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ABSTRACT

This study investigated the effects of adding short-chain and long-chain inulins on
the growth of Lactobacillus rhamnosus and the physicochemical and sensory prop-
erties (appearance, structure-texture, odor and taste) of probiotic yogurt during
cold storage. The inulin-supplemented yogurt batches were compared with
control batches of unsupplemented yogurt and L. rhamnosus-inoculated yogurt.
The inulins were incorporated at 2% w/w in the yogurt mixtures that were inocu-
lated with L. rhamnosus and mixed cultures of Streptococcus thermophilus and
L. delbrueckii ssp. bulgaricus. The contents of organic acids (lactic, citric, acetic,
propionic, formic and butyric) profile were determined using high-performance
liquid chromatography. The results indicated that the viability of L. rhamnosus
(6.71 log10 cfu/g) in probiotic yogurt was enhanced by the presence of short-chain
inulin (RSI). Consequently, yogurt with short-chain inulin (RSI) received higher
scores for odor, taste and overall acceptance than did yogurt containing long-chain
inulin (RLI). However, the chain lengths of the inulins did not significantly affect
the consistency, product appearance or the organic acid profile.

PRACTICAL APPLICATIONS

Inulin is a natural component of some fruits and vegetables and widely used in
functional foods for its nutritional benefits. In addition to its health promoting
properties, as a dietetic fibre and as a prebiotic ingredient inulin has technological
properties, as a low-calorie sweetener, fat substitute and texture modifier. Inulin
also promotes healthy probiotic bacteria grown in the colon and enhances calcium
absorption and immune functions. This study provided information on the effects
of short-chain and long-chain inulin on the properties of probiotic yogurt con-
taining Lactobacillus rhamnosus.

INTRODUCTION

An increasing interest in functional dairy products that have
a positive effect on human health and nutrition has devel-
oped recently. Probiotics can be defined as living microor-
ganisms that have proven beneficial effects on the health of
the host and that improve the intestinal microbial balance
and also reduce disease risk and symptoms (Salminen et al.
1999; Sip and Grajek 2010). Probiotics have been used
for the treatment of various types of diarrhea (Wullt et al.
2003; Szymanski et al. 2006), hepatic encephalopathy
(Ozcan-Yilsay and Yilmaz 2007), urogenital infections
(Reid et al. 2003) and gastrointestinal diseases such as
Crohn’s disease (Bousvaros et al. 2005) and pouchitis
(Kuehbacher et al. 2006; Gionchetti et al. 2012). Moreover,

the positive effects associated with probiotics include anti-
hypertensive and anti-tumor activities, cholesterol reduc-
tion, improvement of lactose tolerance and stimulation of
the immune system (Rastall et al. 2000; Roberfroid 2000;
Beylot 2005).

Lactic acid bacteria, including Lactobacilli, Streptococci,
Lactococci and Bifidobacteria, are the most common bacte-
rial species considered as potential probiotics (Lin 2003;
Ranadheera et al. 2010). Lactobacillus rhamnosus and the
human-derived L. rhamnosus GG, which is one of the
widely used commercial probiotic strains with recognized
health benefits, are frequently used in infant’s formulas and
children’s food because of their preventive and curative
effects on diarrhea, dental caries and allergies (Marteau
et al. 2001; Szajewska et al. 2001; Canbulat and Ozcan
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2007). Mixtures of probiotics and prebiotics, which favor-
ably modify the gut flora and its metabolism by increasing
the survival of probiotic bacteria, are described as synbiotics
(Bharti et al. 2012). Several authors have suggested that a
concentration of 106–109 viable cells/g of a functional food
product is the minimum necessary to for its ingestion to
have a beneficial effect (Schrezenmeier and de Vrese 2001;
Ouwehand et al. 2002).

