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Abstract The effect of a prebiotic (fructooligosaccha-
rides) or a synbiotic components (prebiotic and probiotic)
on the viability, proteolysis and antioxidant properties of
probiotic and synbiotic yogurt during 28 days of storage at
4 °C has been investigated. Yogurt starters in conjunction
with either probiotic bacteria Lactobacillus plantarum CFR
2194, Lactobacillus fermentum CFR 2192 and/or fruc-
tooligosaccharides (FOS) were used for yogurt preparation.
Titratable acidity and pH of all yogurt samples followed a
similar pattern of increase or decrease during storage.
Proteolysis in synbiotic yogurts was found to be signifi-
cantly (P < 0.05) higher in comparison with that of con-
trol. The addition of prebiotics had no effect
(P = 0.17888) on the viability of yogurt starters during
cold storage. No observable changes in the viability of
probiotic cultures in probiotic groups. However, supple-
mentation of FOS affected the growth significantly
(P < 0.05) in promoting the growth of L. plantarum and L.
fermentum. Antioxidant activities, the index of nutritional
value of yogurt, were monitored. Results showed that the
DPPH-radical-scavenging activity (85 %) in synbiotic
yogurt containing L. plantarum and FOS was significantly
higher (P < 0.05) in comparison with that of control yogurt
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(72 %). Total phenolics and the ferric reducing power were
highest in synbiotic yogurts in comparison with that of
other test samples during the entire period of storage.
Addition of selected probiotics with FOS thus resulted in
an improved functionality of yogurt.
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Introduction

Continued efforts are being made to improve the health
status of human by modulating the intestinal microbiota
using live microbial adjuncts, probiotics. Probiotic organ-
isms require a vehicle to reach the site of action, the gas-
trointestinal (GI) tract of the human body. The vehicle is
generally a food product, which contains these live bacte-
ria. The products should have a good shelf-life and should
have a cell count more than 10° cfu/mL till the end of
storage. The product should also go through the harsh
conditions of gastric acid and bile salts before it reaches the
GI tract. Scientific evidence suggests that probiotic bacteria
consumed at a level of 10°—10"" cfu/day can decrease the
incidence and severity of some intestinal disorders [41]. In
the current market scenario, dairy products such as yogurt,
fermented milk and cheese dominate the probiotic food
sector.

A variety of fermented milk products are produced
throughout the world, among which yogurt (or yoghurt) is
most popular. The worldwide production of fermented milk
products probably exceeds 20 million tones [16]. The
popularity of fermented milks is due at least in part to
various health claims and therapeutic benefits that have
been associated with some of these products. It is generally
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assumed that consumption of probiotic yogurt should be
more than 100 g/day containing more than 10° cfu/mL
[32]. In the past two decades, there has been a significant
increase in the popularity of yogurt emphasizing the
incorporation of Lactobacillus acidophilus, Lactobacillus
casei, Bifidobacterium animalis ssp. lactis and Bifidobac-
terium longum ssp. longum [29, 36]. The conventional
yogurt starter bacteria Lactobacillus delbrueckii ssp. bul-
garicus and Streptococcus thermophilus lack the ability of
surviving the passage through the GI tract and conse-
quently do not play a role in the human gut. Many studies
suggest that consumption of synbiotic products has a
greater beneficial effect on the human health than probiotic
or prebiotic products [14, 15, 31, 34]. A combination of
probiotic and prebiotic in a single food is shown to improve
the survival of probiotic bacteria during the storage of the
product and also during the passage along the intestinal
tract. Moreover, the synbiotic product may allow an effi-
cient implantation of probiotic bacteria in the colon,
because prebiotic has a stimulating effect on the growth
and/or activities of the exogenous and the endogenous
bacteria [31]. In synbiotic fermented milks, the strains of L.
acidophilus, L. casei and Bifidobacterium ssp. (B. animalis,
B. bifidum, B. breve, B. infantis and B. longum) are widely
used as probiotic, whereas fructooligosaccharides, galac-
tooligosaccharides, lactulose, inulin-derived products etc.
are widely used as prebiotics [17, 39].

