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including the homofermentative Pediococcus spp. and the 
heterofermentative Lactiplantibacillus plantarum (L. plan-
tarum), are present as a natural microflora on vegetable sur-
faces and offer the opportunity to be evaluated as probiotic 
starter cultures for controlled fermentation (Ahmed et al., 
2021; Basdogan, 2020; Jang et al., 2021; Page & Pérez-
Díaz, 2023).

Probiotics can be taken orally through food formulations. 
As mentioned above, fermented foods have been exten-
sively studied as potential carriers of probiotics. However, 
some of them, e.g., pickles, may not have enough viable 
probiotic cells to be considered a probiotic food, despite 
their potential probiotic content. It is therefore important 
to ensure that probiotics maintain their viability during fer-
mentation or storage when added to foods. Another critical 
challenge in the production of probiotic foods is maintain-
ing cell viability when exposed to gastrointestinal condi-
tions. In this context, probiotics can be microencapsulated 
to increase their viability under challenging conditions. On 

Introduction

Vegetables are considered nutritious, health-promoting and 
disease-preventing foods due to their nutritional and func-
tional properties. Pickling is one of the most common and 
low-cost methods of preserving and supplying vegetables in 
the off-season (Sun et al., 2022). Lactic acid bacteria (LAB) 
predominate in vegetable fermentation. They are highly val-
ued for their probiotic properties. Numerous LAB species, 
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Abstract
This is the first study to produce cucumber pickles using both free and microencapsulated Lactiplantibacillus plantarum 
HL4 and Pediococcus parvulus HL14, and to investigate the probiotic viability, as well as the physicochemical (pH, total 
acidity, salt, and color), bioactive (total phenolic content and antioxidant activity) and sensory properties of the pickles 
during 15 days of fermentation and 9 weeks of storage. L. plantarum HL4 and P. parvulus HL14 were encapsulated with 
sodium alginate (as a coating agent) and inulin (as a prebiotic source) using an extrusion method. The encapsulation 
efficiency of L. plantarum HL4 and P. parvulus HL14 was 95.77 ± 6.21% and 94.94 ± 2.94%, respectively. Both free and 
microencapsulated cells were incorporated into prepared cucumbers at a rate of 1%. Probiotic cucumber pickles kept 
the highest microencapsulated cell count (> 6 log CFU/g) until the fourth week of storage. This study indicated that the 
probiotic survivability in samples can be improved by microencapsulation. During fermentation, the pH and total acidity 
of the samples varied in the range of 3.22–3.97 and 0.19-0.87%, respectively. The antioxidant activity of the samples 
ranged from 4.54 to 18.70% (DPPH) and from 51.92 to 88.06% (ABTS+). The total phenolic content of the samples varied 
between 142.83 and 2465.50 mg GAE/L. Moreover, CP-L (samples fermented with L. plantarum HL4) and CP-P (samples 
fermented with P. parvulus HL14) showed the highest general assessment scores of 6.90 and 6.95 at the end of storage, 
respectively. This study offers the opportunity for food companies to become competitive in one of the most innovative 
research areas in the food sector and to meet the requirements and needs of various consumer groups.
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the other hand, microencapsulation preserves the sensory 
qualities of the food. In this process, sodium alginate is 
widely used as an encapsulation matrix due to its simplicity, 
non-toxicity, low cost, biocompatibility, and acceptability 
(Olivares et al., 2019).

Although, there are few studies on the potential use of 
free probiotic cells in pickles production (Al-Shawi et al., 
2019; Çetin, 2011; Fan et al., 2017), there is no published 
information on the production of probiotic cucumber pick-
les using microencapsulated cells. The hypothesis of this 
study is that probiotic cells can be microencapsulated to 
extend the shelf life of the final product by maintaining cell 
viability. Therefore, the aim of the present study was to pro-
duce probiotic cucumber pickles using microencapsulated 
L. plantarum HL4 and P. parvulus HL14 by extrusion tech-
nique and to assess their viability in cucumber pickles. The 
effects of the probiotics on the physicochemical, bioactive, 
and sensory properties of the pickles during fermentation 
and storage were also studied.

Material and Method

Material

Finding LAB strains that can act as both bioprotectants and 
autochthonous candidates for cucumber fermentation is 
important. Therefore, this study focused on the previously 
characterized potential probiotic strains L. plantarum HL4 
and P. parvulus HL14 (Basdogan, 2020) belonging to the 
culture collection of the Microbiology Research Laboratory 
of the Ege University (Izmir, Türkiye). The probiotics were 
activated twice at 37 °C for 18 h in MRS broth (pH 5.6 ± 0.2, 
Condalab, Spain) with 1% inoculum and subcultured under 
the same conditions before each assay.

Folin–Ciocalteu phenol reagent, ABTS [2,2’-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid], and DPPH 
(1,1-Diphenyl-2-picrylhydrazyl) were purchased from Sigma 
(St. Louis, MO). All other chemicals were of analytical grade.

