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Abstract

Fortification of foods including yogurt is one of the most important processes to compensate for the deficiency in some
minerals and vitamins. This study aimed to determine the effect of fortification of low-fat synbiotic yogurt samples with iron
(25 mg Fe/kg) and vitamin D; (1000IU) on physicochemical (pH, acidity, viscosity, and syneresis) and sensory properties
of prepared yogurts during 21 days of storage at 4 °C. As well, the viability of probiotic bacteria and changes in vitamin D5
and iron content of prepared yogurt samples were evaluated during the storage time. According to the results, the counts of
probiotic bacteria in fortified yogurts were significantly higher compared to the control sample during the storage time. As
found, fortification of yogurts with iron and vitamin D5 in combination had led to increase acidity and decrease pH values
of the samples significantly. However, no remarkable changes were observed in the viscosity and syneresis values of the
fortified yogurts compared to the control sample at the end of the storage time. Although iron and vitamin D5 content of
fortified yogurts decreased over time, their content was efficient in experimental yogurts at the end of the expected shelf life.
As well, the sensory analysis showed no significant differences in fortified samples in comparison to the unfortified yogurt

sample which was indicated that it was a suitable vehicle for iron and vitamin D;.
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Introduction

Nowadays, consumers’ demand for high-quality and healthy
food products has paid more attention to developing func-
tional foods which are identified as modified foods that offer
health benefits beyond satisfying traditional nutrient require-
ments [1-3]. Accordingly, food fortification is considered as
one of the main processes to develop functional properties
of food products by improvement of their nutrient quantity
and quality [4]. Yogurt is one of the nutritious fermented
milk products which is the source of calcium, protein, phos-
phorus, vitamin B,, riboflavin, thiamin, niacin, zinc, and
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magnesium and is known for its therapeutic effects [5, 6].
However, yogurt is a generally insufficient source for trace
elements such as iron and vitamin D5 that makes it impos-
sible to meet these nutrients Recommended Daily Allowance
(RDA) [7].

Vitamin Dj is a fat-soluble vitamin with hormonal func-
tion and its deficiency has become one of the most prevalent
health concerns in almost every region of the world [8—10].
Vitamin D; has many extra-skeletal effects such as immu-
nomodulatory and anti-inflammatory functions as well as
many therapeutic effects against several diseases such as
metabolic syndrome, obesity, autoimmune disorders, car-
diovascular disease, diabetes, and cancer [11, 12]. However,
it has been estimated that people cannot earn more than 2 ug/
day of vitamin D; from dietary intake which indicates that
fortification of food products with vitamin Dj; is inevitable
[11].

As well, iron is one of the essential and trace elements
in human nutrition that is naturally present in the structure
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of cytochromes, enzymes, hemoglobin, and myoglobin and
is stored in the liver in the form of ferritin and hemosid-
erin. Iron plays a vital role in osmotic pressure, maintaining
acid—base balance as well as transport, storage, and utiliza-
tion of oxygen [13]. Accordingly, iron deficiency induces
anemia, lower working capacity, and alters mental develop-
ment in adults [13]. In this regard, low absorption of iron as
well as interacting between non-hem iron of vegetable origin
and food substances such as phytates, tannins, and phenols
have led to its low availability and insufficient dietary intake
of iron [13]. In this respect, due to the high consumption of
dairy products such as yogurt, fortifying these products are
logical and considered a cost-effective and practical solu-
tion [7]. Previous studies had investigated the production of
iron-fortified lean and low-fat yogurt [14], iron and calcium-
fortified soybean yogurt [15], vitamin D5 fortified ice cream
and cheddar cheese [16], vitamin D5, and iron-fortified pas-
teurized cheese [17] and concluded that fortified food prod-
ucts could provide additional health benefits beyond nutrient
provision due to the containing bioactive compounds and
live and active cultures [7, 8]. Furthermore, much attention
has been focused on probiotic products and food containing
dietary fiber [18]. Probiotics are living microorganisms that
have proved beneficial effects on the health of the host when
demonstrated in an adequate amount [2, 6, 19]. As well,
the nutritional role of high-fat products has been challenged
due to the high level of saturated fatty acids and cholesterol
which can replace with a suitable fat replacer such as inulin
and lead to a decrease in the adverse effects of reducing
fat content on dairy products [20, 21]. Inulin as a prebiotic
compound is water-soluble and has the capacity of forming
a gel with water as well as compensating for the deficiency
caused by fat reduction [22]. In this regard, many studies had
proved the desirable effect of inulin as a fat replacer in dairy
products with no significant changes in physicochemical and
sensory properties compared to full-fat products [18, 20, 23].
However, to the best of our knowledge, no studies have been
conducted to fortify low-fat synbiotic yogurt samples with
iron and vitamin D;. Therefore, considering the deficiency
of nutrients such as iron and vitamin D5 in yogurt, this study
aimed to fortify low-fat synbiotic yogurt with an appropri-
ate amount of vitamin D5 and iron to produce a functional
food and investigate the effect of iron and vitamin D; on
the physicochemical, the viability of probiotics, and sensory
properties of low-fat synbiotic yogurt.