L. plantarum CFR 2194 and L. fermentum CFR 2192 used
in the present study are isolates from kanjika, a rice-based
ayurvedic fermented food product [30]. The organisms under
study has shown some of the important probiotic properties
like acid and bile tolerance, ability for the production of
vitamin B, and significant antagonistic activity against the
intestinal pathogen like Escherichia coli, Listeria monocyt-
ogens and Salmonella [23, 24]. Besides the probiotic prop-
erties, the antioxidative ability of lactic acid bacteria,
including yogurt starters, has been reported [19, 20, 22]. The
antioxidative activity of some Lactobacillus strains used as
food components and probiotics may have a substantial
impact on human health [22, 28]. To assess such possibili-
ties, the present study focuses on the characterization and
antioxidative functionality of probiotic and synbiotic yogurt
samples during refrigerated storage for 28 days.

Materials and Methods

Microorganisms and Culture Conditions

The standard starters namely S. thermophilus (ST)
ATCC19258 and L. delbrueckii ssp. bulgaricus (LB) CFR

2028 along with probiotic L. plantarum (LP) CFR 2194
and L. fermentum (LF) CFR 2192, isolated from kanjika,

[23, 24, 30] were used for the yogurt preparation. The
cultures were stored at —60 °C in de Man-Rogosa Sharpe
(MRS) broth (Hi-media, India), supplemented with 40 %
(v/v) glycerol as a cryoprotectant. Prior to use, the cultures
[1 % (v/v)] were transferred to MRS broth: LB was incu-
bated at 40 °C and ST, LP and LF were incubated at 37 °C
for 12 h. The active cultures after two successive transfers
were further inoculated [1 % (v/v)] to 10 mL aliquots of
reconstituted skim milk medium (RSM) supplemented with
glucose (2 %), yeast extract (1 %) and incubated for 4-6 h
at 37 °C before inoculation into milk. Fructooligosaccha-
rides (FOS) of 70°B [containing 90-93 % (w/w) FOS] was
used for the preparation of synbiotic yogurt.

Yogurt Preparation and Storage

Fresh, pasteurized milk containing 3 % fat collected from
local market was used for the preparation of yogurt. The
milk was preheated to 63 °C for 30 min, at which stage the
FOS (1 g/100 mL) was added, followed by cooling to
40 °C before inoculation. The milk was divided into 3
groups and 5 different portions (Table 1), and 100 mL of
same was poured into each of the polystyrene cups under
aseptic conditions. This was followed by inoculation with
ST (7.92 log cfu ml™"), LB (7.38 log cfu mlI™ "), LP (7.51
log cfu ml_l) and LF (7.42 log cfu ml_l), each at 1 %
(v/v). The preparation was mixed thoroughly and kept for
incubation at 40 °C for 6-8 h. After incubation, yogurt
samples were stored at 4 °C for 28 days. Samples were
drawn at weekly intervals up to fourth week.

Determination of Viability

The colony counts of LB, ST were determined as described
elsewhere [10, 37]. The viability of ST and LB was
determined using M17 agar medium (Hi-media, India)
(aerobic incubation at 37 °C for 48 h) and reinforced
clostridia agar (RCA) (Hi-media, India) (anaerobic incu-
bation at 42 °C for 48 h), respectively. LP was enumerated
on Lactobacillus plantarum selective medium (LPSM),
under anaerobic incubation at 37 °C for 48 h [5]. LF was
enumerated on Columbia Agar Base (CAB) (Hi-media,
India) at pH 5.1, supplemented with 0.5 g cysteine, 5 g
raffinose, 2 g Li—Cl and 3 g sodium propionate per litter
[7]. Plates were incubated at 37 °C for 48 h under anaer-
obic conditions.

