same (∼3828 kcal per kg diet), the BGR group had a signifi-
cantly lower daily intake than the C and B groups (p < 0.05)
and a lower total intake than the B group (p < 0.05), without
significant differences with the C group. These parameters
were reflected in the final BW and BWG, because the animals
fed with the BGR diet showed a lower BW and BWG than the C
and B groups (p < 0.01).

Although the fiber concentration was the same in the three
diets (5 g per 100 g diet), the kind of fiber was different for the
three groups. The AIN 93 diet contained cellulose, an insoluble
fiber, while the B diet was made with white bread. The latter
had a mixture of soluble and insoluble fibers provided by the
endosperm of wheat and a low proportion of resistant starch
produced during bread making. On the other hand, the BGR
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diet had the contribution of the fiber provided by wheat flour,
the addition of R4, and the FOS provided by garlic, which
implied a higher proportion of soluble fiber.

The significant differences in the BWG values obtained for
the animal groups were probably due to the higher proportion
of the soluble dietary fiber present in the BGR diet with
respect to the C and B diets. Satiety produced by soluble
dietary fiber accompanied by a subsequent reduction in food
intake is the basis of many dietary treatments aimed at weight
control.25,26 Besides, it could also be attributed to a lower
acceptability of the BGR diet.

Effects of the three diets on feces moisture

Fig. 1 shows the evolution of feces moisture (%) from the 15th
day to the 60th day of diet intake in the three experimental
groups.

After 15 days of diet intake, feces moisture of the BGR
group was significantly higher than those obtained in the B
and C groups. Moreover, at 30 days the value of the B group is
the highest. The feces moisture of the BGR group presented a
significant increase from day 45 until the end of the experi-
ment (p < 0.0001). The control diet is made with cellulose, an
insoluble fiber, and did not show an increase in feces volume
or humidity. The B diet, containing a mixture of soluble and
insoluble dietary fibers, showed similar water content to that
of the C diet but lower than that of the BGR diet.

On the other hand, the BGR diet contained a high amount
of fermentable fiber from garlic and resistant starch. The fiber
present in this diet is highly fermentable by intestinal micro-
biota which causes great retention of water and increase in
stool volume, while the insoluble fiber present in the C diet
and the mixture of soluble and insoluble fibers present in the
B diet lead to low stool volume and water retention. It is well
known now that the increase in both factors could improve
intestinal transit.27

Effects of diets on fecal counts of total lactobacilli (L) and
Enterobacteriaceae (E) and intestinal balance

The fermentation by the intestinal microbiota is one of the cri-
teria to classify a food ingredient as a prebiotic. Besides, pre-
biotics have to promote selectively the growth and activity of
gut beneficial bacteria such as Bifidobacterium and
Lactobacillus.28,29

Table 3 shows the total L and E fecal counts during the 60
days of intake of the control and experimental diets. The L
population was considered an indicator of beneficial flora
while the E population was selected as an indicator of patho-
genic flora.

The results showed a constant count in the L population
during the 60 days of feeding of the C and B groups and an
increase in the BGR group (p < 0.05). However, during the
whole assay, the B and BGR groups presented a higher count
of the L population in feces than the C group (p < 0.0001).

With respect to the E population, the C group showed an
increase in the E count (p < 0.0001) while the B group exhibi-
ted a constant count of E during the entire experiment. On the
other hand, in the case of the BGR group, a reduction of this
population was observed (p < 0.0001). The comparison of the
three groups at the same time of feeding showed that the BGR
group always presented the lowest E counts (p < 0.0001).

Besides, the intestinal balance of the rats was calculated as
the ratio between the bacterial populations (L/E)30 to evaluate
the prevalence of beneficial bacteria with respect to pathogenic
bacteria. The L/E ratio was significantly higher for the BGR
group (3.82 ± 0.44) than the values presented by the other two
groups (−0.89 ± 0.44 for C and 0.83 ± 0.54 for B) (p < 0.0001).
Several authors showed that caloric restriction may beneficially
affect the indicators of colonic health in aging mice.31 The
reduction of food intake by the BGR group led to an increase
of the L population and lower counts of the E population.

