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Abstract: The aim of this work was to determine the effects of a new mineral mix combined with a prebiotic on growth,
mineral deposit and intestinal microflora using a milk-like vehicle. This study was performed with Sprague Dawley
female rats separated into 7 groups. Group 1 was fed with a deficient diet on its mineral content, group 2, 3 and 4 were fed
with normal diets on their mineral content during 28 days but group 2 was fed with a diet containing reference Ca, Fe and
Zn sources and groups 3 and 4 with diets containing other Ca, Fe and Zn sources that were evaluated. Group 4 received
additionally a diet containing a prebiotic. Groups 5, 6 and 7 were submitted to a depletion period of 14 days during which
they were fed as group 1 and then to a repletion period of 14 days when they were fed with the same diets as group 2, 3
and 4 respectively. Initial and final body weight, average growth rate, liver and femur weight, iron and zinc liver content
as well as calcium and zinc femur content were the parameters evaluated for the growth and mineral deposit analysis. An-
aerobes, enterobacteria, lactobacilli and bifidobacteria recount was performed from feces samples collected on different
treatment days. Mineral sources under study presented slightly better characteristics than the reference standard ones.
Moreover, the combination with a prebiotic may produce some advantages related to mineral absorption and intestinal

microflora composition as a bifidogenic effect was confirmed.

Keywords: Prebiotic, calcium, iron, zinc, food fortification, Sprague- Dawley rats.

INTRODUCTION

Malnutrition is still a very relevant matter that affects
children mostly in their early development ages. Severe con-
sequences on growth, immune function, cognitive and sexual
development are related to this affection. Strategies to over-
come child malnourishment have been studied for many dec-
ades, and one of the most significant issues of this problem is
mineral deficiency [1]. Some of the minerals that are essen-
tial for growth and physiological normal functioning are
iron, calcium and zinc [2-5]. In general, the main but not the
only cause of mineral deficiency is nutritional. Thus, mineral
intake is lower than the needed and/or eating habits include
components that inhibit some mineral absorption such as
phytates present in vegetables [6]. However, previous works
by many authors have shown that some of the devastating
consequences that poor mineral consumption has on growth
can be reverted by a repletion period in which normal
mineral intake is restored [7-9]. In order to prevent these
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deficiencies, food fortification is a much valid option from
several points of view related to economical and technologi-
cal aspects of food processing and consumption. A change in
peoples eating habits is not expected by this strategy: previ-
ous preferences and food habits should be contemplated. In
this way, the mineral sources as well as the vehicle should be
carefully chosen, considering the target consumer which can
involve the entire population or just groups that are at high
risk. Taste, smell and color of the fortified food should not
be different from the unfortified one and it is recommended
the addition of protective components so as to neutralize the
negative effects in case of the presence of mineral inhibitors.
Multiple mineral fortification tends to be more cost effective
than single mineral one and related to this it can be men-
tioned that the fortified food should not exceed the final cost
of the unfortified one [10, 11].

Over the past years, the evaluation of the beneficial ef-
fects of prebiotics has become an area of increasing interest.
They have already been classified as products with several
advantages for human’s health but since further research is
needed to support that information, they are still a frequent
subject of study. Consequences of prebiotics intake, as
polidextrose and fructooligosaccharides like inulin, involve
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an alteration of the intestinal microflora, mostly an incre-
ment in bifidobacteria and lactobacilli populations, resulting
in a better functioning of the bowel. There are some positive
effects that can be related to this, such as: an increment in
some nutrients bioavailability like calcium [12, 13], an en-
hanced short chain fatty acid production resulting in a de-
crease in cholesterol levels, an anti-diarrheal effect, a de-
crease in blood glucose levels [14], a beneficial impact on
triacylgricerids metabolism [15, 16], possible prevention
from some diseases as cancer and the improvement of some
of the immune system functions [17]. Some papers have also
mentioned prebiotics as a potential solution for constipation
in the elderly since they improve intestinal motility with a
positive impact in transit time [18]. Foods such as arti-
chokes, onions or garlic are natural prebiotics sources but
supplementation of other food with components that are re-
garded as prebiotics like inulin, galactose polymers or differ-
ent types of oligosaccharides is being considered. This
would allow these products to reach people whose diets do
not include the foods mentioned above or to provide a bigger
prebiotic intake by adding another source. In this way, the
effects on the host’s intestinal microflora of the added prebi-
otic should be confirmed. On the other hand, and in a similar
way that for fortified foods, the final product should not suf-
fer modifications on its organoleptic characteristics and most
important on the nutritional impact it has compared to when
the prebiotic is not present. This should also be confirmed by
scientific studies.