Fresh cucumbers (Cucumis sativus L.) were purchased 
from a local market in Izmir, Türkiye. They were sorted, 
stripped of their flowers, washed, disinfected with a 10% 
(v/v) vinegar solution for 15 min, and dried under hygienic 
conditions to avoid any contamination. They were then 
mixed with brine [rock salt (6%, w/v), vinegar (1%, v/v) 
and water] and placed in jars (Guney, 2022).

Preparation of Probiotic cell Suspension and 
Microencapsulation

Briefly, the activated cells were collected by centrifugation 
(Hettich GmbH & Co. KG, 78.532, Germany) at 6000×g 

at 4 °C for 10 min. After the removal of the supernatant, 
the pellets were washed twice with sterile saline solution 
(0.85% w/v, NaCl) and resuspended in the same solution to 
obtain free probiotic cells (approximately 9 log CFU/mL). 
Microencapsulation was performed according to the extru-
sion method of Krasaekoopt and Watcharapoka (2014), with 
slight modifications.

The harvested cells were washed twice with sterile saline 
solution and resuspended in 5 mL of inulin solution (1.5% 
w/v) (cell suspension, 9.00 ± 0.14 log CFU/mL for L. plan-
tarum HL4 and 9.13 ± 0.07 log CFU/mL for P. parvulus 
HL14). The sterile 20 mL alginate solution (3% w/v) was 
added to the cell suspension and gently mixed for 30 min. 
The homogeneous solution was then loaded into a dispos-
able needle (26G) and dropped from a height of 10 cm into 
a sterile calcium chloride solution (250 mL, 0.05 M, CaCl2). 
After 30 min, the solidified microencapsules were collected 
by filtration (Whatman No. 1). They were then kept in PW 
(0.1% w/v, pH 7.0 ± 0.2) (Fig. 1). The size range of the 
microcapsules ranged between 2 and 3 mm.

Encapsulation Efficiency

1 g of microencapsules were dissolved in 9 mL of sodium 
citrate solution (50 mM, pH 7.5) to release the bacteria from 
the microcapsules. After the preparation of appropriate dilu-
tions (tenfold serial dilutions in 0.1% PW), 1 mL aliquots 
were mixed with MRS agar (pH 5.6 ± 0.2) using the pour 
plate method, and then the plates were incubated at 37 °C 
for 48–72 h. Encapsulation efficiency (EE) was evaluated 
using Eq. 1 (Raddatz et al., 2022).

EE (%) = (Nt/No) × 100 (1)

where Nt and N0 represent the count of probiotics after 
(log CFU/g microencapsule) and before (log CFU/mL) the 
microencapsulation, respectively.

Cucumber Pickle Production and Sampling

Briefly, both free and microencapsulated cells were incorpo-
rated into prepared cucumbers at a rate of 1% as described 
in Sect. 2.1 (Shoaei et al., 2022) and fermented at room tem-
perature (25 °C) with sampling at 0, 3, 7, 15 days (pickle 
fermentation) for microbiological, physicochemical, and 
bioactivity analyses. They were also stored at 4 °C for 9 
weeks with weekly sampling for microbiological, physico-
chemical, bioactivity, and sensory analyses. The negative 
control (NC) was produced by spontaneous fermentation 
(Fig. 2).
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Fig. 1 Basic flow chart of microencapsulation

 

Fig. 2 Production flow chart of 
pickles enriched with probiotics
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H◦ = arctan
(
b*/a*

)
 (3)

Bioactive Properties The total phenolic content was deter-
mined according to the Folin-Ciocalteu colorimetric method 
(Cemeroğlu, 2013). The absorbance of the mixture was mea-
sured at 760 nm using a spectrophotometer (Agilent Tech-
nologies, Carry60 UV–Visible). The results were expressed 
as mg gallic acid equivalent (GAE)/L.

The antioxidant activity was determined using two dif-
ferent methods. The DPPH radical scavenging method was 
used, as described by Singh et al. (2002). The absorbance 
was recorded at 517 nm using a spectrophotometer. The 
DPPH radical scavenging capacity was calculated using the 
following Eq. 4:

DPPH radical scavenging activity (%) = [(Ac – As) * 
100] / Ac, (Eq. 4)

where Ac is the absorbance of the control and As is the 
absorbance of the sample.

The antioxidant activity of the samples was also deter-
mined using the ABTS assay (Re et al., 1999). The 
absorbance at 734 nm was measured after 6 min using a 
spectrophotometer. The ABTS+ radical scavenging activity 
was calculated using the following Eq. 5.

ABTS radical scavenging activity (%) = [(Ac – As) * 
100] / Ac, (Eq. 5)

where Ac is the absorbance of the ABTS+ working solu-
tion and As is the absorbance of the sample.

Sensory Analysis Sensory evaluation was performed at the 
end of the fermentation and during 8 weeks of storage. The 
sensory properties (color, odor, appearance, taste, hardness, 
and general assessment) of the probiotic cucumber pick-
les were evaluated using a 9-point hedonic scale. A three-
digit random number code was used for each sample. The 
samples were then given to the panelists (10 panelists aged 
between 18 and 30 years) in random order on plastic plates. 
The mean sensory scores were used in the analysis period 
(Altug and Elmaci, 2005).

