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Abstract

Ice cream was supplemented with 50 mg per kg free and encapsulated forms of iron and Lactobacillus casei (a probiotic).
Physicochemical characteristics such as pH, acidity, overrun, viscosity, melting rate, texture, and lipid oxidation of the
enriched ice cream were determined over 90 days at — 18 °C. Furthermore, the survival of Lactobacillus casei and sensory
attributes were also examined during and at the end of storage. No adverse effect was observed on hardness, adhesion, cohe-
sion, and acidity but viscosity dropped during this period. A significant increase in the lipid oxidation rate was observed,
especially in samples supplemented with the free iron. Some reduction in the probiotic counts was observed, however the
value was maintained above the minimum threshold of 10° cfu/g at the end of 90 days.
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Introduction

There is a high demand for novel food products due to their
improved taste and health impacts. In recent years, the need
for functional foods which supplemented with minerals,
bioactive compounds as well as probiotics is on the rise.
Functional foods are generally described as edibles that
provide essential nutrition and promote health [1, 2]. These
foods have demonstrated physiological benefits when con-
sumed in the usual diet. Functional foods mainly include
beneficial compounds such as probiotics [3, 4]. Probiotics
are defined as microorganisms which provide benefits to the
host by delivering beneficial impact on intestinal infection,
lactose intolerance, and higher serum cholesterol levels [5,
6]. They also improve the balance of intestinal microflora
or microorganisms in the gastrointestinal tract and enhance
mucosal defenses against pathogens in the human body [7].
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The viability and metabolic activity of probiotic microor-
ganisms must be maintained in all steps of food processing,
and they should be able to survive in the gastrointestinal
tract [8].

Dairy products such as fermented and non-fermented
ice cream are a good vehicle for delivering probiotic bacte-
ria in the human diet [9-11]. Ice cream is a favorite snack
amongst all ages which is rich in nutrients and can be
enriched further with various functional components. Fur-
thermore, ice cream may be a good candidate to act as a
carrier for probiotic bacteria [12]. Iron is a crucial element
for the nutritional system of animals and humans. It is an
essential component in the structures of cytochrome and
several enzymes as well as a part of heme in hemoglobin
and myoglobin, where it plays an indispensable role in
transporting, storing, and using oxygen. Dairy products
are excellent sources of calcium and protein but low in
iron. Lack of appropriate quantity of iron may reduce the
iron density in our diets particularly when we use high
proportion of dairy products [13]. Anemia is a typical
nutritional problem among the populations of develop-
ing countries. This may be problematic particularly for
pregnant women and children who constitute about 30
percent of the world’s population. It is said that the ane-
mia and iron deficit may be responsible for more than half
of the maternal deaths, worldwide. Absence of iron in
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children’s diet may account for poor cognitive develop-
ment, decreased future learning, reduced resistance to ill-
ness, increased perinatal risks for mothers, and abnormal
neonatal development [14, 15]. Therefore, it is believed
that food fortification with iron could be an appropriate
strategy to tackle these shortcomings [16]. Ice cream is
a very popular product among all age groups particularly
children and adolescents. Therefore, increasing the iron
density and its bioavailability in dairy products specially
ice cream without importing adverse sensory attributes,
can benefit all consumers [17]. However, it is important
to realize that the iron compound used in food fortifica-
tion should be highly bioavailable, does not change the
taste and be stable during processing and storage [17]. It
is anticipated that free iron fortification of dairy products
introduces oxidized off-flavours and color changes due to
the lipid pro-oxidation of milk fat.

Microencapsulation is a process that involves the small
packaging of solid particles in liquids or gaseous materi-
als. The packaging occurs in the form of miniature sealed
capsules. The particles formed can release their contents at
controlled rates under the influence of specific conditions
[17]. The process creates a shield for the materials it con-
tains — a barrier against chemical reactions used as a tool to
protect bioactive compounds that are susceptible to degra-
dation [18]. The process of microencapsulating of targeted
functional or sensitive components will to a great extent pro-
vide protection of these compounds in many processed food
products [19]. It is believed that use of encapsulated iron as
a food ingredient may prevent its reactions with other food
components and therefore inhibits the change in appearance
or taste of food [20].

This objective of the present work was to formulate and
produce various ice creams containing free and microencap-
sulated iron in addition to a known probiotic, Lactobacillus
casei. Additionally, all formulae were evaluated for their

physicochemical, rheological, texture profile, organoleptic
characteristics. Moreover, the survival rate of Lactobacillus
casei in each formula was also examined.

Materials and methods

Low-fat sterile milk (1.5% fat) and milk powder were kindly
provided by (Khoshmaze Ice Cream Company, Shiraz,
Iran). Other ingredients including sugar (Marvdasht Sugar
Company, Fars, Iran), Hydrogenated vegetable oil (Ladan
Company, Iran) food grade sodium carboxymethyl cellulose
(CMC) (Shandong Yulong Cellulose Technology Co., Ltd.,
China), Ferrous sulfate (Rouz Daru Company, Iran), vanilla
powder (Attarak Co., Iran), panisol (Denisco, Denmark)
were used in the formulation of ice creams. Man, Rogosa,
and Sharpe (MRS) agar, NaOH, hydrochloric, thiobarbituric,
and trichloroacetic acids were all from Merck (Darmstadt,
Germany.