Materials and methods
Materials

Raw cow milk (non-fat solid 8.52+0.21%, protein
3.54+0.11%, fat 1.50+0.10%) was purchased from Pegah

Co. (Tabriz, Iran). Yogurt starter culture (ABY-10) contain-
ing Lactobacillus delbrueckii subsp. bulgaricus and Strepto-
coccus thermophiles, as well as probiotic bacteria including
Lactobacillus acidophilus (LA-5) and Bifidobacterium lactis
(BB-12), procured from Chr. Hansen (Roskilde, Denmark).
Long-chain inulin (TEX with a purity of 99.5%) as a prebi-
otic compound was purchased from Sensus Co. (Roosendaal,
Netherland). Vitamin D; was purchased from Dana Pharma
Co, (Tabriz, Iran). FeCl;, NaOH, Phenolphthalein, methanol,
acetonitrile, MRS-Bile-Agar culture medium, and Ringer
solution were purchased from Merck Chemicals Co. (Darm-
Stadt, Germany).

Preparation of synbiotic yogurt samples

The synbiotic yogurt samples were prepared by addition of
the 3% inulin into the cold milk and mixed thoroughly with
a mixer. The prepared milk was pasteurized at 90 °C for
5 min and cooled to 50 °C for the addition of the vitamin D5
(1000IU) as well as FeCl; (25 mg Fe/1 kg). Subsequently,
fortified milk samples were cooled up to 42 °C. Then, 2%
lyophilized yogurt starter culture (ABY-10) was added (ini-
tial probiotics counts of 10 Log CFU/g) to the heat-treated
milk through the DVS method as recommended by the pro-
ducer. Fermentation was performed until pH4.4 and then
samples were stored in the refrigerator condition for 24 h
before further analysis. Control yogurt was produced using
raw milk with the same type of starter culture and inulin.
The samples were taken from each experimental treatment
after 1, 7, 14, and 21 days from production for physico-
chemical and microbial tests and 21 days after production
for the sensory analysis [8, 13] (Table 1).

Physicochemical properties

The pH of the yogurt samples was determined using a cali-
brated pH meter (Mettler Toledo, Five Easy F20, Swiss). The
titrable acidity was measured by the titration of the diluted
yogurt sample (1 yogurt:9 water) with 0.1 N NaOH in the
presence of phenolphethalein and expressed as a percent-
age of lactic acid [5]. The iron content of the samples was
measured by atomic absorption spectroscopy (Perkin Elmer
A-Analyst 100-USA flame model). Accordingly, 0.4+0.1 g