Data Analysis

All the experiments were carried out in triplicate, and the 
mean ± standard deviation is reported. Data were subjected 
to a one-way ANOVA and Duncan’s multiple range test to 
determine significant differences at the 95% level using 
SPSS 25.

Methods

Microbiological Analysis

10 g of sample was mixed with PW (90 mL of 0.1%, w/v) 
and homogenized using a Stomacher Lab-Blender 400 
(Seward Medical, London, UK). Appropriate ten-fold dilu-
tions of the homogenate in PW were prepared for further 
analysis.

Viability Assessment of Free and Microencapsulated Probi-
otics in Pickles To determine the free cell count, appropri-
ate ten-fold dilutions of the homogenate (Sect. 2.4.1) were 
poured into plates and MRS agar containing 4 µg/mL eryth-
romycin was added to enumerate selected probiotics (Pan 
et al., 2011).

Cell viability in microcapsules was determined as 
described in Sect. 2.2.

Yeast Count The yeast count was assessed during fermenta-
tion and storage using the pour plate method, which was 
offered by FDA-BAM (2001). Briefly, PDA (pH 5.6 ± 0.2) 
containing 10% (w/v) tartaric acid was used, and the plates 
were incubated at 25ºC for 3–5 days.

Physicochemical, Bioactive and Sensorial Characteristics

Physicochemical Properties The pH was determined 
directly using a calibrated portable pH meter (Mettler 
Toledo, SevenCompact S210, China) (AOAC, 2007). Acid-
ity was determined by titration with 0.1 N sodium hydroxide 
(NaOH) (Merck, Germany) in the presence of a phenol-
phthalein indicator until the color change persisted for 30 s 
(Merck, Germany) and expressed as lactic acid percentage 
(AOAC, 2007). Salt concentration (NaCl%) was deter-
mined based on the Mohr method (Kirk & Sawyer, 1991). 
Color parameters were determined using a HunterLab Col-
orflex (CFLX 45–2 Model Colorimeter, HunterLab) set to 
illuminant D65 (standard daylight) and a 10° observer. The 
CIE Lab coordinates of L* (lightness), a* (redness or green-
ness), and b* (yellowness or blueness) were read throughout 
storage (Kramer & Twigg, 1984). Chroma (C*, color inten-
sity) and hue angle (Hº, properties of the color) were also 
determined using the following equations (McLellan et al., 
1995; Wrolstad & Smith, 2017):

C* =
√

a*2 + b*2 (2)
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concentrations, high acidity) into the microencapsules. Con-
sequently, the pickles met the “>6 log CFU/g live probiotic 
cell criteria” required for probiotic products, as the research 
showed that potential probiotic cultures could maintain their 
viability > 7 log CFU/g until the end of the fermentation. On 
the other hand, it is not known whether the LAB found in 
NC is probiotic or not, where the count was 6.60 log CFU/g 
at the end of the fermentation (P < 0.05).

Storage time, storage temperature, pH and salt concen-
tration have a significant effect on the changes in probiotic 
cell counts. In the first week of storage, the free probiotic 
count in CP-L decreased from the initial count of > 7 log 
units to 5 log units (Table 1). This situation may be related 
to the temperature shock experienced by the microorgan-
ism. However, there was a greater decrease in the count 
of viable cells, ranged from 5.83 to 2.18 log CFU/g for 
CP-L (P < 0.05) (Table 1). Similar findings were reported 
by Mousanejadi et al. (2023), Reddy et al. (2015), and Sun 
et al. (2022), who observed a decrease in viable probiotic 
cells in various foods during storage. However, CP-P had 
the highest probiotic counts at the end of the storage (5.01 
log CFU/g in free form and 5.99 log CFU/g in microen-
capsulated form; P > 0.05). A food must contain at least 6 
log CFU/mL-g of viable probiotics to be considered as a 
probiotic food. In this context, CP-P could be considered as 
a probiotic product for up to four weeks of storage, accord-
ing to the microencapsulated probiotic counts. Compared to 
P. parvulus HL14, L. plantarum HL4 has a shorter meta-
bolic cycle, is more susceptible to temperature fluctuations, 
and is less tolerant to the changes in pH and salt concentra-
tion. Figure 4 shows that the pH of the samples fluctuated 
between 3.15 and 3.58 throughout storage. Considering 

Result and Discussion

Probiotic Count

The free probiotic count in cucumber pickles containing 
L. plantarum HL4 (CP-L) and cucumber pickles contain-
ing P. parvulus HL14 (CP-P) at the beginning of fermenta-
tion (day zero) was 7.08 and 7.37 log CFU/g, respectively. 
During the following days of fermentation, an increase in 
the free probiotic count was observed, and this count was 
maintained at a certain level (> 7 log units) throughout the 
fermentation (P > 0.05) (Table 1).

