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Abstract 
 

Background and Objective: Rosa damascena Mill. possesses bioactive compounds, 

including flavonoids and anthocyanins, which are addressed for their antioxidant and 

anti-inflammatory characteristics. This study aimed to develop and optimize a 

microencapsulation system for rose extract and probiotics. It focused on particle size 

and morphological characteristics analyzed via particle size analysis, scanning electron 

microscopy-energy dispersive X-ray spectroscopy and , gas chromatography-mass 

spectrometry and further assessed the bioavaliability and bioaccessibility of the 

encapsulated probiotics. 

Material and Methods: Lacticaseibacillus casei and Bifidobacterium longum were 

cultivated in De Man, Rogosa, and Sharpe broth. The petals of Rosa damascena Mill. 

were extracted with ethanol 70% 1:1 aqueous solution. The microencapsulation 

involved dissolving the extract and probiotics, followed by the addition of chitosan 

and sodium tripolyphosphate to form stable colloids. The particle size was analyzed 

using dynamic light scattering and the morphology of microcapsules was investigated 

using scanning electron microscopy coupled with energy-dispersive X-ray 

spectroscopy. Detection of ethanol was carried out using gas chromatography-mass 

spectrometry. Probiotic viability was assessed after storage at 4 °C for 0, 14 and 28 d 

and bioaccessibility was assessed using in vitro gastrointestinal simulation method.  

Results and Conclusion: The microencapsulation process resulted in spherical 

microcapsules with a mean particle size of 3107 nm ±273.2. Scanning electron 

microscopy analysis verified uniform morphology, indicating effective encapsulation. 

The probiotic count for microencapsulated samples was 5.16 ±0.37 log cfu ml-1. Gas 

chromatography-mass spectrometry data showed that the ethanol content was 2.53% 

±0.21 (v/v). Microencapsulation of R. damascena Mill. and the probiotics increased 

the recovery of anthocyanin by 9%. These findings have suggested that combining 

microencapsulation with probiotic strains provides viable strategy to improve the 

functional delivery of anthocyanin-rich botanicals in nutraceutical uses. 
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➢ Previous studies have shown that Rosa damascena bioactives, particularly 

anthocyanins, possess strong antioxidant and anti-inflammatory properties, while 

Lacticaseibacillus casei and Bifidobacterium longum provide complementary 

gastrointestinal, immunomodulatory and metabolic benefits. 

➢ Current evidence highlights increasing interest in microencapsulation technologies, 

particularly chitosan-based systems, to enhance stability, viability, supporting 

improved bioaccessibility and functional performance. 

➢ This study builds on emerging work suggesting that microencapsulating 

anthocyanin-rich Rosa damascena extracts with probiotic strains in chitosan–STPP 
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1. Introduction 

Rosa damascena Mill., a member of the genus Rosa 

(Rosaceae), comprises more than 200 species worldwide. 

This species is extensively cultivated not only as an 

ornamental plant but also as a valuable source of raw 

materials for cosmetic and pharmaceutical industries due to 

its characteristic aroma and diverse bioactive compounds, 

including tannins, flavonoids, terpenes, polyphenols, 

carotenoids, phenylethyl alcohol and vitamins B, C, E and 

K. Of these constituents, anthocyanins (a major flavonoid 

pigments in red rose petals) demonstrates strong antioxidant 

activity, lessening oxidative stress, enhancing immune 

defense and providing additional biological benefits such as 

anti-inflammatory, antidiabetic, anticancer, cardiopro-

tective and neuroprotective effects [1-2]. 

Anthocyanins can alter gut microbiota composition by 

promoting the growth of beneficial bacteria such as 

Bifidobacteria and Lacticaseibacillus, which are essential 

for maintaining gut barrier health. [1, 3]. Anthocyanins 

modulate the expression of tight junction proteins such as 

occludin, claudin and ZO-1, which are essential for forming 

and maintaining intestinal epithelial barrier integrity. Tight 

junctions act as selective barriers that restrict paracellular 

permeability to harmful molecules andregulation of these 

proteins by anthocyanins enhances preservation of intestinal 

barrier function [1, 3]. 

Lacticaseibacillus casei is addressed for its resilience in 

acidic environments such as the stomach and intestines and 

its ability to produce lactic acid, which inhibits the growth 

of pathogenic bacteria in the gut. The L. casei has 

demonstrated positive effects in enhancing intestinal 

function, reliving  gastrointestinal (GI) symptoms and 

decreasing inflammation within the digestive system. 