Experimental design

Six ice cream formulae were prepared. They were con-
trol, free iron fortified (IR), microencapsulated iron forti-
fied IRME), probiotic (P), probiotic with free iron (IRP),
and probiotic with microencapsulated iron (PIRME). The
ingredients in each formula is summarized in Table 1. 0.1%
Lactobacillus casei and/or 50 mg iron (free or encapsulated)
per kg were added to respective formulae. The current rec-
ommended dietary allowance (RDA) for iron in the United
States is 11 mg for men and 15 mg for women per day based
on the Food and Nutrition Board and Institute of Medicine
(2001) [21].

The proximate analysis of reconstituted milk was per-
formed. Fat and proteins were analyzed using the Gerber and

Table 1 The composition of ice

. Ingredients Trials
cream formulations
Control IR IRME P IRP PIRME

Water (%) 63.8 63.8 63.8 63.8 63.8 63.8
Dry milk(%) 8.5 8.5 8.5 8.5 8.5 8.5
Carboxymethyl cellulose (%) 0.2 0.2 0.2 0.2 0.2 0.2
Stabilizer-emulsifier (%) 0.4 0.4 0.4 0.4 0.4 0.4
Vanilla (%) 0.1 0.1 0.1 0.1 0.1 0.1
Hydrogenated vegetable 0il(%) 9 9 9 9 9 9
Sugar (%) 18 18 18 18 18 18
ferrous sulfate (mg/kg) - 250 250 - 250 250
Lactobacillus casei - - - + + +

Control, (IR): ice cream contains free iron, (IRME): ice cream contains encapsulated iron, (P): ice cream
contains 10° cfu/g L. casei, (IRP): ice cream contains free iron and 10° cfu/g L. casei, (PIRME): ice cream
contains encapsulated iron and 10° cfu/g L. casei
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Kjeldahl method, respectively [22]. The dry matters of milk
were determined by drying the milk samples at 100 °C for
3.5 h using a laboratory oven. Lactose content was quanti-
fied by subtracting the fat, protein, and total ash percentages
from the total solids content [22].

Encapsulation of iron

Alginate beads were produced using a modified extrusion
technique [23]. The sodium alginate solution 2.5% was pre-
pared in distilled water. 250 mg of ferrous sulfate (contain-
ing at least 50 mg iron) was added to the sodium alginate
solution, and sterilized at 121 °C for 15 min. This solution
was stored in a refrigerator overnight so that the alginate par-
ticles absorb water thoroughly. The suspension was injected
by a needle (0.11 mm diameter) into sterile 0.1 mol L!
CaCl,. After 30 min of gelification in CaCl,, the beads were
washed and kept in sterile 0.1% peptone solution at 4 °C.
The encapsulation efficiency was determined by the atomic
absorption spectroscopy system according to Eq. (1) (ASS)
(Shimadzu AA-670, Japan) [24, 25].

Encapsulation efficiency
_ (ironlevelsreleased from the beads)
B (initial iron content)

% 100 M

Probiotic culture activation

The probiotic culture of Lactobacillus casei (ATCC 39,392,
Lyophilized) was obtained from CHR-Hansen (Horsholm,
Denmark). The activation was done by inoculating the MRS
(Man Rogosa Sharpe) broth culture at 37 °C for 24 h. The pro-
biotic cells were centrifuged (75,005,286 EA, Thermo Fisher
Scientific Inc. USA) and thereafter washed in a sterile saline
solution with the same centrifugation process. Probiotic bacte-
ria were inoculated into the ice cream. The cells concentration
was adjusted at 10° cfu/mL. The ice cream mix was frozen at
—4 to —5 °C and stored at —20 °C for hardening [2].

Manufacture of ice cream

The ice cream mixes were made in 3 kg batches. The liquid
milk was heated to 40—45 °C before mixing the solid ingre-
dients. All of the required ingredients were mixed with the
milk thoroughly. The mixes were pasteurized at 85 °C for
15 min and dispersed with stirring for 5 min at 45 °C using
a simple mixer (Model 6790; Tefal, Rumilly, France). The
ice cream mixes cooled down to room temperature and were
stored overnight at 4 °C. Prior to freezing, vanilla powder,
Lactobacillus casei, free or encapsulated iron were added

to the formulae, as appropriate. Then, the mixtures were
whipped and frozen using a 3 kg capacity batch ice cream
making unit at constant speed (52 rpm) for about 20 min
(Model: BQL-12Y; Shanghahi Lisong, Shanghai, China).
After freezing, the temperature of soft ice cream reached
—5 °C. Each formula then was packaged in a disposable
HDPE container; hardened at —30 °C for 2 h, and stored at
—18 °C for further analysis [1].

Physicochemical analyses

Physicochemical analyses were performed for 3 days after
production. The total solid content of ice creams was deter-
mined using an oven set to 102+2 °C (over 4 h) [26]. The
pH of the melted samples was measured using a digital pH
meter (Model 350 pH meter, Jenway, Dunmow, UK) at room
temperature. Acidity was assessed using phenolphthalein
as an indicator by titration with 0.1 N sodium hydroxide
(NaOH). Acidity was expressed as the percentage of lactic
acid [26]. The overrun of the final product was calculated
using Eq. (2) [27].

Overrun(%)

_ Weight of a known volume of mix — weight of an equal volume of ice cream
- Weight of equal volume of ice cream

x 100
@)

The viscosities of ice creams were determined at 25 °C
using a viscometer (Model RVT; Brookfield Engineering Lab-
oratories, Stoughton, MA, USA) [22]. The melting rates of ice
creams were evaluated using a 50 g ice cream sample stored at
—18 °C. Briefly, the ice creams were placed on a 0.2 cm wire-
mesh screen above a pre-weighed beaker at room temperature
(24 °C). The mass of melted ice cream collected in the beaker
was recorded every 10 min for 60 min. The texture of the
samples was measured using a Texture analyzer (CT3 Texture
Analyzer; Brookfield Engineering Laboratories), equipped
with a stainless cylindrical probe (6.0 mm diameter, 35 mm
height). The sample was compressed twice with the probe to
50% of its height at 2 mm/s rate [28].