Chemical Analyses
The pH values of yogurt samples were measured using a
pH meter (Fisher Scientific, model 955, India). Titratable

acidity (TA) was determined by titration with 0.1 N NaOH
solution and expressed as percent lactic acid [2]. TA and
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Table 1 Preparation of probiotic, prebiotic and synbiotic yogurt samples

Groups Combination of organism (1 % v/v) and cell concentration, log cfum]™'
Probiotic A S. thermophilus ATCC19258 (7.92) + L. delbrueckii ssp. bulgaricus CFR2028 (7.38) + L. plantarum CFR2194 (7.51)
yogurt B S. thermophilus ATCC19258 (7.92) + L. delbrueckii ssp. bulgaricus CFR2028 (7.38) + L. fermentum CFR 2192 (7.42)
Synbiotic C 8. thermophilus ATCC19258 (7.92) + L. delbrueckii ssp. bulgaricus CFR2028 (7.38) + L. plantarum CFR2194
yogurt (7.51) + 1 % (w/v) fructooligosacharides
D S. thermophilus ATCC19258 (7.92) + L. delbrueckii ssp. bulgaricus CFR2028 (7.38) + L. fermentum CFR 2192
(7.42) + fructooligosacharides 1 % (w/v)
Regular RC 8. thermophilus ATCC19258 (7.92) + L. delbrueckii ssp. bulgaricus CFR2028 (7.38)
control

pH were measured on a weekly basis during storage of
yogurt samples.

Texture Analysis

The gel strength of yogurt samples was determined at
4-6 °C by penetration measurements (Stevens-L.F.R.A.
Texture Analyser, CNS Farnell, Borechamwood, UK). The
instrument was adjusted to the following conditions:
cylindrical probe, probe area 5.07 cm?; penetration speed,
1.0 mm/s; penetration distance, 20 mm into surface. Gel
strength was determined in triplicate and expressed as
N/ecm? of probe area.

Color Analysis

The color values of yogurt samples were measured using a
Hunter Lab color measuring system (Lab scan XE, Hunter
Ass. Lab, Virginia, USA), using the L*, a*, b* color
scheme. The L*, a*, b* values represent brightness/dark-
ness, green/red and yellow/blue, respectively [18]. The
operating conditions were illuminant D65 and 10° obser-
ver. An average of 5 values was taken per replication. The
values represent an average of three readings.

Determination of Proteolytic Activity

The extent of proteolysis was determined by measuring the
liberated amino acids and peptides using the o-phthaldial-
dehyde (OPA) method of Leclerc et al. [21] with some
modifications. Yogurt samples (2.50 mL) were mixed with
trichloroacetic acid (0.75 %; 5 mL), and the mixture was
filtered using a filter paper (Whatman No. 1). To the per-
meate (150 pL), OPA reagent (3 mL) was added and the
absorbance of the solution was measured spectrophoto-
metrically (UV-1601, Shimadzu Corporation, Japan) at
340 nm after 2 min at room temperature (28 & 2 °C). The
proteolytic activity of these bacterial cultures was expres-
sed as the free amino groups measured at 340 nm as a
difference in absorbance between probiotic, synbiotic and
control batches.
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Antioxidant Activity Assay
Measurement of DPPH Free Radical-Scavenging Activity

The antioxidant activity of each yogurt sample was deter-
mined as the ability of the extract to scavenge 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radicals. A 0.1 mM
DPPH radical solution in 95 % ethanol was prepared.
Ethanolic DPPH solution (800 pL) was mixed with 0.2 mL
of yogurt sample or 95 % ethanol (control), vortexed well
and incubated for 30 min at RT (28 £ 2 °C). The samples
were centrifuged for 5 min at 13,000 rpm at RT, and the
absorbance of samples was measured spectrophotometri-
cally at 517 nm. The antioxidant activity was expressed as
percentage (%) DPPH scavenging = [(control absor-
bance — sample absorbance)/(control absorbance) x 100].

