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ABSTRACT 
 

Synbiotics are the simultaneously administration processes of the probiotics and prebiotics 
combination. Inulin and oligosaccharides recently have anattracted more attentions as non digestible 
carbohydrates that are fermented bymicroflora especially bifidobacteria, in alarge bowel to short chain fatty 
acids fermentation and had a positive effect on mineral absorption. 

The objective of the present study is to investigate the in vivo biological estimation of prebiotics and 
probiotics combination (synbiotics) on Ca, Fe and Zn absorption in weaning age rats.  Forty two, Western strain, 
male rats, aged two months, and about 60 ±5g weight were divided into 7  groups  (6 rats for each group) as 
follows:  group (1) fed on basil diet (BD) formula, (reference group), group (2) fed on a formulated baby  food 
(control group),group (3) fed on the baby food supplemented with Bifidobacterium bifidum (Bb) at 8.95log cfu/g 
concentration, group (4) fed on baby  food formula supplemented with 5% dried powder of Jerusalem artichoke 
tubers, (Ja) , group (5) fed on the baby  food formula supplemented with 5%Ja+8.95 log cfu/g, group (6) fed on 
the baby food supplemented with 10%Ja and group (7) fed on baby food supplemented with 10% Ja+8.95 log 
cfu/g Bb. The experimental period continued 5 weeks. At fifth week, a controlled metabolic study was carried 
out. 

The obtained results indicated that bifidobacterial count was stable during storage for 6 months 
especially in the formulas which contain 10% of Ja which recorded the    highest sensory scores. 
Supplementation of baby foods with prebiotic or / and probiotic did not significantly affected on mineral levels 
in serum except group (7) for serum Fe. Also, this supplementation increased the absorption of Ca especially at 
high dose of prebiotic and combined with bifidobacteria (group 7). Also, supplementation with bifidobacteria + 
10 % Ja caused improvement in apparent iron and zinc absorption percent. In conclusion, supplementation the 
baby cereal foods with bifidobacteria and Jerusalem artichoke as a source of inulin had a beneficial effect on 
Zn, Fe and Ca absorption. 
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Introduction 
 

Synbiotics, probiotics or prebiotics are being added to infant formula to promote growth and 
development in infants. There is not enough evidence to state that supplementation of term infant formula with 
synbiotics, probiotics or prebiotics does result in improved growth or clinical outcomes in term infants. There is 
no data available to establish if synbiotics are superior to probiotics or prebiotics (Mugambi et al., 
2012).Numerous studies showed that use of a probiotic-supplemented formula reduces the incidence of 
antibiotic-associated diarrhoea. B. lactisand S. thermophiles had the greatest effect (Ackerberg et al., 
2012).Dietary inulin supplementation was also used as prebiotic alternative to antibiotics (Sevane et al.,2014). 

A supplementation of 5% inulin appears to be achievable and should contribute 0.7–1.2 g of inulin per 
slice of bread toward daily intake (Morris and Gorden, 2012).The partial replacement of fat with 50% fat 
replacement by inulin, presented similar results to the standard product, being the formulation with the greatest 
sensory acceptance and physical characteristics (Lourencetti et al., 2013). 

The health benefits include increased mineral absorption (Hawthorne and Abrams, 2008 and Rastall, 
2010). Moreover, food supplements containing probiotic bacteria and /or prebiotics have beneficial effects on 
Ca, Mg mineral absorption, (Demigné et al., 2008 and Tako et al., 2008). 

Jerusalem artichoke tubers  (Helianthus tuberosus) is considered one of the most interesting potential 
source of fructose .Its importance was related first to its high content of inulin, its productivity and possibility of 
cultivating in various lands. The yield of Jerusalem artichoke tubers can reach 90 ton/hectar and their 
polyfructosan, inulin is about 80% of its dry matter (Chabbert et al., 1983). Recently Jerusalem artichoke was 
cultivated in Egypt. 

Actually, the mixtures of probiotics and prebiotics are often used in food products in order to take the 
advantage of their synergic effects by both ensuring survival of delivered probiotics and stimulating the growth 
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of selected indigenous bacteria. Thus, these mixtures are called synbiotics. Fibers, raffinose, Mangiferapajang 
fibrous and its polysaccharides increased the viability and activity of probiotics (Al-Sheraji et al., 2012a and b 
Martinez-Villaluenga et al., 2005 and Perez-Conesa et al., 2005). 

Hence, the development of improved infant formulas has focused on emulating the beneficial effects of 
breast milk by, among other approaches, supplementing formulas with specific probiotics or oligosaccharides 
and inulin (prebiotics) that selectively stimulate the growth or metabolic activity of potentially beneficial 
indigenous bacteria such as bifidobacteria (Puccio et al., 2007, Kim et al.,2007 and  Chouraqui et al.,2008). 

To promote optimum growth, development and decrease infections, probiotics, prebiotics are added to 
infant formula to promote an intestinal micro flora resembling that of breastfed infants. The intestinal micro 
flora of breastfed infants have a greater concentration of bifidobacteria and fewer potentially pathogenic 
bacteria compared to formula fed infants. Probiotics are “live microorganisms” which when administered 
inadequate amounts confer a health benefit to the host (Shah, 2007). 

The rationale for supplementing an infant formula with prebiotics is to obtain a bifidogenic effect and 
the implied advantages of a ‘breast-fed-like’ flora. Sofar, the bifidogenic effect of oligofructose and inulin has 
been demonstrated in animals and in adults, of oligofructose in infants and toddlers and of long chain inulin (10 
%) and galacto oligosaccharide (90 %) mixture in term and preterm infants (Veereman-Wauters, 2005). 

Prebiotics have also other positive effects on health, improving body functions and bone health, 
decreasing disease risks, reinforcing immune functions, preventing infections and intestinal diseases, and 
enhancing bioavailability of (calcium and magnesium) minerals (Bosscher, 2006). 

