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Abstract

Products containing pro- and prebiotics are known as synbiotics. The benefits of pro-
and prebiotics on the host include: normalization of the microbial balance in the gastroin-
testinal tract, increase of mineral bioavailability, reduction of cholesterol level in blood and
prevention of gastrointestinal disorders. The aim of the work was to compare the appa-
rent absorption and retention indexes in rats fed diets containing probiotic or synbiotic soft
cheeses. As a probiotic, the strain Lactobacillus plantarum 14 was used, whereas as pre-
biotics inulin HPX and maltodextrin were used. For 10 days, the animals were fed diets
consisting of 61-81% of soft cheese with probiotic (A diet), probiotic and 2,5% of inulin HPX
(B diet) and probiotic and 2.5% of maltodextrin (C diet). On the basis of the magnesium
concentration in the diets and the urine and faeces excreted during the last 5 days of the
experiment, the apparent absorption (A) and retention (R) indexes (%, mg 5 daysl) were
calculated. The apparent absorption indexes obtained did not differ statistically among the
groups, although the highest value of apparent absorption (A%) was obtained in group B.
The apparent retention indexes in group A were significantly higher (p < 0.05) compared
to groups B and C. On the other hand, in B and C groups increased faecal mass was
detected, but the inulin influence was stronger than that of maltodextrin. Although the
short-term supplementation of rat diets with inulin HPX and maltodextrin did not increase
magnesium absorption and retention, their use in probiotic products is reasonable because
of the beneficial physiological effects.
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WPLYW SYNBIOTYKOW NA BIODOSTEPNOSC MAGNEZU Z DIETY U SZCZUROW
Abstrakt

Jako produkty synbiotyczne sa okreSlane wyroby zawierajace jednoczesnie probiotyki
i prebiotyki. Korzystny wplyw pro- i prebiotykéw na organizm obejmuje m.in. normalizacje
sktadu mikroflory przewodu pokarmowego, zwigkszanie biodostepnosci sktadnikéw mine-
ralnych, obnizanie poziomu cholesterolu we krwi oraz zapobieganie wystepowaniu zabu-
rzen jelitowych. Celem pracy byto poréwnanie wptywu diety zawierajacej probiotyczny i syn-
biotyczne serki twarogowe na absorpcje i retencje magnezu u szczuréw. Zastosowanym
szczepem probiotycznym byl Lactobacillus plantarum 14, a prebiotykami inulina HPX oraz
maltodekstryna S$redniosckukrzona. Zwierzetom przez 10 dni podawano diety, w sktad kto-
rych wchodzil serek twarogowy, w ilosci 61-81%, zawierajacy: probiotyk (dieta A), probiotyk
i 2,5% inuliny HPX (dieta B) lub probiotyk i 2,5% maltodekstryny (dieta C). Na podstawie
zawarto$ci magnezu w diecie, kale i moczu wydalonego w czasie ostatnich 5 dni ekspery-
mentu, wyznaczono wspélezynniki absorpcji (A) i retencji (R) pozornej (%, mg 5 dnil). Uzy-
skane wspotczynniki absorpcji nie roznily sie znaczaco miedzy grupami zwierzat, chociaz
najwyzszy (A%) odnotowano w grupie B, natomiast wartoSci wspoétczynnikéw retencji po-
zornej w grupie A byly istotnie wyzsze (p < 0,05) w poréwnaniu z grupami B i C. W gru-
pach przyjmujacych diete synbiotyczng obserwowano zwiekszenie masy katlu w poréwna-
niu z grupg kontrolng A, przy czym dziatanie inuliny HPX byto silniejsze niz
maltodekstryny. Chociaz krétkotrwata suplementacja diety szczuréw inuling HPX i malto-
dekstryng Srednioscukrzong nie przyczynita sie do wzrostu absorpcji i retencji magnezu, to
stosowanie tych prebiotykéw tgcznie ze szczepem probiotycznym jest uzasadnione ze wzgle-
du na korzystne efekty fizjologiczne.

Stowa kluczowe: probiotyki, prebiotyki, magnez, absorpcja, retencja, szczury, ser
twarogowy.