Supplemented foods can be considered as functional
foods since they provide not only nutrition to the consumer
but a physiological benefit too [19]. Functional foods have
become very popular these days but before they reach the
market several studies must be performed in order to confirm
their additional benefit to people that consume them and to
certify the health claims that appear on their labels.

Thus, the aim of this work is to analyze the impact on
growth and intestinal microflora of a new mix combining
calcium, iron, zinc and a prebiotic in a milk-like vehicle by
means of comparative studies in rats.

MATERIALS AND METHODOLOGY
Animals

All animal experiments were performed in accordance
with the “Guide for the Care and Use of Laboratory
Animals, U.S. National Research Council, 1996”. We used 70
female Sprague Dawley weaned rats (School of Veterinary,
University of Buenos Aires, Argentina) that were housed in
individual stainless steel cages with grated floor and collec-

Tesan et al.

tion trays of the same material. Rats were kept in 12h light
followed by 12h darkness cycles and in humidity and
temperature controlled room. All diets and distilled water
were provided ad libitum to them.

Reagents Used for the Preparation of the Experimental
Diets

The mineral sources used for the preparation of the diets
were FeSO,4.7H,0 (Lipotech, Argentina), ZnSO4.7H,0 (JT
BAKER, Mexico), and Ca;(PO,4), (Prayon INC., USA) as
reference standards (see below diet NS). On the other hand,
ferrous gluconate stabilized with glycine (Lipotech, Argen-
tina), zinc gluconate stabilized with glycine (Lipotech,
Argentina) and tricalcium phosphate stabilized with glycine
(Lipotech, Argentina) were used as the mineral sources
under study for the combination with the prebiotic in the
milk-like vehicle (Danone Argentina SA, Argentina), see
below diets NE and NEP. The prebiotic under evaluation
was a combination of inulin, polidextrose and arabig gum
(see below diet NEP).

Diets

Four different diets were used in the protocol and except
for one of them (see below, diet D) their macro and micronu-
trient final contents were according to the recommendations
of the AIN-93G for laboratory rodents [20]. The first diet
coded as D was prepared as deficient in its iron (5.7ppm),
zinc (6.1ppm) and calcium (170ppm) content, which were
provided directly in the mineral mix. The other three diets
were also prepared as described in the AIN-93G, but the
mineral sources such as iron, zinc and calcium were sepa-
rately provided in a milk-like vehicle (63% water, 30% milk,
6% sugar, and 1% milky cream) added at 10% of the final
diet. Thus the second diet coded as NS was prepared using
the reference standard mineral sources added in the milk-like
vehicle; the third diet coded as NE was prepared using the
mineral sources under study added in a milk-like vehicle and
the forth diet coded as NEP was prepared using the mineral
sources under study and the prebiotic added at 1% in a milk-
like vehicle. Diets mineral contribution as well as their com-
position are shown in Tables 1 and 2 respectively.

Treatments

Animals were randomly divided in 7 groups of 10 rats
each. Group 1 was fed with D diet, Group 2 with NS diet,
Group 3 with NE diet and Group 4 with NEP diet during 28
days. Groups 5, 6 and 7 were submitted to a depletion period
of 14 days during which they were fed with D diet and then