Fig. 1 Evolution of feces moisture (M%) from the 15th day to the 60th
day of diet intake in the experimental groups. Control diet (C); white
bread diet (B); white bread added with garlic and R4 diet (BGR). The
symbol * indicates significant differences (p < 0.05).

Table 2 Daily intake, total intake, initial body weight (BW), final body weight (BW), and body weight gain (BWG)

Diets
Daily intake
(g per day) Total intake (g per 60 days) Initial BW (g) Final BW> (g) BWG> (g per 60 days)

C 16.5 ± 1.8a 937 ± 62a.b 41.3 ± 2.2 303 ± 15a 249 ± 14a

B 16.0 ± 1.6a 956 ± 60a 41.6 ± 2.0 297 ± 14a 250 ± 15a

BGR 13.8 ± 1.1b 868 ± 62b 39.7 ± 2.0 261 ± 13b 222 ± 14b

p 0.0045 0.0227 0.1672 <0.0001 0.0010

Data are expressed as mean ± SEM (n = 8 per group). Different letters in the same column indicate significant differences (p < 0.05). Control diet
(C); wheat bread diet (B); wheat bread added with garlic and R4 diet (BGR).
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Thus, the B and BGR diets promoted a selective growth of ben-
eficial flora, but only the BGR diet could inhibit or delay the
growth of pathogenic flora in the gut of these rats.

Effects of diets on cecal content pH and apparent Ca
absorption (%CaAbs)

Table 4 shows the cecal content pH and apparent Ca absorp-
tion in the three experimental groups.

The pH of the cecum content of the BGR group was signifi-
cantly lower than that of the B and C groups (p < 0.0001). The

cecum content of the BGR diet group was more acidified due
to fiber fermentation by intestinal microflora.

The control group exhibited higher calcium intake (CaI)
and similar fecal excretion compared to the B and BGR groups
leading to a higher %CaAbs. These results suggested that the
Ca present inside the bread matrix has lower availability. In
spite of this, when garlic and resistant starch were added to
the bread formulation, an increase in %CaAbs occurred with
respect to the C group. According to Cashman and other
authors (2003),32 the decrease of pH promotes the growth of
beneficial bacteria, such as Bifidobacterium and Lactobacillus
and improves the absorption of some minerals like Ca, main-
taining it in solution.17,33,34 The decrease in the cecal pH of
the BGR group is consistent with an increase in the absorption
of Ca with respect to the B group (p < 0.001).

Effects of diets on the mineral content and density of bones

Table 5 presents the values for the total skeleton bone mineral
content (ts BMC) and the bone mineral density of total body
(ts BMD), femur (F-BMD), spine (S-BMD), and proximal tibia
(T-BMD) at the end of the experiment (t = 60), in the three
experimental groups.

With respect to ts BMC, the BGR group exhibited the
highest value (p < 0.0001). The total skeleton bone mineral
density (ts BMD) of the BGR group was higher than that of the
B and C groups (p < 0.0001). Moreover, the BGR group had
higher F-BMD and T-BMD compared with the B group,
without differences with the C group (p < 0.05). The values of
S-BMD, F-BMD and T-BMD of the B group were lower than
those of the C group. However, in the BGR group the addition
of resistant starch and garlic compensated for this negative
effect of the bread matrix reaching similar values to that of the
control group. These results suggest that the Ca in bread (B) is
not available as in the control diet for mineralization probably
due to the presence of fitates Q6from wheat flour. On the other
hand, the incorporation of resistant starch and FOS from
garlic contributed to the increase of apparent calcium absorp-
tion probably as a consequence of the acidification of the
caecal content.

Femur is a representative bone tissue because it is con-
sidered a parameter for bone strength against fracture, and is
subject to fair remodeling by the ongoing exercise stimulus.
Bone matrix is formed by organic and inorganic components.
The inorganic component is mainly comprised of hydroxy-
apatite crystals [Ca5(PO4)3(OH)] because the ratio of Ca/P close
to 2 is associated with adequate bone mineralization.35 Table 6
shows the right femur parameters at the end of the experi-
ment: ash content, organic content (OC), ash/organic content
ratio, calcium content (Femur Ca), phosphorus content
(Femur P) and Ca/P ratio.