INTRODUCTION

Studies into the acquisition of new probiotic cultures and their appli-
cation in the food production process have been underway for years. Pro-
biotics, live cultures of bacteria and fungi (SANDERS, KLAENHAMMER 2001,
HovzaprEL, ScHILLINGER 2002), are applied both in food of animal origin,
including fermented dairy drinks, ripening cheeses, white fresh cheeses,
fermented sausages, as well as in food of plant origin. Such products are
sought by consumers aware of the positive effect of probiotic bacteria on
the human body. These effects include: normalization of intestinal micro-
flora, prevention or attenuation of disorders and diseases of the alimen-
tary tract, and strengthening the immune system. Probiotic bacteria syn-
thesize B group vitamins, folic and nicotinic acids, increase the availability
of proteins as well as the absorption of the minerals Ca, Cu, Fe, Mn, P
and Zn, and are likely to contribute to a reduction in the blood level of
cholesterol (DEeFECINSKA, LiBupzisz 2000, Kaur et al. 2002). Similar effects
in terms of normalizing the composition of alimentary tract microflora,
increasing bioavailability of minerals, preventing intestinal disorders and
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reducing cholesterol level in blood are produced by prebiotics (Braut 2002,
Losapa, OLLEROS 2002). They are the dietary components which escape diges-
tion in the small intestine, are transferred intact to the colon, where they
are utilized by probiotic microflora. Prebiotics are substrates that selectively
stimulate the development of a given species or strain of probiotic bacteria,
thus exerting a beneficial effect on the health status of the host (SLIZEWSKA,
Lisupzisz 2002, Zpunczyk 2002, CummINGs et al. 2004). Carbohydrates that dis-
play characteristics of prebiotic substances include inulins and maltodextrin,
widely applied in the food industry due to their functional properties, i.e.
gel-forming ability, stabilization and concentration of emulsions and provid-
ing foodstuffs with attractive sensory attributes (VORAGEN 1998, FORTUNA,
SoBoLEWSKA 2000, JaKUBCzYK, Kosikowska 2000, Porak 2001, KEEBUKOWSKA et
al. 2002, KrzyzaNIAK et al. 2003, SKOWRONEK, FIEDUREK 2003).

Other food products that also contain prebiotics are referred to as
synbiotics. Since the concept of synbiotics is relatively new, there are few
reports of interactions between pro- and prebiotics. Bearing in mind their
properties, prebiotics should positively affect the growth and survivability
of probiotics. By adapting its metabolism to a specified substrate (prebi-
otic), a probiotic strain has a greater chance for colonizing the gastroin-
testinal tract owing to increased ability to compete with the existing mi-
croflora (Fooks et al. 1999, Saarera et al. 2000, PurroNEN-PiMIA et al.
2003). A combined application of probiotics and prebiotics should, there-
fore, increase the efficacy of their action onto the host’s body.

The research was aimed at comparing the absorption and retention of
magnesium in rats administered a prebiotic diet containing soft cheese
produced with addition of Lactobacillus plantarum strain as well as
a probiotic-containing diet additionally supplemented with prebiotics, inu-
lin HPX and medium-saccharified maltodextrin.

MATERIAL AND METHODS

Experiments were carried out on 18 standardized white experimental
rats of Wistar strain, obtained from the Department of Biological Analysis
of Food, Institute of Animal Reproduction and Research of the Polish
Academy of Sciences in Olsztyn. Initial body weight of the animals ranged
from ca 91 to 98 g. They were divided into 3 experimental groups, 6 rats
each, and kept in single metabolic cages, which enabled separate collec-
tion of urine and faeces.

