
ORIGINAL ARTICLE

Rheological and physical properties of yogurt enriched
with phytosterol during storage

Zahra Izadi & Ali Nasirpour & Ghasemali Ali Garoosi &
Fardin Tamjidi

Revised: 6 August 2013 /Accepted: 29 September 2014
# Association of Food Scientists & Technologists (India) 2014

Abstract Phytosterols enriched products are innovative types
of functional foods, in which dairy products, like low fat
yogurt are ideal vehicles for this functional component. In this
study, phytosterol dispersions were prepared using an oil/
water (O/W) emulsion. The emulsion was added to yogurt
milk. pH, titratable acidity (TA), syneresis, firmness and ap-
parent viscosity of enriched yogurt were determined during
storage. Moreover, phytosterols distribution in different parts
of enriched yogurt was studied. Results indicated that in
enriched yogurt, apparent viscosity and syneresis were lower
and firmness was higher compared to the control. Addition of
phytosterol to the yogurt had significant effect on acidity.
Distribution of phytosterols in different parts of one sample
was not uniform. Sensory results showed that there was no
significant difference between enriched and control on texture,
appearance, flavor and overall acceptance.

Keywords Phytosterol . Enriched yogurt . Physicochemical
characteristics

Introduction

Phytosterols (plant sterols), are naturally occurring compo-
nents of vegetables, fruits and cereals. The quantity of phy-
tosterols in a regular diet is not sufficient to enhance and show
their health effects (Derakhshan-Honarparvar et al. 2010).
They are white powders with mild characteristic odor, insol-
uble in water, soluble in alcohols and have melting point of
100 to 215 °C. The cholesterol-lowering properties of phytos-
terols were observed already in humans in the early 1950s
(Pollak 1953). As a food ingredient or additive, phytosterols
have been shown to reduce total cholesterol and low density
lipoprotein (LDL) cholesterol in normo-cholesterolemic and
hyperlipidemic populations (Micallef and Garg 2008). Phy-
tosterols are thought to displace cholesterol from bile acid
micelles and/or co-precipitate cholesterol in the intestinal lu-
men, thereby limiting its uptake (Yokoyama 2004). Intake of
phytosterols and/or phytostanols at a level of 1.5-3.0 g/day has
been documented to reduce blood LDL-cholesterol by 10 %
(Katan et al. 2003; Demonty et al. 2009). Enriched products
containing phytosterols/stanols are innovative types of func-
tional foods and their presence in the market is increasing
rapidly. The lipid profile can effectively be reduced to lower
the incidence of cardiovascular disease using combinations of
Lactobacillus-based probiotics and phytosterols in functional
foods (Awaisheh et al. 2013).

Major problems related to enrichment of products with
phytosterols are high melting temperature and chalky taste.
Esterification of phytosterols and stanols with long chain fatty
acids increases their lipid solubility and consequently facili-
tates their incorporation into foods (Noakes et al. 2005).
However, this process adversely affects cholesterol reducing
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properties of phytosterols. In an efficacy study on phytos-
terols, a daily consumption of 24 g of spread containing 2–
3 g of phytosterols esters, total serum cholesterol and LDL
cholesterol were lowered up to 6.4 and 10.1 %, respectively.
While the consumption of 1.6–2.0 g phytosterols or
phytostanols per day resulted in reduction of total serum
cholesterol and LDL cholesterol by 8–13 % (Nguyen 1999).
Richelle et al. (2004) compared the effects of phytosterol
esters and free phytosterols on bioavailability of β-carotene
and α-tocopherol and they found that phytosterol esters re-
duce the bioavailability more than free plant sterols.

The objective of this study was dispersing phytosterol in an
O/Wemulsion, production of enriched yogurt with phytoster-
ol and investigation of physicochemical properties of enriched
yogurt. Moreover, because of high density of phytosterols,
distribution state of phytosterol in different parts of enriched
yogurt was studied using gas chromatography (GC).