In agreement with the higher value of F-BMD for the BGR
group, its femur had higher content of ashes, Ca and ash/OC,
and lower content of OC than those of the other groups (p <
0.0001). Furthermore, the Ca/P ratio was significantly the
highest in the BGR group (p < 0.0001).

Table 3 Total lactobacilli and Enterobacteriaceae fecal counts
(log CFU g−1) of Wistar rats fed for 60 days with the control and experi-
mental diets

Diet

Time
(days) C B BGR p

Lactobacili (L)
t1 8.78 ± 0.37b 9.95 ±

0.43a
9.10 ±
0.20b

<0.0001

t20 8.52 ± 0.10b 9.64 ±
0.77a

9.10 ±
0.22a

0.0004

t45 8.51 ± 0.15b 9.74 ±
0.43a

9.51 ±
0.31a

<0.0001

t60 8.55 ± 0.13b 9.26 ±
0.29a

9.54 ±
0.17a

<0.0001

Enterobacteriaceae (E)
t1 8.03 ± 0.26a 8.01 ±

0.60a
6.70 ±
0.39 b

<0.0001

t20 8.74 ± 0.17a 7.58 ±
0.75b

6.75 ±
0.40c

<0.0001

t45 9.06 ± 0.23a 7.85 ±
0.27b

4.78 ±
0.64c

<0.0001

t60 9.44 ± 0.26a 8.73 ±
0.83a

4.92 ±
0.72b

<0.0001

Intestinal balance
(L/E)

t60 −0.89 ± 0.44c 0.83 ±
0.54b

3.82 ±
0.44a

<0.0001

Data are expressed as mean ± SEM (n = 8 per group). Different letters
in the same row indicate significant differences (p < 0.05). Control diet
(C); white bread diet (B); white bread added with garlic and R4 diet
(BGR).

Table 4 Cecal content pH, daily Ca intake (Ca I), daily fecal Ca
excretion and percentage of apparent calcium absorption (%CaAbs)

Diets
Cecal
content pH

Ca I (mg
per day)

Fecal Ca excretion
(mg per day) %CaAbs (%)

C 7.47 ± 0.17a 73.0 ± 11.9a 20.9 ± 2.6 71.1 ± 3.3a

B 7.15 ± 0.19b 51.9 ± 9.8b 23.3 ± 2.6 53.9 ± 8.8b

BGR 6.78 ± 0.06c 61.9 ± 0.1c 20.8 ± 6.3 66.6 ± 6.2a

p <0.0001 0.001 0.4169 0.0001

Data are expressed as mean ± SEM (n = 8 per group). Different letters
in the same column indicate significant differences (p < 0.05). Control
diet (C); wheat bread diet (B); wheat bread added with garlic and R4
diet (BGR).
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Prebiotics such as inulin, oligofructose and galactooligosac-
charides are fermented in the gut by beneficial flora, produ-
cing short chain fatty acids (SCFA). These molecules decrease
the cecal pH and stimulate Ca absorption and its retention.36

The prebiotic effect of the BGR diet was evidenced by the
higher bone mineral density (ts BMD, F-BMD and T-BMD)
compared with the B diet. Furthermore, an improved Ca/P
ratio was shown by the BGR group which is associated withQ7
appropriate bone mineralization.

Effects of diets on lipid metabolism

Lipid metabolism was evaluated by using several biomarkers
in the serum such as TC, HDL-c, non-HDL and TG (Table 7).
The results showed that the BGR group had significantly lower
TC and non-HDL than the B group. However, there were no sig-
nificant differences in both parameters with respect to the C
group (p < 0.01). Besides, the BGR and B groups presented
higher HDL-c levels than the rats under the control diet (p <
0.05), suggesting a favorable effect on lipoprotein metabolism.
The rats fed with the control diet presented 25 mg dL−1 of HDL-
c while the rats fed with the BGR and B diets had significantly
higher values (p < 0.05), suggesting that itQ8 is enhanced the
transport of excess cholesterol from peripheral tissues to the
liver. Furthermore, HDL has been associated with antioxidant,
anti-inflammatory, antithrombotic, and antiapoptotic activities
which contribute to the inhibition of atherosclerosis.37

On the other hand, the BGR and B groups presented lower
TG levels than the C group, without significant differences
between them (Table 7). A reduction of the TG level is related
to a lower cardiovascular heart disease risk. The rats fed with
the BGR diet showed similar values of non-HDL to that of the
C group while the B group showed the highest value (p < 0.05).
The lower levels of non-HDL observed in the BGR group are in

agreement with the decrease in TC and TG and the less athero-
genic profile observed in this group. The inclusion of garlic
and resistant starch in bread caused a significant decrease in
TC and non-HDL serum contents with respect to the rats fed
with the B diet (27% and 34%, respectively).