Inulin is a prebiotic food ingredient that increases the
activity of L. rhamnosus, increases calcium absorption and
is a good source of fermentable dietary fiber. Various in
vitro and in vivo studies have shown that a diet supple-
mented with inulin stimulates the growth of probiotic bac-
teria in the intestine. Inulin is found in many vegetable
products, among which chicory roots are considered the
most suitable for industrial applications (Schneeman 1999;
Flamm et al. 2001; Paseephol et al. 2008). The properties of
inulin are linked to the degree of polymerization (DP). The
naturally occurring inulins have fructose polymerization
degrees varying from 2 to >60 units. Long-chain inulins
(DP between 23 und 25 units) are thermally more stable,
less soluble and more viscous than are the short-chain
inulins (average DP of 11 units; Moerman et al. 2004; Wada
et al. 2005). The DP of inulin and the probiotic bacteria
strain affect the growth and viability of probiotic cultures in
probiotic fermented dairy products that contain inulin
(Gibson and Wang 1994; Kaur and Gupta 2002). Moreover,
inulin can mimic fat in water-based foods such as dairy
products when used to replace fat, providing a fat-like
mouthfeel and texture (Izzo and Franck 1998; Zimeri and
Kokini 2003). Inulin provides the health benefits that are
normally associated with dietary fiber; namely, it aids the
digestion of high-protein diets, decreases fat absorption,
provides roughage and thereby prevents constipation while
helping the body eliminate toxins, remains in the digestive
tract and thereby provides a sense of fullness without extra
calories, lowers the levels of cholesterol and triglycerides in
the blood, facilitates the control of blood glucose for diabet-
ics, and decreases the incidence of colon cancer (Williams
1999; Causey et al. 2000; Franck 2002).

The viability of probiotic bacteria in dairy products con-
taining inulin and the impact of inulin on their chemical,
textural and sensorial characteristics have been examined
(Hardi and Slacanac 2000; Dello Staffolo et al. 2004; Guven
et al. 2005; Akin and Kirmaci 2007; Aryana et al. 2007;
Paseephol 2008; Mazloomi et al. 2011). However, informa-
tion on the effect of inulin on the growth of L. rhamnosus
during storage is very limited (Sadek et al. 2004). Therefore,
the objectives of this study were to determine the effects of
inulins of various chain lengths (short and long) on the sur-
vival of L. rhamnosus during yogurt fermentation and on
the physicochemical and sensory characteristics of fat-free
plain yogurt during 28 days storage.

MATERIALS AND METHODS

Materials

Milk and Inulins. Fresh standardized, pasteurized, nonfat
milk samples were procured from the Sutas dairy plant
(Bursa, Turkey). Inulin, long-chain inulin with a DP (>23
fructose or glucose units) and short-chain inulin with a DP
of 8, all with a purity of 99.5, were supplied by Sensus
(Roosendaal, Netherlands).

Starter Cultures and Probiotic Strains. The starter
cultures used for direct vat inoculation were (Chr. Hansen,
Copenhagen, Denmark): YFL-702, containing Streptococcus
thermophilus and L. delbrueckii subsp. bulgaricus and FRO
(Danisco, Niebull, Germany), containing L. rhamnosus. The
working cultures were prepared by activating the frozen cul-
tures. Sufficient amounts of the pure spray-dried strains
were weighed to obtain initial counts of 8 log10 colony-
forming units (cfu)/g.

Precultures were prepared by dissolving each of the dried
cultures in 25 mL of reconstituted sterilized skim milk
(10.7% [w/v] total solids) that had been tempered at 42C
for 15 min. Afterwards, the rehydrated S. thermophilus and
L. delbrueckii ssp. bulgaricus starter culture was used for the
production of a control yogurt, as described by (Ozcan et al.
2008), and for a co-culture of the rehydrated yogurt starter
culture mixed with a single rehydrated strain of
L. rhamnosus. To facilitate the activation of L. rhamnosus,
0.05% L-Cys-HCl was added to diminish the oxidation-
reduction potential of the medium. The L. rhamnosus cul-
tures were incubated at 40 ± 1C for 18 h under anaerobic
conditions in an Anaerogen Anaerobic System (Oxoid,
Basingstoke, U.K.; Tharmaraj and Shah 2003). The amount
of inoculum necessary to provide approximately 6 or
7 log10/cfu in the probiotic yogurt was calculated.