Materials and methods

Materials

Phytosterols used in this study consisted of β-sitosterol, stig-
masterol, campsterol and brassicasterol at ratio of (~40 %),
(15~30%), (15~30%) and (<10%), respectively. It was a gift
from Zhejiang Medicine Co. (Zhejiang Medicine Co., Ltd
Xinchang Pharma, China). Lactic acid esters of monoglycer-
ides (LACTEM) was supplied by Poratus CO., (Poratus CO.,
Belgium). Milk was obtained from research farm of Isfahan
University of Technology (Isfahan, Iran). Starter culture was
obtained from Proquiga (Proquiga CO., Spain). Skim milk
powder was purchased from Pegah Dairy Industry (Mashhad,
Iran). The local market cold pressed vegetable oils and double-
distilled water were used for preparation of O/Wemulsions. All
chemicals were of reagent grade and were used as such.

Methods

Preparation of O/W emulsion

LACTEM and soy oil were used for dissolving and dispersing
phytosterols. The mixtures of oil, emulsifier and phytosterol
were heated to 130–140 °C and mixed for 2 min at 700 rpm
using a laboratory mixer (Heidolph, Germany) and then heat-
ed water (90 °C) was added to oil phase. In aprevious study,
the mixture components was optimized at 10 % emulsifier,
10 % phytosterols, 68.39 % water and 11.61 % oil (Izadi et al.
2012). Therefore, the four component mixtures (emulsifier,
phytosterol, water and oil) were mixed for 4 min at 3,000 rpm
to achieve an emulsion with soft texture and white color. This
homogenous mixture was added to skim milk based on 2 g
phytosterol in each serving size yogurt before pasteurization

and homogenized using piston homogenizer at 200 bars to
disperse phytosterol in milk.

Starter culture preparation

The starter culture was prepared by addition of 1 g of direct vat
starter freeze-dried yogurt culture which combined of Lacto-
bacillus delbrueckii ssp. (YO-A) (0.3 g), Lactobacillus
bulgaricus (YO-B) (0.3 g) and Streptococcus thermophilus
(YO-S) (0.4 g) to 1 L of sterile skim milk. 2 ml of prepared
mixture was inoculated to 100 ml of yogurt milk.

Yogurt manufacture

Solid not fat (SNF) of fresh skimmilk was adjusted on 10.7 %
using skim milk powder. O/W emulsion was added to skim
milk based on 2 g phytosterol in each serving size yogurt
before pasteurization. Milk was homogenized at 200 bar and
60 °C to obtain a homogenous emulsion. Then the mixture
pasteurized at 85 °C for 30 min and rapidly cooled down to
45 °C was inoculated with 2 % (w/w) starter culture. The
inoculatedmilk was dispensed in 150 cc plastic containers and
incubated at 45 °C until pH reached to 4.6 and then samples
were cooled down to 5 °C (Dave and Shah 1998). Nonfat
yogurt control was prepared based on explained method with-
out adding the phytosterol emulsion. Yogurt pH and titratable
acidity (TA), syneresis, firmness and apparent viscosity were
measured 24 h after production and each week during 4 weeks
storage.

Comparative analysis of yogurt samples

Before the analyses, except for the gel firmness, the yogurt
samples were gently stirred to ensure homogeneity. All mea-
surements were carried out in triplicate.

pH and titratable acidity (TA)

The pH values of each yogurt sample were measured using a
digital pH-meter (Hanna H18314, England). The amount of
TA (as lactic acid percentage) was determined after mixing the
sample with 10 ml of hot distilled water (∼90 °C) and titration
was performed using 0.1 N NaOH in the presence of 0.5 %
phenolphthalein indicator to an end point of faint pink color
(Dave and Shah 1998).

Syneresis

The Susceptibility of yogurt to syneresis was determined
using drainage method (Hassan et al. 1996). The test was
performed at 6 °C. Yogurt was transferred into a funnel fitted
with a 120 mesh stainless steel screen. The volume of the
collected whey over 2 h was measured.
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Firmness

An Instron Universal Testing Machine (Instron model 1440,
UK) was used to determine textural property of yogurts. For
textural analysis, samples were prepared in plastic containers
of 7.5 cm diameter. The ratio of yogurt container diameter to
diameter of probe was 3:1. Firmness was determined by
performing a penetration test with a 24.5 mm cylindrical
probe. Force distance curves were obtained operating at 6 °C
and at a constant speed of 2 mm/s until 35 mm of sample was
penetrated. The maximum required force was recorded inmN.
Textural analyses were carried out at 1, 7, 14, 21 and 28 days
after yogurt production.