These results could be related to the intestinal fermentation
of the FOS present in garlic and the resistant starch of the BGR
diet, generating SCFA that may act in the reduction of chole-
sterol in the serum. Our experimental data are in agreement
with the studies carried out by different authors: Delzenne
et al. described that inulin and oligofructose were able to exert
a systemic effect by modifying the hepatic metabolism of
lipids in animal models38,39 and Daubioul et al. observed a
decrease in serum lipids of rats fed with a diet supplemented
with nondigestible carbohydrates (fructan type), compared to
cellulose fed rats (control group).40

The traditional lipoprotein metabolism biomarkers, like
HDL-c and TG, generally present good correlation with insulin
resistance and diabetes type 2.41 Moreover, the TG/HDL-c ratio
is a very good surrogate marker of insulin resistance; Table 6
shows that the two semisynthetic diets led to a significant
decrease in TG/HDL-c, through the decrease in TG and the
increase in HDL-c.

Finally, Table 7 shows the MDA values from the serum and
liver. The measured MDA is employed as a biomarker of per-
oxidation of polyunsaturated fatty acids since one of the sec-
ondary oxidation products of this process is MDA. The rats fed
with the BGR diet showed lower serum and liver MDA content
than the B group (p < 0.05). The decrease in this oxidative
stress marker may be due to the high content of organosulfur
compounds, like allicin derivative compounds such as ajoene,
vinyldithiins and alkenyl-sulphides provided by garlic, which
have shown antioxidant effects.8–10

Table 5 Total skeleton bone mineral content (ts BMC), bone mineral density of total body (ts BMD), bone mineral density of femur (F-BMD), bone
mineral density of spine (S-BMD), and bone mineral density of proximal tibia (T-BMD) (mg cm−2) at the end (t = 60) of the experiment

Diets ts BMC (mg) ts BMD (mg cm−2) F-BMD (mg cm−2) S-BMD (mg cm−2) T-BMD (mg cm−2)

C 3693 ± 205c 237 ± 10 b 263 ± 16 a 249.0 ± 23.1a 232.2 ± 3.7a

B 3950 ± 203b 238 ± 9 b 226 ± 21b 222.1 ± 19.7b 212.7 ± 11.2b

BGR 4566 ± 200a 269 ± 10a 249 ± 9 a 226.6 ± 12.0a,b 226.1 ± 11.4a

p <0.0001 <0.0001 0.0006 0.0209 0.015

Data are expressed as mean ± SEM (n = 8 per group). Different letters in the same column indicate significant differences (p < 0.05). Control diet
(C); wheat bread diet (B); wheat bread added with garlic and R4 diet (BGR).

Table 6 Right femur parameters at the end of the experiment: ashes, organic content (OC), ash/organic content ratio, Ca and P contents and Ca/P
ratio

Diets Ashes (mg per 100 g) OC (mg per 100 g) Ash/OC (mg per mg) Femur Ca (mg per 100 g) Femur P (mg per 100 g) Ca/P

C 52.6 ± 3.2b 47.4 ± 3.2a 1.12 ± 0.14b 14.9 ±.11b 9.1 ± 0.4 1.63 ± 0.09b

B 51.0 ± 3.9b 49.0 ± 3.9a 1.05 ± 0.15b 15.1 ± 2.1b 9.1 ± 0.9 1.65 ± 0.16b

BGR 59.6 ± 0.7a 40.4 ± 0.7b 1.48 ± 0.04a 21.7 ± 3.0 a 9.1 ± 0.4 2.38 ± 0.29a

p <0.0001 <0.0001 <0.0001 <0.0001 0.842 0.0004

Data are expressed as mean ± SEM (n = 8 per group). Different letters in the same column indicate significant differences (p < 0.05). Control diet
(C); wheat bread diet (B); wheat bread added with garlic and R4 diet (BGR).
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Conclusions

The physiological effect of the intake of wheat bread and wheat
bread with resistant starch and garlic (BGR) in an experimental
model of growing Wistar rats was studied. The group of rats fed
with BGR showed potential health benefits compared to the B
group, associated with the prebiotic effects of the intake of
resistant starch and the fructo-oligosaccharides provided by
garlic. This phenomenon was observed by the reduction of cecal
content pH and an increase in the beneficial gut microbiota.