As the result of the beneficial effects of probiotic bacteria, in particular, when it associated with 
prebiotics in food supplements, which, were proved by the previous studies, the present study was conducted in 
order to evaluate if baby food that fortified with bifidobacteria (probiotic) alone or with Jerusalem artichoke as a 
source of inulin (prebiotic) have the positive effect on Ca, Zn and Fe absorption and increase their 
bioavailability. 
                                                                                                                     
Material and Methods 
 
Preparing the baby food formulas 
 

 All materials used for preparing the tested baby food were taken from the Arab Company for Medicinal 
Food Factory, Ismailia, Egypt. 

 The ingredients of baby food formulas in the study were   shown in Table (1). 
 All formulas were prepared and dried using Drum Drier according the method of (Perez–Conesa et al., 

2005). All dried formulas (the end products) were packaged in five layers bags with modified 
atmosphere (under nitrogen gas). 

Analytical Methods 
 

 The Chemical compositions of different formulas of baby food were determined at Arab Company for 
Medicinal Food Factory according to (AOAC, 2005). 

 Bifidobacterium bifidum (Bb-12) were obtained from Chr.Hansn-Denemark.Freeze dried Bifido Bactria 
was prepared according to the method of Saarela et al., (2000). 

 The inulin content was extracted and determined by HPLC according to method of  Molnar-Perl (2000) 

Sensory evaluation 
 

The  sensory evaluation was method carried out with respect to  five attributes  (color, texture, taste, 
flavor and overall acceptability) of the baby  formulas  by 10 kids mothers employed at  FTRI as  panelists, 
assigned a score of each sensory characteristic according to 10 point category scales (Khan et al., 2001). 

Microbiological analysis: 

 
Bifidobacteriumbifidum (Bb-12) counts were determined according to Dave and Shah (1996), using 

modified MRS agar supplemented with 0.05% L-cysteine and 0.3% lithium chloride. The plates were 
anaerobically incubated at 37⁰C for 48 hrs. 

Moluds and yeasts were determined according to Standard Methods for Examination of Dairy Products 
(APHA, 1994). Coliform bacteria and aerobic spore forming bacteria count were determined according to 
Harrigan and McCance (1996). 



1113 
Middle East j. Agric. Res., 3(4): 1112-1121, 2014 

Table 1: The tested of baby food formulas ingredients 
Ingredients % F1  F 2  F3 F4 F5 F6 
Rice flour  70  67 65 62 60 57 
Skimmed milk  8 8 8 8 8 8 
Soy isolate  5 5  5 5 5 5 
Lecithin  1 1 1 1 1 1 
Sun flower oil 3 3 3 3 3 3  
Jerusalem artichoke - -  5 5 10 10 
Freeze dried Bifidobacteria** - 3 - 3 - 3 
Tri calcium phosphate  0.3 0.3  0.3 0.3 0.3 0.3 
Sugar  8  8  8 8 8 8 
Vitamins and Minerals mixture 4.7  4.7  4.7  4.7  4.7 4.7  
Total  100 100 100 100 100 100 

*3g Bifidobacterium bifidum contain 8.95 log cfu/g. 

 
Biological assay 
 

Forty two Western strain male rats, two months aged and about 60±5 g weight were housed in an 
animal house of Ophthalmology Research Institute at 12-h. light/ dark cycle in a temperature and humidity-
controlled room. The animals were allowed free access to feed on basal diet (BD) that was based on AIN -93 G 
formulation (Reeves et al.,1993) and water were  with the same weight  ad libitum in the adaptation period ( one 
week).After this period, animals were divided  into 7 treatment groups  (6 rats/ group).as follows : 

 Group (1) was fed on a basal diet and referred as reference group. 
 Group (2) or control group was fed on a baby food formulate, with ingredients have been prepared as 

shown in Table (1)(formula1) 
 Group (3) wasfed on a baby food formula supplemented with Bifidobacterium bifidum at 8.95 (log 

cfu/g) (formula2). 
 Group (4) was fed on ababy foodformula supplementedwith dried powder of 5% Jerusalem artichoke 

tubers (formula3). 
 Group (5) was fed on baby food formula supplementedwith dried powder of 5% Jerusalem artichoke 

tubers+8.95logcfu/g Bb (formula4).  
 Group (6) was fed on baby food formula supplementedwith10% dried powder of Jerusalem artichoke 

tubers (formula5). 
 Group (7) fed on baby cereals formula that supplemented with10% dried powder of Jerusalem 

artichoke tubers + Bb at concentration 8.95 log cfu/g (formula6). 

The experimental period continued up to 5 weeks. The body weight was weekly recorded and the food 
intake was recorded each two days .At the fifth week, a controlled metabolic study was carried out. Through this 
period, daily food intake was recorded in order to calculate the daily food intake. At the same time, daily 
excretion of stool and urine were collected. The total urine volume was recorded at the end of the study. The 
stool and urine were frozen immediately after the daily collection. At termination of the experiment, the diet of 
each group was removed 6 h before anethesing the rats. Blood samples were collected from the orbit ocular 
vein. The serum was separated by centrifugation at 4°C (3000 rpm for 10 min) and frozen stored at -20°C for 
subsequent chemical analyses. The caecum was separated immediately and weighed, its contents collected after 
cutting off the caecal wall and weighed. Weight of total caecum and its contents were calculated in relative to 
body weight .The caecal contents were diluted with four times of deionized water and homogenized by 
homogenizer. The pH of homogenate caecal was measured by pH meter. Total nitrogen in feces was determined 
by kjeldahl according to A.O.A.C. (2005) method. Right and left Femurs were dissected, cleaned, freed from the 
surrounding tissues and covered with physiological saline and stored at −20 °C.  

Determination of serum chemistry 

 
Serum of total calcium were estimated calorimetrically by the method given by Weatherburn et al., 

(1982) as cited in Linear Chemicals. Zinc in serum was estimated according to the method of Johsen and 
Eliasson (1987) while, serum iron , unsaturated iron binding capacity (UIBC) and total iron binding capacity 
(TIBC) were done by using the method of Burtis and Edward (1994) . 