Yogurt Manufacture. The set style yogurts were pro-
duced in the pilot dairy plant of the Sutas Co. (Bursa,
Turkey). The fat content of the raw milk was analyzed using
a Gerber instrument (Gerber Instruments AG, Effretikon,
Sweden) and standardized to 0 ± 003% ratio of fat and 12%
w/v of nonfat dry matter. The inulins (2% w/v) were dis-
solved and mixed in cold milk (5C) using a staff mixer
(6,000 rpm). The four different fat-free yogurt products
produced per day were probiotic yogurt batches containing
short-chain inulin (RSI) or long-chain inulin (RLI),
unsupplemented yogurt (C) and yogurt containing
L. rhamnosus (R). The milk mixtures were homogenized
(20 MPa, 60C) and then heated at 90C for 10 min and
cooled to 40C prior to inoculation with the bacterial cul-
tures. The control milk was inoculated with 2% (wt/wt) of
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the working culture. The other milk samples were inocu-
lated with a probiotic single culture (FRO, containing
L. rhamnosus) or YFL-702 culture containing a mixture of
S. thermophilus and L. delbrueckii subsp. bulgaricus at a 1:1
ratio. The samples were incubated at 40C until pH 4.7 was
reached and then they were transferred to 4C. Three trials of
each type of yogurt were conducted.

Analyses

Enumeration of Microorganisms. The number of
viable probiotic bacteria in the yogurt prepared with the
mixed culture was enumerated after 1, 7, 14, 21 and 28 days
of storage at <10C. Samples (1 mL) were added to 9 mL of
sterile peptone diluent (0.1 g/L; Merck, Darmstadt,
Germany) and appropriate dilutions were prepared. Enu-
meration was conducted using the pour plate technique on
Lactobacilli MRS pH 6.2 agar (Merck; acidified to pH 6.8
with 1 M HCl) plus vancomycin (MRS V), as previously
described (Tharmaraj and Shah 2003). The vancomycin
stock solution (100 mg vancomycin hydrochloride/5 mL of
distilled water [Sigma, St. Louis, MO]) was filter-sterilized
(Millipore Corp., Bedford, MA) and 50 μL of this stock
solution was added to 100 mL of melted sterile MRS agar
just before pouring the plates (at 40C). The number of
viable L. rhamnosus in the probiotic yogurt was enumerated
after anaerobic incubation at 37C for 72 h. Anaerobic con-
ditions were created using Anaerogen (Oxoid). The colonies
on plates containing 20 to 200 colonies were counted and
the counts were expressed as log10 cfu/g of the yogurt
product. The selectivity of the growth conditions was con-
firmed by microscopic examination.

Kinetics of Acidification. The pH of the samples was
monitored during the fermentation period and during 28
days of storage at +4C using a pH meter (Model 691,
Metrohm AG, Herisau, Switzerland). The titratable acidity
of the probiotic yogurts was determined according to AOAC
methods No. 947.05 (AOAC 2000). The titratable acidity
was calculated based on lactic acid being the predominant
acid and was expressed as g of lactic acid/100 mL of
product. The temperature of the samples was 25C for these
analyses.

Physicochemical Analysis. Syneresis (released whey)
was measured by placing a 25-g yogurt sample on a cheese
cloth placed on top of a funnel. After 2 h of drainage at
+4C, the volume of whey collected in a graduated cylinder
was measured and used as the index of syneresis. Syneresis
(%) was expressed as the volume of drained whey (mL)/
25 g of sample (Wacher-Rodarte et al. 1993). The consis-
tency of yogurts was determined at +4C using a Bostwick

consistometer (CSC Scientific Company, Seoul, Korea) from
the distance (cm) rum during 30 s in the consistometer
(Cavallini and Rossi 2009).

Organic Acid Profile. The organic acid contents in the
probiotic yogurt that was stored for 28 days were deter-
mined by high-performance liquid chromatography
(HPLC) using the technique described by Bevilacqua and
Califano (1989) and Akalin et al. (2002).