Microcapsules containing probiotic cells were formed by 
applying the extrusion process and using alginate as a coat-
ing agent and inulin as a prebiotic source. The encapsula-
tion efficiency of L. plantarum HL4 and P. parvulus HL14 
was 95.77 ± 6.21% and 94.94 ± 2.94%, respectively (Fig. 3). 
This is consistent with the results published in the studies of 
Gul and Dervisoglu (2017) by 95.92–99.75%, Holkem et al. 
(2016) by 89.91% and Mahmoud et al. (2020) by 96.27% 
using sodium alginate as a coating material. Considering the 
results, it can be seen that the probiotics were successfully 
entrapped and a higher count of probiotic cells (> 1 log unit) 
were added to the cucumber pickles by microencapsulation, 
as indicated in Table 1. As the fermentation progressed, 
the microencapsulated probiotic counts in CP-L and CP-P 
decreased (P < 0.05), and CP-P had the highest probiotic 
count (7.52 log CFU/g microencapsule) at the end of fer-
mentation (P > 0.05). This may be due to the inability of the 
microencapsulated cells to benefit from the nutrients in the 
environment, a lack of nutrients, or to the intrusion of unfa-
vorable environmental conditions (such as excessive salt 

Table 1 Probiotic count during fermentation and storage (log CFU/g)
CP-L CP-P NC
Free Encapsulated Free Encapsulated

Fermentation Days 0 7.08 ± 0.34b 8.84 ± 0.05c, B 7.37 ± 0.03bc 8.81 ± 0.08c, B 1.93 ± 1.19a, A

3 7.92 ± 0.76ab 8.40 ± 0.01b, AB 7.89 ± 0.27ab 7.79 ± 0.37ab, AB 7.20 ± 0.00a, B

7 7.52 ± 0.40 7.48 ± 0.31AB 7.22 ± 0.53 7.45 ± 0.22A 7.18 ± 0.44B

15 7.02 ± 0.71 7.36 ± 0.96A 7.11 ± 0.21 7.52 ± 0.78A 6.60 ± 0.34B

Storage Weeks 1 5.83 ± 0.75ab, B 5.19 ± 0.27a, C 6.61 ± 0.35b, D 6.20 ± 0.49ab 6.59 ± 0.34b, C

2 5.24 ± 1.13AB 5.00 ± 0.89BC 6.13 ± 0.32BCD 6.05 ± 1.48 6.31 ± 0.21BC

3 5.14 ± 0.36a, AB 4.77 ± 0.67a, BC 6.22 ± 0.98ab, CD 6.78 ± 0.01b 5.65 ± 0.49ab, ABC

4 4.13 ± 2.33AB 5.01 ± 0.96BC 5.86 ± 0.20ABCD 6.25 ± 0.11 4.90 ± 1.02ABC

5 3.19 ± 1.46a, AB 3.64 ± 1.34ab, ABC 6.12 ± 0.17b, BCD 5.94 ± 0.03b 5.55 ± 0.93ab, ABC

6 2.81 ± 1.90a, AB 3.67 ± 0.36ab, ABC 6.02 ± 0.15b, BCD 5.92 ± 0.75b 5.33 ± 0.69ab, ABC

7 1.80 ± 0.44a, A 3.07 ± 0.00ab, AB 4.80 ± 0.69bc, AB 5.92 ± 0.00c 3.70 ± 01.72abc, ABC

8 2.45 ± 0.58a, AB 1.97 ± 1.37a, A 4.60 ± 0.09ab, A 5.53 ± 0.54b 3.38 ± 1.83ab, AB

9 2.18 ± 2.08A 3.72 ± 0.00ABC 5.01 ± 1.01ABC 5.99 ± 0.00 3.07 ± 2.24A

*Mean values in the same column with different upper case (A, B, C, D) and in the same row with different lower case (a, b, c) are significantly 
different (P < 0.05)
*CP-L: Cucumber pickle containing L. plantarum; CP-P: Cucumber pickle containing P. parvulus; NC: Cucumber pickle produced by spon-
taneous fermentation
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pineapple, and raspberry). Depending on the type of fruit 
juice, a low pH adversely affected the viability of Lac. casei 
throughout storage (28 days). Some microencapsules added 
to pineapple juice were also damaged, but it was noted that 
the microencapsules were recovered at the end of the stor-
age (2.3 × 107 CFU/g capsule). Similarly, in this study, low 
pH, high salt content, and nutritional deficiencies affected 
the probiotic cell counts, especially L. plantarum counts, in 
cucumber pickles during storage.

The viability of probiotic bacteria was enhanced by 
microencapsulation. Research has shown that the addition 
of prebiotic ingredients to the solution prepared for use in 
microencapsulation significantly increases the viability of 
probiotics (Bustamante et al., 2020; Donthidi et al., 2010; 
Homayouni et al., 2008). This is because probiotics can 
exert their positive health effects at > 106 log CFU/g-mL 
(FAO/WHO, 2002). On the other hand, calcium alginate 
(sodium alginate and calcium chloride interaction) capsules, 
which have a porous structure, can be negatively affected by 

these values, P. parvulus grows better than L. plantarum 
at low pH (Pérez-Díaz et al., 2019), which explains why 
the cell count of samples containing P. parvulus was higher 
than that of samples containing L. plantarum (Table 1). As 
can be seen, P. parvulus is more resistant to harsh environ-
mental conditions than L. plantarum, although the coating 
material can be affected by unfavorable conditions. There-
fore, P. parvulus benefits more from the microencapsula-
tion than L. plantarum. On the other hand, the metabolites 
produced by the free L. plantarum cells, which is a hetero-
fermentative microorganism, in the samples can be linked 
to the quick decline of the viable cell counts in the micro-
capsules containing L. plantarum. These metabolites can be 
absorbed by the sodium alginate and cause damage to both 
the microcapsule and the cells (Olivares et al., 2019). In this 
study, P. parvulus was the probiotic with the highest viabil-
ity in both free and microencapsulated forms. Olivares et 
al. (2019) investigated the growth of free and microencap-
sulated forms of Lac. casei in various fruit juices (orange, 