The lipid oxidation was evaluated by TBA test accord-
ing to Benjakal, and Baure (2001) with slight modifications
[29]. A mixture of 1gr of ice cream sample, 9 ml of 0.25 N
HCI solutions containing 0.375% TBA (Sigma- Aldrich,
St. Louis, MO), and 15% trichloroacetic acid (Merck) was
heated in a boiling water bath for 10 min. Then, samples
were cooled to room temperature and centrifuged at 3500 g
for 15 min. The absorbance was measured at 532 nm (a JEN-
WAY 6305 UV/Vis. Spectrophotometer). The standard curve
of malonaldehyde was used to calculate the TBA value. The
results were expressed as milligrams of malonaldehyde per
kilogram of a sample.
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Enumeration of probiotic microorganism

Counting the probiotic microorganisms was performed at
1, 30, 60, and 90 days of storage at — 18 °C. Accordingly,
25 g of each ice cream sample were diluted in 225 ml phos-
phate buffer (pH 7.5) and homogenized for 5 min. Several
dilutions were performed using peptone water (0.1%). The
L. casei was counted by spread-plating 0.1 ml of each dilu-
tion in Lp-MRS agar (MRS agar supplemented with 2 g/L.
lithium chloride and 3 g/L sodium propionate) and incuba-
tion at 37 °C for 72 h [30].

Sensory evaluations

30 panelists performed the organoleptic assessment of ice
creams after 1 and 90 days of storage at — 18 °C. The flavor,
color, texture, and mouthfeel of the samples were evaluated.
Score 4 indicated ‘excellent,” and 0 showed ‘unacceptable’.
The panelists were asked to rank the ice creams by scores
between 1 and 4.

Statistical analyses

The data were analyzed using SPSS version 20 (SPSS Inc.,
Chicago, IL, USA). Analysis of variance (ANOVA) was
used to determine significant differences among treatments
that were likely to affect physicochemical parameters about
the viability of the probiotic microorganisms. The Duncan
post hoc test was applied to compare mean values when
the effect was significant. The sensory data were analyzed
by the nonparametric Kruskal-Wallis test, followed by the
Mann—Whitney U-test to identify and quantify the contrasts
(p<0.05).

Results and discussion

Physicochemical properties

The chemical composition of the reconstituted milk in the
ice cream formula was comprised of lactose 4.31+0.01%,
protein 2.99 +0.01%, dry matter 7.56 +£0.03%, and fat
0.204+0.02%. In the current study, the encapsulation effi-
ciency of 92% was achieved.

Values of pH, titratable acidity (TA), and overrun
Changes to pH and acidity that occurred during 90-days stor-

age are shown in Fig. 1 and 2, respectively. The reduction
in pH and increase in the acidity occurred in all samples
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Fig.1 The pH value of the ice cream control, (IR): ice cream con-
tains free iron, (IRME): ice cream contains encapsulated iron, (P): ice
cream contains 10° cfu/g L. casei, (IRP): ice cream contains free iron
and 10° cfu/g L. casei, (PIRME): ice cream contains encapsulated
iron and 10° cfu/g L. casei
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Fig.2 The acidity (% Lactic acid) of the ice cream samples: con-
trol, (IR): ice cream contains free iron, (IRME) ice cream contains
encapsulated iron, (P) ice cream contains 10° cfu/g L. casei, (IRP) ice
cream contains free iron and 10° cfu/g L. casei, (PIRME) ice cream
contains encapsulated iron and 10° cfu/g L. casei

during storage at — 18 °C. The lowest pH was observed
in the formulae fortified with iron. Adding iron in its free
and encapsulated forms to ice cream decreased the pH and
increased the acidity. This may be attributed to the acidi-
ties of iron solution and the exchange between iron ions
and the micellar bound H*. These results agree with those
reported in the literature [24, 31, 32]. The work carried out
by Darwish et al. [15] showed a significant decrease in pH
values for products stored for 21 days. The lowest pH value
corresponds to products fortified with free iron on the 21st
day of storage. An increase in acidity was also observed in
iron-fortified yogurt produced by Askari and Bolandi [24]
after 21 days storage in a refrigerated condition. In the same
study, present of L. casei had a similar effect on the pH and
acidity during 90 days of storage. The reason for the low pH
of products after 90 days storage are attributed to produc-
tion of lactic acid or acetic acid by probiotics through the
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Embden-Meyerhof-Parnas pathway [24]. Presence of pro-
biotic in our formulae also reduces the pH and increase the
acidity. These findings were in good agreement with those
previously reported in the literature [1, 31, 33]. The results
herein were in accordance with Sabet-Sarvestani et al. [34],
who produced a probiotic ice cream containing Lactobacil-
lus casei/Lactobacillus plantarum and showed it had a lower
pH than the unfermented ice cream. Also, their results show
that the acidity of the fermented ice creams was higher than
the unfermented samples due to the conversion of lactose
to lactic acid due to the fermentation of LAB. Balthazar
et al. [12] and Akalin and Erisir [22] also reported similar
results [24].