Determination of minerals in diet and feces. 
 
Samples were ashed in muffle furnace at 600°C. The femurs ash was dissolved in HCl (3.0 ml) then 

evaporated to about 1.0 ml on a hot plate. After cooling, it was made up to 25 ml with deionized water .Portions 
of dry sample  (0.35 of each diet or feces ) was ashed at 600°C for 10 h then dissolved in concentrated nitric 
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acid (3.0 ml)  and hydrogen peroxide (1.0 ml) at 130°C until discoloration. Final volume (25 ml) was made by 3 
% nitric solution. The concentration of each element in prepared samples of  feces and diets were measured by 
flame atomic absorption  spectrophotometer AAS (Model3300, Perkin-Elmer, Beaconsfield, UK)according to 
method of Robberecht et al.,(1994). 

Mineral apparent absorption, balance, retention and dietary mineralefficiency were calculated 
according to Scholz-Ahrens et al., (2002)  using the following equations: 

 

Mineral apparent absorption %=  

Statistical Analysis: 
 
Data were presented as mean ±SE. and analyzed by one-way analysis of variance (ANOVA) and 

Duncan’s test (P≤ 0.05) were used to establish the significance of differences. The result was performed using 
the SPSS software version 19 windows program. 

 
Results and Discussion 

 
Chemical composition of the tested baby food 
 

The chemical compositions of the tested baby food prepared from different formulas were analyzed 
and the data showed in Table (2).It showed that inulin content was higher in F5and F6 than in F3 and F4 due to 
they contained 10% Jerusalem artichoke, while carbohydrates content in F5 and F6 were lower than in F3 and 
F4.However, other chemical composition, protein, fat and minerals were slightly affected by adding Jerusalem 
artichoke in all formulas. The Vitamins and minerals content of the formulas were, also, compatible with the 
Egyptian infant food based from cereals (standard 3284/2005), as found in Table (2and 3). 

Table 2: Chemical composition of different formulas of the tested baby food 
Material F1 F2 F3 F4 F5 F6 
 Moisture  5 4.8 5 4.8 4 4.8 
Carbohydrates * 72.0 72.1 71.72 71.76 71.32 71.35 
Protein * 13.0 12.92 12.95 12.91 12.90 12.90 
Fats *. 9 9.0 8.98 8.97 8.98 8.96 
Ash * 4.5 4.5 4.7 4.7 5.0 5.0 
Crude  fiber * 1.5 1.48 1.65 1.66 1.8 1.79 
Inulin * 0 0 3.6 3.6 6.3 6.3 
Bifido bacteria as As dry weight basis 0 0 0 8.95 logcfu/g 0 8.95 logcfu/g 

*as g/100g on dry weight basis 

Table 3: Vitamins and minerals of different formulas of baby cereals per 100gm on dry weight basis. 
Material F1 F2 F3 F4 F5 F6 
Iron mg 15 15 15.3 15.3 16 16 
Calcium ** 600 600 610 610 623 623 
Phosphorus ** 300 300 308 308 332 330 
Zinc ** 3 3 3.2 3.2 3.4 3.4 
Iodine *** 60 60 60 60 60 60 
Selenium *** 13 13 13 13 13 13 
Vitamin A** 400 400 400 400 400 400 
Vitamin B1 *** 400 400 400 400 400 400 
Vitamin B2** 0.75 0.75 0.75 0.75 0.75 0.75 
Vitamin B6** 200 200 200 200 200 200 
Vitamin B12 *** 0.3 0.3 0.3 0.3 0.3 0.3 
Vitamin C ** 50 50 50 50 50 50 
Vitamin D3 *** 7 7 7 7 7 7 
Vitamin E ** 7 7 7 7 7 7 
Pantothenic acid** 2 2 2 2 2 2 
Folic acid *** 60 60 60 60 60 60 
Vitamin K *** 1.5 1.5 1.5 1.5 1.5 1.5 

**as mg/g100g on dry weight basis 
*** as  µg/g100g on dry weight basis 

Storage stability of Bifidobacteriain baby cereals formulas  
 

The storage actual stability of the different formulas of baby cereals with bifidobacterium were studied 
for 6 months and the data presented in table (4). From the table bifidobacterial count was stable during storage 
for 6 months especially in the formula No 6 which contain 10% of Jerusalem artichoke. The result was in 
agreement with Abe et al. (2009). In pure cultures, most species of bifidobacteria are adept at the use of inulin-
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type fructans (Gibson and Wang1994a). Molds and yeasts were not detected in all samples until the end of 
storage period. Additionally, the coliform bacteria and spore forming bacteria were not also detected in all 
treatments. 

Table 4: Changes in total bifidobacterial count (log cfu/g) during 6 months storage at room temperature (25 ±2 ºC). 
Baby food products  Storage period (months) 

0 1 3 6 
F1 - - - - 
F2 8.95 8.63 8.12 7.81 
F3 - - - - 
F4 8.95 8.83 8.66 8.13 
F5 - - - - 
F6 8.95 8.89 8.76 8.46 

F1: controlF2:BifidoF3: 5% JaF4:5% Ja +  BifidoF5: 10% Ja    F6: 10% Ja+Bifido 

 
Sensory evaluation of baby cereals formulas 
 

The analysis of variance for color, texture, taste, flavor and overall acceptability for the processed baby 
food formulas just after processing at ambient temperature are shown is Table (5). Analysis of variance 
indicated that a significant difference in color, texture, taste, flavor and overall acceptability averaged between 
samples fortified with pre and probiotic. The F5 and F6 samples recorded the highest sensory scores. Such 
results may be due to the presence of polysaccharides of inulin in such formulas. Consequently, there were 
significant differences between control and fortified samples. The current results were agreed with that found by 
Cardarelli et al., (2008). 