Fig. 3 Encapsulation effi-
ciency (%) and an image of the 
microencapsule
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at a relatively low pH and in the presence of low concen-
trations of lactic acid. In this study, the probiotic added to 
the medium negatively affects yeast growth by creating a 
competitive environment, which is why the yeast count at 
the end of fermentation is lower in CP-L and CP-P than in 
NC (Table 2).

At the end of the storage, the highest yeast count was 
found in NC (4.13 log CFU/g) (P > 0.05). It is generally 
accepted that the critical yeast count required to cause a 
technological failure is greater than 106 CFU/g (Aljahani, 
2020). Therefore, the yeast counts observed in the current 
study are acceptable, especially for samples containing pro-
biotics, as they might not affect the quality of the pickles. 
Consequently, the use of probiotic starter cultures in the fer-
mentation of cucumber pickles has been shown to inhibit 
yeast growth, which is consistent with the findings of our 
study (Al-Shawi et al., 2019; Alan & Yildiz, 2021).

Physicochemical Properties

While pH is crucial in determining whether microorganisms 
can grow in food, total acidity is a more reliable indicator 
of how organic acids in food affect flavour. A low pH can 
prevent the growth of spoilage and pathogen microorgan-
isms to maintain the product quality and safety, as well as 
have a significant influence on the sensory quality of foods. 
The pH of all samples decreased towards the end of the 

ions and chelating molecules and high or low pH (Zanjani et 
al., 2014). In addition, probiotic cells can leak from capsules 
during storage. Capsule size is another factor affecting pro-
biotic viability. In this study, the size range of microcapsules 
ranged from 2 to 3 mm. The sensory qualities of the prod-
uct are badly impacted by large capsules, but the probiotics 
cannot be sufficiently protected by small capsules (Motalebi 
Moghanjougi et al., 2021).

Consequently, these findings demonstrate that the use of 
P. parvulus HL14 as a starter culture and microencapsula-
tion technology enables the production of cucumber pickles 
with a high count of viable probiotic cells among the endog-
enous cultures found in pickles. Using this technology, the 
samples could be considered probiotic for the microencap-
sulated cells when stored for four weeks, which means the 
microencapsulation improved the survivability of the cells. 
On the other hand, the leakage of cells from the microcap-
sules may be the reason why the count of free cells in CP-P 
remained relatively unchanged during the 6 weeks of stor-
age. Double coating technology can reduce the damaging 
effects of high acidity and saltiness, such as damage to the 
capsule structure, and increase viability.

Yeast Count

Yeast count is one of the most important factors for the shelf 
life of pickles (Çetin, 2011). Some yeasts are able to grow 

Fig. 4 pH and total acidity of the samples
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However, the effect of probiotics and storage time on 
the L* values of the samples was not significant. Table 3 
shows that the green color was dominant in the cucumber 
pickles on day zero (P > 0.05), a* value increased and red 
color was dominant on the other days of the fermentation. 
Additionally, the highest b* value among the samples was 
measured on the third day in CP-L with 27.13 (Table 3) 
(P < 0.05). It was determined that C and H° values were in 
the range of 10.86–27.31 and 1.28-188.46, respectively. 
Hue angle is expressed as red for 0°/360°, yellow for 90°, 
green for 180° and blue for 270°. The H° value indicates 
the perceived color of the sample and the C value indi-
cates the vividness and opaqueness properties of the prod-
ucts. In this context, the dark and bright green color of the 
cucumber samples, which was dominant at the beginning 
of the fermentation, turned into light and bright red dur-
ing fermentation, and this result showed a positive cor-
relation with a* values. CP-L and NC had a more vivid 
color, CP-P was found to have an opaque color (Table 3). 
During storage, the increase in the C value of the samples 
resulted in an increase in their brightness. The H° values 
of the samples fluctuated during storage, and the values 
were close to 0, which, when evaluated together with the 
C values, indicated that the bright red-yellow color was 
dominant.