Apparent viscosity

Apparent viscosity of the homogenized samples was mea-
sured using a Brookfield viscometer (Brookfield viscometer
DVII, USA) with a spindle no.4 and 3 rpm rotation speed at
6 °C. Results recorded in centipoises (cP) after 50 s of
shearing.

Determination of phytosterol and survey of its distribution
state in enriched yogurt preparation of standard solution

Stock solutions of phytosterol (β-sitosterol, stigmasterol,
campsterol, brassicasterol) were prepared in ethanol at con-
centration of 2 mg/ml. The temperature of solutions was
maintained between 2 and 8 °C in a refrigerator.

Samples were prepared as described by Santos et al.
(2007). Enriched yogurt samples were homogenized using a
manual homogenizer. Ten ml of each sample were centrifuged
at 4,000 rpm for 5 min and 100 μl of supernatant was used as
the sample aliquots. Subsequently, 1.5 ml KOH solution
(2.5 M in 90 % ethanol) was added and the saponification
procedure occurred at 60 °C for 90 min. After saponification,
the unsaponifiable fraction (at top of vessel) was extracted
with 1 ml of n-hexane. Then, 250 μl of n-hexane was trans-
ferred to a derivatization vial and was evaporated through a
nitrogen stream at 60 °C. The dry residue was derivatized with
50 μl of N, O-Bis (trimethylsilyl) trifluoroacetamide with 1 %
Trimethylchlorosilane [BSTFA: TMCS (99:1)] at 60 °C for
30 min.

Gas chromatography

In this study phytosterols was determined using an HP-5MS
column (30 m×0.25 mm internal diameter (i.d.)×0.25 μm
film thickness), (6890N, USA) via injection in split mode
with 1/20 ratio, in 1 min, with 1.0 μl of the derivatized sample
at an injection temperature of 250 °C. Total flow was 63.5 ml/
min in which columns flow was 1.5 ml/min. Nitrogen was

used as mobile phase at a pressure of 3.240 bars at the head of
the column. The column initial temperature (200 °C) was kept
for 1 min and then increased gradually 20 °C/min up to
300 °C. This temperature was maintained for 10 min. The
detector temperature was set at 280 °C. In this study, 3
samples from different parts of yogurt (bottom, middle and
surface) were prepared for injection to GC. Stock solution of
phytosterol (2 mg/mL) was used as standard. Results were
evaluated comparing between the obtained ratios of the stan-
dard curve and peak areas of each chromatogram.

Sensory evaluation

Consumer acceptability of yogurts was studied after 14 days
of storage at 4 °C. A panel consisting of 12 members (6
female, 6 male) ages 25 to 45-year old, evaluated the yogurt
samples presented in coded cups in individual booths at room
temperature. They had to score texture, appearance, flavor and
overall acceptability on a 9-point hedonic scale, 1 = the least,
the lowest; 9 = the most, the highest (Tamjidi et al. 2012).

Statistical analysis

All statistical analyses were performed using SAS version 9.0
(SAS Institute Inc., Cary, NC). An ANOVAwas applied using
the general linear models procedure to determine significant
differences among the samples. Mean values were compared
using Fisher’s Least Significant Difference (LSD) procedure.
All experiments were performed in triplicates.