Table 1 The formulations of prepared low-fat synbiotic yogurt sam-
ples

Treatment Iron (mg/kg) Vitamin D; (IU)
T, 0 1000
T, 25 0
T, 25 1000
T, 0 0
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yogurt samples were treated with nitric acid overnight fol-
lowing the digestion in the microwave oven at 160 °C with
a ramp time of 30 min and a hold time of 10 min. Then 2
ml of H,O, (8%) was incorporated into the samples to stop
the ashing process. Subsequently, the iron content of yogurt
samples was determined based on standard curves achieved
for iron analysis using atomic absorption spectrophotometer
at A=248.3 and 422.7 nm, respectively [24]. For evaluating
the Vitamin D5 content of yogurt samples, preparation was
done according to the method of Kazmi et al. [16]. In this
regard, 1 g of homogenized yogurt sample with water in
the proportion of 1:2 (yogurt:water) were weighed into 10
ml test tubes and aliquot with 0.5 ml of aqueous potassium
hydroxide (KOH) (60% w/v). Then to reduce vitamin D; oxi-
dation, all samples were nitrogen-flushed and the tubes were
capped, shaken, and transferred to a water bath at 70 °C for
30 min as well as shaking the tubes once after 5 min. Sam-
ples were cooled in an ice-water bath for 10 min and treated
with 3.75 ml of methanol:chloroform mixture (2:1) followed
by vortexing. Subsequently, a further 1.25 ml of chloroform
was added to each tube, which was again vortexed. Samples
were centrifuged at 1500Xg for 10 min at 4 °C and the clear
chloroform layer at the bottom of each test tube was removed
using a glass syringe and transferred to an evaporation vial.
The chloroform extract was dried under a flow of nitrogen
gas, reconstituted in 2 ml of the high-performance liquid
chromatography (HPLC) mobile phase, and left undisturbed
for at least 15 min. Finally, the reconstituted extract was fil-
tered through a 0.45 mm filter and kept in a sealed vial until
HPLC analysis. Vitamin D; was quantified using an HPLC
system (X-Agilent technologies, USA) equipped with a UV
detector at 228 and 254 nm. Operating conditions were:
mobile phase was methanol:acetonitrile:water (49.5:49.5:1,
v/v); at ambient temperature (25 °C); the injection volume
was 100 ml, and the flow rate was 1 ml/min. To identify
vitamin D3, a C4 column (5 mm particles, 4.6 mm ID, and
30 mm length) was used. The viscosity of yogurt samples
was evaluated with a viscometer (RV-DV II, Brookfield,
USA) using a spindle No. 5 at a shear rate of 60 rpm at 5 °C
[25]. The syneresis of yogurt samples was calculated using
the method of Donmez et al. [26] with some modifications.
In this regard, 10 ml of mixed yogurt samples were placed
in the test tube and centrifuged at 1500xg for 15 min at
25 °C. The volume of separated serum was measured and
expressed as %.

Viability of probiotic bacteria

Probiotic culture (Lactobacillus acidophilus and Bifido-
bacterium lactis) of yogurt samples fortified with iron and
vitamin D; were evaluated by homogenizing 1 g of yogurt
with 9 ml sterile ringer serum using Stomacher (Brinkmann,
NY, USA). Subsequently, decimal dilutions were performed
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and inoculated in MRS-bile agar. Plates were incubated in
anaerobic conditions for 72 h at 37 °C and the results are
expressed as Log CFU/g [27].

Sensory evaluation

The sensory evaluation of fortified synbiotic yogurt samples
with iron and vitamin D5 as well as control samples was
performed 21 days after production. The sensory analysis
consisted of the texture and appearance (whey off, weakness,
mouthfeel), taste and odor (too low and high acid, bitter
taste, unusual odor), and overall acceptability. The analysis
was performed based on a 5-point hedonic scale (1: dislike
extremely; 5: like extremely) with 50 semi-trained panelists.
The samples were blindly encoded with three-digit random
numbers and the sensory properties were explained before-
hand to the panelists [5].

Statistical analysis

Effect of vitamin D5 and iron fortification of the synbiotic
yogurt samples as well as storage time on physicochemical,
nutritional, the viability of probiotics, and sensorial param-
eters were analyzed based on One-way analysis of variance
(ANOVA) and Dunkan’s mean comparison test at a signifi-
cant level of p<0.05 using Minitab 16 (IBM Corporation,
Armonk, NY, USA) software. Additionally, the General Lin-
ear Model (GLM) was used to analyze of variance of two
factors’ effects (treatment and storage time). All the analyses
were performed in three replicates and data were presented
as mean + SD.