Determination of Total Phenolics

The method of Zheng and Wang [40] was used for the
determination of total phenolic compounds in yogurt
samples using Folin—Ciocalteu reagent (FCR) and gallic
acid as standard. The sample (0.1 mL) was mixed with
0.9 mL of distilled water and was incubated for 2 h at room
temperature (28 + 2 °C) in a shaking water bath. To this,
FCR reagent (1 mL) (1:2 dilution) and 10 % Na,COj;
(2 mL) were added. The mixture was centrifuged at
20,000x g for 20 min, and the supernatant was decanted
and filtered through filter paper (Whatman No. 1). The
absorbance of the clear supernatant solution was measured
at 765 nm. Experiments were carried in triplicates. Results
were expressed as milligrams gallic acid equivalent; (GAE)
mg/100 mL extract.

Measurement of Ferric Reducing Antioxidant Power
(FRAP)

The total antioxidant potential of the sample was deter-
mined by the ferric reducing ability (FRAP assay) as a
measure of the ‘antioxidant power’ [6]. To the freshly
prepared FRAP solution (3 mL), 100 pL of sample was
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added and incubated at 37 °C for 10 min. The absorbance
of reaction mixture was measured at 593 nm. FRAP values
were calculated with reference to a standard curve [ferrous
sulphate (FeSO,7H,0) solutions (0.1-3.0 mM/L)], and
results were expressed as mg Fe>*/100 mL (FRAP value).

Statistical Analysis

The experiments were organized as a randomized blocked
split-plot in time design, exploring the influence of prebi-
otics and time as the main effects. All experiments were
carried out in triplicates. Results were analyzed using the
general linear model (GLM) procedure of the SAS system
[33]. The level of significance is presented at P < 0.05.

Results and Discussion

Effect of FOS on the Antioxidant Properties of Yogurt
Samples

The DPPH-scavenging activity of yogurt samples is shown
in Table 2. The probiotic and synbiotic yogurt samples had
a higher antioxidant potential when compared to control
yogurt. In synbiotic yogurt samples containing L. planta-
rum and L. fermentum, the DPPH radical inhibition was 85
and 82 %, respectively, at day 1 when compared to that of
control sample (72 %) and the values were higher
throughout the storage period. These results indicate that
the metabolic end products of LAB, resulting from the
selective utilization of FOS, might be contributing to the
higher antioxidant potential in comparison with that of
control sample.

Table 2 Scavenging effects of yogurt samples on the 1,1-diphenyl-2-
picrylhydrazyl radical

Samples* Inhibition percentage (%)

Day 1 Day 7 Day 14 Day?21  Day 28
A 82.454 83.1%°4  g4.3%A  g4.4%A g4 4B
B 81.4%0A g7 obA 82.1°%4 82.1%4 82.1%4
C 84.7°A 85.4°A 86.2B 86.2B  g6.2B
D 82.1%4 82.8°4  83.0" 833" 83.0°4
RC 71.2%4 73.5% 74.2%8 75.5%AB 7528

Results presented as a mean (n = 3) & pooled standard error of the
mean (0.014). Different small letter superscripts depict the statistical
difference within a row, P < 0.05 between means for different yogurt
batches. Different capital letter superscripts depict the statistical dif-
ference (P < 0.05) between means for the same yogurt batches at
different time intervals

* Abbreviations are as per Table 1

The total soluble phenolics of the yogurt samples are
presented in Fig. 1. As can be seen from the results, the
total phenolics in the synbiotic yogurt samples (C, D) were
found to be higher (P < 0.05) when compared with that of
control sample. However, the total phenolics decreased
gradually during 1-28 days of storage period. The total
phenolics in control yogurt decreased to 170 mg GAE/
100 mL by 28 days of storage from an initial value of
238 mg GAE/100 mL. The total phenolics in the synbiotic
yogurt samples (C, D) were considerably higher (262 and
258 mg GAE/100 mL), but were also found to decrease to
195 and 191 mg GAE/100 mL, respectively, by 28 days of
storage. The increased total phenolic content in synbiotic
yogurt could be due to the fermentative activity of the
probiotics. The observed values of total phenolics in the
present study are much higher in comparison with an ear-
lier report, where the phenolic content of milk fermented
with L. bulgaricus and L. acidophilus was found to be
9.7 mg/100 mL and 9.5 mg/100 mL, respectively [3]. The
results thus indicate the higher and selective fermentative
ability of the selected probiotics.