Additionally, research shows that L. casei can improve 

muscle strength and physical function in animal models and 

help lessening oxidative stress; thereby, promoting overall 

health [4]. Bifidobacterium longum provides anti-

inflammatory and antioxidant benefits that decreasing liver 

lipid accumulation and improve muscle and cognitive 

functions in aging animal models. The B. longum has been 

shown to enhance intestinal barrier function and improve 

the gut microbiota composition [5]. The L. casei and B. 

longum demonstrate immunomodulatory effects by 

enhancing the body immune response to infections. In 

studies on Plasmodium infection, B. longum was detected 

effective in decreasing parasitemia and inflammation, 

indicating its capability to strengthen immune defense by 

modulating gut immune responses [5-6]. The L. casei and 

B. longum can lessendysbiosis or gut microbiota imbalances 

caused by infections. The bioactive components of R. 

damascena and probiotic functions of L. casei and B. 

longum present promising ways for improving overall 

health, specifically through enhanced antioxidant activity, 

immune response and gut microbiota balance, making them 

valuable for therapeutic uses. 

Microencapsulation is a process that involves coating a 

compound or particle to form microcapsules. This 

microencapsulation concept enables the separation of 

compounds and probiotic cells from their environment 

through a protective layer. The characteristics of this 

protective system are designed to safeguard the cell core and 

release it in a controlled manner under specific conditions, 

while allowing the transport of small molecules through the 

membrane [7]. Chitosan is effective as a coating agent due 

to its advantages, including non-toxicity, appropriateness 

for drug delivery, biodegradability and biocompatibility. 

Chitosan is a natural linear biopolyamino sugar derived 

through the deacetylation of chitin, with a non-linear chain 

formula (C₆H₁₁NO₄)n that is odorless and white[8]. 

Chitosan microencapsulation of R. damascena has 

successfully been carried out, demonstrating its efficacy in 

preserving flower quality and extending shelf life, offering 

a sustainable and effective approach for postharvest storage 

in commercial uses [9]. Studies have shown that probiotic 

bacteria can survive after being encapsulated with chitosan. 

matrices may synergistically improve structural stability, controlled release and 

bioaccessibility for advanced nutraceutical uses. 

➢ This study introduces a microencapsulation system integrating Rosa damascena 

extract with Lacticaseibacillus casei and Bifidobacterium longum, demonstrating 

uniform chitosan-STPP microcapsules that enhance probiotic stability and 

anthocyanin bioaccessibility under simulated gastrointestinal conditions. 

➢ The findings advance current understanding by showing that synergistic 

encapsulation of botanicals and probiotics improves structural stability, protects 

bioactives from gastric degradation and provides an efficient delivery platform. 

➢ The microencapsulation system supports anthocyanin recovery, sustained probiotic 

viability and improved functional release, highlighting its potential as a nutraceutical 

strategy for enhancing anthocyanin delivery 

What this article adds: 
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This is because encapsulation efficiency significantly 

increases with higher concentrations of the biopolymer [10]. 

The survival rate of chitosan-encapsulated probiotics is high 

after incubation at low pH, although the population 

decreases slightly. The decrease in bacterial count during 

gastric acid simulation is attributed to the highly acidic 

stomach pH, which affects the strength of the sodium 

alginate-chitosan polymer as a matrix for encapsulating 

lactic acid bacteria (LAB) [11]. Moreover, microencap-

sulation techniques, particularly those using chitosan, 

provide promising ways for enhancing the stability and 

bioavailability of these probiotics in GI environments; 

thereby, improving their therapeutic potentials. Microen-

capsulation of R. damascena Mill. and probiotics (L. casei 

and B. longum) (MERP) underscores the value of R. 

damascena bioactives and probiotic encapsulation in 

preventive and therapeutic uses for managing oxidative 

stress, inflammation and gut health. 

The research identified several key gaps in the existing 

literature. Previous studies have largely focused on the 

antioxidant and anti-inflammatory characteristics of R. 

damascena Mill. and the probiotic benefits of L. casei and 

B. longum individually. However, a limited attention has 

been paid to synergizing these bioactives and probiotics 

within a stable microencapsulation system to enhance their 

bioavailability. The present findings, however, provided 

additional insight and might serve as a valuable reference 

for further development of a chitosan-sodium tripolyphos-

phate (STPP) microencapsulation system for the synergistic 

co-encapsulation of R. damascena Mill. bioactives 

(anthocyanins and flavonoids) and probiotics (L. casei and 

B. longum). Combining antioxidant-rich rose extracts with 

probiotics in a robust encapsulation matrix, this study 

uniquely linked further nutraceutical uses with gut health 

and inflammation management, highlighting its potentials 

for advancing targeted delivery in the functional food 

system. 

2. Materials and Methods 

Chitosan was purchased from Merck (Germany). 

Solvents, including distilled water used as a solvent obtain 

from Brataco (Indonesia) and ethanol used as a co-solvent, 

obtained from Merck (Germany). All other chemicals and 

solvents used in this study were of analytical grade. The 

procedures for Rosa damascena extraction, probiotic 

culturing, and microencapsulation using the chitosan–STPP 

system are illustrated in Figure 1. 