Table 5: Sensory evaluation of the tested baby food formulas 
Baby food samples Color Texture Taste Flavor Overall acceptability 

F1 7.0b 7.4c 7.0d 7.10d 7.2 c 
F2 7.5a 7.3c 7.4d 8.0c 7.4 c 
F3 7.0b 7.0c 8.0c 8.0c 8.0 b 
F4 7.6a 7.4b 8.5b 8.6b 8.2 b 
F5 6.5c 8.2a 9. 0a 8.7a 8.6 a 
F6 6.9c 8.0a 9.0a 9.0a 9.0 a 

F1: control   F2:BifidoF3: 5% JaF4: 5% Ja  F5+Bifido:F5 10% Ja    F6: 10% Ja+Bifido 
Each mean value, within the same column, followed by the same letter is not significantly different at p<0.05   

 
Body weight gain and food efficiency 
 

As shown in Table (6), there were apparent increases in body weight gain in all tested groups except 
group (3) as compared with control group or reference group, but these increases were not significant in same 
groups. No significant differences were observed in daily food intake or food efficiency ratio among groups in 
relative to control or reference groups. The obtained results indicated that supplementation of baby foods with 
bifidogenic and Jerusalem artichoke (inulin) maintained the normal growth rate and food efficiency as control 
group or reference group. The obtained results agreed with the previous results which reported that no 
significant differences were found neither in the daily food intake nor in the body weight gain among the control 
group and those fed on diets contained inulin or resistant starch (Younes et al., 2001).On the other hand, there 
was no previous studied related to the   impact of synbiotics on clinical outcomes in formula fed term infants. 
On contrary of the current study synbiotics failed to significantly increase growth in boys and girls as reported 
by (Morris et al., 2012). 

 
Fecal bulk, fecal nitrogen and caecal content 
 

The results of fecal bulk (weight and moisture) and fecal nitrogen are presented in table (7).The fecal 
excretion was significantly increased in all treatment groups except group (3) which supplemented with 
bifidobacteria only in comparison to control group. The highest value (9.2 g) was recorded for group 7 that 
consume formula containing bifidobacteria + 10% Ja. Fecal moisture percent was significantly increased in 
groups 6 and7 as compared with control group. Respect to fecal nitrogen, there were significant increment in 
treatment group (7), but non- significant increase in other treatments when compared to the control formula and 
the reference group. The present results are in good agreement with earlier reports that confirmed that non-
digestible carbohydrates increased the fecal bulking ( wet weight and moisture percentage of feces) due to 
increase in the biomass (Pascoal et al.,2005).Another study defined  the bulking index of dietary fiber as the 
increase in the wet weight of feces (g) per gram of indigestible Carbohydrates (Nyman, 2002). Recent study of 
Rodrigues et al., (2013) is similar to the current study which revealed that supplementation of probiotic (a mix 
of Lactobacillus acidophillus, Streptococcus faecium and Bifidobacterium bifidum) and inulin in diets for piglets 
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increased  fecal nitrogen excretion. According to Vanhoof and De Schrijver (1996), increased nitrogen excretion 
may be resulted from higher microbial activity in the large intestine and thus higher nitrogen incorporation in 
microbial protein excreted in feces.  

Table 6: The effect of different weaning cereal formulas on body weight gain, food intake and food efficiency 
Treatments B.W gain (g) Daily B.Wgain(g/d) Daily Food Intake(g/d) Food Efficiency(g/g) 

1 41.33 c±0.67 1.47 b±0.02 11.83 a±0.03 0.12bc±.003 
2 43.00bc±1.73 1.53 ab±0.06 12.83 a±0.01 0.12abc±0.005 
3 40.00 c±1.15 1.42 b±0.04 12.85 a±0.03 0.11 c±0.003 
4 47.33ab±1.20 1.68 a±0.04 12.83±0.01 0.13ab±0.005 
5 47.33ab±1.76 1.68 a±0.06 12.83 a±0.01 0.13ab±0.006 
6 48.66 a±0.88 1.73 a±0.03 12.84 a±0.01 0.13 a±0.003 
7 45.33abc±3.17 1.61 ab±0.11 12.84 a±0.01 0.12 abc±0.008 

1-Reference group 2- Control cereal food3- Control cereal food + bifidobacteria4- Control cereal food +5%Ja     
5-Control cereal food + bifidobacteria + 5% Ja6- Control cereal food + 10% Ja   7-Control cereal food + bifidobacteria + 10% Ja 
Each mean value, within the same column, followed by the same is not significant different at p<0.05   

The results of total caecal weight %, caecal content weight % (relative to body weight) and caecal pH 
are shown in table (6).It was clearly showed that the consumption of the formula containing Ja 5% or 10% is 
associated with a significant increase in total caecal weight %  and caecal content weight %.Moreover, this 
increase is obvious when probiotic bacteria combined with 10% Ja in group (7).On contrast, the caecal pH 
tended to decrease significantly when the weaning formula supplemented with Ja and bifidobacteria. Group (7) 
which supplemented with bifido +10% Ja recorded the lowest value in caecal pH as compared with other groups. 
This result suggests that the increase in caecal weight is due to wall thickening and that the colonization of the 
caecal with bifidobacteria was successful in response to long term feeding of bifidogenic inulin. Our results 
agree with the previous studies which demonstrated that non-milk oligosaccharides (inulin) are able to mimic the 
prebiotic effects of breast milk by significantly increasing Bifidobacterium spp., by increasing the production of 
short chain fatty acids (SCFA) and lowering fecal pH (Kim et al., 2007). 

