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Abstract

Background and Objective: Use of pectin has attracted interests in food and
nutraceutical industries, owing to its positive effects on stability of dairy drinks and
potential health benefits to humans. Furthermore, demands for the production of
stable fermented milk drinks during storage period is high. Therefore, the aim of
this study was to assess effects of apple and pomegranate pectins as stabilizers on
various characteristics of probiotic yogurt drinks.

Material and Methods: Apple and pomegranate pectins at concentrations of 0-
0.5% (w v) were added to the probiotic yogurt drinks containing 2% of inulin and
12% of pomegranate juice. Then, rheological behavior, particle size distribution and
stability of probiotic yogurt drinks were studied during storage.

Results and Conclusion: Control (treatments with no pectin addition) and
probiotic yogurt drinks containing pomegranate pectin (0.1-0.5%) showed
Newtonian flow behavior and liquid-like behavior over the frequency range.
Probiotic yogurt drinks with apple pectin included shear-thinning flow behavior,
gel-like network at low frequencies and mean size particle of 50 um. The highest
G' and G" and stabilities during the storage were achieved in samples containing
0.5% of apple pectin. Results demonstrated that apple pectin included great
potentials to be used in industrial production of probiotic yogurt drinks as it
improved rheological properties and storage stability of the products. Therefore, use
of 0.5% apple pectin is suggested in fermented milk drinks.
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1. Introduction

Flavored probiotic yogurt drinks (PYDs) are popular
acidified milk drinks. They may be manufactured using
various formulations but are commonly produced by adding
lactic acid starters and/or probiotic bacteria to ferment and
acidify milk. Furthermore, PYDs are blended with fruit-

based mixtures [1]. For nutritional purposes, food and dairy
products have been fortified with probiotic bacteria and fruit
pulp/juices, which include outstanding markets. Therefore,
PYDs are healthy products because of probiotics and the
metabolites formed during fermentation, including bran-
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ched-chain fatty acids, amines, phenolic compounds and
vitamins [2].

One of the issues linked to these products is the
sedimentation of aggregated proteins and large fruit particles
[3]. Casein micelles are stable in sub-micrometer particles at
the natural milk pH (~6.6) [4]. However, the pH of yogurt
drinks falls to 3.4-4.6 due to the fermentation and addition of
acid juices, resulting in instability of the micelles [5].
Therefore, a three-dimensional (3-D) network of irreversibly
aggregated caseins is formed at pH 4.6, the casein micelle
isoelectric point. This aggregation leads to phase separation
in these products [6]. In addition, processing operations such
as thermal treatment, dilution and storage may contribute to
the acceleration of the protein aggregation [7]. The most
effective method to solve the instability problem of dairy
drinks includes use of stabilizers; from which, pectin has
been shown as a good choice [8]. Pectin includes a complex
structure, consisting majorly of alpha (1—4) links between
the galacturonic acid units [9]. The galacturonic acid units
can be non-esterified or esterified with methyl ester groups,
showing various degrees of esterification (DE). Pectins with
DE higher than 50% are known as high methoxyl pectins
(HMP), while those with less than 50% are known as low
methoxyl pectins (LMP). The HMP are stabilizers
commonly used to decrease phase separation in acidified
dairy drinks [9]. Common sources of pectin are apple and
citrus peels. However, pomegranate peels may be addressed
as novel pectin sources [10]. Prevention of particle sedim-
entation by HMP can be explained via various mechanisms.
First, negatively charged pectin molecules can entirely cover
the positively charged caseins by linking to the calcium ions
or charged peptides [11]. Therefore, they can decrease
attraction forces between the particles by steric repulsions
and prevent flocculation, sedimentation and phase separation
in PYDs [12, 13]. In addition, pectin molecules can form a
weak gel network and prevent sedimentation of casein
particles by creating a multi-layer biopolymer matrix with
them [14]. This weak gel is strong enough to overcome the
gravity force and prevent collision and sedimentation of the
suspended casein particles [15]. Moreover, pectin can
provide stability by increasing viscosity of the continuous
phase, decreasing effects of gravity based on the Stokes’ law.

