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ABSTRACT

Background and Objectives: Probiotic yogurts enriched with Lactobacillus paracasei (L. paracasei), protein hydrolysates
derived from Sargassum angustifolium macroalgae (SAPH), and encapsulated SAPH were formulated to inhibit Streptococ-
cus mutans (S. mutans), the primary bacterium responsible for dental caries.

Materials and Methods: The yogurt samples were evaluated for physicochemical, microbiological, and sensory character-
istics.

Results: On day 21, the yogurt supplemented with L. paracasei demonstrated the greatest titratable acidity (97.35°D), the
lowest pH value (4.24), reduced syneresis, and enhanced antioxidant, antihypertensive, and rheological properties. In terms
of antibacterial activity, the lowest S. mutans count was detected in formulations containing free SAPH, either alone or in
combination with L. paracasei. Conversely, yogurts formulated with encapsulated SAPH exhibited higher survival rates of
both L. paracasei and S. mutans compared to those containing the free form of SAPH.

Conclusion: The findings indicated that although the probiotic yogurt containing free SAPH was more effective in reducing
S. mutans levels within the yogurt matrix, the encapsulated form achieved an acceptable level of antibacterial activity while
contributing to improved sensory acceptance.
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AFUNCTIONAL YOGURT FOR TEETH DECAY PREVENTION

INTRODUCTION

Development of innovative functional and
health-promoting foods have received great attention
primarily due to the well-documented therapeutic
effects of bioactive compounds (1-3). To improve
shelf life natural and synthetic additives are incor-
porated into the food matrix to prevent chemical
deterioration and microbial spoilage. In this regard,
natural additives are of interest because they prolong
the shelf life without any adverse effect in the body
(4). There are versatile natural additives that can be
used in food formulations (5). For example, herbal
extracts, essential oils, bioactive peptides, probiotics,
and some biopolymers have shown several function-
al properties (6).

Peptides are produced by breaking the covalent
bonds in proteins. Sequences of amino acids deter-
mine their functionality e.g. anti-diabetic, antimicro-
bial, antioxidant, and antihypertension activities in
the laboratory and vital systems (7). Hydrolyzation
of peptide bonds by mineral acids such as HCI is
the most frequent method implemented for produc-
ing peptides from proteins (8). To the contrary, the
hydrolysates produced by enzymatic methods have
predominantly high biological activities. Indeed,
enzymatic hydrolysis is controllable but acid hydro-
lysis may extensively hydrolyze the peptide bonds
through which the biological activity is reduced (9).
Plant-derived protein hydrolysates have demonstrat-
ed considerable potential in the prevention of various
health conditions, including cardiovascular diseases,
diabetes, hypertension and several forms of cancer
(10). In recent years, peptides derived from marine
plants have been studied increasingly due to their
interesting health benefits (11). For example, bacteri-
cidal effects were reported for the bioactive peptides
derived from the protein extracted from Sargassum
angustifolium macroalgae (12).

Bioactivity of peptides depends on the composi-
tion and the sequence of their amino acid, the mo-
lecular weight, and the hydrophobic/hydrophilic
features (13). Addition of bioactive peptides to food
formulations may affect the organoleptic attributes
by reducing the palatability. Moreover, the bioactiv-
ity may be affected by the food matrix and through
passage in the gastrointestinal tract in the presence
of pepsin and trypsin as proteolytic enzymes. There-
fore, it is necessary to protect the bioactive peptides
against harsh conditions in the environment before
their absorption in the intestine (14). This can be
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done by encapsulation by which the bioactive pep-
tides are entrapped within encapsulating agents such
as biopolymers (15, 16). Encapsulation can mask the
bitterness of peptides and reduce further interactions
between the food ingredients (14).

Functional foods with antimicrobial potential can
reduce body infections other than their nutritional
benefits. Tooth decay is one of oral disorders main-
ly occurred by accumulation of microorganisms and
plague formation in the mouth. Streptococcus mu-
tans is part of the normal flora of the mouth and is re-
sponsible for formation of dental caries. It can adhere
to the surface of teeth through synthesis of extra-
cellular polysaccharides by its glucosyltransferase.
Plaque formation, resulting from the accumulation of
a high concentration of S. mutans, initiates tooth de-
mineralization due to the production of organic acids
by the bacteria, ultimately leading to tooth decay and
the onset of dental caries (17). Therefore, inhibiting
the growth of S. mutans effectively prevents the pro-
gression of dental decay. Our recent research demon-
strated that bioactive peptides generated by Alcalase
from the protein extracted from S. angustifolium ex-
hibited significant potential in preventing the growth
of S. mutans (9). Therefore, addition of such bioac-
tive peptides to staple foods in order to control the
mouth microflora is of interest. However, use of en-
capsulated peptides is preferred to mask their unpal-
atable taste in the matrix. In this study, we aimed to
fortify a probiotic yogurt containing Lactobacillus
paracasei with the bioactive peptides derived from
S. angustifolium in two forms: free and encapsulated
in calcium alginate (CaAlg) and chia seed gum exu-
date (CSGE). Subsequently, the functional properties
of the formulation were assessed in the laboratory,
including its ability to suppress angiotensin-I con-
verting enzyme, exert antioxidant effects, and antag-
onize the growth of S. mutans.

The aim of this study was to evaluate the in vi-
tro inhibitory influence of probiotic yogurt, enriched
with L. paracasei and S. angustifolium protein hy-
drolysate, on S. mutans as a potential approach for
preventing tooth decay. Furthermore, the physico-
chemical characteristics including pH, acidity, color,
syneresis, and viscosity of the yogurt were assessed.