The values of overruns are displayed in Fig. 3. Addition
of iron and the probiotic did not influence the overrun val-
ues. Cruz et al. [35] indicated that adding probiotic microor-
ganisms had no effect on the overrun value and did not cause
any modification in the firmness of ice cream.

TBA test during storage

The values of TBA changed during the three months of
storage at — 18 °C (Fig. 4). The results showed that TBA
values increased in all samples during this period. The high-
est TBA corresponds to iron fortified ice creams. Previous
studies show that iron fortification results in several changes
to milk and yogurt. This is to the interaction between iron
and casein, resulting in iron-casein complexes; with O, mol-
ecules acting as a pro oxidant. Moreover, iron can also act
as a catalyst and increase fats' oxidation. Therefore, lipid
oxidation in dairy products in the presence of iron is not
unexpected. The data showed that the oxidation process in
formulae containing free iron was faster than those forti-
fied by encapsulated iron. As previously stated, the bar-
rier encapsulation creates, reduces the fat oxidation rates
in the products. This was in a good agreement with data
reported by Kim et al. [36]. It was reported that TBA absorb-
ance was significantly lower in yogurt when fortified with
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Fig.3 Mean+SD of overrun in the ice cream samples on the first day
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Fig.4 TBA value (mg MDA/kg) of different groups of ice creams
stored at —18 °C for 3 months, (absorbance at 532 nm). Control, (IR):
ice cream contains free iron, (IRME): ice cream contains encapsu-
lated iron, (P): ice cream contains 10° cfu/g L. casei, (IRP): ice cream
contains free iron and 10° cfu/g L. casei, (PIRME): ice cream con-
tains encapsulated iron and 10° cfu/g L. casei

encapsulated iron than yogurt samples fortified with free
iron. Other researchers reported similar results [17, 19].

The lowest TBA value was in the ice cream enriched with
the Lactobacillus casei alone. The probiotic bacteria can
prevent the formation of reactive oxygen species or eliminate
oxygen in oxidation reactions catalyzed by an NADH oxi-
dase. This was a confirmation of data previously published
by Gheisari et al. [33] and by Kwak et al. [37] for milk sam-
ples fortified by iron. The TBA absorbance was significantly
lower in encapsulated groups, hence fat stability in dairy
products was better maintained [17, 38].

Bacterial population

The L. casei counts in various formulae during the three
months of storage at — 18 °C indicated in Fig. 5. The probi-
otic count in all samples decreased during the storage. This
reduction if probiotic microbial count may be attributed to the
mechanical stresses of the mixing and forming ice crystals
during the freezing process [35, 39, 40]. Our results are in line
with numerous recent studies on fortification of dairy products
with various microbial strains [1, 2, 33, 36, 41]. Balthazar et al.
[12] found similar results, who induced the effect of inulin and
L. casei on probiotic and symbiotic ice cream properties. Their
results showed that the bacterial count in ice cream samples
were decreased during the storage.

However, a higher mean value of counts in iron-forti-
fied ice creams indicated that iron fortification, in general,
increased the growth of probiotic bacteria. This increase
was higher when adding free forms of iron compared to
encapsulated iron after 60 days of storage. However, after
90 days of storage, no significant difference was observed
between these two iron groups (p <0.05). Jayalalitha
et al. [19] showed that iron does not affect the survival of
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Fig.5 Survival of Lactibacillus casei in ice cream samples: (P) ice
cream contains 10° cfu/g L. casei, (IRP) Ice cream contains free iron
and 10° cfu/g L. casei, (PIRME): ice cream contains encapsulated
iron and 10° cfu/g L. casei

L. acidophilus in yogurt. In their study, probiotic count
decreased in all samples after 14 days of storage. Fortify-
ing yogurt with iron did not influence the growth and sur-
vival of Pseudomonas fluorescence and Escherichia coli in
work reported by Hekmat and McMahon, 1997 [41]. El-
kholy et al. [42] reported that the fortification of yogurt
with ammonium ferric sulfate and ferrous ammonium

sulfate did not significantly affect the total lactic acid bac-
teria in all treatments during 10 days of storage at 4 +2 °C.
On the contrary, in a study on yogurt fortified with iron,
a significant decrease was observed in the populations of
Lactobacillus delbrueckii ssp., Bulgaricus, and Strep-
tococcus salivarius ssp, and thermophiles after 21 days
of storage at 4-5 °C. They attributed this decrease to the
metabolic enzymatic activity of the yogurt starter culture
that increases the acidity and reduces the pH [17].

A minimum of 10°~107 cfu.g™! of probiotic bacteria in
food products could benefit health [39]. Their beneficial
effects include improving intestinal microflora's balance
and mucosal defenses against pathogens, improved lac-
tose intolerance, and Anti-carcinogenic activity [7]. In
our study, despite reductions in viable bacterial numbers
during the three months of storage of ice cream, L. casei
count was well above 10° cfu.g™! as recommended for a
product to be termed as “a probiotic”.