Up-to-date, studies have carried out to stabilize plain
acidified dairy drinks using various types of pectin [6,16,17].
To the best of the authors’ knowledge, stabilization of PYD

Table 1. Characterization of the apple and pomegranate pectins”

blended with fruit juice has not been investigated. Therefore,
the major objective of this study was to investigate effects of
various concentrations of pomegranate and apple HMP on
physical and rheological properties of PYDs containing fruit
juices (pomegranate juice), prebiotic ingredients and
probiotic bacteria. Rheological properties, viscosity, phase
separation and particle size distribution were carried out to
provide further information on the stabilization mechanisms.

2. Materials and Methods

2.1. Materials

Pomegranate and apple peels were provided by a local
market, dried at room temperature and milled using Polymix
M20 Universalmuhle (Kinematica, Switzerland) Grinding
Mill. Pectin extraction was carried out using citric acid (pH,
2.5; temperature, 88 °C; extraction time, 120 min) [10].
Briefly, 5 g of pectin were extracted from 170 g of
pomegranate and apple peel powders. Degrees of pectin
esterification extracted from pomegranate and apple peels
were 65 and 72.35%, respectively, by drawing a calibration
curve using pectin standards with known DE values
according to Pereira et al. [10]. Characteristics of the pectins
are reported in Table 1.

2.2. Sample preparation

Yogurt samples were prepared according to Nikmaram et
al. by mixing nonfat reconstituted skim milk powder (8.5%
w w?), inulin (2% w w?) and pomegranate juice (12%
w w?) [1,18]. Fermentation phase was carried out using
probiotic culture (L. acidophilus LA- 5 and L. casei 431; Chr.
Hansen A/S, Hgrsholm, Denmark) at 37 °C. The resulting
yogurt (pH 4.8) was diluted with distilled water and pectin
solutions to achieve a final total solid content (TSC) of 8.6%
(w w?). This was mixed (Janke and Kunel RW 20 DZM
Mixer, IKA) and homogenized at 45 atmospheric bars
(APV1000 Laboratory Homogenizer, Denmark). Pectin was
used at concentrations of 0, 0.1, 0.2, 0.3, 0.4 and 0.5% w v,

Pectin solutions used in PYD were prepared by gradually
adding the powder into cold distilled water with intensive
stirring (Janke and Kunel RW 20 DZM Mixer, IKA) and then
dissolving at 70 °C for 20 min using shaker water bath [9].
Solutions were cooled down to ambient temperature (25-30
°C) and added to partially diluted PYD portions. Preparations
were stored at 4 °C until use.

Pectins Neutral sugars (wt%)

Mw DE GalA

(kDa) %) %) Rha Ara Glc Gal Xyl Man
AP 145.70 72.35 54.60 2.28 3.21 12.62 452 1.60 0.32
PP 130.20 65.00 69.20 1.85 3.86 21.56 3.49 0.51 0.14

*AP= Apple pectin, PP= Pomegranate pectin, Mw= molecular weight, DE= Degree of esterification, Gal A= galacturonic acid, Rha=
rhamnose, Ara= arabinose, Glc= glucose, Gal= galactose Xyl= xylose, Man= mannose
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2.3. Viscosity measurement

Viscosity measurement of the fresh samples was carried
out at 25 °C +2 using viscometer (Brookfield DV II, LV
Viscometer, USA) equipped with ULA spindle as described
by Joudaki et al. [13]. Torque values were selected between
10 and 100%.