MATERIALS AND METHODS

Materials. S. angustifolium macroalgae layer was
collected from Chabahar shores. Alcalase ® 2.4 L
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(> 2.4 Ulg) )Novozymes Co-Denmark), CaAlg (Sig-
ma-Aldrich Co-Germany) and CSGE (from local
market (Tehran, Iran)) were purchased. Lyophilized
cultures of S. mutans (ATCC 25175), L. paracasei
L26 (Cinnagen Co-Tehran, Iran) and DSM (Moore-
bank, Australia) were provided, respectively.

Extraction of algae protein. The algal protein was
extracted through an alkalization-precipitation meth-
od (Jafarirad et al., 2023). S. angustifolium protein
isolate (SAPI) was powdered by freeze-drying and
stored at 4°C until hydrolysis.

Hydrolysis of SAPI. The hydrolysis of SAPI was
performed using an enzymatic procedure, as outlined
by Rezvankhah et al. (13). To denature the protein
structure, a 2% (w/v) protein solution was initially
heated to 90°C (10 min), and then cooled to 35-40°C
(pH 7.0). The enzymatic hydrolysis was carried out
using an enzyme-to-substrate ratio of 2% (w/w). Tem-
perature was set at 60°C and hydrolysis was contin-
ued for 90 min according to the optimum condition
for Alcalase activity (the highest antioxidant and an-
timicrobial potency of the hydrolysates) determined
in our previous study (9). The tempretaure of peptide
solution reached to room temperature and centrifuged
at 15,000%g (20 min) to remove unhydrolyzed protein
residues. The hydrolysates were collected further and
freeze-dried in the laboratory. S. angustifolium pro-
tein hydrolysate (SAPH) was refrigerated.

Encapsulation of SAPH. CaAlg and CSGE were
used for encapsulation of SAPH according to the
methods of Raei et al. (18). For CaAlg encapsulation,
3 g CaAlg was dissolved in 100 mL distilled water,
and stirred vigorously for 10 min. Then, solution of
SAPH (10% wi/v) was prepared at pH 5.5 and stored
overnight in refrigerator to get well-hydrated. Two
solutions were mixed at ratio of 1:10 (SAPH: CaAlg)
and stirred at 2000 rpm for 1 h followed by ultrasound
homogenization under 100 W power for 1 min. The
mixture was poured further into a syringe and added
drop-wise to CaCl, solution (3% w/v). The final mix-
ture was stored at 4°C for 30 minutes. Subsequently,
the resulting microbeads were collected by centrif-
ugation at 6,000xg for 15 minutes and subjected to
freeze-drying. For CSGE encapsulation, 0.1 g of the
extracted gum was dissolved in 100 mL of distilled
water and stirred at 500 rpm for 2 hours to ensure
complete hydration. Then, solution of SAPH (10%
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w/v) was prepared and mixed with CSGE at ratio of
1:10. The mixture was stirred at 800 rpm for 1 h fol-
lowed by sonication at 100 W for 1 min. The formed
microcapsules were separated by centrifugation at
15000xg for 30 min followed by freeze-drying.

Yogurt preparation. Probiotic yogurt was pre-
pared as stated by the protocol outlined by Ghasem-
pour et al. (19). Initially, the total solids content of raw
milk (containing 1.5% fat) was adjusted to 10% (w/v),
followed by pasteurization at 90°C for 5 minutes. Fol-
lowing homogenization, the mixture was cooled to
43°C, after which starter cultures (Lactobacillus del-
brueckii subsp. bulgaricus and Streptococcus ther-
mophilus), along with Lactobacillus paracasei (10°
CFU/mL), were added. Subsequently, free and en-
capsulated forms of SAPH—using calcium alginate
and chia seed gum as encapsulation matrices -were
incorporated into the milk. The inoculated mixture
was then incubated at 43°C until the pH decreased
to 4.7. The yogurt samples were inoculated with S.
mutans (10° CFU/mL) and mixed for 3-5 minutes to
ensure homogenization. Subsequently, 100 g portions
were transferred into packaging containers and stored
at 4°C. The growth of S. mutans was assessed on days
1,7, 14, and 21 of the storage period.

Physiochemical properties of probiotic yogurts.
Titratable acidity of the yogurt samples was measured
by titration with 0.1 N NaOH, using phenolphthalein
as the pH indicator (20). The results were expressed
(°D). The pH of the yogurt samples was measured us-
ing a digital pH meter (Milwaukee Mi 151, Romania).
Syneresis of the samples were determined according
to the method of Ghorbanzade et al. (21). with some
modifications. After centrifugation of yogurt samples
at 2500 xg for 5 min, whey was transferred into a
graduated cylinder. The extent of syneresis was cal-
culated using Equation 2, as detailed below.

Total weight of separated liquid (g)

X 100

is (0 =
SynereSIS ( /0) Total weight of yogurt (g)

Also, samples were analyzed for color parameters,
including redness/greenness (a*), yellowness/blue-
ness (b*), and lightness (L*). The measurements were
conducted using a CR-300 Minolta Colorimeter (Osa-
ka, Japan) (19, 22).

The DPPH radical scavenging activity of the yo-
gurt samples was evaluated based on a procedure
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by Ghasempour et al.with small modification (19).
Solution of 10 g of yogurt in 2.5 mL of water was
homogenized (pH was adjusted to 4.0 using 0.1 M
HCI). After incubatation in a water bath (at 45°C for
10 min), sample was centrifuged at 4 °C at 5,000xg
(10 min) neutralized to pH 7.0 using 0.1 M NaOH,
and sent to second round of centrifugation at 4,000xg
(20 min). For the DPPH assay, 250 pL of the final su-
pernatant was mixed with 3 mL of a 60 mmol/L eth-
anolic DPPH solution and kept in the dark at 25°C for
30 minutes. After incubation, the mixture was cen-
trifuged at 4,000xg (10 min) and the absorbance was
measured at 517 nm. The DPPH radical scavenging
activity was then quantified by Equation 3.
A-.—A

DPPH (%) = ==—= X 100

c
Ac—ap

A, A, and As represent the absorbance values of
b

the blank, the control and the sample respectively.