Results and discussion

Physicochemical properties of yogurt samples

Titratable acidity and pH

Table 1 shows, pH values of enriched and control yogurt
during storage. Result indicated a significant difference be-
tween the pH values of enriched and control yogurt during
storage. pH of samples was significantly affected by the
addition of 1.5 % (w/v) phytosterol compared to the control
during storage. However, the pH yogurt decreased significant-
ly during storage time, and the TA significantly increased
(Table 1). TA of both enriched and control yogurt samples
following 4 h of fermentation (Fig. 1) increased from 0.14 to
0.66 and from 0.16 to 0.73 % lactic acid, respectively. TA of
enriched yogurt was increased significantly until day 21 after
production, but in the case of control yogurt, TAwas increased
significantly until day 14 and between 14th to 21th days the
differences in TA was not significant. Nevertheless, TA of
enriched yogurt was significantly (P<0.05) lower than the
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control (Table 1). Lower TA in enriched yogurt, may be due to
addition of O/W emulsion (fat) in enriched yogurt. Bonczar
et al. (2002) reported that fat content of milk affected TA, pH
and content of free fatty acids of plain and probiotic yogurts.
TA of samples which containing high percentage of fat was
lower than those samples containing lower percentage of fat
and vice versa. Shaker et al. (2000) surveyed the rheological
properties of yogurts at four levels of fat content during
fermentation and they concluded that by increasing of fat,
acid production by starter cultures is decreased.

Syneresis

Syneresis is an important physical test of yogurt quality.
Syneresis is related to the instability of the gel network and
its poor ability to entrap all the serum phase (Lucey and Singh
1998). Results of syneresis of yogurts during 28 days storage
at 4 °C are shown in Table 1. Syneresis of control and enriched
yogurts decreased during storage.

Enriched yogurt had lower syneresis comparing to the
control yogurt during storage (P<0.05). Lower syneresis in

enriched yogurt was because of higher total solids (TS) and
interactions between fat globules and gel network. Lucey and
Singh (1998) reported that syneresis can be prevented by
increasing the TS of milk in set yogurt. The change of syner-
esis in control and enriched yogurt almost was similar. Our
results show that syneresis increased until day 7 and then
decreased for both enriched and control samples. It has been
reported by Supavititpatana et al. (2010) that the syneresis of
set yogurt increases during 21 days storage, but Sahan et al.
(2008) reported that addition of β-glucan to non-fat yogurt
decreases syneresis and this factor value for both plain and β-
glucan-added yogurt samples decreases during 15 days stor-
age. Barrantes et al. (1996) also reported that syneresis in set-
type natural yogurt containing different oils decreased during
storage time.

Firmness

The firmness of yogurts is critical in establishing consumer
preference. The most important textural characteristics of
yogurt are firmness and the ability to retain water. These two
properties are closely related to gel microstructure. Yogurt
firmness was measured during storage and the results are
presented in Table 1. Firmness of enriched yogurt was higher
than control that indicates adding of O/Wemulsion positively
affects texture of yogurt. Higher TS content of enriched yo-
gurts forms strong casein-casein bonds therefore, homoge-
nized fat globules are covered with casein, facilitating
protein-protein interactions. Fat becomes trapped within this
protein network that increased firmness of enriched yogurts.
Aziznia et al. (2008) reported that reduction of firmness was
due to the reduction of fat content. Interactions among emul-
sifier, soy oil droplets and casein micelles help participation of
the components in gel network. Therefore, firmness of
enriched yogurt was higher compared to the control.
Tamime et al. (1991) reported that the difference in the

Table 1 Rheological and physical characteristics of yogurt during 28 days of storage at 4 °C

Yogurt sample Storage time (day) pH TA (Lactic acid %) Syneresis (ml) Firmness (mN) Apparent viscosity (cP) Fat (%)

Enriched 1 4.69±0.01a 0.71±0.01g 24.12f 52.5f 27,400d

7 4.58±0.02c 0.78±0.01f 32.52c 55c 30,200bc

14 4.47±0.01d 0.81±0.01e 25.32e 60b 31,400bc 0.93a

21 4.38±0.01e 0.87±0.00cd 23.41f 75a 30,900c

28 4.29±0.02f 0.90±0.01c 21.65g 52.5e 29,500d

Control 1 4.59±0.01b 0.79±0.01f 35b 49.5e 31,200bc

7 4.52±0.02d 0.86±0.01d 44a 53.5d 34,500a

14 4.40±0.01e 0.92±0.01b 35b 60b 33,000b 0.43b

21 4.32±0.00f 0.95±0.01b 32.5c 55c 32,500bc

28 4.18±0.01g 0.97±0.01a 30.88d 44g 32,200bc

Different superscripts in the same column are significantly different (P<0.05) with LSD test

Data given in the table is Mean±SD of three replicates

Fig. 1 Change of acidity of enriched (black triangle) and control yogurt
(black diamond) during fermentation. Each observation is a mean±SD of
three replicates
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firmness of yogurts could be attributed to the protein matrix
structure of the gel.