Experimental diets were prepared based on soft cheeses, produced in
a dairy plant, containing inulin HPX (Orafti, Belgium), medium-sacchari-
fied maltodextrin (Pepes Sp. z o.0., Poland) and a potentially probiotic
strain Lactobacillus plantarum 14. The basic composition of the diets was



72

as follows: protein — 10% (N x 6.38), vitamins — 1% (AOAC 1975), mineral
salts — 3% (NRC 1976), potato starch — 5%, and maize starch — supple-
menting diet composition to 100 g of dry matter of diet. Fat content of
the soft cheese was taken into account while balancing the diets. Three
diets were prepared in the study: A — probiotic diet (control): with soft
cheese containing L. plantarum as well as synbiotic diets containing, apart
from the probiotic culture, a prebiotic: inulin HPX (diet B) or medium-
saccharified maltodextrin (diet C). The addition of prebiotics to the soft
cheeses reached 2.5%. In order to obtain a similar dry matter content in
all products, 2.5% of skimmed milk powder was added to the probiotic
soft cheese. The contribution of particular components in the experimen-
tal diets is presented in Table 1, whereas the physicochemical character-
istics of soft cheeses used in the study can be found in Table 2. The count
of L. plantarum 14 strain in the products was 107cfu g'L.

Table 1
Tabela 1
Compositions of diet used in the feeding trial (g 100 g™ of d.m.)
Udziat poszczegdlnych komponentow w dietach sporzadzonych
do do§wiadczenia zywieniowego (g 100 gls.s.)
Diets
Specification Diety
Wyszczegolnienie
A B C
Cheese 60.8 81.1 69.6
Ser
Vitamins
Witaminy 1.0 1.0 1.0
Mmergl salts 3.0 3.0 3.0
Sole mineralne
Potato starch | 5.0 5.0 5.0
Skrobia ziemniaczana
Corn starch
Skrobia kukurydziana 30.3 9.9 214

Diets containing soft cheese with: A — probiotic strain L. plantarum, B — probiotic strain

L. plantarum and 2.5% of inulin HPX, C — probiotic strain L. plantarum and 2.5%

of maltodextrin.

Diety zawierajace serek z: A — probiotycznym szczepem L. plantarum, B — probiotycznym
szczepem L. plantarum i 2,5% inuliny HPX, C — probiotycznym szczepem L. plantarum i 2,5%
maltodekstryny $rednioscukrzone;j.

A balanced experiment was conducted, including a 5-day preliminary
period and a 5-day experimental period. Diet intake was monitored each
day by collection of leftovers and samples of faeces and urine were col-
lected for analyses.
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Table 2
Tabela 2
Physicochemical composition of white cheeses
Charakterystyka fizykochemiczna serkéw twarogowych
Cheese
Specification Ser
Wyszczegolnienie
A B C

Dry weight
Sucha masa (%) 35.2 35.4 36.0
Protein
Biatko ogétem (%) 5.8 4.4 5.2
Fat
Ttuszcz (%) 24.5 25.0 26.0
Ash
Popidt ogétem (%) 0.7 0.5 0.5
Magnesium 1
Magnez (mg g™) 96.4 69.4 70.5

Soft cheese with: A — probiotic strain L. plantarum, B — probiotic strain L. plantarum and
2.5% of inulin HPX, C — probiotic strain L. plantarum and 2.5% of maltodextrin

Serek z: A — probiotycznym szczepem L. plantarum, B — probiotycznym szczepem

L. plantarum i 2,5% inuliny HPX, C — probiotycznym szczepem L. plantarum i 2,5%
maltodekstryny $rednioscukrzonej

A quantitative analysis of magnesium in the diet, faeces and urine of
rats was carried out by means of flame atomic absorption spectrophotom-
etry (Unicam 393, Solar). Measurements were performed at a wavelength
of 285.2 nm.

Bioavailability of magnesium was expressed by means of coefficients
of apparent absorption (A) and apparent retention (R). The first was cal-
culated from the difference between the quantity of the mineral absorbed
with diet and its quantity excreted with faeces, whereas the latter was
computed as the difference between the quantity of the mineral absorbed
with the diet and that excreted with faeces and urine. The values ob-
tained were expressed in mg 5 days! and in percentage units. The re-
sults were presented as mean values + standard deviation.

Statistical analysis of the results was carried out with Duncan’s test
(Statistica 6.0, StatSoft. Inc.) at a significance level of p < 0.05.