Table 1. Contribution of Mineral Elements (Ca, Fe and Zn) to the AIN- 93G and Experimental Diets
Experimental Diets
AIN-93G Recommendation
Diet D Diet NS Diet NE Diet NEP
Ca (g/Kg diet) 5 0.17 +0.01 56+1.0 56+1.0 56+1.0
Fe (mg/Kg diet) 35 57405 35.0+ 1.0 34.6+ 1.0 34.0+4.1
Zn (mg/Kg diet) 30 6.1+2.9 302+8.6 38.0+9.3 33.8+7.8
Prebiotic | - No No No Yes
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Table2. Experimental Diets Composition
Diet D . 100% diet base AIN-93G deficient in Ca, Fe and Zn
90% diet base AIN-93
Diet NS * o diet base AIN-93G
10% vehicle fortified with Ca, Fe and Zn reference sources
Diet NE . 90% diet.base AI‘N-93 G
10% vehicle fortified with Ca, Fe and Zn sources under study
Diet NEP . 90% diet base AIN 93G
ie
10% vehicle fortified with Ca, Fe and Zn sources under study and prebiotic (1% of vehicle).

to a repletion period of 14 days during which they were fed
with NS, NE and NEP diets, respectively.

Food intake was noted daily and body weight was re-
corded three times a week for each group in order to register
the effects of the treatment on growth.

The bacteriological research involved collection of feces
samples which were taken on day 0 (basal), day 14 (second
sample) and day 28 (third sample) starting from the begin-
ning of the treatment with experimental diets. After this first
period of 28 days, all groups were fed with a balanced diet
(Ganave alimentos balanceados, Argentina) and two addi-
tional feces samples were taken on days 30 and 40 of the
protocol. This means that samples on days 0, 14 and 28 are
related to the effect of diets under study and samples of day
30 and 40 to the “wash out” effect of the balanced diet.

Finally, on day 40, animals were sacrificed by cervical
dislocation after being anesthetized in order to get samples
of liver and femur for evaluation of mineral deposits of iron
and zinc, and zinc and calcium, respectively.

Bacteriological analysis was performed in order to de-
termine: 1) total enterobacteria, 2) total anaerobes, 3) lacto-
bacilli and 4) bifidobacteria.

Samples Processing

Feces samples were collected directly from the rectum of
each rat maintaining aseptic conditions and avoiding their
contact with urine. Samples were kept and transported in
anaerobiosis (GEN bag bioMerieux, France) until coprocul-
tive were performed.

Each sample represented the feces from 10 animals. It
was obtained mixing equal parts of each animal feces up to
one gram. Each pool was dissolved in 9 ml of Ringer/cystein
(0.3d/1) solution. From this, successive decimal dilutions
were made and 0.1mL of them were inoculated in the fol-
lowing culture media: for total enterobacteria, Mac Conkey
Agar (Britannia, Argentina); for total anaerobes, Reinforced
Clostridia Agar (Britannia, Argentina); for lactobacilli,
Mann-Rogosa-Sharpe Agar (MRS Britania, Argentina) and
for bifidobacteria, Mann-Rogosa-Sharpe Agar (Britannia,
Argentina) plus 5% of nalidixic acid, neomycin sulphate
(Britannia, Argentina) and lithium chloride (Merk, Argen-
tina) solution. Each process was performed per triplicate.

Samples intended for the search of anaerobes, lactobacilli
and bifidobacteria were incubated for 48/72 hours at 37°C in
anaerobiosis jar (GENbox bioMerieux, France). Samples
intended to isolate enterobacteria were incubated in aerobio-

sis for 24/48 hours at 37°C. After incubation period, the
counting of colony forming units per gram of faeces (CFU /
g) was done per each of the bacterial groups studied and
quantitative variations according to the diet administrated
were compared. Statistical analysis was performed after
logarithmic conversion of primary counts of cultures.

Calcium, iron and zinc content from experimental diets,
iron and zinc from liver samples as well as calcium and zinc
from femur samples were measured by atomic absorption
spectrophotometry after a mineralization procedure as previ-
ously described [21].

Statistics

All data were analyzed using a computer statistical pro-
gram (Graph Pad PRISM®, Version 3.00 1999, GraphPad
Software Inc., San Diego CA, USA).

The parameters statistically analyzed were: initial and
final body weight, average growth rate, liver and femur
weight, iron and zinc liver content as well as calcium and
zinc femur content. The statistical analysis were performed
by one way analysis of variance (ANOVA) for initial and
final body weight, average growth rate, femur weight, zinc
and iron liver content as well as calcium and zinc femur
content. The a posteriori tests performed were Tukey-
Kramer test for femur weight, average growth rate and cal-
cium and zinc femur content and Student— Newman- Keuls
test for initial and final body weight and also zinc and iron
liver content. Kruskal Wallis test was used to evaluate liver
weight.