Sensory analysis

The results of sensory scores of the ice cream samples
during three months of storage at — 18 °C are shown in
Fig. 6. The sensory scores show a reducing trend in all

Fig.6 Sensory evaluation of
. . Flavour Texture
different groups of ice creams
on days 1 and 90 of stor- C ) |
age. Control, (IR): ice cream 4ontro Contro
contains free iron, (IRME): ice
cream contains encapsulated PIRME 2 IR PIRME IR
iron, (P): ice cream contains
10° cfu/g L. casei, (IRP): ice 0
cream contains free iron and IRP IRME
10° cfu/g L. casei, (PIRME): IRP ~ IRME
ice cream contains encapsulated
iron and 10° cfu/g L. casei P P
—— Dayl Day90 Dayl Day90
Mouth feel color
Eontrol Control
PIRME IR PIRME IR
IRP IRME IRP IRME
P P
Dayl Day90 Dayl1 Day90
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Fig.7 The textural characteristics of the ice creams samples: control,
(IR): ice cream contains free iron, (IRME): ice cream contains encap-
sulated iron, (P): ice cream contains 10° cfu/g L. casei, (IRP): ice
cream contains free iron and 10° cfu/g L. casei, (PIRME): ice cream
contains encapsulated iron and 10° cfu/g L. casei

samples over this period. The control group and the ice
creams fortified with encapsulated iron showed the high-
est flavor scores. It seems addition of L. casei and free
iron, negatively affected the taste and mouthfeel of the ice
creams. This is attributed to the growth of probiotic bac-
teria and the generation of acidic flavor generated during
the fermentation. The results herein were according to the
previous studies by Sabet-Sarvestani et al. [34], Afzaal
et al. [2], and Kataria et al. [43].

The texture and color of ice creams did not vary sig-
nificantly amongst 6 formulae prepared in the present
study (p<0.05). However, it is worth mentioning that

3000

2500 (%= .
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: e —
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0 T T d
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—=—Control —A—IR —4—IRME —e—P —e—IRP —4—PIRME

Fig.8 Viscosity value (cP) of ice cream samples: (C) Control ice
cream without iron and L. casei, (IR): ice cream contains free iron,
(IRME): ice cream contains encapsulated iron, (P): ice cream con-
tains 10° cfu/g L. casei, (IRP): ice cream contains free iron and
10° cfu/g L. casei, (PIRME): ice cream contains encapsulated iron
and 10° cfu/g L. casei

encapsulated iron formulae scored higher sensory values
than those containing free iron-fortified ice creams. Gau-
cheron (2000) reported that microencapsulation techniques
could avoid oxidized and metallic flavors and color changes
in fortified iron samples [13]. The available literature indi-
cates bitterness and metallic flavor values in yogurt fortified
with encapsulated iron. The results obtained in the present
study supported those reported by Jayalalitha et al. [19],
Kwak et al. [37], and Subash et al. [17]. Total evaluations
in color, texture, and flavor in 6 groups of ice cream in the
present study were qualitatively acceptable with no marked
off-flavor during the storage period.

Rheological measurements

Results pertaining to texture analysis of ice cream samples
are given in Fig. 7. The results showed that iron fortifica-
tion did not significantly influence the texture properties
of the ice cream samples. Adhesiveness, hardness, and the
cohesiveness of the all samples did not experience any sig-
nificant alteration during the 90 days of storage at — 18 °C.
Interestingly, no significant difference was observed in val-
ues of viscosity and melting rate for ice creams in differ-
ent groups (Fig. 8 and Table 2). Our results are in a good
agreement with those published by Gheisari et al. [33]
who fortified ice creams with probiotic and zinc. They also
reported that no significant variations were observed in the
adhesiveness, hardness, and cohesiveness. However, their
findings indicate a reducing trend over the period of stor-
age at — 18 °C in viscosity and melting point of ice creams
fortified by probiotic and zinc. The viscosity of ice cream
fortified with zinc however was not significantly different
compared with the control group [33].
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Table 2 Mean + SD of melting

N Treatment groups Storage period (days)

rate (g/min) in ice creams stored

at —18 °C for 90 days 1 30 60 90
Control 0.82+0.01382 0.81+0.0175 0.70 +0.0504 0.65 +0.020"
IR 0.83+0.017% 0.81+0.010% 0.78 +0.0605 0.75 +0.006"°
IRME 0.84 +0.0038¢ 0.83+0.0118 0.71£0.040% 0.68 +0.00242
P 0.83+0.010% 0.81+0.010% 0.70 +0.040% 0.68+£0.010"
PIR 0.83+0.010% 0.82 +0.0095 0.76 +0.05082 0.72 +0.0095°
PIRME 0.82 +0.00452 0.81+0.010% 0.77 +£0.00148a 0.74 +0.008"

Mean values in the same column that are denoted by different small letters are significantly different
(p<0.05). Mean values in the same row that are denoted by different capital letters are significantly differ-

ent (p<0.05)

Conclusion

Development of ice cream fortified with iron and a pro-
biotic such as Lactobacillus casei could be an effective
means to boost nutritional and functional values of ice
cream. However, studies on the characteristics and stor-
age stability of such product is a key parameter in its
successful production. In the present study, 6 formulae
for ice cream containing free and encapsulated iron and
a probiotic strain (L. casei) were developed. Presence of
these functional ingredients did not exhibit any adverse
effects on ice creams’ physicochemical, rheological and
sensory characteristics. In general, ice creams formulated
with encapsulated iron yielded better sensory scores than
those containing free-iron. Encapsulated iron can be used
effectively in the ice creams without entailing oxidized
off-flavor and color. The microbial population of L. casei
in ice creams maintained above the threshold value of
10° cfu/g even after 90 days storage at — 18 °C.