Results and discussion

Changes in pH and acidity values of low-fat
synbiotic yogurt samples

The pH and acidity of yogurt samples during storage time
are presented in Fig. 1. As shown, a decrease in pH, as
well as an increase in acidity of all tested samples, were
observed due to the residual of lactic acid produced by the
activity of probiotic bacteria during storage time at 4 °C [2,
28]. Accordingly, the highest and the lowest pH values of
yogurt samples were associated with T, (4.21 +£0.02) and
T; (4.07 +£0.02) samples, respectively after 21-days stor-
age time. Lactic acid production in yogurt is vital, due to
its effect on the generation of specific taste, instability of
casein micelles, conversion of phosphate complex and col-
loidal calcium to calcium phosphate solution, excretion of
calcium from micelles, coagulation of casein, and forma-
tion of yogurt gel [29]. In this regard, El-kholy et al. [30]
reported the same trend about the effect of iron fortification
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Fig. 1 Changes in the pH and
acidity of low-fat synbiotic a . Tl
yogurt samples during the il
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of yogurt samples and storage time on reducing the pH value
of the samples. According to the results, the acidity values
of the fortified yogurt samples with vitamin D; and iron
were increased significantly (p <0.05) during the storage
time. The findings were in line with the results of Ziena
and Nasser [13], according to the high acidity value of the
iron-fortified yogurt samples compared to the control sample
after a 7-day storage time. The results demonstrated that the
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rate of pH reduction of the fortified samples was severe com-
pared to the control sample, which was due to the effect of
mico-nutrients on elevating the activity of probiotic bacteria
that led to decomposition of lactose and the production of
the higher amount of lactic acid [13, 30]. As found, samples
fortified with iron and vitamin D5 in combination had the
highest acidity at the end of the storage time (1.40+0.07%),
which was in line with pH results. However, Cavalini and

@ Springer



2722

A. Jalal Aghdasian et al.

Rossi [15] reported no significant changes in the acidity of
the iron-fortified yogurt samples compared to the control
sample which was inconsistent with the present study.

Changes in syneresis value of low-fat synbiotic
yogurt samples

Syneresis is defined as serum release and related to the abil-
ity of dietary fibers and proteins to retain water within the
structure of yogurt and is considered as the most important
factor to evaluate the quality of the yogurt during storage
time [26]. Figure 2 shows the changes in the syneresis of
the yogurt samples containing vitamin D; and iron sepa-
rately and in combination. As found, the tendency to exhibit
syneresis increased significantly (p < 0.05) during 7-days of
storage time. This phenomenon could be due to the reduc-
tion of pH during the storage time which affected the casein
micelles and increased the serum release. Furthermore, acid-
ification of yogurt samples could lead to dissolving the cal-
cium as well as inorganic phosphate and consequently reduc-
ing the net negative electric charge of the casein micelles,
which weakens colloidal stability and enhance serum releas-
ing from the gel matrix [5]. In this regard, Donmez et al.
[26], reported that the gel structure of yogurt samples was
dependent on the changes in pH value of the samples and
demonstrated that production of lactic acid as the result of
lactic acid bacteria’s growth was responsible for the reduc-
tion of the pH as well as elevating the syneresis value of
the yogurt samples during the storage time. Although the
highest syneresis of yogurt samples after 21-days storage
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Fig.2 Changes in syneresis of low-fat synbiotic yogurt samples dur-
ing the 21-days storage at 4 °C. Data are presented as mean = stand-
ard deviation (n=3), and different letters indicate significant dif-
ferences at the 5% level in Duncan’s test (p<0.05). Capital letters
indicate storage time effect and small letters indicate treatment effect.
T,: yogurt fortified with 1000IU vitamin Ds; T,: yogurt fortified with
25 mg Fe/kg; T;: yogurt fortified with 1000IU vitamin D5 and 25 mg
Fe/Kg in combination; T,: control yogurt (un-fortified)
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time was associated with the T, sample (60.49+4.11%),
no significant changes were observed in the syneresis value
of the fortified yogurts compared to the control sample at
the end of the storage time. El-kholy et al. [30] reported the
same results about the non-significant changes in syneresis
value of iron-fortified yogurt samples compared to the con-
trol sample during the 10-days storage time.