An ANOVA was also performed to compare the effect of
the different treatments at each time on bacterial recount
followed by the a posteriori test of Student-Newman- Keuls
to evaluate the differences among the groups.

The level of significance was considered as p<0.05 in all
tests.

RESULTS
Mineral Analysis

Food intake as well as initial and final body weight are
shown in Table 3. All treatments were initiated with animals
sorted by groups that did not have significant differences (p
< 0.05) on their body weight and after the study with the
corresponding treatments, final body weight of all groups did
not show significant differences either (p < 0.05), excluding
group 1, as might be expected. It can be noticed that group 1
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has the lowest food intake, which had an impact on growth
that can be seen on Fig. (1) as an almost plane body weight
curve. Groups 2, 3 and 4 showed normal as well as similar
food intake (Table 3) due to the fact that their respective
feeding diets suited all nutritional recommendations and
were administrated to them during the whole treatment
period. Therefore, their body weight curves (Fig. 1) were
considered normal and were taken into account as control
curves for groups 5, 6 and 7 under study, respectively.
Groups 5, 6 and 7, that were put to a depletion-repletion
treatment, showed values of food intake that were between
group 1 and their respective control groups (Table 3). It is
worth mentioning that for these groups, higher values for
food intake were achieved during the repletion period as it is
shown in Table 3. The impact that these results had on body
weight can be noticed in Fig. (1), where body weight curves
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of groups 5, 6 and 7 started almost plane during the depletion
period, the same as group’s 1 body growth curve. But after
the repletion period and regardless of the diet administrated,
these groups reached a normal status of body growth, the
same as their respective control groups on day 28 of the
treatment. The statistical analysis that supported the results
described above is shown in Table 3. The results expressed
as values for growth rate are also shown on Table 3. Group 1
showed the lowest growth rate along all the treatment period
while groups 5, 6 and 7 showed considerably low growth
rates during depletion period than groups 2, 3 and 4 but these
was reverted during the repletion period since results were
higher for groups 5 and 6 than for control groups 2 and 3
respectively. Growth rate for group 7 showed a tendency to
be higher than for group 4 during repletion period.

Table3. Total Food Intake, Initial and Final Body Weight and Average Growth Rate During the Treatment Period with
Experimental Diets
Group Treatment Total Food Total Food Intake for Each Body Weight (g) Average Growth
Diet Period (Days) Intake (g) Treatment Period (g) Initial Final Rate (g/day)
1 D 28 2788 2788 46.9+9.3° 79.9+£14.7° 1.18"
2 NS 28 4083 4083 50.4+7.5° 134.749.9° 3.02%
3 NE 28 4063 4063 48.9+4 4° 129.2+11.6° 2.85°
4 NEP 28 5323 5323 48.5+7.9° 130.147.2° 3.04"
D 14 1323 1.36*
5 3611 51.0+9.3" 130.6+10.7°
NS 14 2288 4.29°
D 14 1185 1.31*
6 3419 44.5+2.0° 125.8+6.4°
NE 14 2234 4.51°
D 14 982 1.39*
7 2808 45.8+3.9° 120.1+6.4°
NEP 14 1826 3.93%

Values with different superscript for average growth rate and initial and final body weight have significant differences (p<0.05). Results for initial and final body weight are shown

as mean + SD and the rest are shown only as means. Values are shown as mean + SD.

150+
130+
/_\110-
=2 —*- Group 1
= 904 > Group 2
=
o -¥ Group 3
= 701 P
- -3 Group 4
E 508 -~ Group5
T " | -~ Group6
304 - e
Depletion Repletion A Group7
104
L) L) L) L) L) L]
0 5 10 15 20 25 30
Time (days)

Fig. (1). Growth curves for groups under treatment with experimental diets. Values are shown as mean + SD.
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Table 4 shows the results of mineral intake for each group
during the treatment period with experimental diets. Group 1
showed the lowest mineral intake values during the treatment
period. Groups 5, 6 and 7 showed considerably low mineral
intake values during the depletion period compared to groups
2, 3 and 4 but these start to revert during the repletion period
though total mineral intake remain lower than for control
groups. All these values were the consequence not only of
the mineral composition of the experimental diets but also of
the food intake for each group under study. That is, a lower
mineral intake for the three minerals evaluated (calcium, iron
and zinc) was observed because of the consumption of defi-
cient diets but also because the total food intake of groups 1,
5, 6, and 7 fell down as was mentioned and shown above.