2.1. Probiotic Isolation Stage 

The L. casei and B. longum were purchased from the Food 

and Nutritional Culture Collection (FNCC), Gadjah Mada 

University, Indonesia. Colonies were sampled using sterile 

inoculation needle and each bacterium was inoculated into De 

Man, Rogosa, and Sharpe (MRS broth). The cultures were 

then incubated at 37 °C for 24 h. After incubation, their optical 

density and colony counts were recorded using 

spectrophotometer (Thermoscientific, USA). Gram staining 

was carried out to ensure purity of the bacteria [5]. 

 

 

Figure 1. The figure illustrates the process of Rosa damascena extraction, probiotic culturing, and microencapsulation using chitosan-STPP. 

The final product is the microencapsulation of Rosa damascena Mill. Extract and Probiotics (MERP), which protects probiotics and bioactive 

compounds for controlled release. 
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2.2. Red Rose Extraction Stage 

Rose petals were extracted using 70% ethanol pro analis 

(Merck, Germany) and aliquoted 1:1 [12]. The extract was 

then filtered through filter paper or a vacuum filtration 

system to separate the solid from the liquid. The extract was 

evaporated using rotary evaporator (Materia Medica Batu, 

Indonesia). The resulting liquid extract was collected using 

sterile glass bottle. The extract was freeze-dried (Martin 

Christ, Germany).  

2.3. Microencapsulation Preparation 

The Microencapsulation was carried out using chitosan-

STPP matrix. The stages of MERP formulation included 

preparation of chitosan (Merck, Germany) in 2% acetic acid 

(Merck, Germany), preparation of 0.1% NaTPP (Brataco, 

Indonesia) in distilled water (DW), preparation of 40% rose 

extract in absolute ethanol:aliquot (3:1) and synthesis of 

MERP with the composition of 10 ml of rose extract, 

suspension of L. casei and B. longum each as much as 5 × 

109 CFU ml-1, 8 ml of NaTPP and 32 ml of chitosan. The 

samples were stirred for 60 min at 400 rpm and stored at 4 

°C. Then, the sample was freeze-dried [13]. This 

formulation was used in in vivo studies. The 

microencapsulation formulation contained 80 mg of rose 

extract, 5 × 10⁹ L. casei and 5 × 10⁹ B. longum ml-1. The 

selected dose was based on prior evidence showing the anti-

inflammatory effects of R. damascena Mill extract at doses 

ranging from 500 to 1000 mg kg-1. Additionally, L. casei 

and B. longum have been reported to include anti-

inflammatory effects within a dose range of 5 × 10⁶ to 5 × 

10⁹ CFU for L. casei and 10⁸ to 10¹⁰ CFU for B. longum 

[21-22]. 

2.4. Viability Assessment of Microencapsulation 

The viability of the microencapsulation was assessed by 

storing the encapsulated probiotics in PBS and 2% citric 

acid at 4 °C for 0, 14 and 28 d, with each treatment assessed 

four times. After these storage intervals, samples were 

cultured in MRS broth to assess bacterial survival under 

cold storage conditions. After the culture, the samples were 

incubated at 37 °C for 24 h, allowing for bacterial growth. 

Gram staining and spectrofotometry were carried out on the 

incubated samples to verify the presence and viability of the 

encapsulated bacteria, ensuring the microencapsulation 

preserved bacterial integrity within the storage rime [17]. A 

comparison was made between free cells Lacticaseibacillus 

casei (FCL), free cells Bifidobacterium longum (FCB) and 

free cells Lacticaseibacillus casei and Bifidobacterium 

longum (FCLB), revealing significant differences in 

stability [18].   

2.5. Particle Size Analysis 

The particle size of the microencapsulated samples was 

assessed using dynamic light scattering (DLS) and particle 

size analyzer (PSA) (Malvern Panalytical, UK), assessed 

two times at the Department of Chemical Engineering, 

Institut Teknologi Surabaya, Surabaya, Indonesia. This 

technique provided accurate size distribution data essential 

for assessing encapsulation quality. Samples were prepared 

by diluting them with deionized water in a 2:1 ratio to ensure 

optimal measurement conditions. The analysis was carried 

out at a controlled temperature of 25 °C, facilitating reliable 

results on the particle size distribution within the 

microencapsulation matrix [19]. 

2.6. Scanning Electron Microscopy and Energy 

Dispersive X-ray  

Scanning electron microscopy and Energy Dispersive X-

ray (SEM-EDX) (JSM-6510LA) analyses were carried out 

at UGM Integrated Research and Testing Laboratory 

(Laboratorium Penelitian dan Pengujian Terpadu, 

Indonesia) to investigate catalyst characteristics. The SEM 

analysis provided detailed insights into the shape and size of 

the catalyst particles, which were critical for catalytic 

efficiency. Moreover, SEM-EDX was carried out to record 

the morphological characteristics of the microcapsule and to 

show semi-quantitative information on the elemental 

composition of the microcapsules [19].  