Changes in viscosity value of low-fat synbiotic
yogurt samples

The viscosity of the yogurt samples could be affected by
various factors including heat treatment, type of starter
culture, the composition of the yogurt, and processing
method [5]. According to Fig. 3, the viscosity of all tested
samples decreased remarkably over the storage time. How-
ever, no significant changes were observed in the viscosity
of fortified yogurt samples compared to the control sam-
ple at the end of the storage time. Yogurt is a gel system
of casein micelles with entrapped water and its viscosity
was affected by the strength and number of bonds between
casein micelles as well as their distribution and structure
[26]. As seen, the highest and the lowest viscosity of yogurt
samples were associated with the T, (1525 +79.23 cP) and
T; (1391.54 +80.63 cP) samples, respectively. Although the
viscosity of iron and vitamin Dj; fortified synbiotic yogurt
was lower than the control sample during all the storage
period, the control and fortified yogurt samples presented a
stable gel with the characteristic of natural set yogurt. This
could also be the result of the capability of yogurt starter
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Fig.3 Changes in viscosity of low-fat synbiotic yogurt samples dur-
ing the 21-days storage at 4 °C. Data are presented as mean = stand-
ard deviation (n=3), and different letters indicate significant dif-
ferences at the 5% level in Duncan’s test (p<0.05). Capital letters
indicate storage time effect and small letters indicate treatment effect.
T,: yogurt fortified with 1000IU vitamin Ds; T,: yogurt fortified with
25 mg Fe/kg; T5: yogurt fortified with 1000IU vitamin D5 and 25 mg
Fe/kg in combination; T,: control yogurt (un-fortified)
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culture to produce extracellular polysaccharides [31]. Addi-
tionally, probiotic bacteria (L. acidophilus and B. lactis)
could also produce exopolysaccharides known as viscosi-
fying, emulsifying, stabilizing, sweetening, gelling, and
water-binding compounds [32-34]. In this regard, Amiri
et al. [34] demonstrated that Lactobacillus acidophilus LAS
and Bifidobacterium animalis subsp. lactis BB12 can pro-
duce exopolysaccharides. As well, Cavallini and Rossi [15],
reported that no significant changes were observed in the
viscosity of iron and calcium-fortified soy yogurts compared
to the control sample.

Changes in iron and vitamin D; concentrations
of low-fat synbiotic yogurt samples

Table 2 shows the stability of the iron and vitamin D5 in
yogurt samples during 21-days storage at 4 °C. Accordingly,
the recoveries of vitamin D5 in the yogurts compared to the
initially added concentration to the milk were 78.31% and
67.94% for T, and T; samples, respectively at the end of the
storage time. As seen, a small loss of vitamin D5 during stor-
age time could be associated with utilization of micro-nutri-
ents by probiotic bacteria which accelerated their growth and
resulted in a decrease in pH and increase in acidity as well
as a small effect of acid production on the stability of vita-
min D; [16]. The same trend was observed according to the
samples fortified with iron. As found, iron recoveries from
T, and T; samples were 84.44% and 82.68% respectively.
In this regard, Kazmi et al. [16] reported the same results
according to the effect of post acidification on the stabil-
ity of the vitamin D in the fortified yogurt sample. Find-
ings were also in line with the results of Cavallini and Rossi
[15] who reported the high recovery of iron from iron and
calcium-fortified soy yogurt samples. In this regard, Gilliard
Nkhata et al. [35] revealed that the presence of iron in forti-
fied yogurt samples had led to increasing some interactions
in samples such as lipid oxidation. Additionally, Sanni [36]
also reported that the iron content of fortified gari during
storage time decreased slightly. Moreover, Martinez-Navar-
rete et al. [37] reported that ferrous oxidation increased at a

higher moisture level which increased oxidation of iron as a
result of moisture absorption from the environment.