Ferric reducing antioxidant power (FRAP). To
perform the FRAP assay, a working reagent was
freshly formulated according to the modified meth-
od by Ahmadi et al. (23). The solution consisted of
TPTZ (8 mmol/L), acetate buffer (300 mmol/L), and
FeCls (20 mmol/L), combined in a volumetric ratio of
1:10:1 (viviv). A 250 pL aliquot of yogurt extract was
mixed with 3 mL of the FRAP reagent and incubated
(at 37°C for 10 min). The absorbance was measured
at 593 nm using a spectrophotometer (Perkin Elmer
Lambda-2 UV-Visible Spectrophotometer, Germa-
ny), with distilled water used as a blank. A calibration
curve was constructed using ferrous sulfate solutions
at 1 to 10 mmol/L. The results are expressed as mmol
FeSQ. /g yogurt (24, 25).

Angiotensin converting enzyme (ACE) inhi-
bition. The ACE inhibitory activity of the yogurt
was evaluated based on procedure of Rezvankhah
et al. (8), with slight modifications. To prepare the
reaction mixture, a basic solution was first made by
adding HEPES buffer (50 mM) and a zwitterionic
sulfonic acid buffer to a 300 mM NaCl solution (pH
8.3). Subsequently, 250 pL of the solution within the
concentration range of 0.5-2 mg/mL, was combined
with 30 pL of ACE enzyme solution (0.25 units/mL)
and incubated (37°C for 15 min). After incubation,
the produced hippuric acid was extracted using 1
mL of ethyl acetate and centrifuged (at 1200xg for 5
min). The ethyl acetate of supernatant was evaporat-
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ed by boiling. The hippuric acid extract was added
to 1 mL water, and the absorbance was measured at
228 nm using a spectrophotometer. For the control,
the enzyme was mixed with the HEPES-HCI buffer
containing 300 mM NaCl (pH 8.3), but without the
sample. The blank solution served as a reference, rep-
resenting activity in the absence of the enzyme. ACE
inhibition was determined using Equation 4.

ACE inhibition activity (%) = :C':S X 100
el ]

Where, A, A, and A_ are representing the absor-
bance of blank, sample and control, respectively.

Viscosity. Apparent viscosity measurements of the
yogurt samples were conducted using a Brookfield
viscometer (model LVDV-11 + Pro, Brookfield Labo-

ratories, Inc., USA) (19). The experiments were done
at 15°C with spindle no. 63 at 30 rpm for 20 s. The
samples were stirred manually in a clockwise direc-
tion for 60 seconds prior to the test. Apparent viscos-
ity is expressed as centipoise (CP).

Microbial experiments. Viability of L. paracasei
in the yogurts was determined by MRS-vancomycin
agar after 72 h incubation at 37°C under anaerobic
condition. For inoculation, 1 mL of yogurt was add-
ed to 9 mL peptone water 0.1%, and dilution was
continued to reach detectable colonies on the plate
(29).

Survival of S. mutans in the yogurt was checked
in Brain Heart Infusion (BHI) broth at 37°C. Briefly,
100 pL of yogurt was added to 100 pL of BHI broth
and bacterial survivability was monitored during
time by spectrophotometer at 550 nm. Non-inoculat-
ed BHI broth was used as blank (26).

Organoleptic attributes. The sensory characteris-
tics of the functional yogurts were assessed by meth-
od of Rezvankhah et al. (8) with some modifications.
Flavor, texture, odor, color, and overall acceptance
were evaluated by scoring from 1 to 5. The lowest
score and the highest score indicated the worst and
the best characteristics, respectively.

Statistical analysis. The treatments were designed
using the factorial method. The data are expressed
as the mean + standard deviation. Statistical analy-
sis was accomplished using one-way ANOVA, and
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mean comparisons were made using the Duncan test.
A significance level of p < 0.05 was considered. All
experiments were conducted in triplicate.

RESULTS

pH and acidity. The pH and acidity of the yogurt
samples are presented in Table 1. As observed, the pH
of all samples declined, while the acidity increased
during the storage period. The yogurt containing free
SAPH and the probiotic yogurt containing L. paraca-
sei and free SAPH had higher pH than other samples.

Syneresis. The syneresis values of the yogurt sam-
ples are shown in Fig. 1. In our study, whey separa-
tion increased significantly during storage. The yogurt
containing free SAPH had the highest syneresis. The
yogurt containing L. paracasei showed the lowest sy-
neresis.

Color changes. According to Table 2 the incorpora-
tion of SAPH in its free form into the yogurt resulted

Table 1. pH and acidity of yogurt samples

30

Syneresis or whey separation (%)

Day | Day 7 Day 14 Day 21

Storage time (day)

Fig. 1. Syneresis of yogurt samples during 21 days of stor-
age. A: Control yogurt free of L. paracasei and SAPH; B:
Yogurt containing free SAPH; C: Probiotic yogurt con-
taining L. paracasei (10° CFU/mL); D: Probiotic yogurt
containing L. paracasei (10° CFU/mL) and free SAPH; E:
Probiotic yogurt containing L. paracasei (10° CFU/mL) and
SAPH encapsulated by CSGE; F: Probiotic yogurt contain-
ing L. paracasei (10° CFU/mL) and SAPH encapsulated by
CaAlg

pH

Sample Day 1 Day 7 Day 14 Day 21

A 4.66 +0.00* 452 £0.01"® 4.41 £0.01¢ 4.34 £0.01°
B 4.69 +0.00* 4.60 £0.00%® 4.53 £0.01¢ 4.50 £ 0.00%¢
C 4.61 +0.00™ 4.47 £0.01"® 4.32 £0.00¢ 4.24 +0.00%
D 4.68 +£0.01 4.58 £0.01%® 4.51 £0.01¢ 4.48 £0.00%¢
E 4.60 £0.01" 4.51 £ 0.00"® 4.47 £0.00%® 4.41 £0.01%
F 4.61 £ 0.00 4.47 £0.01® 4.41 £0.00¢ 4.37 £0.01b*c