2.7 Gas Chromatography-Mass Spectrometry 

The microencapsulated sample was assessed three times 

using gas chromatography-mass spectrometry (GC-MS). 

The measurements was carried out using Shimadzu GCMS-

QP2020NX, Japan, equipped with a quadrupole mass 

spectrometry detector. A SH-I-624Sil MS column (30-m 

length, 0.25-mm i.d. and 1.4-µm film thickness (Shimadzu, 

Japan) was used for the separation of target ethanol and 

other volatile compounds. Injections were carried out in a 

split mode (ratio of 1:50). Nitrogen was used as a carrier gas. 

The injector temperature was 250 °C. The oven temperature 

was set at 40 °C for 5 min, then increased to 240 °C at a rate 

of 30 °C min-1 and set isothermally for 4 min. All samples 

were equilibrated to 70 °C for 5 min with agitation of 500 

rpm using autosampler before injecting 100 μl of headspace 

onto the column. The mass spectrometer was operated in 

single ion monitoring mode with the following ions 

monitored as ethanol, 1.6–1.8 min m/z 31, 45 and 46; 2-

methyl-1-propanol, 2.4–2.5 min m/z 33, 43 and 74; 1-

butanol, 2.85–3.3 min m/z 41, 56 and 73 (internal standard); 

and 2-methyl-1-butanol, 3.7–3.8 min m/z 41, 57 and 87. 

Dwell time of 200 ms was used for each ion. The transfer 

line to the mass spectrometer was heated to 240 °C, the 

source temperature was set at 230 °C and the quadrupole 

was set at 150 °C [20].  

2.8. In Vitro Bioaccessibility Assessment 

In vitro bioaccessibility assessment was carried out to 

assess the availability of active compounds in rose extract 

and MERP through a modified two-stage (GI) digestion 

simulation based on previous methods [21]. In the stomach 
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stage, simulated gastric fluid (SGF) was prepared by 

dissolving 0.1 g of NaCl and 0.35 ml of 37% HCl in 50 ml 

of DW; then, adding 0.16 g of pepsin and adjusting pH to 

1.2. A total of 0.5 ml of the extract was dissolved in 50 ml 

of SGF, pH was adjusted to 2.5 and the mixture was 

incubated at 37 °C for 2 h at 100 rpm using shaker incubator. 

In the intestinal stage, 30 ml of the sample from the stomach 

phase were incubated at 37 °C for 10 min using water bath; 

then,pH increased to 7.0. Then 1 ml of CaCl₂ solution (750 

mM) and 2.5 ml of lipase (1.6 mg/ml) were added to the 

mixture and incubated using shaker incubator (100 rpm, 37 

°C, 2 h). After the digestion process, the sample was 

centrifuged (4000 rpm, 25 °C, 40 min) and the micelle phase 

(middle layer) was filtered using 0.45-µm microfilter. The 

filtrate was mixed with 70% ethanol in a 1:1 ratio and 

centrifuged (1750 rpm, 25 °C, 10 min). The supernatant was 

analyzed using UV-vis spectrophotometer to assess 

concentration of the active compound (anthocyanin) and 

then proportion of bioaccessibility was calculated based on 

the ratio of the compound content in the micelle phase to the 

total compound in the initial sample. 

 

Bioaccsessibility (%) =
C1

C0
 × 100  (1) 

Where, C1 was the active compound concentration after GI 

simulation (in the micelle phase) and Co was the active 

compound content before GI simulation (in the entire 

sample). 

 

2.9. Data Analysis 

Data analysis involved descriptive interpretation of 

results from PSA, SEM, EDX and GC-MS. The PSA results 

provided quantitative data on microencapsulation particle 

sizes, essential for assessing uniformity and encapsulation 

quality. The SEM imaging offered detailed visual 

information on particle morphology, while EDX analysis 

assessed elemental composition, contributing to insights 

into structural integrity. The GC-MS data calculated 

quantities of ethanol in MERP. Results of the viability 

assessment were shown as averages with SD for thrice 

measurements. The averages were recorded using two-way 

analysis of variance (ANOVA) with Tukey's multiple 

comparison test including a significance level of 0.05 [95% 

confidence interval (CI)]. Differences in bioaccessibility 

proportions between the sample groups were analyzed using 

independent T-test (p-value < 0.05). 