Viability of probiotic bacteria in low-fat synbiotic
yogurt samples

The viability of Lactobacillus acidophilus and Bifidobacte-
rium lactis as the probiotic bacteria in the yogurt samples
during the 21-days storage time under refrigerated condi-
tions are illustrated in Fig. 4. As seen, fortification of syn-
biotic yogurt samples with vitamin D5 and iron in combina-
tion had a remarkable (p <0.05) effect on the viability of
probiotics. As a result, the highest and the lowest viability
of probiotics after 21 days storage time attributed to the
T, (8.83+024 Log CFU/g) and control (7.84 +0.52 Log
CFU/g) samples, respectively. This phenomenon could be
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Fig.4 Changes in the viability of probiotics bacteria of low-fat synbi-
otic yogurt samples during the 21-days storage at 4 °C. Data are pre-
sented as mean =+ standard deviation (n=3), and different letters indi-
cate significant differences at the 5% level in Duncan’s test (p <0.05).
Capital letters indicate storage time effect and small letters indicate
treatment effect. T,: yogurt fortified with 1000IU vitamin Ds; T,:
yogurt fortified with 25 mg Fe/kg; T;: yogurt fortified with 1000IU
vitamin D; and 25 mg Fe/kg in combination; T,: control yogurt (un-
fortified)

Table 2 Effect of the treatments

Vitamin D5 (IU)

X : . Treatment Iron (mg Fe/kg)

on the iron and vitamin Dy

content of low-fat synbiotic Ist day

yogurt sampges during 21-days T, 0.12+0.05%

storage at 4 °C
T, 24.86+0.324
T, 24.56+0.114
T, 0.10+0.034°

21th day 1st day 21th day
0.08+0.038° 993.31+3.2344 783.18 +2.1652
21.11+0.3652 4.14+1.524¢ 1.17+0.838°
20.67+0.3282 998.77 +2.634° 679.47 +3.528
0.04+0.01CB® 3.83+1.16%° 1.66+0.788¢

Data are presented as mean + standard deviation (n=3), and different letters indicate significant differences
at the 5% level in Duncan’s test (p <0.05). Capital letters indicate storage time effect and small letters indi-
cate treatment effect. T,: yogurt fortified with 1000IU vitamin D3; T,: yogurt fortified with 25 mg Fe/
kg; T;: yogurt fortified with 1000IU vitamin D3 and 25 mg Fe/kg in combination; T,: control yogurt (un-

fortified)
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due to the factors affecting the fermentation and survival
of probiotics such as acidification and fortification [1]. As
found, the count of probiotic bacteria in synbiotic yogurts
significantly decreased (p <0.05) during the storage time,
which was probably associated with the higher acid pro-
duction that led to making the environment undesirable for
growth and survival of probiotics [2, 21]. Therefore, differ-
ences in the viability of probiotic bacteria of fortified yogurt
sampled could be due to the changes, caused by metabolites
derived from probiotic bacteria [38]. In this regard, Falah
et al. [39] investigated the effect of using different concen-
trations of inulin as a prebiotic ingredient on the viability of
Lactobacillus brevis as a probiotic bacteria and revealed that
inulin could successfully retain the viability of the probiot-
ics after 14 days of storage; however, production of organic
acids by probiotic bacteria makes the condition more unfa-
vorable for the growth of bacteria over time. Furthermore,
Rodrigues et al. [40] reported that decreasing the growth of
probiotic bacteria referred to the accumulation of lactic acid,
diacetyl, and acetaldehyde produced by probiotic bacteria
and decreased their viability during storage time. As well,
these results were in line with the findings of Mahmood et al.
[41] who reported that the viability of probiotic bacteria
declined over time. The results suggested that the fortifica-
tion of yogurt samples with iron and vitamin D; enhanced
the viability of probiotic bacteria in the synbiotic yogurt
samples. In the present study, although the viability of probi-
otic bacteria decreased (p < 0.05) during the storage time, all
samples could be considered as a probiotic (>7 Log CFU/g).
The same results were reported by Kahraman and Ustunol
[42], according to the effect of zinc fortification of cheddar
cheese on elevating the growth and activity of starter culture
in cheese samples.