The results of FRAP assay are presented in Fig. 2. The
antioxidant power was significantly higher (P < 0.05) in
synbiotic yogurt samples (C, D) and however was found to
decrease from an initial value of 45 and 42 mg Fe*/
100 mL, respectively, from day 1 of storage to 37.3 and
34 mg Fe*™/100 mL by 28 days storage. The antioxidant
power of control yogurt was 35.3 mg Fe?*/100 mL at day
1 of storage then decreased to 26.6 mg Fe**/100 mL by
28 days storage (Fig. 2). A previous study had reported
that the antioxidant power of yogurt supplemented with
10 % date palm syrup was 43.3 — 33.5 mg Fe*™/100 mL at
12 days storage [13]. Significant correlation was observed
between the total phenolics and the antioxidant power
(FRAP assay; r = 0.853). The results are in agreement
with earlier findings by Benzie and Szeto [6].

Viability of Lactic Acid Bacteria During Storage

The viability of yogurt starters and probiotics is presented in
Table 3. The addition of prebiotics in general had no
observable (P = 0.17888) effect on the viability of the
yogurt starters ST and LB, which is in accordance with
earlier report [38]. There were minimal differences in the
viability of ST in all batches; however, the slight increase
observed during storage was insignificant (P > 0.05). The
viable cell counts of LB declined from 7.89 to 6.73 log
cfug™" in control yogurts; however, it was maintained ~7
log cfug™' in probiotic and synbiotic yogurt samples
throughout the storage. There were no observable changes in
the viability of probiotic cultures in probiotic batches.
However, supplementation of FOS resulted in a significant
(P < 0.05) increase in the total count of LP and LF from 9.16
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Fig. 1 Effect of storage time on 310 4
phenolic compound content in
yogurt samples. Error bars
represent a pooled standard
error of the mean,

SEM = 0.02 mg/100 mL. The
significant difference in
different samples when
compared to that of control at
respective time intervals was
analyzed and indicated as

P < 0.05. Abbreviations are as
per Table 1
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Fig. 2 Effect of storage time on
antioxidant power (FRAP
value) of yogurt samples. Error
bars represent a pooled standard
error of the mean,

SEM = 0.03 mg/100 mL. The
significant difference in
different samples when
compared to that of control at
respective time intervals was
analyzed and indicated as

P < 0.05. Abbreviations are as
per Table 1
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and 9.17 log cfug ™' t09.52 and 9.45 log cfug ™', respectively.
The results obtained (Table 3) are in agreement with our
earlier study [25], indicating the ability of selected prebiotics
to stimulate the growth and viability of probiotics. The viable
cell counts of all probiotics by the end of 28 days of storage
were >9 log cfug ™", and thus, the yogurt developed could be
considered as a probiotic product. Addition of FOS could
either act as an additional nutrient or modify the unfavorable
environmental influences, resulting in improved probiotic
viability [11, 25, 26].

Changes in pH and TA

Changes in pH and TA during refrigerated storage of
yogurt samples are shown in Table 4. Both synbiotic
samples with L. plantarum and L. fermentum showed a
significant (P < 0.05) decrease in pH by 14 days of storage
and slight increase with further storage (21 & 28 days of
storage), when compared with that of probiotic and normal
yogurt. The observed change in the pH of the test samples
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7 14 21 28
Storage Time (Days)

during storage was found to be similar to that of synbiotic
low-fat yogurt containing inulin [29]. Synbiotic yogurt
samples showed significant (P < 0.05) increase in TA by
the end of 14 days concomitant with decrease in pH.
Increase in TA was not significant (P > 0.05) with further
storage. From these observations, it could be said that FOS
did not influence the postacidification in yogurts.