Table 7: The effect of different weaning cereal formulas on fecal bulk, fecal nitrogen and Caecal content 

Treatments 
Fresh Fecal 
Weight (g) 

Dry Fecal 
Weight (g) 

Fecal Moisture (%) Fecal Nitrogen 
Total caecal Weight 

% 
Caecal content 

weight % 
Caecal pH 

1 8.53ab±0.03 6.29 a±0.08 26.26 cd±1.00 3.63c±0.18 0.35e±0.01 0.26 d±0.01 7.13 a±0.12 
2 4.56 d±0.49 3.45 e±0.31 24.34cd±1.64 5.02b±0.19 0.62 d±0.01 0.47 c±0.01 6.93ab±0.08 
3 3.66d±0.27 2.93 e±0.29 19.94 d±2.13 5.36ab±0.03 0.78 d± 0.08 0.66 b±0.06 6.80bc±0.17 
4 6.13c±0.12 4.36d±0.22 28.87bc±2.80 5.41ab±0.17 0.98 b±0.03 0.83 b±0.08 6.56 cd±0.03 
5 7.73 b±0.66 5.34bc±0.24 30.92bc±3.60 5.29ab±0.04 0.95 b±0.08 0.73 b±0.07 6.30 de±0.05 
6 9.10a±0.20 5.90ab±0.08 35.16 b±2.51 5.34ab±0.07 1.0 a±0.08 0.73 b±0.07 6.10ef±0.05 
7 9.26a±0.26 5.20 c±0.15 43.84a±1.33 5.54 a±0.05 1.36 a±0.01 1.10 a±0.03 5.83 f±0.03 

1-Reference group 2- Control cereal food3- Control cereal food + bifidobacteria  4- Control cereal food +5%Ja     
5-Control cereal food + bifidobacteria + 5% Ja 6- Control cereal food + 10% Ja   7-Control cereal food + bifidobacteria + 10% Ja 
Each mean value, within the same column, followed by the same is not significant different at p<0.05   

Minerals levels in serum of the tested rat groups 
 
As shown in Table (8), no significant differences were observed in Zn serum levels among the tested 

between treatment groups and control group .In case of serum Ca, feeding on weaning formulas supplemented 
with 10% Ja without or with probiotic recorded the highest  values (groups 6 and 7) and were significantly 
higher than the control group. With respect to serum levels of iron, group (7) recorded the highest mean value 
(201mg/dl), this result agrees with (Tako et al., 2008). Our findings confirmed and extend the observation of 
several other investigators who found that 75g/Kg inulin stimulated the absorption of zinc in rats at different 
ages, but zinc i level  plasma, liver and bone were not significantly affected (Coudray et al.,2006). With respect 
to serum Ca, Hoda, (2006) agreed, as the same in the present data, that plasma Ca was significantly increased in 
the control group fed on diet containing inulin. 

Absorption and apparent of calcium 
 
As shown from the obtained data in Table (9), feeding formulas supplemented with bifidobacteria or 

/and Jerusalem artichoke did not affect on level of daily Ca intake. Fecal Ca excretion was decreased 
significantly in rats fed on formulas supplemented with bifidobacteria or /and Jerusalem artichoke except group 
(4) with the lowest value recorded in group 7  relative to control formula. Also, group 7 showed the significant 
increment in apparent Ca absorption percent. Therefore from the aforementioned results, it is suggest that 
supplementation the diet with prebiotic or / and probiotic may be increased the absorption and the retention of 
Ca especially at high dose of prebiotic (100 g/kg diet) and combined with bifidobacteria. The  trend  of the 
observed  was consistent to the results of Gopal et al., (2003)who suggested that synbiotic  stimulated the fecal 
bacterial counts of Lactobacilli and bifidobacteria in human subject, but little effect was detected in case utilize   
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the probiotic (Bifidobacterium lactis HN019) or the prebiotic (galacto oligosacchrides) individually. It was 
contributed to the enhanced mineral absorption due to the trophic effect of prebiotics on the gut (cell growth and 
functional enhancement of the absorptive area) (Raschka and Daniel, 2005 b). 

Table 8: The effect of the tested formulas on serum levels of Ca, Zn and Fe (in mg/dl) 
Treatments Zn Ca  Fe  

1 81.00ab±4.04 7.66 b±0.37 177.33 b±1.20 
2 82.73ab±1.81 7.61 b±0.25 180 b ±1.73 
3 84.16 a±1.64 8.37ab±0.22 179.00 b±2.88 

4 74.50 b±2.50 8.25ab±0.25 183.66 b±2.33 
5 83.66ab±4.48 8.16ab±0.25 188.6ab6±0.66 
6 77.00ab±2.64 8.56 a±0.20 180.00 b±2.88 
7 82.00ab±0.57 8.77 a±0.15 201.00 a±4.61 

1-Reference group 2- Control cereal food3- Control cereal food + bifidobacteria  4- Control cereal food +5%Ja     
5-Control cereal food + bifidobacteria + 5% Ja 6- Control cereal food + 10% Ja   7-Control cereal food + bifidobacteria + 10% Ja 
Each mean value, within the same column, followed by the same is not significant different at p<0.05   

Table 9: The effect of the tested formulas on apparent calcium absorption 
Treatments Ca  Intake (mg/d) Fecal  Ca(mg/d) excretion Apparent  Ca  Absorption 

(mg/d) 
Apparent Ca Absorption 

(%) 

1 ±2.88c 205.00 ±2.88b 110.00 ±2.88cd 95.00 0±3.46b 46.0 
2  ±3.46abc214.00 ±1.73c 125.00 ±3.46d 89.00 ±4.04b 42.00 
3 ±1.66bc206.66 ±2.88b 105.00 ±3.46bc101.00 ±1.85b 49.33 
4 ±2.88abc208.00 ±2.88c 120.00 ±2.18d 88.33 ±2.88b 42.00 
5 ±2.88abc212.00 ±4.48b 106.33 ±4.48b 106.33 ±3.46b 50.00 
6  ±2.88ab215.00 ±2.88b105.00 ±2.88b 110.00 ±3.48ab51.33 
7 ±2.30a 216.00 ±2.88a85.00 ±2.88a 131.00 ±2.88a 61.00 

1-Reference group 2- Control cereal food3- Control cereal food + bifidobacteria  4- Control cereal food +5%Ja     
5-Control cereal food + bifidobacteria + 5% Ja 6- Control cereal food + 10% Ja   7-Control cereal food + bifidobacteria + 10% Ja 
Each mean value, within the same column, followed by the same is not significant different at p<0.05   

Fecal excretion and apparent absorption percent of iron 
 
Data presented in Table (10) demonstrated that iron intake per day showed a significant increase in 

group 7, while groups 3, 4, 5and 6 showed non-significant increase versus control group. There were apparent 
decreases in fecal iron excretion in treatment groups (3, 4, 5, 6, and 7) relative to control formula, but these 
decreases were not significant. Regarding to apparent iron absorption %, group (7) had the highest value, while 
control group had the lowest value. In addition, all treatment groups except group (4) showed significant 
increases in apparent iron absorption % when compared with control formula. The current results are in 
agreement with those who reported that, in anemic piglets, dietary inulin triggers an up regulation of genes 
encoding for Fe iron transporters in the intestinal enterocyte. Additionally, Lactobacillus and Bifidobacterium 
populations were significantly increased in the caecal content microflora (Tako et al., 2008).  