Sample Preparation. Seven mL of sample was added to
40 mL of buffer-acetonitrile mobile phase (0.5% [w/v]
(NH4)2HPO4 [0.038 M] – 0.4% [v/v] acetonitrile
[0.049 M], adjusted to pH 2.24 with H3PO4), extracted for
1 h in an orbital shaker and centrifuged at 6,000 × g for
5 min, according to a modification of the method of
Bevilacqua and Califano (1989). The supernatant was col-
lected and filtered once through Whatman no. 1 filter paper,
twice through a 0.45-μm membrane filter, and then used
directly for the HPLC analysis. Triplicate analyses were per-
formed on all the samples.

HPLC Analysis. A Jasco liquid chromatograph (Dionex
ICS 3000, LC-900 Series, Dionex Corp., Sunnyvale, CA)
equipped with a model H-980-01 holder that accepts
Rheodyne valves, a 7124 injector fitted with a 20-μL sample
loop, a Jasco PU-980 solvent delivery system, and an ICS
series UV-visible/variable wavelength detector (Dionex
VWD). The detector was set at 210 nm. The operating con-
ditions used were the following: mobile phase, aqueous
0.5% (w/v) (NH4)2HPO4 (0.038 M) – 0.2% (v/v) acetoni-
trile (0.049 M) adjusted to pH 2.24 with H3PO4; flow rate,
0.6 mL/min; ambient column temperature; and chart speed,
0.8 cm/min. A reversed-phase Acclaim Organic Acid
(250 × 4 mm) column (Dionex Corp.) was used. The
mobile phase was prepared with analytical grade
(NH4)2HPO4 dissolved in distilled water and HPLC-grade
acetonitrile and H3PO4. HPLC-grade reagents were used as
standards (Sigma Chemical Co.). The solvents were
degassed under vacuum. Both the solvents and the stan-
dards solutions were filtered through 0.45-μm membrane
filter (Sartorious SM 11606).

Quantification was based on the external standard
method (Bevilacqua and Califano 1989). The percent recov-
ery was determined with three replicates of yogurt samples
by adding a known amount of each organic acid standard to
the 7-g sample during extraction. The amounts added were
approximately 50% of the actual concentration of the
samples. All determinations were performed using three
separate extracts of each sample and each was injected in
duplicate.

The organic acid standards were prepared in the mobile
phase solution, and the chromatograph was calibrated using
these standard solutions. The peaks obtained from the
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samples were identified by comparison of their retention
times with those of the standard compounds and the rela-
tive percentage of each organic acid was calculated from the
peak area. The concentration of each organic acid (lactic,
citric, acetic, propionic, formic and butyric acids) in the
product was then determined. The method was tested using
a yogurt matrix and then validated by determining the
recoveries of organic acids from the yogurt samples. High
yields of all of the components were obtained.

Sensory Analysis. The sensory evaluation of the yogurt
samples throughout the 28 days of cold storage was con-
ducted by 11 members of an expert panel from food engi-
neering laboratory who were trained in examining dairy
products using the method of Martin-Diana et al. (2003) as
modified by Dello Staffolo et al. (2004).

The appearance, structure-texture, odor, taste and overall
acceptability of the samples were scored on a hedonic scale
of 1 to 5 (1 = unacceptable and 5 = excellent). Sample
defects and descriptors such as acid, sweet, bitter, acetalde-
hyde taste, milky, creamy, grainy, off-flavor, ropy and gritty
texture, whey syneresis, and lumpiness were recorded
(Cheng 2010). The samples were provided to the panelists
in plastic cups coded with three-digit random numbers.
Water was provided to the panelists for rinsing their palates
between testing samples.

Statistical Analysis. The data from each experiment
were analyzed by an analysis of variance using SAS software
(2004) and the differences observed among the treatments
were determined by the Fisher’s least significant difference
(LSD) test at P < 0.01.