The nutritional and physiologic value of the yogurt is
attributed due to the production of lactic acid during the
fermentation process of milk to yogurt. It has been argued
that protein from yogurt is more easily digested than the
protein from milk, as bacterial predigestion of milk pro-
teins in yogurt may occur [35]. Generally, a high TA value
and low pH indicate a higher bacterial activity and an
increased acid production. During fermentation, acid pro-
duction results in finer coagulation of casein, which may
also contribute to the greater protein digestibility [1]. This
argument is supported by evidence of a higher content of
free amino acids, especially proline and glycine, in yogurt
than in milk. Moreover, the acidic pH of yogurt ionizes
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Table 3 Effect of FOS on viability of yogurt starter cultures (L. delbruekii ssp. bulgaricus LB 2028 and S. thermophilus ST 19258) and probiotic

organisms (L. plantarum CFR2194, L. fermentum CFR 2192)

Cultures Samples Period of storage, day (logfug™")
1 7 14 21 28
L. delbruekii ssp. bulgaricus LB 2028
Control batches RC 7.89*4 7464 6.51°A 6.67°4 6.73°4
Probiotic batches A 7.91°4 7.934 8.06°2 8.14"B 8.11%B
B 7.89°A 7.954 8.12PAB 8.17%B 8.15B
Synbiotic batches C 7.93A 8.01°8 8.097AB 8.027AB 7.96°AB
D 7.89°A 7.91%4 7.95%B 7.92%B 7.93%B
S. thermophilus ST 19258
Control batches RC 8.79%A 8.81%A 8.85% 8.86% .78
Probiotic batches A 8.45%A 8.48%A 8.52%4 8.55% 8.49%A
B 8.39%4 8.4434 8.59°4 8.45%4 8.36"*
Synbiotic batches C 8.51%4 8.63%4 8.62%4 8.5974 8.57%4
D 8.50% 8.55% 8.53% 8.4974 8.45%
L. plantarum CFR2194
Probiotic batches A 8.43%4 8.13%4 7.67°4 7.93%04 8.32%4
Synbiotic batches C 9.16° 9.45%8 9,558 9.56"8 9.52"8
L. fermentum CFR 2192
Probiotic batches B 7.44%4 7.67*4 7.484 7.33%4 7.03*A
Synbiotic batches D 9.17°® 9.23%B 9.30® 9.31°® 9.45%B
SEM 0.24

* Results presented as a mean (n = 3) & pooled standard error of the mean (0.243). Different small letter superscripts depict the statistical
difference within a row, P < 0.05. Different capital letter superscripts depict the statistical difference (P < 0.05) between means for the same

strain at different storage intervals

* Abbreviations are as per Table 1

Table 4 Changes in pH and titratable acidity (TA; percentage lactic acid) of yogurt samples during storage

Storage, Days pH TA (%)

A B C D RC A B C D RC
1 4.6 4.59*A 454 4,524 4,624 0.73* 0.74* 0.76°* 0.75%4 0.7%4
7 45284 45324 4.42%°8 4.44°8 4.57% 0.78*4 0.76* 0.784 0.78%A 0.75%
14 4.45%AB 4.49°8 43548 4.38°AB 4.52%8 0.79*4 0.77* 0.84°4 0.81%°4 0.77%4
21 44828 4.51%4 4.393C 4.41°AB 4.54%4 0.81%4 0.79%4 0.85%°B 0.8254 0.78%4
28 4,504 4.53%4 4.42%8 4.44%8 4.57% 0.83%8 0.81% 0.862°AB 0.84%4 0.79%4

Results presented as a mean (n = 3) & pooled standard error of the mean (0.036). Different small letter superscripts depict the statistical
difference within a row, P < 0.05 between means for different yogurt batches. Different capital letter superscripts depict the statistical difference
(P < 0.05) between means for the same yogurt batches at different time intervals

* Abbreviations are as per Table 1

calcium and thus facilitates intestinal calcium uptake [4].
The low pH of yogurt also may reduce the inhibitory effect
of dietary phytic acid on calcium bioavailability [1].