Food processing destroys the chlorophyll pigments 
that give vegetables and fruit their distinctive green 
color, changing the color of the food. It is claimed that 
the synthesis of pheophorbide and pheophytin pigments 
is responsible for the color changes in cucumbers exposed 
to acidic and salty conditions. Pickled cucumbers lose 
their bright green color and develop an olive green or 
olive yellow hue due to the breakdown of chlorophyll into 
pheophorbide and pheophytin (McMurtrie & Johannings-
meier, 2018). At the end of the fermentation, cucumbers 
lose their yellowish-green color. Kazancı (2008) exam-
ined the effect of different acids (acetic, lactic and citric 

fermentation while the total acidity increased (Fig. 4). This 
can be attributed to the accumulation of organic acids pro-
duced by microorganisms (Aljahani, 2020). A similar result 
was obtained by Ahmed et al. (2021), who performed con-
trolled fermentation of cucumber. When these findings were 
compared with those of our previous study (Guney, 2022), 
it was clear that the addition of microencapsulated cells had 
no effect on the pH or total acidity of the samples. Raddatz 
et al. (2022) found a similar result. While the pH for straw-
berry pulp produced with free cells was 3.61, it was ranged 
from 3.48 to 3.70 for the strawberry pulp produced with 
microencapsulated cells. They stated that the microencap-
sulated cells had no significant effect on pH. During storage, 
the pH and total acidity of the samples containing probiotics 
fluctuated (P > 0.05), while the pH of NC increased slightly. 
This may be related to the growth of undesirable microor-
ganisms in the environment due to the lack of starter culture. 
Consequently, the appropriate salt concentration, fermenta-
tion type, and starter culture used affect the pH and total 
acidity of the samples.

The use of salt in the production of pickles not only adds 
flavor to the product, but also prevents tissue softening and 
prolongs shelf life by inhibiting microbial growth. The salt 
concentration in the samples varied between 5.44% and 
6.32% during fermentation and remained at approximately 
5.5% during storage (Fig. 5).

One of the characteristics that customers pay attention 
to when evaluating the quality of a product is the color. 
During fermentation, the L* values, representing bright-
ness, ranged from 24.56 to 32.93 (Table 3). The L* values 
of the samples prepared with the starter cultures fluctuated 
during the fermentation, but they eventually reached the 
value recorded at the beginning of the fermentation. The 
control sample had become whiter as the value measured 
at the end of the fermentation was higher than the value 
obtained at the beginning. This demonstrates that con-
trolled fermentation can prevent product discolouration. 

CP-L CP-P NC
Fermentation Days 0 1.70 ± 0.42 2.08 ± 0.47 2.94 ± 1.13

3 2.00 ± 0.15 2.50 ± 0.60 1.75 ± 0.12
7 3.80 ± 2.71 3.38 ± 2.27 4.41 ± 2.22

15 3.26 ± 0.08 2.74 ± 0.52 3.40 ± 0.70
Storage Weeks 1 1.57 ± 0.64a, A 2.17 ± 0.19ab, AB 4.31 ± 1.27b, B

2 2.96 ± 1.30AB 1.04 ± 1.47A 3.48 ± 1.40AB

3 2.47 ± 0.29AB 2.44 ± 1.35AB 2.68 ± 0.45AB

4 2.00 ± 0.73AB 1.74 ± 0.37AB 2.13 ± 1.38A

5 2.32 ± 0.32AB 1.32 ± 0.24A 2.24 ± 0.65AB

6 1.94 ± 0.51AB 2.44 ± 0.07AB 2.91 ± 1.27AB

7 1.26 ± 1.10A 2.38 ± 0.26AB 3.38 ± 0.37AB

8 1.78 ± 0.00A 2.60 ± 0.00AB 2.48 ± 0.00AB

9 3.59 ± 0.60B 3.22 ± 0.57B 4.13 ± 0.14AB

Table 2 Yeast count during 
fermentation and storage (log 
CFU/g)

*Mean values in the same 
column with different upper case 
(A, B) and in the same row with 
different lower case (a, b) are 
significantly different (P < 0.05)
*CP-L: Cucumber pickle 
containing L. plantarum; CP-P: 
Cucumber pickle containing 
P. parvulus; NC: Cucumber 
pickle produced by spontaneous 
fermentation
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that antioxidant activity increases during fermentation but 
subsequently falls over time. This indicates that a number 
of variables, including temperature, pH, and fermentation 
conditions, have an impact on antioxidant activity (Parada 
et al., 2023; Zubaidah et al., 2020). At the end of storage, 
the samples containing probiotics had higher DPPH% val-
ues than NC (P < 0.05), indicating the advantage of using an 
endogenous starter culture.

The antioxidant activity of the samples was also exam-
ined using the ABTS+ method. ABTS+ values of the 
samples were between 51.92% and 88.06% and increased 
during fermentation (Table 4). During the storage, ABTS+ 
values of the samples ranged between 59.96% and 
94.50% and decreased over time (Table 4). At the end 
of the storage, the lowest ABTS+ value belonged to NC 
with 75.95 (P > 0.05). Kumar and Kumar (2016) aimed 

acid) and different concentrations of these acids (0.2%, 
0.4%, 0.6%, 0.8% and 1%) on the color stability and hard-
ness of cucumber pickles. Although the results obtained 
by Kazancı (2008) were similar to the L* and b* values 
obtained in this study, the samples in our study had a red 
color inside the yellow color (Table 3). The use of starter 
culture, fermentation conditions, as well as the metabo-
lites produced in the environment, can all be linked to this 
variation.