2.4. Rheometry

Rheological properties of the PYDs were assessed using
Bohlin Gemini 200 Rheometer (Malvern Instruments,
Worcestershire, UK) in a controlled rate mode. For each
experiment, approximately 2 ml of the fresh samples were
transferred onto the rheometry device plate. The geometry
device included a cone with an angle of 4 °C and a diameter
of 40 mm (4/40). Temperature was adjusted to 20 "C +0.2
and PYDs were held on a plate for 10-15 min before analysis
for temperature stabilization between the sets. Initially,
Stress amplitude sweep was carried out to specify the linear
viscoelastic behavior region at 10% strain. Then, oscillatory
measurements were carried out at frequencies ranging 0.1-10
Hz to assess dynamic rheological properties, including
storage (G") and loss (G™) moduli.

2.5. Particle size analysis

Particle size distribution of the fresh samples was assessed
using light scattering and Mastersizer 2000S Instrument
(Malvern Instruments, UK) equipped with quartz cell and
laser beam with A of 634 nm. Refractive indices used for the
particles and solvent were 1.5 and 1.33, respectively.
Analysis was based on the principles of Fraunhofer [19]. Size
distribution was characterized by volumetric percentage and
carried out at room temperature.

2.6. Phase separation assessment

Tubes (2 cm in diameter and 12 cm in height) containing
20 ml of each preparation were stored at 4 °C for 15 days to
assess phase separation and sedimentation. Volume of the
separated serum at the upper phase was measured after 1 and
15 days of cold storage [20]. Samples with serum separation
of less than 5% were considered as stable samples.

2.7. Statistics

Duncan’s test was used to report significant differences (p
< 0.05) between the mean values using SAS Software V.9.1
(SAS, 2004). All measurements were carried out in triplicate.

3. Results and Discussion

3. Results and Discussion

3.1. Viscosity

Figure 1 illustrates the flow behavior curves of PYDs
stabilized with AP (Fig. 1a) and PP (pomegranate pectin)
(Fig. 1b).

Treatments formulated with AP showed shear thinning
behaviors. Wang et al. showed that the reaction between
HMP and casein formed gel structures; in which, gel strength
increased with pectin concentration [17]. However, network
might be disrupted at higher shear rates. Therefore, shear-
thinning behavior in PYD could be linked to the rupture of
structure with increased shear rates. Shear-thinning behavior
in fermented dairy drinks might be advantageous due to
decreases in apparent viscosity in the mouth, inducing a
desirable mouthfeel [21].

Linear relationships between the shear stress and shear
rate were detected for the samples containing PP and control
PYD (Fig. 1b). Viscosity of the control PYD was 2.2 mPa s’
!, which was close to a plain Doogh based on the results by
Hasheminya et al. [22]. Viscosity values of the samples
containing PP at 0.1, 0.2, 0.3, 0.4 and 0.5% were 2.56, 2.86,
3.16, 3.82 and 4.48 mPa s, respectively. Therefore, the best
rheological model to describe their behavior included the
Newtonian model. In addition, several studies have shown
that fermented milk drinks such as Ayran and Doogh
demonstrate Newtonian behaviors [23]. In the present study,
viscosity was enhanced by increasing PP concentration.
Higher numbers of the pectin molecules were present to
cover the casein micelles, possibly increasing interactions
with water molecules and thus altering the fluid resistance to
flow [24]. Figure 2 illustrates apparent viscosity (n) against
pectin concentration (%) at shear rate of 50 s™* for the samples
containing 0.1, 0.2, 0.3, 0.4 and 0.5% of pectin and the
control samples. Apparent viscosity of the PYD stabilized
with various levels of pectin increased with increasing pectin
concentrations (p < 0.05). However, effects of AP on the
apparent viscosity of PYD were more significant than effects
of PP (p < 0.05). These results indicated that HMP pectin
could decrease weak gel structure formations; similar to the
results reported for doogh and other acidified dairy drinks
[13,14]. Koksoy and Kilic showed that the apparent viscosity
of Ayran increased progressively from 27 to 50 mPa when
the HMP content (DE was not assessed) increased from 0.25
to 0.5% at a shear rate of 55 s [21]. Furthermore, Jensen et
al. demonstrated that the viscosity of acidified dairy drinks
increased sharply by HMP (DE = 72.6%) addition [25]. At
higher concentrations of added pectin, further pectin
molecules might be available to interact with casein particles
and entrap them inside the pectin network, resulting in
physical stability due to the restricted movement of these
particles. In this study, AP included further suggested effects,
which could be linked to the characteristics of the pectin such
as the higher DE.
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Figure 1. Changes in shear stress (mPa) of the probiotic yogurt drinks at various concentrations (% w v!) of apple pectin (a) and