Acidity (°D)

A 72.41 £1.42¢ 82.49 £0.87°¢ 88.96 + 0.92>4 91.65+1.27%
B 71.14 £0.44"° 78.89 £ 0.75% 82.68 + 0.34°® 84.35 + 0.46%
C 75.25 £1.31%® 85.01 £ 0.9%¢ 92.81 +0.22:® 97.35+0.27
D 71.77 £1.08"° 79.44 +£0.70%® 82.48 +1.624 84.06 £ 1.21%
E 75.09 + 0.52:¢ 83.02 £ 0.29%8 84.75 £ 1.08%® 88.33 £1.29%A
F 75.39 £ 0.92%® 85.23 £0.41%¢ 87.29 £ 0.25%® 90.53 £ 0.99*

*Different small letters show significant differences in columns (p < 0.05)

**Different capital letters show significant differences in rows (p < 0.05)

***A: Control yogurt free of L. paracasei and SAPH; B: Yogurt containing free SAPH; C: Probiotic yogurt containing L.
paracasei (10° CFU/mL); D: Probiotic yogurt containing L. paracasei (10° CFU/mL) and free SAPH; E: Probiotic yogurt
containing L. paracasei (10° CFU/mL) and SAPH encapsulated by CSGE; F: Probiotic yogurt containing L. paracasei (10°

CFU/mL) and SAPH encapsulated by CaAlg
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in a decrease in lightness (L*), while blue-yellow (b*)
and the red-green (a*) values increased.

Antioxidant activity. Results of DPPH free radicals
scavenging and FRAP in the samples are illustrated
in Figs. 2a and 2b. According to Fig. 2a, antioxidant
activity of the samples increased significantly during
storage. The highest antioxidant activity was observed
in the probiotic yogurt containing L. paracasei. Addi-
tion of L. paracasei and SAPH especially in encap-
sulated form to yogurt led to increased scavenging of
DPPH free radicals. The increasing trend of antioxi-
dant potency was confirmed by the results of FRAP

(Fig. 2b).
a 100
a
b b cb
"'g'dl' d dc . dd d e
80 4
=
£ 0
<
wy
&
£
B 40 4
=
20 4
o [
Day 1 Day 7 Day 14 Day 21
Storage time (day)
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I "‘
—~ 14| =38 b b bP
< . C a. bgd
5 [ — ) dfd ks
¥ 12| mmmE by
ko [—T: N
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4
=
= 038
g
E
o 064
=
g
E 04
=02
0.0
Day 1 Day 7 Day 14 Day 21

Storage time (day)

Fig. 2. Antioxidant activity of yogurt sample during 21
days of storage, a) DPPH free radical scavenging, b) Fer-
ric Reducing Antioxidant Power (FRAP). A: Control yogurt
free of L. paracasei and SAPH; B: Yogurt containing free
SAPH; C: Probiotic yogurt containing L. paracasei (10°
CFU/mL); D: Probiotic yogurt containing L. paracasei (10°
CFU/mL) and free SAPH; E: Probiotic yogurt containing L.
paracasei (10° CFU/mL) and SAPH encapsulated by CSGE;
F: Probiotic yogurt containing L. paracasei (10° CFU/mL)
and SAPH encapsulated by CaAlg

http://ijm.tums.ac.ir

Antihypertensive potency. According to Fig. 3, the
strongest ACE inhibition was observed in the control
and the probiotic yogurt that included L. paracasei.

Viscosity. Apparent viscosity of the yogurts is pre-
sented in Fig. 4. As seen in the figure, the yogurt with
L. paracasei exhibited the highest viscosity. The low-
est viscosity was obtained for samples B which was
incorporated with free SAPH. Apparent viscosity in
other samples specially those containing free and
encapsulated SAPH was significantly lower than the
probiotic yogurt. As mentioned above, optimum con-
dition for SAPI hydrolysis was used in our study (i.e.,
Alcalase activity at 60°C for 90 min), through which
the highest hydrolysis by producing low molecular
weight peptides occurred.

Microbial growth. Antimicrobial effect of free and
encapsulated SAPH on L. paracasei and S. mutans
growth is depicted in Figs. 5a and 5b, respectively.
During storage, growth of both microorganisms was
significantly decreased (p<0.05). Interestingly, viabil-
ity of S. mutans and L. paracasei in the yogurts con-
taining free SAPH was significantly lower than other
samples which shows the high antibacterial potential
of SAPH.

1600

1400 4

1200

HmgawEs>
=

gaonce

¢ fe
1000 4 s o h = ey I

800 4
600 4

400 4

ACE-inhibitory activity (ng/mL)

200 4

y
Day 1 Day 7 Day 14 Day 21

Storage time (day)

Fig. 3. Angiotensin converting enzyme (ACE) inhibition by
yogurt samples during 21 days of storage. A: Control yo-
gurt free of L. paracasei and SAPH; B: Yogurt containing
free SAPH; C: Probiotic yogurt containing L. paracasei (10°
CFU/mL); D: Probiotic yogurt containing L. paracasei (10°
CFU/mL) and free SAPH; E: Probiotic yogurt containing
L. paracasei (10° CFU/mL) and SAPH encapsulated by
CSGE; F: Probiotic yogurt containing L. paracasei (10°
CFU/mL) and SAPH encapsulated by CaAlg
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200
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Apparent viscosity (CP)
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Day | Day 7 Day 14 Day 21

Storage time (day)