Acknowledgements The authors would like to express their gratitude
towards the management (Dr. K. Ghanei) and operational staffs of Kho-

shmaze Ice Cream Company, Shiraz, Iran for provision of ingredients 9.
and equipment for ice cream production process. The authors would
also like to thank Shiraz University for their financial support.
10.
Declarations
Conflict of interest Authors declare that there is no conflict of interest.
11.
References
1. M. Hashemi, H.R. Gheisari, S.h. Shekarforoush., Preparation and
evaluation of low-calorie functional ice cream containing inulin, 12.

lactulose and Bifidobacterium lactis. Int. J. Dairy Technol. 68(2),
183-189 (2014). https://doi.org/10.1111/1471-0307.12173

2. M. Afzaal, F. Saeed, M.U. Arshad, M.T. Nadeem, M. Saeed, T.
Tufail, The effect of encapsulation on the stability of probiotic
bacteria in ice cream and simulated gastrointestinal conditions.
Probiotics Antimicrob. Proteins 11(4), 1348-1354 (2019). https://
doi.org/10.1007/s12602-018-9485-9

@ Springer

N.P. Shah, Functional cultures and health benefits. Int. Dairy J.
17, 1262-1277 (2007). https://doi.org/10.1016/j.idairyj.2007.01.
014

D. Granato, G.F. Branco, A.G. Cruz, J.D.A.F. Faria, N.P. Shah,
Probiotic dairy products as functional foods. Compr. Rev. Food
Sci. Food Saf. 9(5), 455-470 (2010). https://doi.org/10.1111/j.
1541-4337.2010.00120.x

Y.K. Lee, What could probiotic do for us? Food Sci. Hum. Well-
ness. 3(2), 47-50 (2014). https://doi.org/10.1016/j.fshw.2014.06.
001

C. Hill, F. Guarner, G. Reid, G.R. Gibson, D.J. Merenstein, B.
Pot, L. Morelli, R.B. Canani, H.J. Flint, S. Salminen, P.C. Cal-
der, M.E. Sanders, The international scientific association for
probiotics and prebiotics consensus statement on the scope and
appropriate use of the term probiotic. Nat. Rev. Gastroenterol.
Hepatol. 11, 506-514 (2014). https://doi.org/10.1038/nrgastro.
2014.66

K.Y. Wang, S.N. Li, C.S. Liu, D.S. Perng, Y.C. Su, D.C. Wu,
C.M. Jan, C.H. Lai, T.N. Wang, W.M. Wang, Effects of ingest-
ing Lactobacillus and Bifidobacterium- containing yogurt in
subjects with colonized Helicobacter pylori. Am. J. Clin. Nutr.
80, 737-741 (2004). https://doi.org/10.1093/ajcn/80.3.737

S. Soodbakhsh, H.R. Gheisari, M. Aminlari, T. Dehnavi, Via-
bility of encapsulated Lactobacillus casei and Bifidobacterium
lactis in synbiotic frozen yogurt and their survival under in vitro
simulated gastrointestinal conditions. Int. J. Probiotics Prebiot-
ics 7(3), 121-128 (2012)

W. Krasaekoopt, B. Bhandari, H. Deeth, Evaluation of encapsula-
tion techniques of probiotics for yoghurt. Int. Dairy J. 13, 3—13
(2003). https://doi.org/10.1016/S0958-6946(02)00155-3

M. Khalesi, R. Jahanbani, D. Riveros-Galan, V. Sheikh-Hassani,
M. Sheikh-Zeinoddin, M. Sahihi, J. Winterburn, G. Derdelinckx,
A.A. Moosavi- Movahedi, Antioxidant activity and ACE-inhibi-
tory of class II hydrophobin from wild strain Trichoderma reesei.
Int. J. Biol. Macromol. 91(174), 179 (2016). https://doi.org/10.
1016/j.ijbiomac.2016.05.068

H.I Ozturk, T. Demirci, N. Akin, Production of functional probi-
otic ice creams with white and dark blue fruits of Myrtus com-
munis: The comparison of the prebiotic potentials on Lactobacil-
lus casei 431 and functional characteristics. LWT. 90, 339-345
(2018). https://doi.org/10.1016/j.1wt.2017.12.049

C.F. Balthazar, H.L. Silva, E.A. Esmerino, R.S. Rocha, J. Moraes,
M.A. Carmo, L. Azevedo, L. Camps, Y.K.D. Abud, C. Santanna,
R.M. Franco, M.Q. Freitas, M.C. Silva, R.S.L. Raices, G.B.
Escher, D. Granato, C.S. Ranadheera, F. Nazarro, A.G. Cruz,
The addition of inulin and Lactobacillus casei 01 in sheep milk
ice cream. Food Chem. 246, 464-472 (2018). https://doi.org/10.
1016/j.foodchem.2017.12.002


https://doi.org/10.1111/1471-0307.12173
https://doi.org/10.1007/s12602-018-9485-9
https://doi.org/10.1007/s12602-018-9485-9
https://doi.org/10.1016/j.idairyj.2007.01.014
https://doi.org/10.1016/j.idairyj.2007.01.014
https://doi.org/10.1111/j.1541-4337.2010.00120.x
https://doi.org/10.1111/j.1541-4337.2010.00120.x
https://doi.org/10.1016/j.fshw.2014.06.001
https://doi.org/10.1016/j.fshw.2014.06.001
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1093/ajcn/80.3.737
https://doi.org/10.1016/S0958-6946(02)00155-3
https://doi.org/10.1016/j.ijbiomac.2016.05.068
https://doi.org/10.1016/j.ijbiomac.2016.05.068
https://doi.org/10.1016/j.lwt.2017.12.049
https://doi.org/10.1016/j.foodchem.2017.12.002
https://doi.org/10.1016/j.foodchem.2017.12.002

Formulation and assessing characteristics of probiotic ice cream fortified with free and...