 

 

 

3. Results and Discussion 

3.1. Scanning Electron Microscopy and Energy 

Dispersive X-ray 

This study demonstrated the efficacy of chitosan-STPP 

encapsulation in delivering bioactive compounds and 

probiotics, particularly R. damascena extracts and probiotic 

strains of L. casei and B. longum. The SEM characterization 

of the microencapsulated rose extract showed distinct 

spherical morphology within the particles. Image a (1000× 

magnification) illustrates that the microcapsules were well-

dispersed without signs of aggregation, verifying effective 

encapsulation. Image B, captured at higher magnification 

(10,000×), reveals a smooth surface structure with a uniform 

spherical shape, suggesting structural integrity and 

encapsulation stability. The particle diameters varied within 

a narrow range, approximately between 2.8 and 3.4 µm, 

indicating minimal size heterogeneity. This morphology is 

essential for optimal encapsulation performance, providing 

a consistent surface area and stability for targeted uses. The 

final quantity of probiotics in foods and their viability in the 

gastrointestinal tract (GIT) are affected by encapsulation 

efficiency [22]. The particles were observed as nearly 

spherical, similar to those from UV–vis spectral analysis. It 

is important to state that the size of these microencapsules 

plays a critical role in their characteristics and biological 

activity [23]. 

The SEM-EDX analysis was carried out to investigate 

elemental composition of the microcapsules created from 

rose extract and probiotics, encapsulated within a chitosan 

matrix that was crosslinked by sodium tripolyphosphate 

(TPP). Three various spectra (Figure 2) were analyzed, each 

representing separate regions of interest on the microcapsule 

surface. These spectra allowed for a comparison of the X-

ray energy dispersion and provided a comprehensive map of 

the elemental distribution within the microcapsule. The 

EDX mapping detected key peaks corresponding to carbon 

(C), oxygen (O), sodium (Na), chlorine (Cl and potassium 

(K) in the K-series, verifying the elemental makeup of the 

microcapsule structure. The high intensity of the carbon 

peak (C Ka) indicated that carbon was the most frequent 

element in the microcapsules. The carbon (and oxygen) 

peaks became the major characteristics. This increase in the 

carbon peak reflected the presence of low-molecular-weight 

(LMW) chitosan, a C-rich polysaccharide [24]. This 

suggested the presence of organic compounds derived from 

the rose extract and probiotic ingredients, the two of which 

contributed to the core composition of the microcapsules. 

This frequency of carbon verified that organic constituents 

from the rose extract and probiotic components formed the 

primary constituents of the microcapsule core, aligning with 

their intended encapsulation design. 
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Figure 2. Scanning Electron Microscopy of Microencapsulated Rosa damascena Extract and Probiotics.A. SEM image at 1000x 

magnification showing dispersed spherical microcapsules of microencapsulated Rosa damascena extract and probiotics, with no signs of 

aggregation.B. SEM image at 10,000x magnification showing a closer view of the microcapsules, revealing a smooth surface and uniform 

spherical shape, indicating structural integrity and effective encapsulation. 
 

 

Additionally, the oxygen peak (O Ka) was prominent, 

likely associated with organic constituents such as 

polysaccharides in the rose extract. Polysaccharides and 

other oxygen-rich compounds are integral to forming the 

encapsulation matrix, enhancing the structural stability and 

bioactivity of the microcapsule. Sodium (Na Ka), chlorine 

(Cl Ka and potassium (K Ka) peaks were documented as 

well, with sodium likely originating from sodium TPP (the 

crosslinking agent), while chlorine and potassium might be 

originated from mineral components in the rose extract or 

probiotics. Detection of these elements not only verified the 

successful encapsulation of rose extract and probiotic 

materials within the chitosan network but also indicated 

effective crosslinking with sodium TPP, which strengthened 
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the microcapsule structure and ensured the stability of its 

bioactive compounds.  

Presence of these distinct elemental peaks, particularly 

for carbon and oxygen, highlighted the organic-rich nature 

of the microcapsule, tailored to support the encapsulated 

compound controlled release and bioavailability in targeted 

uses. This structural and compositional integrity, verified by 

SEM-EDX, underscored the microcapsule potentials for 

delivering therapeutic agents efficiently, regarding its 

protective matrix that shields susceptible bioactive 

compounds while allowing the gradual release in specific 

environments such as the GIT. These characteristics of 

microcapsule as an innovative platform for drug delivery 

system target oxidative stress, inflammation and gut health 

enhancement through controlled bioactive release [25].  

 
 

 

Figure 3. Elemental Composition of 

Microencapsulated Particles via EDX 

Mapping. carbon (C), oxygen (O), sodium 

(Na), chlorine (Cl), and potassium (K).A. 

EDX spectrum for the microcapsules with 

major peaks representing carbon 

(94.18%), oxygen (5.78%), and calcium 

(0.04%) in the selected region, confirming 

the organic nature of the microcapsules. B. 

EDX spectrum for another region showing 

carbon (92.88%) and oxygen (7.12%) as 

the primary elements in the encapsulation 

matrix. C. EDX analysis at a different 

region revealing carbon (77.48%), oxygen 

(20.13%), sodium (1.73%), chlorine 

(0.27%), potassium (0.17%), and calcium 

(0.22%), indicating the incorporation of 

sodium TPP for crosslinking and other 

mineral components from the rose extract 

or probiotics. D. region shows the 

presence of C (92.88%) and O (7.12%) in 

the K-series; E. spot shows the presence of 

C (77.48%), O (20.13%), Na (1.73%), Cl 

(0.27%), K (0.17%), and Ca (0.22%) 
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The SEM-EDX analysis verifie high presence of carbon and 

oxygen, indicating a robust organic matrix structure 

appropriate for gradual and targeted release in the GIT. 