Fig. 4. Apparent viscosity of yogurt samples during 21
days of storage. A: Control yogurt free of L. paracasei and
SAPH; B: Yogurt containing free SAPH; C: Probiotic yogurt
containing L. paracasei (10° CFU/mL); D: Probiotic yogurt
containing L. paracasei (10° CFU/mL) and free SAPH; E:
Probiotic yogurt containing L. paracasei (10° CFU/mL) and
SAPH encapsulated by CSGE; F: Probiotic yogurt contain-
ing L. paracasei (10° CFU/mL) and SAPH encapsulated by
CaAlg

Table 2. Color parameters of yogurt samples

Sample L* a* b*

A 89.49£0.24*° -0.27+0.02" 6.52+0.04e
B 87.90 + 0.36¢ 0.78 £0.05° 8.05 £ 0.03¢
C 89.61+0.48*  -0.04+0.05° 6.48+0.23
D 88.59 £0.14°  0.45+0.02° 7.63 £0.09°
E 88.96 +0.20° 0.35£0.02° 7.87 £0.02°
F 89.12+0.07°  0.12+0.04° 7.17 £0.04¢

*Different small letters show significant differences in col-
umns (p <0.05)

**A: Control yogurt free of L. paracasei and SAPH; B: Yo-
gurt containing free SAPH; C: Probiotic yogurt containing
L. paracasei (10° CFU/mL); D: Probiotic yogurt containing
L. paracasei (10° CFU/mL) and free SAPH; E: Probiotic
yogurt containing L. paracasei (10° CFU/mL) and SAPH
encapsulated by CSGE; F: Probiotic yogurt containing L.
paracasei (10° CFU/mL) and SAPH encapsulated by CaAlg

The highest growth of S. mutans was observed in the
control yogurt while the lowest count was achieved
for the yogurt containing free SAPH. On the other
hand, inoculation of L. paracasei showed a significant
inhibition against S. mutans.

Organoleptic attributes. The sensory attributes,
such as texture, odor, color, flavor, and overall accep-
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9.5

9.0 4

i

L. paracasei count (log CFU/mL)
=

8.5 4

8.0 4

7.0 4
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Day 1 Day 7 Day 14 Day 21

Storage time (day)

TCOW>

S. mutans count (CFU/mL)
i

Day 1 Day 7 Day 14 Day 21

Storage time (day)

Fig. 5. Viability of L. paracasei and S. mutans in yogurt
samples during 21 days of storage. A: Control yogurt free of
L. paracasei and SAPH; B: Yogurt containing free SAPH;
C: Probiotic yogurt containing L. paracasei (10° CFU/mL);
D: Probiotic yogurt containing L. paracasei (10° CFU/mL)
and free SAPH; E: Probiotic yogurt containing L. paracasei
(10° CFU/mL) and SAPH encapsulated by CSGE; F: Pro-
biotic yogurt containing L. paracasei (10° CFU/mL) and
SAPH encapsulated by CaAlg

tance, were evaluated and the results are presented
in Table 3. Accordingly, the highest score of flavor
was achieved for the probiotic yogurt fortified with
CaAlg-SAPH, while the lowest score was achieved
for the yogurt containing free SAPH. The lower score
was achieved by addition of free SAPH to the sim-
ple and probiotic yogurts. Naturally, yogurt is white
and thick, and other colors give artificial feeling to the
consumer. Regarding odor, no significant differences
were observed between the samples. The lowest score
of texture was observed in the yogurt fortified with
free SAPH. It might be associated with the high sy-
neresis of this sample (Fig. 1). The highest score of
overall acceptance was given by the panelists to the
probiotic yogurts fortified with encapsulated SAPH
in both CaAlg and CSGE. No significant difference
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Table 3. Sensory scores of yogurt samples

Samples Flavor Color Odor Texture Overall acceptance
A 490 £0.31° 5.00 £ 0.00° 4.60 £0.51° 4.30 £0.48° 4.50 £ 0.52°
B 4.10£0.31° 4.70 £0.08 4.80 £0.42° 3.60 £0.51° 3.90£0.31°
Cc 4.60 £0.51° 5.00 £ 0.00° 4.80 £0.42° 4.50 £ 0.52° 4.50 £0.52a
D 4.30 £0.48° 4.70 £0.08 4.70 £0.48° 4.20 £0.42¢ 410 £0.31*
E 4.90 £0.31° 5.00 £ 0.00° 4.50 £0.52¢ 4.60 £0.51° 4.60 £0.51°
F 5.00 £ 0.00° 5.00 £ 0.00° 4.80 £0.42¢ 4.50 £0.52¢ 4.70 £0.48°

*Different small letters show significantdifferences in columns (p < 0.05)

**A: Control yogurt free of L. paracasei and SAPH; B: Yogurt containing free SAPH; C: Probiotic yogurt containing L.
paracasei (10° CFU/mL); D: Probiotic yogurt containing L. paracasei (10° CFU/mL) and free SAPH; E: Probiotic yogurt
containing L. paracasei (10° CFU/mL) and SAPH encapsulated by CSGE; F: Probiotic yogurt containing L. paracasei (10°

CFU/mL) and SAPH encapsulated by CaAlg

was found in the overall acceptance between the pro-
biotic yogurts fortified with free and encapsulated
SAPH.