pomegranate pectin (b) as a function of shear rate (s).

In fact, AP with higher DE could make further bonds with
the casein micelle surface. Possibly for this reason, it was
more effective in preventing casein-casein aggregation in
PYD during storage. Based on the Stoke’s law, increases in
PYD viscosity could play important roles in decreased

precipitant formation since samples containing AP
demonstrated higher viscosity rates than samples prepared
with PP. Based on the characteristics of the two pectin, AP
included a higher molecular weight than that PP did,
affecting viscosity [26].
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Figure 2. Apparent viscosity (at shear rate of 50 s™) of the probiotic yogurt drinks stabilized by various concentrations of apple pectin (4)
and pomegranate pectin (m). Different letters indicate significant differences at p < 0.05.

3.2. Oscillatory characteristics

Changes in elastic modulus (G") and viscous modulus
(G™ as a function of the frequency were observed in
preparations containing various pectin contents (Figs. 3 and
4). All preparations were highly dependent on the frequency
in the linear viscoelastic region at fixed stress (Fig. 3
(a,b,c,d,e,f). In addition, PYD containing AP could be
addressed as a viscoelastic material. Based on Fig. 3a, PYD
with no AP addition showed similar G' and G" values and
changes in G' and G" over the frequency range were almost
equal. Hence, the control PYD showed a liquid-like
behavior. The G' and G" values increased as AP
concentration increased from 0.1 to 0.5%. The storage
modulus (G") was consistently higher than the loss modulus
(G™) at lower frequencies in AP added samples. Therefore,
3-D network formations were seen in all the preparations
with AP addition. At a specific point, two curves crossed
over and G" values became higher than G' values, illustrating
ruptures of the constructed pectin-protein network started at
the crossover point. For the preparations containing AP,
trend of the changes in G' and G" values was different and
G" included a sharper ascending trend. Such observations
indicated formation of a weak gel-like network after pectin
addition to the samples [8]. The two G' and G" moduli
represented two regions when the frequency changed; a
plateau curve was reported in the first region. In the second
region, moduli were strictly dependent on the frequency. In
the first region, higher values of G' were observed with minor
changes in the two moduli. This region could be attributed to
the pectin-protein 3-D network created by the electrostatic

interactions of these molecules [27]. Moreover, slight
increases in G' and G" values with increasing frequency in
this region could be explained due to the network deficiency
such as dangling of polymer chain ends and trapped
entanglements and loops [28]. However, the two moduli
started to increase and G™" was higher than G', resulting in
viscous behaviors at higher frequencies. This region could be
associated to the rupture of the pectin-protein network lost at
higher shear rates. The two areas of behavior were observed
for all AP added samples and they were more distinguishable
at higher pectin concentrations. When the pectin concen-
tration increased, rupture of the structure occurred at higher
frequencies, indicating the formation of stronger networks.
Frequencies, at which, the rupture occurred respectively
included 24.21, 24.21, 27.66, 31.03 and 32.84 (Hz) for the
samples containing 0.1, 0.2, 0.3, 0.4 and 0.5% AP, showing
further effective protein stabilization rates at higher
quantities of pectin. Rheological behaviors of the samples
containing PP (Fig. 4 (b,c,d,e,f) were similar to those of the
control (Fig. 4a). Therefore, liquid-like (not gel behavior)
behaviors were seen in all preparations containing PP, as
similarities between the G' and G" values indicated that the
gel structure was not formed even at higher PP contents
(0.5%).
3.3. Particle size distribution