Bioactive Properties

Fermentation could boost the antioxidant activity of sev-
eral vegetables (Ng et al., 2020). At the end of the fer-
mentation, CP-P had the highest DPPH% value (14.72%, 
P > 0.05) (Table 4). Studies in the literature demonstrate 

Fig. 5 Salt concentrations of the 
samples
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CP-L CP-P NC
Fermentation Days 0 L* 25.20 ± 2.02 30.41 ± 5.88 26.58 ± 3.72

a* -0.42 ± 0.25A -1.88 ± 3.25A -2.30 ± 3.47A

b* 14.62 ± 2.24A 19.95 ± 6.25AB 16.87 ± 0.45
C 14.63 20.04 16.87
H° 188.46 178.52 178.44

3 L* 31.16 ± 3.72 25.83 ± 1.84 27.23 ± 0.91
a* 3.12 ± 1.11B 1.37 ± 1.15AB 0.08 ± 0.77AB

b* 27.13 ± 3.88b, B 20.88 ± 2.48ab, B 16.94 ± 1.40a

C 27.31 20.92 16.94
H° 1.46 1.51 1.57

7 L* 26.47 ± 0.97 29.07 ± 0.74 31.94 ± 12.37
a* 4.05 ± 0.37B 4.94 ± 0.60B 2.86 ± 1.55AB

b* 20.89 ± 5.60AB 26.00 ± 2.04B 25.14 ± 12.87
C 21.28 26.47 25.30
H° 1.38 1.38 1.46

15 L* 26.67 ± 0.97 24.56 ± 6.71 32.93 ± 1.45
a* 4.29 ± 0.20B 3.09 ± 0.92AB 3.98 ± 1.29B

b* 14.41 ± 4.56A 10.41 ± 0.28A 23.20 ± 9.14
C 15.04 10.86 23.54
H° 1.28 1.28 1.40

Storage Weeks 1 L* 24.02 ± 3.08 31.15 ± 0.29ABC 28.07 ± 3.14C

a* 2.62 ± 0.04AB 2.56 ± 0.37A 2.43 ± 1.20AB

b* 17.67 ± 4.05A 17.98 ± 4.90 14.96 ± 5.14
C 17.95 18.16 15.16
H° 1.42 1.43 1.41

2 L* 30.39 ± 4.56 28.44 ± 0.89ABC 22.40 ± 1.03A

a* 2.33 ± 0.79A 3.07 ± 0.06AB 3.34 ± 0.08BC

b* 20.34 ± 1.08ABC 19.46 ± 5.98 14.39 ± 1.14
C 20.47 19.70 14.77
H° 1.46 1.41 1.34

3 L* 28.92 ± 1.71 25.95 ± 2.43A 29.00 ± 14.0C

a* 2.72 ± 0.10AB 3.93 ± 1.28ABC 3.67 ± 0.66C

b* 18.23 ± 3.26ABC 21.05 ± 2.16 15.07 ± 5.33
C 18.43 21.41 15.51
H° 1.42 1.39 1.33

4 L* 24.45 ± 3.08 29.12 ± 2.36ABC 25.75 ± 1.55ABC

a* 4.05 ± 1.23AB 4.87 ± 0.65C 3.96 ± 0.05C

b* 19.65 ± 0.84b, ABC 22.91 ± 1.14c 15.27 ± 0.73a

C 20.06 23.42 15.78
H° 1.37 1.36 1.32

5 L* 26.73 ± 1.35ab 34.35 ± 4.73b, C 22.26 ± 2.55a, A

a* 3.69 ± 0.38AB 3.95 ± 0.37ABC 3.82 ± 0.13C

b* 18.14 ± 3.18AB 25.80 ± 7.48 14.39 ± 0.75
C 18.51 26.10 14.89
H° 1.37 1.42 1.31

6 L* 28.31 ± 4.94 29.54 ± 1.70ABC 27.08 ± 1.07C

a* 4.27 ± 1.76AB 4.21 ± 0.81BC 4.07 ± 0.06C

b* 23.20 ± 5.68ABC 22.99 ± 0.35 16.83 ± 1.28
C 23.59 23.37 17.32
H° 1.39 1.39 1.33

Table 3 Color parameters of the samples during fermentation and storage
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(Table 4). Consequently, the total phenolic content of the 
samples containing probiotic starter cultures had the high-
est antioxidant activity values.

Sensory Analysis Results

The changes in sensory properties of the samples during 
storage are indicated in Fig. 6 using radar charts. The color 
score of all samples decreased significantly as a function 
of storage time (P < 0.05), this effect was more intense in 
NC. At the end of the storage, CP-P had the highest color 
score (6.85) compared to the other samples (P < 0.05); 
which is supported by the colorimetric results. While the 
odor scores of NC decreased with storage time, the odor 
scores of the samples containing probiotics fluctuated and 
remained relatively stable. At the end of the storage, CP-L 
had the highest appearance score (6.80), while NC had 
the lowest appearance score (4.80) (P < 0.05). Most of the 
microcapsules remained in the brine, with many adher-
ing to the surface of the cucumber, but were not noticed 
by the panelists. At the end of storage, the most favored 
sample in terms of taste was CP-P with 6.80 scores. The 
hardness scores of CP-L and CP-P ranged between 6.80 
and 8.10, while it was in the range of 5.20 and 6.95 in 
NC. At the beginning (6.95, P > 0.05) and end of the stor-
age (6.95, P < 0.05), CP-P had the highest general assess-
ment score. However, NC was the least liked sample in 
terms of general assessment (5.45, P < 0.05). Similarly, 
Kowsalya et al. (2023) and Mousanejadi et al. (2023) 
indicated that all panellists chose probiotic enriched 
samples. It is crucial that consumers accept products with 