Table 10: The effect of tested formulas on fecal excretion and apparent absorption percent of iron  

Treatments Fe Intake (mg/d) 
Fecal Fe (mg/d) 

excretion 
Apparent Fe Absorption 

(mg/d) 
Apparent Fe Absorption (%) 

1 1.40d±0.03 0.76a±0.02 0.64d±0.02 45.66ab±1.76 
2 2.78bc±0.14 1.85b±0.16 0.93cd±0.11 33.33d±1.45 
3 2.86bc±0.16 1.53b±0.08 1.33b±0.08 46.33ab±1.20 
4 2.46c±0.14 1.56b±0.12 0.89cd ±0.03 36.00cd±2.31 
5 2.88abc±0.11 1.69b±0.05 1.20bc±0.10 41.00bc±2.31 
6 3.20ab±0.11 1.83 b±0.06 1.37b±0.12 43.00b ±2.88 
7 3.30a±0.17 1.60b±0.23 1.70a±0.17 51.66a ±0.88 

1-Reference group 2- Control cereal food3- Control cereal food + bifidobacteria  4- Control cereal food +5%Ja     
5-Control cereal food + bifidobacteria + 5% Ja 6- Control cereal food + 10% Ja   7-Control cereal food + bifidobacteria + 10% Ja 
Each mean value, within the same column, followed by the same is not significant different at p<0.05   

Fecal excretion and apparent absorption percent of zinc 
 
It can be noticed from the results in Table (11) that supplementation with probiotic or/and prebiotic did 

not affect statistically on Zn intake (mg/day) and fecal Zn excretion (mg/day) relative to control formula or 
reference group. However, the apparent Zn absorption % showed pronounced increase in group 7 as compared 
to other groups.  From the obtained results, we concluded that, in particular, supplementation with 
bifidobacteria + 10 % Jerusalem artichoke can be improved iron and zinc absorption .These data are on the line 
with those given by Raschka and Daniel (2005 a) who confirmed the stimulating effect of inulin type fructans 
(100 g/kg diet) on the absorption and balance of iron and zinc for growing rats. 

Table 11: The effect testedformulas on fecal excretion and apparent absorption percent of zinc 
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Treatment Zn Intake (mg/d) 
Fecal Zn (mg/d) 

excretion 
Apparent Zn Absorption 

(mg/d) 
Apparent Zn 

Absorption (%) 
1 0.30a±0.11 0.14a±0.017 0.16d±0.017 53.00bc±1.73 
2 0.34a±0.02 0.15a ±0.01 0.19cd±0.017 56.00bc±3.50 
3 0.35a ±0.01 0.17a ±0.005 0.18cd ±0.011 51.33bc±1.74 
4 0.39a±0.03 0.16a±0.005 0.23bc±0.02 59.00bc±3.78 
5 0.41a±0.04 0.18a±0.017 0.23bc±0.02 56.00bc±3.46 
6 0.44a±0.08 0.18a±0.017 0.26ab±0.017 59.3b ±2.02 
7 0.43a±0.08 0.14a±0.017 0.30a±0.026 67.00a ±1.73 

1-Reference group 2- Control cereal food3- Control cereal food + bifidobacteria  4- Control cereal food +5%Ja     
5-Control cereal food + bifidobacteria + 5% Ja 6- Control cereal food + 10% Ja   7-Control cereal food + bifidobacteria + 10% Ja 
Each mean value, within the same column, followed by the same is not significant different at p<0.05   

Hemoglobin, unsaturated iron binding capacity (UIBC) and total iron binding capacity (TIBC)in the testing rat 
groups 

 
Results presented in Table (12) demonstrated that a higher significant increase of hemoglobin 

concentrations was found in group 7, however, serum iron concentration, UIBC, TIBC were deceased. Baynes 
and Bothwell, (1990) reported the decrease in hemoglobin and serum iron concentration and the increase in 
UIBC, TIBC are symptoms of iron –deficiency anemia. The indigestible sacchrid such as (DFA III) feeding 
increases theiron absorption and partially prevents iron-deficiency anemia (Afsana et al., 2003). 

The prebiotics and probiotics that are now being added to commercial infant formula are classified as 
GRAS (generally regarded as safe) by the FDA (Ackerberg et al., 2012). 

Table 12: The effect tested formulas on hemoglobin, unsaturated iron binding capacity (UIBC) and total iron binding capacity (TIBC) 

1-Reference group 2- Control cereal food3- Control cereal food + bifidobacteria  4- Control cereal food +5%Ja     
5-Control cereal food + bifidobacteria + 5% Ja 6- Control cereal food + 10% Ja   7-Control cereal food + bifidobacteria + 10% Ja 
Each mean value, within the same column, followed by the same is not significant different at p<0.05   

In conclusion, supplementation the baby cereal foods with bifidobacteria and Jerusalem artichoke, as a 
source of inulin, had a beneficial effect on Ca, Fe and Zn absorption, particularly at 10% of Jerusalem artichoke.  