Particle size analysis is a valuable tool for studying
electrostatic complexes between the proteins and polysac-

charides [29]. Particle size distribution of the samples is
shown in Fig. 5 (a,b).
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Figure 3. The G'and G" changes in probiotic yogurt drinks with no added apple pectin (a) and with 0.1 (b), 0.2 (c), 0.3 (d), 0.4 (e) and 0.5%
(f) of apple pectin w v,

Akkerman et al. stated that the average casein micelle size
of four cow milk was 112.13 nm; however, the particle size
increased after heat treatment (141 °C for 4 s). These results
were linked to the heat process, causing whey proteins to
denature and form complexes on the surface of the caseins
[12]. In the current study, particle sizes for the detected

particles in the control PYD were 200-2000 um, which were
greater thanghose of the non-heat treated milk of the former
study. Particle size distribution of the AP preparations varied
and extended to 100 pum, while their average diameter was

50 um.
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Figure 4. The G' and G" changes in probiotic yogurt drinks without pomegranate pectin (a) addition and with pomegranate
pectin addition of 0.1 (b), 0.2 (c), 0.3 (d), 0.4 (e) and 0.5 % w v! (f).

Various AP levels included similar effects on the particle
size distribution. However, preparations containing 0.5% of
AP included the narrowest diagram, indicating particle size
uniformity. A small aggregate population with a diameter
higher than 100 um was reported in distributions of 0.1 and
0.2% of AP, possibly because low pectin to cover the
positively charged caseins lead to bridging flocculation [30].
Similar large aggregates were seen by Bourriot et al. in a
mixture of micellar casein with guar gum [31]. This
phenomenon was linked to decreased casein flocculation.
Increases in size of the particles could be attributed to
increases in the number of stable electrostatic associations
between the pectin and the casein fragments [9].

Particle size distribution of the PYDs containing PP
revealed that the particle size was not affected by higher PP
levels and induced lower particle aggregation, compared to
the control samples (less than 50 um). Moreover, particle
size distribution in the control PYD was wider than that in
preparations containing pectin. Jensen et al. demonstrated
that the particle size distribution ranged 5-15 pum in acidified
dairy drinks with no pectin addition. Monomodal
distributions were seen in PYD with or without pectin
addition, possibly due to the aggregated casein micelles [25].
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3.4. Phase separation

In Fig. 6, the photographs of PYY Ds with pectin addition
can be seen after 1 and 15 days of cold storage (4 °C).
Samples without stabilizers and with 0.1 and 0.2% of AP
were separated into two layers. In the control drink, a
translucent upper layer (serum) and a dense opaque lower
layer (sediment) were detected. By the end of Day 15 of
storage, the translucent serum phase (upper layer) was still
detectable in the control sample, representing more than 80%
of the total volume (Fig. 6b). This behavior seemed
completely consistent with progressive sedimentation of the
individual fragments of acid-casein gels [9]. Particle
sedimentation into a dense lower layer was not observed in
samples containing high levels of AP (0.3, 0.4 and 0.5%) on