The results concerning the status of bone and liver min-
eral deposits are shown in Table 5. Liver weight as well as
zinc and iron liver content showed no significant differences
among the groups under study. However, femur weight as
well as zinc and calcium femur content were different among
groups. The lowest values for all these parameters were for
animals in group 1. Femur weight was higher for groups 2, 3
and 4 as expected for control groups, and lower for group 1
as expected for a deficient group. Groups 5, 6 and 7 showed
values that were between group 1 and control groups (2, 3
and 4). With regard to calcium femur content, it was higher
for groups 3 and 4 than for group 2 among controls and was
also higher for groups 6 and 7 among groups submitted to
the depletion-repletion treatment. It is noticeable that groups
3, 4, 6 and 7 received diets containing different mineral
sources than groups 2 and 5 and calcium femur content re-
sulted higher for those groups fed with diets containing the
mineral sources under study (groups 3, 4, 6 and 7) than for
those which received diets with standard mineral sources
(groups 2 and 5) regardless of the presence or absence of the
prebiotic. The zinc femur content also showed interesting
results. Values of groups 4 and 7 were the highest observed
which resulted statistically different from that of groups 1, 2
and 5 and showed a tendency to be higher than those of
groups 3 and 6 which received diets containing the same
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mineral sources but without the prebiotic added as in diets
received by groups 4 and 7. These results suggested that the
prebiotic under study may have a positive effect in the ab-
sorption or bone deposition of zinc.

Bacteriological Analysis

Total enterobacteria recount did not register significant
changes. Some batches may have shown a slight decrease
but it was not significant (less than one logarithm in group 4
after 28 days of experimental diet). Total anaerobic bacteria
recount remain constant during the whole experience. In the
same way, lactobacilli isolated concentrations remained con-
stant throughout the experiment (data not shown).

However, bifidobacteria recount is significantly in-
creased for group 4 (animals fed with combined mix diet
containing the mineral sources under study and the prebiotic)
one logarithm as it can be noticed on Fig. (2). This increase
was determined at 14 days of the treatment with experimen-
tal diets and was maintained until day 28 and also 48 hours
and 10 days after the interruption of the treatment (see Fig.
3). Group 7 (animals submitted to a depletion period and
then repleted with the same diet fed to group 4), showed the
same behavior than group 4 after the repletion. Nevertheless,
the bifidobacteria recount decreased after the end of the
treatment, that is after day 28 (see Fig. 4).

DISCUSSION AND CONCLUSION

An insufficient mineral intake still represents one of the
most relevant causes of growth impairment. Thus, it is evi-
dent the importance of consuming a diet with an adequate
mineral content in order to prevent or eliminate the severe
consequences associated with their deficiency. Prebiotics can
be associated with this since they have been recently de-
scribed and analyzed as potential beneficial factors for min-
eral absorption. Some authors have reported positive effects
on the absorption of several nutrients such as calcium, mag-
nesium, iron, zinc and copper when a prebiotic of the fructo-
oligosaccharide type was added to the diet [22].