Chitosan-STPP encapsulation introduced sodium and 

chlorine, which reinforced cross-linking and structural 

stability, aligning with previously reported benefits of cross-

linked encapsulation matrices [26]. These findings were 

similar to those of Shavisi, who reported that the inclusion 

of STPP enhanced the physical stability characteristics of 

chitosan-based encapsulations [27]. 

The structural integrity and compositional characteristics 

verified using SEM-EDX suggested that these 

microcapsules were promising vehicles for delivering 

therapeutic agents efficiently. Previous studies have 

demonstrated that alginate/chitosan nanoparticles 

(ALG/CS-NPs) demonstrated superior stability in simulated 

environmental conditions and modulated fucoxanthin (FX) 

release kinetics within simulated GI environments, 

highlighting their potentials as promising candidates for FX 

delivery systems in diverse uses spanning nutraceutical, 

functional food and pharmaceutical formulations [28]. 

4.2. Particle Size Analyzer 

The microencapsulation PSA indicated a Z-average of 

3107 nm ±273.2 demonstrating significant particle sizes. 

This distribution included heterogeneity within the 

encapsulated particles, but the size homogeneity was close 

to the threshold, enhancing encapsulation stability (Figure 

4). The narrow distribution indicated that most particles 

included a similar size range, highlighting effectiveness of 

the encapsulation process in maintaining homogeneity [29]. 

The intensity data underscored the quality and uniformity of 

particle distribution essential for effective encapsulation 

performance.  

The PSA result indicated that the particles were smaller 

than those reported in similar studies. Microparticles of  L. 

casei achieved through spray-drying and chitosan–Ca-

alginate complexation typically reached an average size of 

nearly 11 µm, while multilayer microcapsules were reported 

in the range of 6.2–12.2 µm. For B. longum, larger capsules 

were observed, with sizes between 2.8 and 3.1 mm in 

alginate-dairy matrices [30-31]. The microcapsule size in 

the present study was significantly smaller, which might 

offer advantages for enhanced bioavailability and stability 

during GI transition. Consistent particle size distribution 

helps in dosing precision; similar to studies suggesting that 

uniform particle sizes improve probiotic survival rates in GI 

conditions [26, 32]. The homogeneous particle size 

distribution verifies findings on high encapsulation 

efficiency in systems, where particle uniformity supports 

survival rates in the GIT [33]. 

4.3. Gas Chromatography-Mass Spectrometry Analysis 

The GC separation was optimized using conditions 

detailed in the Methods section and enabled separation of all 

target components (Figure 5). Good separation was 

achieved for all target compounds with retention times of 

1.706, 2.440, 3.175 and 3.753 min, respectively. It could be 

seen that the ethanol signal showed lower peak height and 

area, indicating that ethanol from the extract decreased 

during microencapsulation preparation. However, the 

ethanol content was calculated of 2.53% ±0.21 (v/v). The 

quantity of ethanol was considered relatively high, which 

was possibly due to the high concentration of chitosan-

STPP, which decreased pore size of the interface of 

microparticles and made ethanol entrapped in the 

microencapsulation system. The concentration of chitosan-

STPP or other variables should be optimized in further 

studies to decrease the quantity of ethanol in the 

microencapsulated sample. 

4.4. Viability Assessment of Microencapsulation 

The viability assessment results indicated that the 

encapsulated probiotics were viable and capable of 

proliferation at 0, 14 and 28 d of cold storage at 4 °C. Post-

storage, samples cultured in MRS broth demonstrated 

significant bacterial growth following a 24-h incubation at 

37 °C. Gram staining further verified structural integrity and 

viability of the bacteria, with cells demonstrate the 

characteristic purple color indicative of Gram-positive 

bacteria. 

The viability of MERP was assessed over 28 d. On Day 

0, the highest mean value was observed in FCLB (11.15 

±0.45), while the lowest mean value was in MERP (5.16 

±0.37). On Day 14, the values were stable for all groups, 

with FCL showing a slight increase to 10.57 ±0.27, while 

MERP included a similar value at 5.18 ±0.28. Moreover, 

FCLB was relatively high at 10.88 ±0.64. On Day 28, the 

values slightly decreased but were still within a similar 

range, with FCLB including the highest value at 10.89 ±0.30 

and MERPincluding the lowest at 5.16 ±0.38. The 

differences between groups were statistically significant (p 

< 0.05), as indicated by the various superscript letters. 

Details of bacterial viability assessments within several days 

can be seen in Table 1. 
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Figure 4. The particle size distribution for microencapsulated rose extract demonstrates a primary peak around 1000 nm, indicating relative 

homogeneity across samples, as shown in the steady-state measurements. 