DISCUSSION

During fermentation of all samples pH decreased,
while acidity increased over the storage period, due
to lactic acid production. The yogurt containing
free SAPH and the probiotic yogurt containing L.
paracasei and free SAPH had higher pH than other
samples. The increased pH in yogurt fortified with
protein hydrolysates is primarily due to their buff-
ering properties, the existence of basic amino acids,
potential antimicrobial effects, and interactions with
minerals. These factors collectively reduce acidifi-
cation during fermentation, leading to a higher final
pH. It has been reported that the protein hydrolysates
contain peptides and amino acids that enhance the
yogurt’s buffering capacity, making it more resistant
to pH reduction during fermentation. Unlike intact
proteins, hydrolysates exhibit higher solubility and
interact with lactic acid, reducing its impact on low-
ering pH (27). The findings indicate that the incorpo-
ration of protein hydrolysates can impact the fermen-
tation process and the final pH of yogurt, which is
consistent with the findings of this study. Numerous
studies have explored the effect of protein hydroly-
sate supplementation on the pH levels of yogurt. This
was in agreement with the study of Mashayekh et al.
(28). They found that the incorporation of bioactive
peptides into yogurt increased the pH compared to
control during storage. They suggested that a reduc-
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tion in microbial growth leads to an increase in pH,
as there is less organic acid production by the starter
bacteria (28). Similar results were observed for acid-
ity so that the probiotic yogurt containing L. paraca-
sei and the probiotic yogurt containing L. paracasei
and free SAPH had the highest and the lowest acidity
on day 21, respectively. Indeed, addition of probiotics
to yogurt led to production of more acids, but incor-
poration of SAPH in free form reduced acid produc-
tion by inhibition of probiotics and starter bacteria.
The effect of whey protein hydrolysate on the pH
of yogurt was examined by Fang & Guo (29), who
found that the presence of protein hydrolysates re-
sulted in a higher pH compared to the control. Vare-
desara et al. used grape seed protein hydrolysates in
yogurt. The effect of grape seed protein hydrolysate
on yogurt properties showed that the treated yogurt
had higher pH, along with lower acidity compared to
the control sample (30).

Wang et al. described that hydrolysis releases bio-
active peptides, some of which contain basic amino
acids (e.g., lysine, arginine and histidine). These
amino acids can neutralize acids produced during
fermentation, leading to a higher pH compared to
non-enriched yogurts (31). Also Sah et al. report-
ed that hydrolysates may interact with calcium and
phosphate ions in milk, forming complexes that in-
fluence acid-base balance. These interactions can
reduce the availability of free hydrogen ions, stabi-
lizing pH at a higher level (32).

Another investigation focused on fortifying milk-
based yogurt with protein hydrolysates derived from
brewer's spent grain. The findings revealed a notable
decrease in pH during the second hour of fermen-
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tation, potentially attributed to the isoelectric point
of the extract and the pH conditions during the ex-
traction process (33). These studies suggest that the
incorporation of protein hydrolysates can alter the
fermentation dynamics and pH levels of yogurt, po-
tentially due to factors such as buffering capacity,
amino acid composition, and interactions with lactic
acid bacteria.

Syneresis is associated with whey separation and
can be considered as a main problem of dairy prod-
ucts. It can be controlled by incorporation of stabi-
lizers, inoculation of microorganisms producing ex-
opolysaccharides, and exerting appropriate process
conditions. The yogurt containing free SAPH had
the highest syneresis. The yogurt containing L. pa-
racasei showed the lowest syneresis, which was due
to production of exopolysaccharides by the probiotic
a bacterium in the absence of the antibacterial effect
of SAPH. Inclusion of encapsulated SAPH in yogurt
led to decreased syneresis compared to free SAPH.
In fact, encapsulation causes controlled release of
SAPH in the matrix so that activity of probiotic cells
was not affected remarkably. Moreover, it is assumed
that CaAlg and CSGE increased the water-binding
capacity of yogurts. However, acidity is one of the
main parameters affecting the syneresis. In this re-
gard, Mashayekh et al. reported that syneresis of
yogurt increased throughout storage which might be
related to the increasing acidity (27). While yogurts
enriched with Clover Sprout Protein Hydrolyzate
(CPH) and Lactobacillus casei reduced syneresis
during storage (34).

The addition of protein hydrolysates and probiotic
bacteria to yogurt can influence its physicochemical
properties during storage, particularly concerning
syneresis. Incorporating certain protein hydrolysates
may disrupt the casein gel network in yogurt, leading
to increased syneresis (35). Conversely, some hydro-
lysates enhance the hydrophilic properties of yogurt
by increasing protein content, resulting in improved
viscosity and reduced syneresis. The specific impact
depends on the type and concentration of hydrolysate
used (30). Certain probiotic strains produce Exopoly-
saccharide (EPS) during fermentation, which can
improve the water-holding capacity of yogurt and
reduce syneresis. However, the extent of this effect
varies among strains (36). Probiotic bacteria can in-
teract with milk proteins, potentially affecting the gel
structure and water retention properties of yogurt.
These interactions can either mitigate or exacerbate
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syneresis, depending on the specific strains and fer-
mentation conditions (37). In summary, the impact
of adding protein hydrolysates and probiotic bacteria
on yogurt syneresis during storage is multifaceted.
The effects depend on the types and concentrations
of hydrolysates and probiotics used, as well as their
interactions with the yogurt matrix. Careful selec-
tion and optimization of these additives are essential
to minimize syneresis and maintain yogurt quality
during storage (38).

Addition of SAPH in free form to the yogurt led
to reduction of lightness (L*) while blue-yellow (b*)
and red-green (a*) parameters increased. It is clear
that SAPH was derived from the brown alga S. an-
gustifolium. Therefore, it increased the brownness of
the yogurt. Use of probiotics did not have significant
effects on L* and b*, while it increased a* value. En-
capsulation of SAPH caused slight reduction in light-
ness, which could be related to the covering effect of
CSGE and CaAlg. The yogurt containing L. paraca-
sei and CaAlg-SAPH showed the lowest b* among
the samples containing SAPH.