References 

 
Abe, F., H. Miyauchi, A. Uchijima, T. Yaesima, and K. Iwatsuki, 2009.Stability of bifidobacteriain powdered 

formula. International Journal of Food Science& Technology, 44: 718–724. 
Ackerberg, T., I. L. Labuschagne and M.J. Lombard, 2012. Review ArticleThe use of prebiotics and probiotic in 

infant formula, 54(4):321-323. 
Al-Sheraji, S. H., A. Ismail, M. Y. Manap, S. Mustafa, R. M. Yusuf and F. A. Hassan, 2012a.Fermentation and 

non-digestibility of Mangifera pajang fibrous and its polysaccharide. Journal of Functional Foods, 4, 
933–940. 

Al-Sheraji, S. H., A. Ismail, M. Y. Manap, S. Mustafa and R.M. Yusuf, 2012b.Survival and activity of 
bifidobacteria during refrigerated storage of yoghurt containing Mangifera pajang fibres 
polysaccharides. Journal of Food Science, 77, M624–M630. 

Afsana,K., K. Shiga, S. Ishizuka and H. Hara, 2003. Ingestion on an indigestible saccharide, Difructose 
Anhydride III, Partially Prevents the Tannic Acid-Induced Suppression of Iron Absorption in Rats, 
American Society for Nutritional Sciences, 3553-3560. 

(APHA), American Public Health Association, 1994. Standard Method of the Examination of Dairy products 
16th Ed.., Washington, USA. 

A.O.A.C., 2005. Official Method of Analysis,18th ed. Association of Official Analytical Chemists, Ins. U.S.A. 
Baynes, R. D and T. H. Bothwell, 1990. Iron deficiency .Annu.Rev.Nut.10:133-148. 
Burtis, C.A. and Edward Ashford, 1994. Tietz textbook of clinical chemistry,2nd Ed, Saunders, pp.2195. 
Bohuon, C. Clin. Chim. Acta, 1962.7:811-817.Chabbert, N., Braun,  
Bosscher D., J.V. Loo, and A. Franck, 2006. Inulin and oligofructose as functional ingredients to bone improve 

mineralization. Int Dairy J 16: 1092–1097. 
Burton, B. and B. Freeman, 2000. Dietary fiber and energy regulation. Journal of Nutrition, 130(2), 272S–275S. 

Treatments Hemoglobin TIBC UIBC 
1 11.58 e±0.015 459.00 f±5.69 343.00d±10.21 
2 11.60 e±0.058 426.00e±14.79 248.66 c±8.76 
3 11.99 d±0.019 392.66 d±4.84 241.66 c±4.41 
4 12.10 d±0.020 365.33 c±8.37 240.00 c±2.89 
5 12.22 c±0.043 297.33 b±8.19 202.00 b±1.15 
6 13.01 b±0.041 270.333ab±3.18 191.33ab±11.83 
7 13.5 a0±0.20 262.67a±13.86 171.33 a±5.93 



1113 
Middle East j. Agric. Res., 3(4): 1112-1121, 2014 

Cardarelli, H. R., F. A. Buriti, I.A. Castero and S.M. Saad, 2008.Inulin and oligofructose improve sensory 
quality and increase the probiotic viable count in potentially symbiotic petit-suisse cheese .LWT-food 
Sci. and Tech. vol.41,1037-1046. 

Chabbert, N., P. Braun, J. P. Gwraud, M. Armoux and P. Glazy, 1983. Productivity and fermentability of 
Jerusalem artichoke (Helianthus tubersus L.) according to harvesting date.Biomass,3:209-224. 

Chouraqui, J.P., D. Grathwohl, J.M. Labaune J.M. Hascoet, and I. de Montgolfier, 2008.Assessment of the 
safety, tolerance, and protective effect against diarrhea of infant formulas containing mixtures of 
probiotics or probiotics and prebiotics in a randomized controlled trial. Am J Clin Nutr Mayvol. 87 No. 
5 :1365-1373. 

Coudray, C., C. Feillet, E.M. Gueux, and Y. Rayssiguier, 2006.Dietary inulin intake and age can affect intestinal 
absorption of zinc and copper in rats. J. Nutr. 136: 117-22. 

Dave, R. I. and N.P. Shah, 1996.Evaluation of media for selective enumeration of Streptococcus thermophillus 
delbrueckii ssp. bulgaricus Lactobacillus acidophilus and bifidobacteria. J. Dairy Sci.;79:1529. 

Demigné, C., H. Jacobs, C. Moundras, M. J. Davicco, M. N. Horcajada and N. Bernalier, 2008. Comparison of 
native or reformulated chicory fructans, or nonpurified chicory, on rat cecal fermentation and mineral 
metabolism. European Journal of Nutrition, 47, 366-374. 

Gibson, G.R. and X. Wang, 1994. Enrichment of bifidobacteria from human gut contents by oligofructose using 
continuous culture. FEMS Microbiology Letters 118: 121-127. 

Gopal, P.K., J. Prasad and H.S. Gill, 2003. Effects of the consumption of bifidobacterium lactis HN019 
(DR100) and galacto-oligosaccharide on the microflora of the gastrointestinal tract in human subjects. 
Nutr. Res. 10: 1313-28. 

Harrigan, W.F. and M.E. McCance, 1996. Laboratory Method in Microbiology. Academic press, London and 
New York, 292-293. 

Hawthorne, K. M. and S. A. Abrams, 2008. Prebiotics and the absorption of minerals:a review of experimental 
and human data. In G. R. Gibson & M. B. Roberfroid (Eds.), Handbook of prebiotics (pp. 105–113). 
Boca Raton: CRC Press. 

Hoda, H.B. Mabrok, 2006. Isolation of inulin and fructooligosaccharides from onion and assessing their 
biological activities on calcium absorption and bone mineralization. M.Sc. thesis, Department of 
Biochemistry, Faculty of Agriculture, Cairo University. 

Johnsen, O. and R. Eliasson, 1987. Evaluation of a commercially available kit for the colorimetric determination 
of zinc. International Journal of Andrology, 10 (2) 435- 440. 

Kim, S. H., D. H. Lee and D. Meyer, 2007. Supplementation of infant formula with native inulin has a prebiotic 
effect in formula-fed babies. Asia Pacific Journal of Clinical Nutrition, 16, 172–177. 