RESULTS AND DISCUSSION

Cell Viability

The viability of L. rhamnosus in the probiotic yogurt pre-
pared in this study was enhanced by using short-chain
inulin during storage. Supplementation with inulin with an
increased DP led to a decreased rate of consumption of
inulin by L. rhamnosus. The presence of long-chain inulin
did not enhance the viability L. rhamnosus bacteria during
yogurt storage as much as short-chain inulin (Fig. 1). In
general, probiotics are added to food as adjunct cultures in
concentrations of 107–108 cfu/mL or /g and do not partici-
pate in the fermentative process and their concentration
does not change during the development of the product. As
for the starter bacteria, they can reach a concentration of
between 108 and 109 cfu/mL or /g at the end of the fermen-
tative process. However, the content of viable probiotic
microorganisms decreases during storage and the rate of
this loss depends on the type of yogurt and whether a lactic
starter culture was used (Vinderola et al. 2002; Vinderola
and Reinheimer 2003). Therefore, it has been suggested that
fermented dairy products require probiotic bacteria at a
concentration of at least 107 cfu/mL to have healthful effects
on the gastrointestinal tract when the products are con-
sumed (Ouwehand and Salminen 1998). The minimum
levels should be present for probiotic bacteria in yoghurt
ranging from 105 to 106 cfu/mL (Gueimonde et al. 2004).
Even though there is no worldwide agreement on viability
of probiotics in food products, the values 106 cfu and 107–
108 cfu/mL or /g are the minimum and the satisfactory

FIG. 1. VIABILITY OF LACTOBACILLUS
RHAMNOSUS IN PROBIOTIC YOGURT
DURING STORAGE
R: yogurt containing Lb. rhamnosus, RSI:
yogurt containing Lb. rhamnosus and
short chain inulin, RLI: yogurt containing
Lb. rhamnosus and long chain inulin.
Means of triplicates; error bars indicate
SD. a-c bars with different letters are
significantly different (P < 0.01).
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levels generally accepted respectively (Vinderola et al. 2000).
The viability of L. rhamnosus increased as the storage
time increased and was higher in yogurt containing
short-chain inulin throughout the experimental period
(Fig. 1; P < 0.01). At 1, 7, 14, 21 and 28 days of refrigerated
storage, the yogurts contained stable viable populations
of L. rhamnosus (at least 106–7 cfu/mL when the products
are consumed). The growth of L. rhamnosus was initially
slower in yogurt containing long-chain inulin (6.65 log10

cfu/g) than in yogurt containing short-chain inulin
(6.71 log10 cfu/g). This was expected because most
L. rhamnosus strains do not grow well in yogurt containing
inulin with a high DP.

Increasing the viability of probiotic bacteria during fer-
mentation or refrigerated storage by adding inulin has been
reported (Akin and Kirmaci 2007). Concentrations of 1.5%
inulin (w/v) were found to be sufficient to stimulate growth
and retain the viability of probiotic microorganisms in
yogurt (Aryana and McGrew 2007; Aryana et al. 2007).
Wada et al. (2005) reported a marked difference in the
polydispersity of inulins based on their chain lengths, with
the ability of long-chain inulin lower than that of short-
chain inulin. Sadek et al. (2004) reported that the viability
of lactic acid bacteria in fermented milk was increased by
the presence of inulin and L. acidophilus and L. rhamnosus
growth was enhanced by 2% inulin.

Acidity Measurements

The mean pH and titratable acidity values of the stored
products are presented in Table 1. There was no significant
difference between the pH values of the probiotic and
control yogurts during storage (P > 0.01). An increased
titratable acidity was observed in the probiotic yogurt con-
taining short-chain inulin. The titratable acidity of yogurt
containing short-chain inulin (RSI) (1.14 ± 0.01% La) was
higher than that of yogurt containing long-chain inulin
(RLI) or yogurt containing L. rhamnosus (R; 1.13 ± 0.01%
La; P < 0.01). These results might be explained by the differ-
ential viability of L. rhamnosus in these yogurts. The titrat-
able acidity was increased and the pH values were decreased
on the 28th day of storage (data not shown). The effect of
inulin on the physicochemical characteristics of fermented
products has been reported. Hardi and Slacanac (2000)
reported that the rate of pH decrease of fermented milk
products was increased by the presence of inulin and the
type of starter culture during storage. However, Guven et al.
(2005) reported that inulin did not affect the pH, titratable
acidity or acetaldehyde content of fat-free yogurt and Dello
Staffolo et al. 2004) found that yogurt containing inulin had
a stable pH, similar to that of other fiber-containing yogurts
during storage. TA
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Physicochemical Properties