Besides, in the BGR group a lower body weight gain and an
increase in calcium retention were observed. Moreover, the lipid
profile was improved since the rats fed with the BGR diet pre-
sented a decrease in TC and non-HDLc. In the same sense,
atherogenic indexes and MDA showed a protective role of bread
with garlic and resistant starch against oxidative stress. The
addition of bioactive compounds in foods of daily consumption,
such as wheat bread, could bring health benefits. On the other
hand, bread during its cooking process offers benefits other
than those produced by the addition of functional ingredients.
Baking leads to an increase in resistant starch, and the fermenta-
tion process leads to a decrease in calcium absorption inhibiting
factors, such as phytates. From the nutritional point of view,
bread is an optimal carrier because during its elaboration, the
effects of the addition of bioactive compounds are enhanced.

The results obtained in this work regarding the physiologi-
cal and metabolic parameters measured in growing Wistar rats
led us to affirm that bread with garlic and resistant starch
could be considered as a functional food.

Abbreviations

%CaAbs Apparent calcium absorption
%M Percent moisture
B Wheat bread group
BGR Wheat bread added with garlic, resistant starch

and calcium citrate group
BW Body weight
BWG Body weight gain
C Control group
Ca Calcium
Ca/P Femur Ca/P ratio

CV Coefficient of variation
DXA Dual energy X-ray absorptiometry
E Enterobacteriaceae
F-BMD Femur bone mineral density
Femur
Ca

Femur calcium content

Femur P Femur phosphorus content
FOS Fructooligosaccharides
HDL-c High density lipoprotein cholesterol
L Lactobacilli
L/E ratio Lactobacilli/Enterobacteriaceae ratio
LDL-c Low density lipoprotein cholesterol
LSD Least significant difference
MDA Malonaldehyde
MRS Mann–Rogosa–Sharpe
Non-
HDL-c

Non-HDL cholesterol

NTCD Non-transmissible chronic diseases
OC Organic content
P Phosphorus
R4 Resistant starch type 4
S-BMD Spine mineral density
SD Standard deviation
t1 Day 1
t20 Day 20
t45 Day 45
t60 Day 60
T-BMD Tibia mineral density
TC Total cholesterol
TG Triglycerides
ts BMC Total skeleton bone mineral content
ts BMD Total skeleton bone mineral density
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Table 7 Total cholesterol (TC), HDL-cholesterol (HDL-c), non-HDL cholesterol (non-HDL), triglyceride (TG) content, atherogenic indexes (TC/HDL-
c and TG/HDL-c) and malondialdehyde (MDA) level from serum and liver

Diet
TC
(mg dL−1)

HDL-c
(mg dL−1)

Non-HDL
(mg dL−1)

TG
(mg dL−1) TC/HDL-c TG/HDL-c

MDA serum
(nmol per g protein)

MDA liver
(nmol per100 g protein)

C 88 ± 10b 25 ± 13b 63 ± 21a.b 96 ± 30a 4.6 ± 2.4a 2.6 ± 1.1a 31 ± 5a,b 36 ± 7a

B 118 ± 18a 41 ± 12a 81 ± 12a 29 ± 11b 3.3 ± 1.1ab 0.6 ± 0.2b 37 ± 8a 26 ± 2a

BGR 86 ± 9 b 37 ± 10a,b 53 ± 11b 32 ± 10b 2.5 ± 0.6b 1.0 ± 0.3b 25 ± 4 b 9 ± 3b

p <0.0001 0.03 0.006 <0.0001 <0.05 <0.001 0.01 0.0009

Data are expressed as mean ± SEM (n = 8 per group). Different letters in the same column indicate significant differences (p < 0.05). Control diet
(C); wheat bread diet (B); wheat bread added with garlic and R4 diet (BGR).
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