RESULTS AND DISCUSSION

Soft cheeses produced with addition of potentially probiotic bacteria
and prebiotics were observed to differ in magnesium content (Table 2).
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The highest content of this mineral was determined in probiotic cheeses
(96.4 mg g'1), whereas the lowest one was in synbiotic products (69.4 mg g’
and 70.5 mg g1). The intake of magnesium was at a similar level in all
groups (Table 3), though its lowest level was observed in group B. Coeffi-
cients of apparent absorption (mg 5 days?, %) did not differ significantly
between the groups of animals, yet the lowest value of A (%) was record-
ed in the group of rats administered a diet with synbiotic soft cheese
containing inulin HPX (Table 3). In turn, values of apparent retention
coefficients (mg 5 days! and %) determined in the control group, fed a diet
with the probiotic soft cheese, were significantly higher (p < 0.05) as com-
pared to the groups administered synbiotic soft cheeses.

Table 3
Tabela 3

Mean values of Mg intake, apparent absorption and retention in rats fed probiotic
. or synbiotic cheeses
Srednie wartosci spozycia, absorpcji i retencji magnezu u szczuréw karmionych
probiotycznym lub synbiotycznymi serkami twarogowymi

Diet
Specification Dieta
Wyszczegodlnienie
An=5 B n=6 Cn=4
Mg intake (mg 5 days™ A B A
Spozycie Mg (mg 5 dni) 228+ 1.5 205+ 1.1 22.8+0.8
: -1
Apparent absorption (mg5days)| 199,174 | 176124 | 186124
Absorpcja pozorna (mg 5 dni™)
Apparent absorption (%)| 83.6+364 | 85.8+384 | 81.7+5.04
Absorpcja pozorna
: -1
Apparent retention (mg5days)| 6,194 | 402058 | 47:05B
Retencja pozorna (mg 5 dni™)
Apparent retention (%)| 26.1+425 | 19.6+2.98 | 20.6+20B
Retencja pozorna

Diets containing soft cheese with: A — probiotic strain L. plantarum, B — probiotic strain

L. plantarum and 2.5% of inulin HPX, C — probiotic strain L. plantarum and 2.5% of
maltodextrin; 2Brow mean values without the same superscripts differ statistically (p < 0.05).
Diety zawierajace serek z: A — probiotycznym szczepem L. plantarum, B — probiotycznym
szczepem L. plantarum i 2,5% inuliny HPX, C — probiotycznym szczepem L. plantarum

i 2,5% maltodekstryny $rednioscukrzonej; 2Bsrednie w rzedach bez wspélnych indekséw
réznig sig¢ statystycznie (p < 0,05)

Among the physiological effects of administering a prebiotic-enriched
diet to the rats increased mass of faeces was observed. In the groups fed
diets with synbiotic soft cheese, the mass of faeces (group B — 2.86 g,
group C — 2.24 g) was higher than in control group A (1.81 g), although
the effect of inulin HPX was stronger than that of maltodextrin. Simulta-
neously, no increased excretion of magnesium along with the increased
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mass of faeces was observed in the group of animals fed a diet with
inulin-containing soft cheese (Figure 1).

Issues referring to a possible increase in bioavailability of elements,
i.e. calcium, phosphorus or magnesium, achieved through diet supplemen-
tation with prebiotics have already been addressed to and described. Stud-
ies on this subject enabled researchers to clarify the mechanism of prebi-
otic action. It has been demonstrated that microbiological fermentation of
prebiotics in the colon decreases pH of intestinal digesta, which in turn
causes an increase in the solubility of mineral compounds, thus enhancing
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iinuling HPX i maltodekstryna

Fig. 1. The influence of the diet on faeces weight
abmean values in the figure without the same superscripts differ statistically (p < 0.05)

Rys. 1. Wplyw diety na mase katu
abgrednie wartosci na wykresie bez wspélnych indekséw réznig sie statystycznie (p < 0,05)