 

  

Figure 5. GC-MS analysis of the microencapsulated sample. 1.706 min – ethanol, 2.440 min – 2-methyl-1-propanol, 3.175 min – 1-butanol 

(IS), and 3.753 min – 2-methyl-1-butanol. 

 
Table 1. Viability of Lacticaseibacillus casei and Bifidobacterium longum microencapsulation during 28 days 

Day MERP FCL FCB FCLB 

0 5.160 ± 0.37a 10.560 ± 0.47c 9.500 ± 0.40b 11.154 ± 0.45c 

14 5.175 ± 0.28a 10.568 ± 0.27c 9.348 ± 0.73b 10.880 ± 0.64c 

28 5.1625 ± 0.38a 10.528 ± 0.20c 9.518 ± 0.14b 10.890 ± 0.30c 

All data is expressed as mean ± standard deviation (n=4). Values with different superscript letters are significantly different (p < 0.05). [MERP, 
microencapsulation rose extract and probiotic; FCL, free cells Lacticaseibacillus casei; FCB, free cells Bifidobacterium longum; FCLB, free cells 

Lacticaseibacillus casei + Bifidobacterium longum] 

 

The results verified that the bacteria in MERP were 

viable and capable of proliferation, despite a decrease in 

their numbers after reculturing. However, this decrease in 

bacterial count could be attributed to various factors such as 

the GC-MS analysis revealed an ethanol concentration of 

2.53%. Based on the previous studies, B. longum shows 

limited ethanol tolerance, being viable only at 2–5% (v/v) 

and completely inhibited at 8% or greater. In contrast, L. 

casei demonstrated greater ethanol resistance, sustaining 

growth up to 8–10%. Ethanol suppressed essential 
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glycolytic and citric cycle enzymes, diminishing ATP 

synthesis and inducing cellular energy depletion [34-35]. 

Similar studies have shown that after microencapsulation, 

bacterial growth during reculturing may not reach optimal 

levels. This is often due to the protective coating, which, 

while safeguarding the bacteria, can limit their interaction 

with nutrients, impacting their growth potential [18].  

The viability results of encapsulated probiotics in this 

study might include real-world uses, particularly in the 

fields of food matrices and pharmaceuticals. The 

preservation of probiotic stability within a 28-d storage time, 

as demonstrated using viability assessments, suggested that 

chitosan-STPP microencapsulation could effectively protect 

probiotics during food processing and storage, ensuring 

their delivery in a viable state to the GIT. In food uses, this 

microencapsulation technology could be used in functional 

foods such as dairy products (e.g., yogurt and kefir), 

fermented foods (e.g., sauerkraut and kimchi) and snack 

foods enriched with probiotics. Encapsulation helps protect 

probiotics from environmental factors such as heat, acidity 

and moisture, which often decrease their viability in 

conventional food products [27]. Microencapsulation of 

probiotics may integrated into pharmaceutical formulations, 

ensuring that live bacteria are protected until they reach the 

target site, such as the intestines. This system could be used 

in the development of oral probiotics and prebiotic 

supplements aimed at gut microbiota modulation, which is 

associated with a variety of health benefits, including 

immune modulation and decrease of GI disorders [26]. 

4.5. Gastrointestinal Simulation Assessment and 

Bioaccessi-bility Proportion 

The GI simulation showed that raw rose extract before 

digestion contained 42.2 ±7.66 mg l⁻¹ anthocyanins, which 

decreased to 7.1 ±1.23 mg l⁻¹ after the simulated GI 

condition, corresponding to a bioaccessibility of 16.82% 

±0.86 (Table 1). The MERP formulation was detected to 

start with 7.23 ±0.80 mg l-¹ anthocyanins, decreasing to 1.87 

±0.50 mg l-¹ post simulation and yielding a significantly 

higher bioaccessibility of 25.80% ±4.13. The results of an 

independent samples t-test verified that the difference in the 

bioaccessibility of the two groups was statistically 

significant at p = 0.024 

Lower initial anthocyanin values of MERP represented 

effective microencapsulation; however, higher 

bioaccessibility values of MERP demonstrated that the 

microencapsulation media and probiotic coculturing helped 

anthocyanins resist degradation in the harsh gastric phase 

and release further easily in the intestine. Using probiotics 

as a fermentation aid can help in anthocyanin stabilization 

as well as increasing the recovery of anthocyanin by 9% 

(absolute values of bioaccessibility increases) (Table 2). 