Table4. Calcium, Iron and Zinc Intake During the Treatment Period with Experimental Diets
Treatment Total Mineral Intake
Group
Diet Period (Days) Ca(g) Fe (mg) Zn (mg)
1 D 28 0.5 15.9 17.0
2 NS 28 229 142.9 1233
3 NE 28 22.8 140.6 154.4
4 NEP 28 29.8 181.0 179.9
5 D 14 0.2 7.5 8.1
NS 14 12.8 80.1 69.1
6 D 14 0.2 6.8 7.2
NE 14 12.5 77.3 84.9
7 D 14 0.2 5.6 6.0
NEP 14 10.2 62.1 61,7
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TableS. Bone and Liver Mineral Content of Groups Under Study
Deposit Mineral Content (mg/Kg)
Group Liver Femur
‘Weight (g) Fe Zn ‘Weight (g) Ca Zn
1 8.19+0.51 157.6%£18.3 36.2+4.7 0.552+0.043" 64871+£8005" 73+8"
2 8.36+0.44 140.3+£26.7 35.0+6.0 0.657+0.074° 91694+4258" 111+10°
3 8.11+0.79 154.7£21.9 31.9£2.2 0.649+0.071° 101600+8363° 12049™
4 8.224+0.46 154.7£26.7 35.+£8.8 0.667+0.061° 101992+8195° 124+7°
5 6.74+2.46 156.315.0 36.6+3.8 0.628+0.062" 908047106 112+11°
6 7.88+3.15 132.2+15.0 29.542.0 0.604+0.024™ 106477+4467° 121+6™
7 8.18+0.54 147.94£25.6 31.0£1.1 0.583+0.034™ 101204+4203¢ 126+7°

Bone and liver mineral content of groups under study. Values are shown as mean + SD and those with different superscript in a column have significant differences (p<0.05).
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Fig. (2). Bifidobacteria recount for each group under treatment. Values are shown as mean + SD.

Our results showed that the combined mineral mix com-
posed by calcium, iron and zinc as well as a prebiotic, has
positive effects on growth and intestinal microflora of grow-
ing animals that consumed it as part of their diet. Moreover,
it has also a positive effect in animals recovering from a
period of nutritional depletion.

Mineral deficiency, particularly of calcium, iron and
zinc, resulted in deleterious effects on animal body growth
and appetite. However this situation could be reverted with a
normal diet on its mineral content as demonstrated with this
study. That is, despite some groups were submitted to a de-
pletion-repletion period, they were able to restore their body
growth status and also reach comparable values of mineral
deposit with those presented by control groups. The effects
of a diet containing the combined mineral mix under study
on body growth showed that mineral sources under study
included in its composition had the same physiologic behav-
ior than those of reference used for comparative purposes.
Thus, all experimental groups, except for that which received
the deficient diet during all the study, achieved the same

final body weight and even those previously submitted to a
depletion period were able to recover a normal body growth
status at the end of the treatment despite the mineral sources
used, as already mentioned.

Mineral deposits evaluated as zinc and calcium bone con-
tent and as zinc and iron liver content, were comparable with
those reported by other authors [23-25] and confirmed the
results mentioned above. The mineral sources under study
behaved like the reference standards in terms of the organ
weight or the organ mineral content. In the case of liver, all
groups showed similar values as expected by iron and zinc
homeostasis in liver as a rapid interchangeable pool that is
highly susceptible to changes in mineral dietary intake [26].
Therefore, the adequacy of the mineral content of the diets
supplied by the end of the study to the nutritional recom-
mendations might have been enough to provoke that no
differences could be observed among groups for this deposit.
In the case of bone, no differences were appreciated in femur
weight for groups receiving the combined mix with mineral
sources under study (with or without the addition of the pre-
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Fig. (3). Bifidobacteria recount increase. Results were calculated as a ratio between CFU/g on a given day and the same for day 0. Values are
shown in arbitrary units (AU= [CFU/g] for a given day/[CFU/g] for day 0) for each group under treatment. The days evaluated were 14, 28,
30 and 40. Results are expressed as mean + SD and bars not sharing a superscript are significantly different.
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Fig. (4). Bifidobacteria recount increase for groups submitted to a depletion repletion treatment. Results were calculated as a ratio between
CFU/g on a given day and the same for day 0. Values are shown in arbitrary units (AU= [CFU/g] for a given day/[CFU/g] for day 0) for each
group under treatment. The days evaluated were 14, 28, 30 and 40. Results are expressed as mean + SD and bars not sharing a superscript are

significantly different.

biotic) compared to those receiving the standard ones. How-
ever, results showed a noticeable tendency of increased zinc
femur deposition for animals receiving the combined mineral
mix under evaluation. Had the treatment been longer, these
differences might have been observed statistically and not
just as a tendency. It is important to notice that calcium fe-
mur content was higher for groups receiving diets containing
the sources under study compared to those groups fed with
diets containing reference sources. This means that there
may be a positive effect related to the mineral sources evalu-
ated that enhance calcium absorption or its bone deposition.
On the present work, the effect of this combined mix, par-
ticularly of it’s prebiotic on mineral deposition, can be sug-
gested for zinc but not for calcium [27] although many re-
ports have referenced it [12, 13].