The physical attributes of yogurts, including the lack of
visible whey separation and perceived viscosity, are crucial
aspects of the quality and overall consumer acceptance of
yogurts (Lucey and Singh 1998). Thus, the texture of the
yogurt is an important sensory attribute influencing its
acceptability. The viscosity measurements obtained using a
consistometer, in which flowing a longer distance indicates
lower viscosity, are shown in Table 1. The consistency of
yogurts supplemented with inulin were lower than that
of the control (C) yogurt and yogurt prepared with
L. rhamnosus (R; P < 0.01) throughout the storage period.
The syneresis (released whey) values were increased by the
addition of short-chain inulin, as was the titratable acidity,
indicating that the yogurt gel network was comparatively
weaker than that of the other yogurts (Table 1).

The results of this study showed that yogurts supple-
mented with short- or long-chain inulins were character-
ized by lower values of consistency than those of yogurts
lacking them. However, storage had a much more signifi-
cant effect on the syneresis and consistency of the probiotic
yogurt (P < 0.01). On the 28th day of storage, these values
were significantly higher than before storage. The amount
of syneresis was significantly lower during 14 days of
storage compared with 28 days of storage (data not shown).
This may be explained by the decrease in pH that occurs
during storage (Kosikowski 1982), which may have caused
the casein micelle matrix to contract, causing more whey-
off. Kip et al. (2006) explained that inulin might become
part of the protein structural network formed during fer-
mentation by complexing with protein aggregates. These
results are in agreement with those reported by Aryana et al.
(2007) and Mazloomi et al. (2011), who found that yogurt
containing long-chain inulin (HP) had less syneresis than a
control yogurt because of the high water-holding capacity
of inulin.

Paseephol et al. (2008) reported that the long polysaccha-
ride chain of inulin might be dispersed among the casein
micelles, interfering with the formation of the protein
matrix and therefore responsible for the gel being softer.
Studies have shown a reduction of syneresis and enhance-
ment of the textural properties of yogurt from the addition
of the inulin. Franck (2002) reported that inulin forms a
particle gel network of insoluble sub-micron crystalline par-
ticles in the aqueous phase. Moreover, the utility of long-
chain inulin as a fat substitute is thought to be related to its
ability to form micro-crystals that interact with each other
to form small aggregates. These aggregates encapsulate a
great amount of water, increasing whey-off and creating a
smooth and creamy texture (Bot et al. 2004). Ipsen et al.
(2001) reported that use of an increasing amount of inulin
in yogurt manufacture resulted in a gradual coarsening of

the acid-induced protein network, increased syneresis and
increased permeability. Bozanic et al. (2001, 2002) found
that the firmness of fermented goat and cow milks and
yogurts were improved by the addition of inulin. Ibrahim
et al. (2004) reported that the viscosity and curd tension of
set fermented milk were increased by supplementation with
inulin and that syneresis during storage was decreased.
Hassan et al. (1999) reported that the highest curd tension
and the lowest amount of syneresis in yogurt occurred with
the use of inulin and galactomannan in a 1:1 ratio.