their bioavailability (BaBa et al. 1996, ScHoLz-AHRENS et al. 2001). Stimula-
tion of magnesium absorption upon diet enrichment with prebiotic has
already been observed in both long- and short-term studies (LopPEz et al.
2000, Coupray et al. 2005) carried out on young, growing animals and on
mature individuals (Rasuka, DaNiEL 2005), which received diets that ei-
ther met demands for this mineral or were magnesium-deficient (OHra et
al. 1994), and various prebiotics (CouDray et al. 2003a) at doses of 1-10%.
The results obtained by LoBo et al. (2006) indicate that a 5% contribution
of fructooligosaccharides (FOS) in a diet of animals lead to a decrease in
the quantity of magnesium excreted with faeces as well as an increase of
intestinal absorption of this element as compared to the control group.
Similar observations were made in the reported study — the group of rats
fed a diet with soft cheese containing L. plantarum strain and 2.5% of
inulin HPX (B) was characterized by the lowest quantity of magnesium
excreted with faeces and the highest apparent absorption (A%). Never-
theless, caution should be paid to the fact that in this group absorption
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diet with diet with L. plantarum diet with L.plantarum
L. plantarum and inulin HPX and maltodextrin
dieta z L. plantarum dieta z L. plantarum dieta z L. plantarum
i inuling HPX i maltodekstryna

M gexcreted with faeces (mg 5 days_l)
Mg wydalony z kalem (mg 5 dn™h

Fig. 2. The influence of the diet on amount of magnesium excreted with faeces
abmean values in the figure without the same superscripts differ statistically (p < 0.05)

Rys. 2. Wplyw diety na ilo§¢ magnezu wydalonego z katem
abgrednie wartoéci na wykresie bez wspélnych indekséw réznig sie statystycznie (p < 0,05).

expressed in mg 5 days! was lower, and differences in the absorption
coefficients (A%, A mg 5 days™) and quantity of magnesium excreted with
faeces were not statistically significant between the groups examined.

Oura et al. (1998) as well as WorLr et al. (1998) demonstrated the
possibility of increasing magnesium absorption through diet supplementa-
tion with fructooligosaccharides (FOS) applied at concentrations of 1-10%.
A dependency was reported between the content of prebiotics in a diet
and their effect on magnesium absorption — increased absorption was ob-
served along with an increasing concentration of prebiotic and, what is
more, that effect occurred already at 1% FOS addition to diet (WoLr et
al. 1998). Simultaneously, WoLF et al. (1998) did not found any increase in
the apparent retention of magnesium in any of the experimental groups
administered with 1-5% FOS, which was also confirmed in the current
experiment.

In the studies by Loprez et al. (2000), Coupray et al. (2003a), RASHKA,
DanieL (2003), coefficients of apparent absorption of magnesium ranged
from 27% (in groups fed diets without prebiotics) to 84%. In the reported
study, all groups of animals were characterized by high coefficients of
apparent absorption (82-86%). It was due to the administration of a diet
whose major component (61-81%) were soft cheeses containing lactose.
The presence of such monosaccharides as lactose or lactullose in a diet
was likely to contribute to the increased permeability of cellular mem-
branes of the intestinal epithelium, thus facilitating magnesium absorp-
tion. Furthermore, lactose — which is utilized by bacteria colonizing the
colon — contributes to a decreasing pH of intestinal digesta, which addi-
tionally makes magnesium absorption easier (Counray et al. 2003b). A cor-
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relation between apparent absorption of magnesium and lactose content
of diet was also observed by DELISLE et al. (1995), who reported on the
higher bioavailability of this element in a diet containing milk and milk
powders, as compared to a diet with the addition of cheese — containing
less lactose than milk and milk powder. The effect of lactose partly di-
gested in the upper sections of the alimentary tract on the absorption of
magnesium is, however, weaker than that of carbohydrate prebiotics un-
dergoing fermentation already in the colon (Coupray et al. 2003b).

CONCLUSIONS

1. Unlike food products of plant origin, dairy products do not consti-
tute a rich source of magnesium, yet the lactose they contain improves
the bioavailability of this element.

2. The application of inulin HPX and medium-saccharified maltodex-
trin together with a prebiotic strain in diets for rats contributed to in-
creased absorption and retention of magnesium, in contrast to a group
fed a diet with probiotic soft cheese.

3. Supplementation of probiotic food products with prebiotics is ad-
visable due to their beneficial physiological effects, including increasing
mass of faeces observed in groups of animals fed diets containing inulin
HPX and maltodextrin.

The study was financed from funds of the State Committee for Scien-
tific Research for the years 2004-2006 and from means of the WA-
MADAIREC Warmia and Mazury Dairy Excellence Centre (Qlk1-CT-2002-
30401).
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