In present study, the observed increase in anti-
oxidant activity over the storage period may be as-
sociated with ongoing enzymatic activity of L. pa-
racasei and starter bacteria in favor of antioxidant
peptides production (13, 39). Furthermore, CaAlg
and CSGE consist of functional groups with strong
reducing power. In agreement with these findings,
Bhatnagar et al. (40) reported that use of L. paraca-
sei in soymilk led to generation of isoflavones and
bioactive peptides with strong antioxidant activity.
Karimi et al. (41) investigated the antioxidant ca-
pacity of bioactive peptides in yogurt and reported
that the antioxidant activity of dough, a traditional
Iranian fermented dairy beverage, increased in re-
sponse to higher concentrations of bioactive pep-
tides. The maximum FRAP value was recorded in
the probiotic yogurt supplemented with L. paraca-
sei. Reduction of ferric ions in the matrix is closely
related to acidity. Indeed, conversion of ferric ions
(Fe3+) to ferrous ions (Fe2+) is increased in acidic
environment. Therefore, addition of L. paracasei to
yogurt led to production of more organic acids and
provided a potent reducing media. The extent of hy-
drolysis, the nature of the protein hydrolysate, and
the selected probiotic strain are key determinants in
modulating these health-promoting effects (34). Re-
cent studies have investigated the impact of adding
probiotic bacteria and protein hydrolysates to yogurt,
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particularly concerning enhancements in antioxidant
properties measured by DPPH radical-scavenging
activity. Incorporating Quinoa protein hydrolysates
(QPH) into yogurt fermented by L. plantarum sig-
nificantly improved the yogurt's antioxidant capac-
ity. Notably, yogurt supplemented with 1% QPH
exhibited a higher DPPH radical-scavenging ability
compared to that with 2% QPH (42). Incorporation of
Grape Seed Protein Hydrolysate (GPH) into stirred
yogurt led to improvements in both physicochemical
characteristics and sensory attributes. GPH produced
using alcalase enzyme demonstrated higher degrees
of hydrolysis and antioxidant properties. Yogurt
fortified with GPH showed increased DPPH radi-
cal-scavenging activity, indicating improved antiox-
idant potential (30). Throughout the storage period,
the enrichment of yogurt with Clover Sprout Protein
Hydrolysate (CPH) enhanced its antioxidant activity,
thereby contributing to the improvement of overall
product quality (34).

ACE contributes to increased blood pressure. It has
been reported that plant-derived peptides show a re-
markable ACE inhibition activity (8). In the study
of Bhatnagar et al., L. paracasei was introduced as
a potential indigenous lactic acid culture with ACE
inhibition activity in soymilk (40). High rate of pro-
teolysis and production of bioactive peptides by pro-
biotics has been reported by Heydari et al. (43). The
authors found that three probiotic strains of Bifido-
bacterium lactis, L. casei and L. acidophilus, were
superior to yogurt common starter cultures in pro-
duction of bioactive peptides (42). As illustrated in
Fig. 3, ACE inhibition by the control and the probi-
otic yogurt containing L. paracasei was higher than
other samples until the end of storage. It might be
due to the antimicrobial effect of SAPH on starter
bacteria and L. paracasei that limited their metab-
olism in the products. Nonetheless, ACE inhibition
was observed in all samples, and the role of the bio-
active peptides is of great importance in this regard.
ACE inhibition by bioactive peptides was reported
by Daza-Rodriguez et al. (44). The authors reported
that several factors such as peptide length, its molec-
ular weight, and hydrophobicity of C-terminal affect
the potency of ACE inhibition (44). Recent studies
have explored the impact of incorporating probiot-
ics and protein hydrolysates into yogurt, particularly
concerning their antihypertensive properties. These
health benefits are predominantly linked to the in-
hibition of angiotensin-converting enzyme (ACE), a
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key regulator in maintaining blood pressure homeo-
stasis (45). Probiotics have been suggested to exert
antihypertensive effects via multiple biological path-
ways, such as modulating vascular oxidative stress,
enhancing the production of short-chain fatty acids,
improving endothelial function, and attenuating in-
flammatory responses. Together, these mechanisms
support the regulation of blood pressure and the
management of hypertension (45). Lactotripeptides
specifically Isoleucine-Proline-Proline (IPP) and
Valine-Proline-Proline (VPP) are bioactive peptides
generated through the enzymatic hydrolysis of milk
proteins, and have been recognized as natural in-
hibitors of angiotensin-converting enzyme (ACE).
Evidence from clinical trials indicates that, when in-
corporated into a balanced diet and healthy lifestyle,
these peptides may contribute to the regulation of
blood pressure (46).

An investigation into the functional properties of
probiotic Greek yogurt (PGY) and its variant supple-
mented with roselle extract (PGYR) demonstrated
notable improvements in antioxidant and antihyper-
tensive activities upon the inclusion of the extract.
Specifically, the antihypertensive potential rose
markedly from 35.68% in PGY to 81.36% in PGYR,
indicating a substantial enhancement. The findings
suggest that fortifying probiotic yogurt with roselle
extract significantly amplifies its blood pressure-low-
ering effects (47).

In summary, the fortification of yogurt with spe-
cific probiotics and protein hydrolysates can enhance
its antihypertensive potential. The effectiveness of
these functional yogurts depends on factors such as
the strains of probiotics used, the types of protein hy-
drolysates incorporated, and their interactions with-
in the yogurt matrix (48).

The greatest apparent viscosity was detected in the
yogurt supplemented with L. paracasei, which could
be attributed to the shear-thickening behavior of the
yogurt matrix, likely resulting from intensified bac-
terial activity and maximal cell proliferation during
fermentation. Bacteria cells produce exopolysaccha-
rides by which the viscosity increases. The lowest
viscosity was obtained for samples B which was
incorporated with free SAPH. Apparent viscosity
in other samples specially those containing free and
encapsulated SAPH was significantly lower than the
probiotic yogurt. Therefore, lower viscosity in the
samples containing SAPH owing to the existence of
short chain peptides was observed compared to the
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samples free of SAPH.

Similar results were obtained with those of other
researchers. Incorporating Quinoa protein hydroly-
sates (QPH) into yogurt fermented by L. plantarum
significantly improved the yogurt's viscosity (42).