Changes in Extent of Proteolysis
During fermentation, milk proteins are hydrolyzed by

extracellular proteinases produced by lactic acid bacteria
(LAB) and would result in an increase in the amount of free

amino groups [8]. Proteolytic activity of mixed culture
supplemented with prebiotic FOS during prolonged cold
storage was estimated by the determination of free amino
groups using the OPA method (Fig. 3). The extent of
proteolysis was similar in probiotic and synbiotic samples
until day 14. Thereafter, it was higher (P < 0.05) in syn-
biotic samples than in probiotic samples. Donkor et al. [12]
observed an improvement of proteolytic activity in yogurt
samples by probiotic organisms in presence of selected
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Fig. 3 Changes in extent of p 1
proteolysis (Asz4p) in control, 18- mA as

probiotic and synbiotic yogurt
samples stored at 4 °C for

1.6

28 days. Error bars represent a 14

pooled standard error of the 1.21

mean, SEM = 0.02 Abszs0nm. 17
0.8 1

Values were significantly
different when compared to
control sample at P < 0.05.
Abbreviations of samples are as
per Table 1
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Proteolytic activity, Abs 345nm
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prebiotics. Hence, the enhancement of the liberation of
peptides and amino acids is related to the proteolytic
activity of potential probiotic lactobacilli, which is
improved in the presence of FOS. Over the storage period
of 28 days, the probiotic and synbiotic yogurt samples
showed continued increase in extent of proteolysis being
significant (P < 0.05) at day 7, 14, 21 and 28 for synbiotic
sample, whereas for probiotic the changes were significant
at day 7 and 14. There was a significant difference
(P < 0.05) in proteolytic activity between the control
yogurt and the probiotic and synbiotic yogurt samples; this
is a further indication of the proteolytic activity of the
probiotic organisms. Ramchandran and Shah [29] observed
significantly higher proteolysis in synbiotic low-fat yogurt
containing inulin as a prebiotic.

Changes in Gel Strength and Color

The gel strength of the yogurt samples is presented in
Online Resource 1. The yogurt samples showed an increase
in gel strength of up to 0.54 N/cm?® for probiotic yogurt
samples and up to 0.65 N/cm? for synbiotic yogurt samples
(Online Resource 1). This suggests that supplementation of
milk with FOS could result in increased firmness, agreeing
in line with the studies by Oliveira et al. [27], wherein they
have supplemented milk with inulin. According to Damin
et al. [9], firmness in commercial brands of yogurts in
Brazil ranges from 0.32 to 0.79 N at 5 °C. In the case of
control yogurt, the gel strength increased slightly during
the first week of storage at 4-6 °C, while gel strength
increased considerably during the first 2 weeks of storage
in probiotic and synbiotic yogurt samples. A slight yel-
lowness was found in the synbiotic yogurt sample, due to
the presence of FOS (Online Resource 2).

The above results clearly indicate the role of probiotics
and prebiotics, in providing a unique functionality during
yogurt preparation. The supplementation of prebiotic FOS
during the preparation of yogurt resulted improved viabil-
ity of LP and LF during 28 days of storage. The use of
probiotic cultures in conjunction with prebiotics resulted in
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the appreciable proteolytic activity likely improving the
growth of selected probiotics. In addition, the yogurt
samples exhibited higher antioxidant activities in the
presence of FOS and probiotics. There was a good corre-
lation between total phenol content and the FRAP values of
the yogurt samples. The total phenol content and antioxi-
dant capacity were highest in synbiotic yogurt samples.
Higher antioxidant activity could be due to the metabolic
end products of selective utilization of FOS by the
probiotics.
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