507

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

F. Gaucheron, Iron fortification in dairy industry. Food Sci. Tech-
nol. 11, 403-409 (2000). https://doi.org/10.1016/S0924-2244(01)
00032-2

S. Zlotkin, K.Y. Antwi, C. Schauer, G. Yeung, Use of microen-
capsulated iron(Il) fumarate sprinkles to prevent recurrence of
anaemia in infants and young children at high risk. Bull. World
Health Organ. 81(2), 108-115 (2003)

A.M. Darwish, T.N. Soliman, H.A. Elhendy, W.M. El-Kholy,
Nano-encapsulated iron and folic acid fortified functional yogurt
enhance anemia in Albino rats. Front Nutr. 8, 135 (2021). https://
doi.org/10.3389/fnut.2021.654624

R. Blanco-Rojo, A.M. Perez-Granados, L. Toxqui, C. Gonzalez-
Vizcayno, M.A.M.P. Delgado, Vaquero., Efficacy of a microen-
capsulated iron pyrophosphate-fortified fruit juice: a randomized,
double-blind, placebo-controlled study in Spanish iron-deficient
women. Br. J. Nutr. 13(4), 1-10 (2010). https://doi.org/10.1017/
S0007114510005490

R. Subash, A. Elango, Microencapsulated iron for fortification
in yoghurt. J Food Sci. 6(2), 258-262 (2015). https://doi.org/10.
15740/HAS/FSRI1/6.2/258-262

D.R. Dias, D.A. Botrel, R.V.D.B. Fernandes, S.V. Borges,
Encapsulation as a tool for bioprocessing of functional foods.
Curr. Opin. Food Sci. 13, 31-37 (2017). https://doi.org/10.
1016/j.cofs.2017.02.001

C. Jayalalitha, V. Balasundaram, B. Palanidorai, N. Kumar, For-
tification of encapsulated iron in probiotic yoghurt. Int. J. Agri.
2(2), 80-84 (2012)

C. Liyanage, S. Zlotkin, Bioavailability of iron from micro-
encapsulated iron sprinkle supplement. Food Nutr. Bull. 23(3),
133-137 (2002). https://doi.org/10.1177/15648265020233S126
Food and Nutrition Board and Institute of Medicine, Dietary
reference intakes for vitamin A, vitamin K, boron, chromium,
copper, iodine, iron, manganese, molybdenum, nickel, silicon,
vanadium and zinc, in Standing committee on the scientific eval-
uation of dietary reference intakes. (National Academy Press,
Washington, DC, 2001), pp.442-501

A.S. Akalin, D. Erisir, Effects of inulin and oligofructose on
the rheological characteristics and probiotic culture survival in
low-fat probiotic ice cream. J. Food Sci. 73(4), 184-188 (2008).
https://doi.org/10.1111/j.1750-3841.2008.00728.x

W. Krasaekoopt, B. Bhandari, H. Deeth, The influence of coating
materials on some properties of alginate beads and survivability of
microencapsulated probiotic bacteria. Int. Dairy J. 14(8), 737-743
(2004). https://doi.org/10.1016/j.idairyj.2004.01.004

N. Askari, M. Bolandi, Assessment of iron fortification influ-
ence on organoleptics and physicochemical properties of yogurt.
J. Chem. Health Risks 3(2), 1-8 (2013)

S. Abbaszadeh, H. Gandomi, A. Misaghi, S. Bokaei, N. Noori,
The effect of alginate and chitosan concentrations on some
properties of chitosan-coated alginate beads and survivability
of encapsulated Lactobacillus rhamnosus in simulated gastro-
intestinal conditions and during heat processing. J. Sci. Food
Agric. 94(11), 2210-2216 (2014)

AOAC, Official methods of analysis, in /8th edition 3rd revi-
sion. (Association of Official Analytical Chemists, Rockville,
2010)

M.B. Akin, M.S. Akin, Z. Kirmaci, Effects of inulin and sugar
levels on the viability of yogurt and probiotic bacteria and the
physical and sensory characteristics in probiotic ice cream.
Food Chem. 104, 93-99 (2007). https://doi.org/10.1002/jsfa.
6541

A.S. Akalin, H. Kesenkas, N. Dinkci, G. Unal, E. Ozer, O.
Kinik, Enrichment of probiotic ice cream with different dietary
fibers: structural characteristics and culture viability. J. Dairy
Sci. 34(2), 1-10 (2018). https://doi.org/10.3168/jds.2017-13468

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

S. Benjakul, F. Bauer, Biochemical and physicochemical
changes in catfish (Silurus glanis Linne) muscle as influenced
by different freeze-thaw cycles. Food Chem. 72, 207-217
(2001). https://doi.org/10.1016/S0308-8146(00)00222-3

C. Jurkiewicz, M.P.M. Boscariolia, R.G. Ferreiraa, E.P. Ribei-
roa, W.H. Prietoa, L. Kunigka, Microencapsulation of probiotic
bacteria with alginate and prebiotic and evaluation of survival
in ice cream, in [ /th International congress on engineering and
food. (Elsevier, Athens, 2011)

R. Subash, A. Elango, C. Pandiyan, N. Karthikeyan, G. Kumare-
san, B. Raghunath, The viability of yoghurt probiotic culture
in microencapsulated iron fortified yoghurt. J. Cell Tissue Res.
15(2), 5053-5057 (2015)