S. mutans is one of the main causes in development
of teeth decay. In particular, the yogurt containing
CaAlg-SAPH showed lower inhibition against both
bacteria than the sample fortified with CSGE-SAPH.
It could be due to the more efficient encapsulation by
CaAlg that provided a controlled release of SAPH in
the matrix. Antibacterial effect of bioactive peptides
has been reported by other scientists. Le et al. (49)
stated that growth of L. paracasei was inhibited by
fish gelatin hydrolysates in fermented milk. How-
ever, cell viability is closely related to acidy in the
environment and cell integrity is lost to some extent
under acidic condition during storage (50).

Among all samples, the control yogurt exhibited
the highest proliferation of S. mutans, whereas the
formulation enriched with free SAPH demonstrat-
ed the most pronounced inhibitory effect, resulting
in the lowest bacterial count. The highest growth of
S. mutans was observed in the control yogurt while
the lowest count was achieved for the yogurt con-
taining free SAPH. Our findings are in accordance
with results of Nunpan et al. (51) who studied the
effect of two prebiotics galactooligosaccharides and
fructooligosaccharides on L. acidophilus growth and
inhibition of S. mutans. They found that the growth
rate of S. mutans was significantly decreased in the
presence of L. acidophilus and the prebiotics (51).
Antimicrobial effects of bioactive peptides isolated
from soybean was reported by Mashayekh et al. (28).
Accordingly, addition of soybean bioactive peptides
to yogurt reduced the quantity of Escherichia coli
and Staphylococcus aureus in the samples so that
more bacterial reduction was observed by increas-
ing the concentration of peptides. While Chen et al.,
reaported that incorporating Quinoa protein hydroly-
sates (QPH) into yogurt fermented by L. plantarum
significantly increased the yogurt's bacterial growth
42).

Probiotics, when administered in appropriate
amounts, can benefit the host's health by preventing
dental caries through two primary methods: directly
targeting potential pathogens and indirectly hinder-
ing the ecological pressure that favors pathogen se-
lection (52).

While direct evidence linking protein hydrolysates
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to the prevention of dental caries remains limited,
certain studies have showen the synergistic advan-
tages of synbiotics for oral health. For instance,
prebiotics of glucomannan hydrolysate support the
growth of probiotics while they suppress cariogenic
microorganisms by reducing the incidence of dental
caries (53).

The shelf life and survival of probiotic bacteria are
critical factors in controlling tooth decay. Research
indicates that probiotics can reduce S. mutans levels
in the oral microbiota, thereby decreasing plaque for-
mation and caries development (54). However, their
efficacy depends on their stability and ability to sur-
vive throughout storage and consumption. Previous
studies have demonstrated that probiotic yogurt con-
taining Lactobacillus strains can improve oral health
by producing antimicrobial compounds that inhibit
pathogenic bacteria (55).

When comparing our findings with recent litera-
ture, studies such as the one for Manmontri et al. (56)
confirm that probiotic dairy products significantly
lower S. mutans populations. Another study by Bau-
er et al. (57) reported that marine-derived peptides
have potent antibacterial effects, supporting our
results on the inhibitory action of S. angustifolium
hydrolysates. These findings align with our observa-
tion that free SAPH exhibited greater antimicrobial
properties compared to encapsulated SAPH, which
ensured controlled release while preserving probiotic
viability.

Overall, this study highlights the potential of func-
tional yogurts in oral health applications. Future
clinical trials should be conducted to confirm these
in vitro results and evaluate their impact on long-
term dental health outcomes.

The sensory attributes of yogurt, including texture,
odor, color, flavor, and overall acceptability, were
systematically evaluated. Numerous studies have
explored the impact of probiotics and hydrolysates
on the sensory qualities of yogurt. For instance, one
study focused on the influence of probiotic bacteria
on the sensory traits and microbial contamination of
yogurt. The findings revealed that yogurt samples
fortified with 1% and 2.5% plant extracts exhibited
superior taste, color, and overall acceptability (58).
Similarly, the inclusion of quinoa protein hydroly-
sates notably enhanced bacterial proliferation and
the production of organic acids such as citric and lac-
tic acids, thereby improving the yogurt’s flavor and
overall quality (42). Another investigation assessed
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the effect of adding corn starch and Chavil (Ferulago
angulata) extract to low-fat probiotic yogurt, analyz-
ing both its physicochemical and sensory properties.
The study observed a gradual decline in the senso-
ry scores over time. However, the yogurt containing
0.1% Chavil extract achieved the highest color score,
while the sample with 2% corn starch garnered the
highest ratings for texture, taste, and overall accept-
ability throughout the storage period (59, 60). These
results collectively suggest that the incorporation of
probiotics and hydrolysates can enhance the sensory
characteristics of yogurt (58, 61).

CONCLUSION

Addition of L. paracasei to yogurt increased the
acidity, viscosity, antioxidant potency, and antihy-
pertension activity compared to control. However,
fortification of yogurt with SAPH in free form de-
creased the growth of L. paracasei and S. mutans
in the samples. Encapsulation of SAPH led to con-
trolled release of bioactive peptides by which lower
reduction in population of S. mutans and L. paraca-
sei was observed. Considering the insignificant dif-
ference between overall acceptance of the samples
containing free and encapsulated SAPH, the probi-
otic yogurt fortified with free SAPH was selected as
the best functional yogurt so that the highest loss of
S. mutans and the minimum acceptable count of L.
paracasei (i.e., <108 CFU/mL) was observed in this
sample until the end of storage. It is suggested that
the intake of probiotic yogurt containing L. paraca-
sei and SAPH may play a role in the prevention of
dental decay in individuals. However, the develop-
ment of a clinical trial to further explore this poten-
tial benefit is strongly advised.
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