Firmness of control yogurt increased until day 14 of storage
and then it decreased (P<0.05). Although, in the case of
enriched yogurt, the firmness increased until day 21 of storage
to its maximum amount (75 mN). It has been reported by
Torre et al. (2003) that in set-style yogurt, firmness decreases
during storage, but Sahan et al. (2008) and Serra et al. (2009)
reported that yogurt firmness increases during storage. In
addition, Barrantes et al. (1996) reported that the firmness in
set-type natural yogurt containing different oils content in-
creased until day 8, but remained relatively constant thereafter.

Apparent viscosity

Apparent viscosity is affected by the strength and number of
bonds between casein micelles in yogurt, as well as their
structure and spatial distribution (Lucey and Singh 1998).
Table 1 shows apparent viscosity of yogurt samples during
28 days storage at 4 °C. As it is seen in this table, the apparent
viscosity of enriched yogurts is lower than the control. This is
because yogurt is a gel/matrix of casein micelles with
entrapped water. Adding phytosterol emulsion may interrupt
the gel structure of the enriched sample. Apparent viscosity of
enriched yogurt increased until day 14 and then decreased but
apparent viscosity of control yogurt increased until day 7 and
then decreased. It was reported that the apparent viscosity of
yogurt during storage time decreases (Lee et al. 2007;
Supavititpatana et al. 2010), while Sahan et al. (2008) reported
that apparent viscosity can increase over time due to the
rearrangement of protein and protein-protein contacts.

Distribution state of phytosterol in enriched yogurt

Figure 2 shows chromatogram of standard solution, peak
identification left to right: Brasicasterol, stigmasterol,
campesterol and β-sitosterol. Results of phytosterols distribu-
tion indicates that the distribution of phytosterol at different
parts of one sample was not homogenous. It was found that
the maximum content of phytosterols was at the lower part of
samples and on the surface layer phytosterols content was
lower comparing the middle and bottom layer (Table 2). The
cause of sedimentation of phytosterol related to high density
of these components that move down during early stage of
incubation. At this step, viscosity of inoculated milk was low
and based on Stokes’ law the separation rate is inversely
related to the viscosity of samples.

Sensory evaluation

The average sensory scores of all panelists are shown in
Table 3. The sensory results showed that there were no statis-
tically significant difference in the texture, appearance, flavor
and overall acceptability of the yogurt samples (P>0.05). The
panelists could not identify the differences in these character-
istics between yogurt with phytosterol from the control.

Conclusion

The current study was designed to develop enriched yogurt
with phytosterol and to evaluate the effects of adding

Fig. 2 Chromatograms of
standard solution (Peak
identification right to left:
Brasicasterol, stigmasterol,
campesterol and β- sitosterol)

Table 2 Phytosterol content and distribution of enriched yogurt (surface,
middle and bottom of enriched yogurt) injected to GC

Enriched yogurt sample Area %

Surface 25.005±0.07

Middle 26.96±0.02

Bottom 26.98±0.05

Data given in the table is Mean±SD of three replicates

Table 3 Sensory scores of enriched and control yogurt samples

Yogurt sample Texture Appearance Flavor Overall liking

Enriched 7.25±1.05a 6.92±1.00a 6.33±1.23a 7.08±1.50a

Control 6.83±0.94a 6.50±1.17a 6.58±1.24a 6.67±1.07a

Means (n=12) followed by different letters in the same column are
significantly different (P<0:05; LSD test). (9-most desirable, 1-least
desirable)

Data given in the table is Mean±SD of three replicates
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phytosterol on rheological and physicochemical characteris-
tics of the final product during storage. Results obtained from
physicochemical properties show that enriched yogurt had
lower syneresis, higher firmness and lower apparent viscosity
compare to control yogurt. Distribution of phytosterols in the
samples was not homogenous and phytosterols tends to be
sedimented or be in the lower layer of samples. Sensory
analyses indicated that there was no significant difference
between control and enriched yogurt (P>0.05).
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