S. Hekmat, D.J. McMahon, Distribution of iron between caseins
and whey proteins in acidified milk. LWT-Food Sci. Technol.
31(7), 636-638 (1998). https://doi.org/10.1006/fstl.1998.0413
H.R. Gheisari, L. Ahadi, S. Khezli, T. Dehnavi, Properties of
ice-cream fortified with zinc and Lactobacillus casei. Acta. Sci.
Pol. Technol. Aliment. 15(4), 367-377 (2016). https://doi.org/
10.17306/J.AFS.2016.4.35

N. Sabet-Sarvestani, M.H. Eskandari, S.M.H. Hosseini, M.
Niakousari, H. Hashemi Gahruie, M, Khalesi., Production of
synbiotic ice cream using Lactobacillus casei Lactobacillus
plantarum and fructo oligosaccharides. J. Food Process Preserv.
45(5), e15423 (2021). https://doi.org/10.1111/jfpp.15423

A.G. Cruz, A.E.C. Antunes, A.L.O.P. Sousa, J.A.F. Faria, S.M.I.
Saad, Ice cream as a probiotic food carrier. Food Res. Int. 42,
1233-1239 (2009). https://doi.org/10.1016/j.foodres.2009.03.
020

S.J. Kim, J. Ahn, J.S. Seok, H.S. Kwak, Microencapsulated iron
for drink yogurt fortification. Asian Australas. J. Anim. Sci.
16(4), 581-587 (2003). https://doi.org/10.5713/ajas.2003.581
H.S. Kwak, K.M. Yang, J. Ahn, Microencapsulated iron for milk
fortification. J. Agric. Food Chem. 51(26), 77707774 (2003).
https://doi.org/10.1021/jf030199+

L.S. Jackson, K. Lee, Microencapsulated iron for food fortifi-
cation. J. Food Sci. 56, 1047-1050 (1991). https://doi.org/10.
1111/j.1365-2621.1991.tb14638.x

T. Turgut, S. Cakmakci, Investigation of the possible use of
probiotics in ice cream. Int. J. Dairy Technol. 62(3), 444-451
(2009). https://doi.org/10.1111/j.1471-0307.2009.00494.x

A. Homayouni, A. Azizi, M. Javadi, S. Mahdipour, H. Ejtahed,
Factors influencing probiotic survival in ice cream: a review.
Int. J. Dairy Sci. 7, 1-10 (2012). https://doi.org/10.3923/ijds.
2012.1.10

S. Hekmat, D.J. McMahon, Manufacture and quality of iron-
fortified yogurt. J. Dairy Sci. 80, 3114-3122 (1997). https://
doi.org/10.3168/jds.S0022-0302(97)76282-9

A.M. El-Kholy, M. Osman, A. Gouda, W.A. Ghareeb, Forti-
fication of Yoghurt with Iron. World J. Dairy Food Sci. 6(2),
159-165 (2011)

A. Kataria, S.C. Achi, P.M. Halami, Effect of encapsulation on
viability of Bifidobacterium longum CFR815j and physiochemi-
cal properties of ice cream. Indian J. Microbiol. 58(2), 248-251
(2018). https://doi.org/10.1007/s12088-018-0720-6

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://doi.org/10.1016/S0924-2244(01)00032-2
https://doi.org/10.1016/S0924-2244(01)00032-2
https://doi.org/10.3389/fnut.2021.654624
https://doi.org/10.3389/fnut.2021.654624
https://doi.org/10.1017/S0007114510005490
https://doi.org/10.1017/S0007114510005490
https://doi.org/10.15740/HAS/FSRJ/6.2/258-262
https://doi.org/10.15740/HAS/FSRJ/6.2/258-262
https://doi.org/10.1016/j.cofs.2017.02.001
https://doi.org/10.1016/j.cofs.2017.02.001
https://doi.org/10.1177/15648265020233S126
https://doi.org/10.1111/j.1750-3841.2008.00728.x
https://doi.org/10.1016/j.idairyj.2004.01.004
https://doi.org/10.1002/jsfa.6541
https://doi.org/10.1002/jsfa.6541
https://doi.org/10.3168/jds.2017-13468
https://doi.org/10.1016/S0308-8146(00)00222-3
https://doi.org/10.1006/fstl.1998.0413
https://doi.org/10.17306/J.AFS.2016.4.35
https://doi.org/10.17306/J.AFS.2016.4.35
https://doi.org/10.1111/jfpp.15423
https://doi.org/10.1016/j.foodres.2009.03.020
https://doi.org/10.1016/j.foodres.2009.03.020
https://doi.org/10.5713/ajas.2003.581
https://doi.org/10.1021/jf030199+
https://doi.org/10.1111/j.1365-2621.1991.tb14638.x
https://doi.org/10.1111/j.1365-2621.1991.tb14638.x
https://doi.org/10.1111/j.1471-0307.2009.00494.x
https://doi.org/10.3923/ijds.2012.1.10
https://doi.org/10.3923/ijds.2012.1.10
https://doi.org/10.3168/jds.S0022-0302(97)76282-9
https://doi.org/10.3168/jds.S0022-0302(97)76282-9
https://doi.org/10.1007/s12088-018-0720-6

	Formulation and assessing characteristics of probiotic ice cream fortified with free and encapsulated iron
	Abstract
	Introduction
	Materials and methods
	Experimental design
	Encapsulation of iron
	Probiotic culture activation
	Manufacture of ice cream
	Physicochemical analyses
	Enumeration of probiotic microorganism
	Sensory evaluations
	Statistical analyses
	Results and discussion
	Physicochemical properties
	Values of pH, titratable acidity (TA), and overrun

	TBA test during storage
	Bacterial population
	Sensory analysis
	Rheological measurements
	Conclusion
	Acknowledgements 
	References