Sensory evaluation of low-fat synbiotic yogurt
samples

The effect of iron and vitamin D5 fortifications on sensory
parameters of yogurt samples are presented in Table 3. As
found, no remarkable differences were shown in the tex-
ture and flavor of yogurt samples by incorporating iron and
vitamin D5 into the synbiotic yogurt samples. As found, all
yogurts were rated above the average on the hedonic scale
and were liked by the panelists, showing that the small
increase in oxidized and metallic flavor that resulted from
iron fortification had a negligible effect on how well the
yogurts were liked [14]. According to the results, although
the overall acceptability of the T; sample (3.52 +0.43) was
slightly lower than other samples, no significant differences
were observed between the treated and control sample.
This phenomenon could also be attributed to the slightly
acidic flavor of the T; sample as the result of acid produc-
tion due to the effect of micronutrients on the improvement
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Table 3 Effect of treatments on the sensory attributes of low-fat syn-
biotic yogurt samples during 21-days storage at 4 °C

Treatment  Texture Taste and odor ~ Overall acceptability
T, 3.94+0.83* 3.66+0.25% 4.16+0.43"
T, 3.81+£047* 3.46+0.52° 3.60+0.77*
T, 3.55+£0.29* 3.28+0.33% 3.52+0.43"
T, 420+£0.56*  4.00+0.63C* 445+0.33"

Data are presented as mean + standard deviation (n=50), and differ-
ent letters indicate significant differences at the 5% level in Duncan’s
test (p<0.05). Capital letters indicate storage time effect and small
letters indicate treatment effect. T,: yogurt fortified with 1000IU vita-
min D3; T,: yogurt fortified with 25 mg Fe/kg; T;: yogurt fortified
with 1000IU vitamin D3 and 25 mg Fe/kg in combination; T,: control
yogurt (un-fortified)

of probiotics growth in fortified yogurt samples [1, 28]. A
similar observation was reported by El-Kholy et al. [30]
according to the no significant differences in sensory prop-
erties of yogurt samples fortified with iron compared to the
control sample. As well, Gaur et al. [4] reported no signifi-
cant sensory differences in fortified chhash (sour cultured
buttermilk) samples with micro-nutrients compared to con-
trol samples. Moreover, the same results were reported in
previous studies [11, 15]. However, Yeh et al. [43] reported
that the inclusion of vitamin A concentrate into the fluid
milk had led to detectable off-flavor particularly in low fat
and skim milk products which were inconsistent with the
findings of this study.

Conclusions

The addition of iron and vitamin D5 to low-fat synbiotic
yogurt samples demonstrated no significant effect on syner-
esis, viscosity, and sensory attributes of the fortified sam-
ples compared to the control sample, despite the observed
changes in the pH, titratable acidity, and viable probiotic
bacteria count cells. The fortification of yogurt with vita-
min D; and iron in combination had led to an increase in
the acidity and decreased pH of treated yogurt samples dur-
ing the storage time. Although some vitamin D5 and iron
degradation had occurred in yogurt samples during stor-
age, the nutrient amount of fortified yogurt samples was
also efficient after 21-days storage at 4 °C. Additionally,
the survival of probiotics in all samples was higher than
107 cfu/mL at the end of the storage period. In conclusion,
the present study resulted in the development of an iron and
vitamin D; fortified yogurt which was stable during 21 days
at 4 °C and demonstrate that fortified yogurt may serve as
viable vehicles for vitamin D5 and iron that could be used
in the prevention and control of mineral deficiencies in the
general population.
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