Lactic acid and other organic acids in fermented dairy
products play an important role as natural preservatives and
contribute to the characteristic sensory properties of the
product (Fernandez-Garcia et al. 1998; Adhikari et al.
2002). Table 1 shows the evolution of organic acids in
yogurt made with inulins of different chain lengths. The
mean concentration of organic acids, such as lactic, citric
and formic acid, was increased by the addition of inulin to
the probiotic yogurt with L. rhamnosus. The lactic acid con-
tents of the yogurt samples on day 28 varied between 10.82
and 11.62 mg/g. Neither acetic (<0.042) and nor propionic
acid (<0.024 mg/g) were detected in the yogurt samples.
Lactic, citric, formic and butyric acids were steadily pro-
duced during fermentation. The results showed that the
chain lengths of the inulins did not have much effect on the
organic acid profile. Chen et al. (2004) found that the con-
centrations of organic acids in yogurt could be increased by
increasing the activity and viability of the probiotics by
adding prebiotics to the milk to be used for the manufac-
ture of the yogurt. The chain length of prebiotics affected
various attributes. Biomass and the production of lactate
and acetate were greater when the substrate contained
mostly shorter chain fructo-oligosaccharides instead of
medium- or long-chain fructo-oligosaccharides because the
shorter chain compounds were the first to be consumed by
Bifidobacteria. The predominantly long-chain structure of
inulins ensures long fermentation times in the colon.
(Perrin et al. 2002; Vereyken et al. 2003). There is not much
report available on the organic acid profile of yogurt with
L. rhamnosus. More data are thus needed to explain the
organic acid production of L. rhamnosus and probiotics in
mixed cultures with yogurt strains.

Sensory Properties

Sensory tests of textural attributes that support the firm-
ness, viscosity and creaminess properties of the yogurt
samples were performed. The results of the sensory evalua-
tion are summarized in Table 2. No significant effect of
inulin on appearance was observed. However, significant
differences were observed between the sensory evaluations
regarding the structure and texture, odor, taste and overall
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acceptability of the samples (P < 0.01). For overall accept-
ability, the sensory scores of the yogurt containing short-
chain inulin and the yogurt containing L. rhamnosus were
higher than those of the yogurt containing long-chain
inulin and the control yogurt. In addition, the panelists
indicated that RSI yogurt had “slight sweetness” and RLI
yogurt had creamy and a fat-like mouthfeel. These results
indicate that the addition of L. rhamnosus did not signifi-
cantly inhibit the conversion of lactose to lactic acid via
standard yogurt bacteria and thus did not have an effect on
the flavor of the yogurt. Yogurt flavor is mainly influenced
by the presence of lactic acid and other flavor compounds
produced by lactic acid bacteria during the acid fermenta-
tion (Hekmat and Reid 2006).

Aryana et al. (2007) reported no significant effect of inulin
chain length on the viscosity, color and product appearance
of fat-free yogurt; but better sensory properties of yogurt
containing medium- and long-chain inulin. Dello Staffolo
et al. (2004) found that the yogurt containing inulin main-
tained a stable color during storage. Seydim et al. (2005)
found that yogurts containing inulin had a good flavor and a
smooth texture. Hassan et al. (1999) stated that the organo-
leptic properties of yogurt containing inulin were comparable
with the organoleptic properties of yogurt prepared with
commercial stabilizers, whereas Guven et al. (2005) found
that the organoleptic quality of yogurt decreased with the
increase in the inulin concentration.

CONCLUSION

The effects of inulins of different chain lengths on the
physicochemical and sensory properties of yogurt were
investigated. The results indicate that the addition of inulin
as a prebiotic ingredient to the yogurt led to a remarkable
increase in the viability of the probiotic strain L. rhamnosus
during storage. Adding short-chain inulin resulted in
improved probiotic viability and stability compared with
adding long-chain inulin. Syneresis was increased by the

addition of short-chain inulin, with higher titratable acidity
but also higher flavor and taste scores compared with yogurt
containing long-chain inulin. The increased DP of the
inulin led to a decreased rate of consumption of inulin by
L. rhamnosus. However, the chain lengths of the inulins did
not affect the consistency or appearance of the yogurts. The
presence of long-chain inulin did not enhance the viability
L. rhamnosus bacteria during yogurt storage as much as did
short-chain inulin Therefore, the use of long-chain inulin is
not recommended to improve the viability of the probiotic
strain or the sensory properties of yogurt. The presence of
prebiotics in yogurt containing L. rhamnosus has a benefi-
cial effect on its healthfulness. However, it is not known
whether the chain lengths of the prebiotics affect the health-
ful characteristics of fat-free plain yogurts containing
L. rhamnosus.
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