Day 1 of storage (Fig. 6a). Over a 15-day storage time,
samples with higher levels of AP addition preserved their
stabilities (Fig. 6b). It was reported that adding 0.1 and 0.2%
of AP were inadequate for preventing phase separation
during the storage (15 days). This instability was possibly
connected with the occurrence of bridging flocculation on
partially covered casein particles by pectin [32,33].
Therefore, low levels of AP could not create enough
electrostatic and steric repulsion for the dispersion
stabilization. Yuliarti et al. reported that the phase separation
was prevented by addition of HMP (DE = 70%) at a
concentration of 0.8% (w w) in acidified milk beverages
during storage for seven days [34]. In contrast, Koksoy and
Kilic reported that 0.5% of HMP (unspecified DE) decreased
but did not prevent the phase separation in Ayran [21].
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Figure 6. Images of probiotic yogurt drinks preparations with 0, 0.1, 0.2, 0.3, 0.4 and 0.5% of apple pectin after 1 (a) and
(b) 15 days of cold storage (4 °C) and those with 0, 0.1, 0.2, 0.3, 0.4 and 0.5% pomegranate pectin at 1 (c) and 15 (d) days of
cold storage (4 °C). Tubes are present in increasing form left to right, based on the pectin concentration.

Tromp et al. showed that 0.3% of pectin (DE = 72.2%)
was necessary to produce a stable system containing 8.5% of
milk solids and lower pectin content did not stabilize the
product [14]. Therefore, the biopolymer needed to stabilize
the beverage depended on the degree of polymerization and
its interactions with the food components [3].

The translucent serum layer in samples with high AP
levels may majorly be characterized by liquid release after
the gel network contraction, which is expressed as syneresis
instead of sedimentation since syneresis occurs most often in
concentrated emulsions [27]. After initial rapid sedimen-
tation, it is estimated that the acid-casein particles in the
lower layer reassociate to provide a cross-linked network and
form further particle-particle junctions, leading to fluid
expression by gel contraction [9]. Overall, three types of
junctions may be suggested in PYDs: (a) acid-casein
particles in the control PYD; (b) pectin-casein connections
(protein-polysaccharide complexes), resulting in bridging
between the casein particles; and (c) pectin molecules
forming a "weak gel-like structure,” resisting to flow
(viscosity) and network contraction (syneresis) [9].

Preparations containing 0.1-0.5% of PP showed no
sedimentation on Day 1 of storage (Fig. 6c), unlike the
control samples where the phase separation was seen.
However, samples with PP addition could not preserve the
stability for up to 15 days of cold storage and the particles
sedimented into the lower layer (Fig. 6d).

In addition, the upper layer of these samples containing
PP presented significant turbidity due to the suspended
protein particles. Therefore, PP partially stabilized casein
fragments because the pectin-protein connections were not
possibly strong enough to preserve PYD stabilization until
the storage time.

In general, samples with 0.3% of AP addition included the
minimum concentration needed to stabilize the PYD, while
0.5% of PP was still insufficient for the stabilizing of casein
particles in PYD (Fig. 6). This difference in the necessary
quantity of pectin for the stabilization might be caused by
various charges (DE), molecular weight and size of pectin.
When pectin  molecules included fewer dissociated
carboxylic groups, they became less charged and fewer sites
were available for the interactions with casein particles.
Therefore, their tendency to be adsorbed onto the casein
particle surface decreased [30]. Therefore, it has been
suggested that the PP was less charged (DE) than AP. Then,
it possibly included a lower ability for the adsorption onto
casein particles.

4. Conclusion

Demands for the production of stable fermented milk
drinks during storage is high. In the current study, apple and
pomegranate pectins as bioactive polysaccharides were used
to stabilize probiotic yogurt drinks. Experiments revealed
that the stabilization of PYD by pectin depended on the
concentration and DE of pectins. Although PP and AP were
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considered as high methoxyl pectins, AP (higher DE)
performed better than PP in PYD stabilization, possibly due
to the higher overall negative charges. The oscillatory
rheometry showed liquid-like behaviors in all samples
containing PP. However, gel-like networks in PYD samples
containing AP were seen, which could be broken at higher
frequencies. The frequency limit, at which the gel network
rupture occurred, increased with higher AP levels and was
correlated with the PYD stability. In general, use of AP is
recommended to improve quality attributes of the acidified
dairy drinks. However, further studies are necessary to
investigate effects of apple pectin on the characteristics of
various fermented milk drinks as well as human
gastrointestinal diseases.
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