to produce probiotic yogurt using Lac. rhamnosus in free 
(3%, v/v) and microencapsulated forms (3%, w/v). In the 
study, various fruits [apricot (Prunus armeniaca), rasp-
berry (Rubus ellipticus), plum (Prunus domestica)] were 
also used to increase the antioxidant activity of yogurt and 
the DPPH% values of the samples were examined at 4 °C 
for 15 days. At the end of storage, the DPPH% values 
(60%) of yogurt samples containing free cells were higher 
than those of yogurt samples containing microencapsu-
lated cells (50–55%). These values are lower than those 
found in our study. The differences in the results can be 
attributed to the different starter cultures and raw materi-
als used.

Polyphenols are essential secondary metabolites found 
in plant foods and are typically used as dietary antioxi-
dants to protect human health. At the end of the fermenta-
tion, the highest phenolic content was determined in CP-P 
with 2465.50 mg GAE/L (P < 0.05), while the lowest 
phenolic content was determined in NC with 1500.50 mg 
GAE/L (P < 0.05) (Table 4). At the end of the fermen-
tation, the highest DPPH% value was found in CP-P 
with 14.72% and ABTS+ value was found in CP-L with 
88.06%, and the lowest DPPH% (14.32%) and ABTS+ 
(80.70%) values were also found in NC, which showed 
that the phenolic content and antioxidant values of the 
samples, especially DPPH% values, were in parallel. As 
a result, this study showed that at the beginning and end 
of the fermentation, the phenolic content and antioxidant 
values of the probiotic-added samples were higher than 
those of NC (P < 0.05). The fluctuations were observed 
in the phenolic content of the samples during storage 

CP-L CP-P NC
7 L* 30.66 ± 0.97ab 32.61 ± 2.00b, BC 27.95 ± 0.52a, C

a* 4.00 ± 0.06b, AB 3.52 ± 0.14a, ABC 4.00 ± 0.14b, C

b* 25.22 ± 0.38b, C 24.26 ± 0.72b 17.15 ± 0.84a

C 25.54 24.51 17.61
H° 1.41 1.43 1.34

8 L* 29.46 ± 0.12ab 32.20 ± 2.57b, ABC 26.47 ± 0.18a, BC

a* 4.42 ± 0.16b, B 4.02 ± 0.01a, BC 3.96 ± 0.08a, C

b* 24.76 ± 0.27b, BC 23.96 ± 0.35b 16.24 ± 0.44a

C 25.15 24.29 16.72
H° 1.39 1.40 1.33

9 L* 29.72 ± 0.18b 27.75 ± 2.96ab, AB 22.94 ± 1.29a, AB

a* 3.77 ± 0.14b, AB 4.25 ± 0.05c, BC 2.00 ± 0.18a, A

b* 21.69 ± 0.18b, ABC 26.71 ± 0.18c 18.53 ± 1.51a

C 22.02 27.05 18.64
H° 1.40 1.41 1.46

*Mean values in the same column with different upper case (A, B,C) and in the same row with different lower case (a, b, c) are significantly 
different (P < 0.05)
*CP-L: Cucumber pickle containing L. plantarum; CP-P: Cucumber pickle containing P. parvulus; NC: Cucumber pickle produced by spon-
taneous fermentation

Table 3 (continued) 
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probiotic supplements, as they avoid functional products 
with unpleasant flavours, regardless of the health benefits. 
In general, all panelists preferred the samples containing 
probiotics and the addition of microencapsulated probi-
otics had no negative effect on the sensory properties of 
cucumber pickles.

Conclusion

Pickles are a potential matrix for carrying probiotic strains; 
however unfavorable conditions such as low pH and high 
salt content have an adverse effect on the viability of these 
microorganisms. On the other hand, once microencap-
sulated, the probiotic cells could be protected from harsh 
conditions during fermentation and storage. In the study, 
microencapsulation using sodium alginate and inulin 
increased the viability of probiotic cells and provided stabil-
ity during a storage period of 4 weeks for the sample con-
taining P. parvulus. Therefore, given the required level for 
probiotic foods, the formulated pickles can be qualified as 
probiotic products up to week 4 when stored at 4 °C. Hence, 
an acceptable, safe and nutritious probiotic pickle can be 
developed from cucumber using P. parvulus HL14. On the 
other hand, further research is needed to increase the viabil-
ity of probiotics using double coating, novel coating agents, 
or various encapsulation techniques.

Fig. 6 The radar chart visualizes the sensorial qualities of samples
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