Khan, M. A., S. Mebrathu and T. Kyawmylint, 2001. Food composition table for Pakistan. Ministry of planning 
and development, Govt. of Pakistan. 

Lourencetti, E. R., L. Benoss, R.D. Marques, G.M. Joia and R.A. Monteiro, 2013. Development of biscuit type 
cookie with partial replacement of fat by inulin. International Journal of Nutrition and Food Sciences 
013; 2(5): 261-265. 

Martinez-Villaluenga, C., J. Frias, C. Vidal-Valverde and R. Gomez, 2005. Raffinose family of oligosaccharides 
from lupin seeds as prebiotics: Application in dairy products. Journal of Food Protection, 68, 1246–
1252. 

Molnar-Per . J., 2000 .The role of chromatography in the analysis of sugar, carboxylic acid and amino acids in 
food. J.chromatog.891A:1-32. 

Morris, C. and Gordon A. Morris, 2012. The effect of inulin and fructo-oligosaccharide supplementation on the 
textural, rheological and sensory properties of bread and their role in weight management: A review 
Food Chemistry 133- 237–248. 

Mugambi, N. M., A. Musekiwa, L. M. Martani, T.  Young, and R. Blaauw, 2012. Nutrition Journal  11:81. 
Nyman, M., 2002.Fermentation and bulking capacity of indigestible carbohydrate: the case of inulin and 

oligofructose. Briti. J. Nutr. 87 (suppl. 2): S163-S168. 
Pascoal, G,B., F.M. Lajolo and E.W. Menezes, 2005. Effects of fructans derived from onion on indigestible 

carbohydrates fermentation: in vivo study. In: Proceedings of the 18 international congress of nutrition, 
nutrition safari for innovative solutions ICC, 19-23 September, Durban, South Africa. 

Perez-Conesa, D., G. Lopez, and  G. Ros, 2005 .Fermentation capabilities of bifidobacteria using nondigestible 
oligosaccharides, and their viability as probiotics in commercial powder infant formula. Journal of Food 
Science, 70,279–285. 

Puccio, G., C. Cajozzo, F. Meli, F. Rochat, D. Grathwohl and P. Steenhout, 2007.Clinical evaluation of a new 
starter formula for infants containing live Bifidobacterium longum BL999 and prebiotics. Nutrition; 
23:1–8. 

Raschka, L. and H. Daniel, 2005a. Diet composition and age determine the effects of inulin type fructose on 
intestinal calcium absorption in rat. Eur. J. Nutr. 44: 360-4. 

http://ajcn.nutrition.org/search?author1=Dominik+Grathwohl&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Jean+Marc+Labaune&sortspec=date&submit=Submit


1113 
Middle East j. Agric. Res., 3(4): 1112-1121, 2014 

Raschka, L. and H. Daniel, 2005b. Mechanisms underlying the effects of inulin type fructose on calcium 
absorption in the large intestine of rats. Bone 37: 728-735. 

Rastall, R. A., 2010. Functional oligosaccharides: Application and manufacture. Annual Reviews in Food 
Science Technology, 1, 305–339. 

Reeves, P.G., F. H. Nielsen, and G.C. Fahey, 1993. AIN-93 purified diets for laboratory rodents: final report of 
the American Institute of Nutrition ad hoc writing committee on the reformulation of the AIN-
76Arodent diet. J Nutr, 123:1939–51. 

Robberecht, H.J., P. Hendrix, R. Van Cauwenbergh and H.A. Deelstra, 1994. Daily dietary manganese intake in 
Blegium, using duplicate portion sampling. Z Lebensm Unters Forsch.199:446-448. 

Rodrigues, M., P.C. Pozza, M.S.S. Pozza, M. Possamai, L. D. G. Bruno, E. Richart, M.O. Wochner and J.M. 
Pereira Júnior, 2013. Effects of inulin and a probiotic mixture on nutrient digestibility and nitrogen 
balance in piglets. Arch. zootec. 62 (238) Córdoba jun. 

Saarela, M., G. Mogensen, R.Fonde´n, J. Ma¨tto¨ and T. Mattila-Sandholm, 2000. Probiotic bacteria: safety, 
functional and technological properties. Journal of Biotechnology 84 197–215. 

Scholz-Abrens, K.E., Y. Acil and J. Schrezenmeir, 2002. Effect of oligofructose or dietary calcium on repeated 
calcium and phosphorus balances, bone mineralization and trabecular structure in ovariectomized rats. 
Br. J. Nutr., 88: 365-78. 

Sevane, N., F. Bialade, S. Velasco, A. Rebole,´ M. L. Rodrı´guez, T. L. Ortiz, J. Canon, and S. Dunner,  2014. 
Dietary Inulin Supplementation Modifies Significantly the Liver Transcriptomic Profile of Broiler 
Chickens. 

Shah, N. P., 2007.Functional cultures and health benefits. Int Dairy J, 17:1262–1277. 
Tako, E., R. P. Glahn, R. M. Welch, X. Lei, K. Yasuda, and D. D. Miller, 2008. Dietary inulin affects the 

expression of intestinal enterocyte iron transporters, receptors and storage protein and alters the 
microbiota in the pig intestine. British Journal of Nutrition, 99, 472-480. 

Vanhoof, K. and R. De Schrijver, 1996. Nitrogen metabolism in rats and pigs fed inulin. Nutr Res, 16: 1035-
1039. 

Veereman-Wauters, G., 2005. Application of prebiotics in infant food British Journal of Nutrition, 93, Suppl. 
1,S57–S60. 

Weatherburn, M.W., P.J. Baker and J.E. Logan, 1982.Serum calcium methodology-a Canadian assessment 
based on the application of thereference method. Clin Biochem. 15222-9. 

Younes, H., C. Coundray, and Y. Rayssigure, 2001. Effects of two fermentable carbohydrates (inulin and 
resistant starch) and their combination on calcium and magnesium balance in rats. Briti. J. Nutr. 86: 
479-485. 

 