The mechanisms related with these increments in mineral
absorption are not fully studied but several are proposed that
may explain these effects. The most common cited is the
greater surface resorption developed due to the enterocytes

proliferation as a consequence of the presence of bacterial
fermentation products (mainly lactate and butyrate) [22, 28,
29]. Some other morphologic and physiologic changes could
also be induced in the intestine such as an increase in the
crypts height and the vein flow that may as well be related to
the enhanced mineral absorption [28]. Other causes of these
effects are the increment in solubilization of several minerals
by the presence of short chain fatty acids (SCFA) which
have been introduced already as important products of bacte-
rial fermentation. Low pH caused by SCFA is also a factor
that could increase mineral solubility in the gut lumen [22,
29, 30]. An increment in the expression of calcium binding
proteins or in calcium transport by a non saturable paracellu-
lar pathway could also lead to this mineral’s better absorp-
tion [22, 28, 29].

It is important to consider that children fed with breast
milk have an increased quantity of intestinal bifidobacteria
but the beneficial effects that they produce are combined
with the extraordinary characteristics that such food accounts
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for [31, 32], so bifidobacteria in infants provides mainly a
prevention against many enteropathogens. It is also impor-
tant to consider that in adulthood and elderly, the amount of
bifidobacteria decreases considerably. Taking that into ac-
count, search and confirmation of bifidogenic effects in cer-
tain substances is a valuable tool to supplement diets that
could provide this function.

Many studies have demonstrated the stimulatory effect of
prebiotics on lactobacilli and bifidobacteria [33-35] devel-
opment, due to the immunochemical mechanisms produced
by the fermentation process. Prebiotic fibers are mainly oli-
gosaccharides, inulin and lactulose and they have shown to
have bifidogenic effect on colon. The present work confirms
that prebiotics have such effect.

An interesting fact is the difference observed in the bifi-
dobacteria population for the group that received a diet con-
taining the prebiotic during the whole treatment and the
group which received the diet with the prebiotic after being
submitted to a depletion period. Thus, the time of consump-
tion of the prebiotic is an important parameter to evaluate
and it has to be taken into consideration when choosing the
vehicle that will be fortified. That is, for this mineral mix
containing a prebiotic to be successful and achieve its gold,
it will have to be consumed on a daily basis. Milks as well as
yoghurts are excellent vehicles examples because they suit
this requirement.

Mineral food fortification remains an interesting and ef-
fective strategy to overcome mineral deficiency and malnu-
trition. In the particular case of the combined mix evaluated
on the present work, the addition of a component such as a
prebiotic might enhance the positive effects reached for min-
eral supplementation and also prevent other affections since
it has beneficial effects on its own. This also means that the
target people who would consume a fortified food of these
characteristics might be from different ages. However, there
are still more trials that remain to be done as to confirm the
technological advantages of this combined mix over poten-
tial changes on the organoleptic characteristics of the vehicle
used or even evaluate other vehicles to assure the possibility
of other food supplementation. This last concept could be an
interesting matter to increase its versatility.

The analysis of the effects that the mineral mix has on
body growth as well as on mineral deposits suggests that
mineral sources under study present some advantages com-
pared to the reference standard sources. Furthermore, its
combination with a prebiotic may produce some other
positive effects related to mineral absorption and intestinal
microflora composition.

ABREVIATIONS

D = Deficient diets

NS = Normal diet on its mineral content with Ca,
Fe and Zn reference sources

NE = Normal diet on its mineral content with Ca,
Fe and Zn evaluated sources

NEP = Normal diet on its mineral content with Ca,

Fe and Zn evaluated sources and the addition
of a prebiotic

AU
CFU

ANOVA

Tesan et al.

Arbitrary units

= Colony forming units

Analysis of variance
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