The p-value was significant, verifying that this increase was 

not a result of chance differences and supported the 

hypothesis that MERP effectively countered conventional 

anthocyanin decrease detected in raw preparations. The 

results of this study were similar to those of various studies 

showing that increased bioaccessibility of active 

compounds such as anthocyanins in rose extract could be 

explained by the protective and controlled release 

mechanisms provided by microencapsulation and probiotic 

co culture systems. The presence of biopolymer matrices 

such as whey protein, inulin, casein, alginate and chitosan 

can act as a physical barrier that shields bioactive materials 

from the acidic environment of the stomach; thus, limiting 

the extent of degradation in the stomach and optimizing the 

release in the intestine phase [36-39]. Moreover, co-

microencapsulation with L. casei and L. rhamnosus 

probiotics has been effective in preserving anthocyanin 

compound stability through microenvironmental regulation, 

which inhibits oxidation and enzymatic inactivation [37, 40].  

Simulation studies involving GI phases have revealed 

that the co-microencapsulation strategy is effective in 

increasing anthocyanin release in the two gastric phases of 

simulation; thereby, increasing absolute bioaccessibility 

values significantly by 9-10% [36-38, 40]. This not only 

improves bioavailability, viability, enzymatic activity and 

functional activity of probiotics, as well as beneficial 

metabolic values of short chain fatty acids (SCFA), 

contributing to make nutraceutical preparations involving 

the rose extract a further potent approach to enhance the 

overall use of rose extracts in functional nutraceuticals by 

strengthening bioavailability of bioactive compound 

functionalities as well as boosting functional use activity of 

bioactive compounds in nutraceutical preparations [36], 

[40]. Further in vivo studies should focus on assessing the 

stability, release kinetics and therapeutic benefits of 

chitosan-STPP encapsulated probiotics and R. damascena 

extracts in real GI environments. These findings suggest that 

combining microencapsulation with probiotic strains offers 

a viable strategy to improve the functional delivery of 

anthocyanin-rich botanicals in nutraceutical uses.  

 

Table 2. Anthocyanin levels and proportion of bioaccessibility 

Sample Anthocyanin Content before GI Simulation 

(µg/mL) 

Anthocyanin Content after GI Simulation 

(µg/mL) 

Bioaccessibility 

(%) 

Rose Extract 42.2 ± 7.66 7.1 ± 1.23 16.82 ± 0.86 

MERP 7.23 ± 0.80 1.87 ± 0.50 25.80 + 4.13 
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4. Conclusion 

This study successfully engineered and optimized a 

chitosan-STPP microencapsulation system, characterized 

using PSA and SEM-EDX. The system demonstrated 

favorable physicochemical characteristics, including 

uniform spherical morphology with smooth surfaces and 

verified the effective co-encapsulation of rose extract and 

probiotics. Ethanol levels were still within tolerance limits 

in L. casei and B. longum strains. The MERP protected 

probiotics during formulation and storage and represented 

effective increase in bioaccessibility of anthocyanins. These 

findings suggest that combining microencapsulation with 

probiotic strains offers a viable strategy to improve the 

functional delivery of anthocyanin-rich botanicals in 

nutraceutical uses. 
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های و پروبیوتیک  محمدی گل رهعصا  یکیتوزانسازی کپسولهمیکروهای ویژگیتوصیف 

 بیفیدوباکتریوم لانگومو  لاکتیکازیباسیلوس کازی

،  3تومتاناپورن هنگپر، 2ستاریسری راهایو ل ، 1تنااردهیانتی پسپیتا ر، 1دیماس نور رمضان، 1رخمتول آسیه،  *1نگ کینانتیریاس گس 

 4الفی انیس ساعتی

 گروه پزشکی، دانشکده پزشکی، دانشگاه دولتی مالان، مالان، اندونزی .1

 شناسی، دانشکده پزشکی، دانشگاه دولتی مالان، مالان، اندونزی گروه زیست .2

 سونگکلا، سونگکلا، تایلندبخش علوم سلامت و کاربردی، دانشکده علوم، دانشگاه پرینس  .3

 اندونزی مالانگ، مالانگ، محمدیه دانشگاه  دامی، علوم–گروه فناوری مواد غذایی، دانشکده کشاورزی .4

 ریخچه مقاله تا

   2025 گوستآ 1دریافت 

 2025 سپتامبر 10داوری 

 2025  نوامبر 30پذیرش 

     2025 دسامبر 30چاپ 

   چکیده 

و هدف: زیست   1گل محمدی   سابقه  ترکیبات  آنتوسیانیندارای  و  فلاونوئیدها  جمله  از  به فعالی  که  است  خاطر  ها 

سازی یک  اند. هدف از این مطالعه، توسعه و بهینهشان مورد توجه قرار گرفته اکسیدانی و ضدالتهابی های آنتی ویژگی 

وصیات  خص  و  ذرات   اندازه  بر  پژوهش  این.  بود  هاپروبیوتیک   و  محمدی  گل   عصارهسازی برای  سیستم میکروکپسوله 

طیف با  همراه  روبشی  الکترونی  میکروسکوپ  ذرات،  اندازه  آنالیز  طریق  از  )که  ایکسمورفولوژیکی  پرتو  2سنجی 
و   

ادامه، فراهمی زیستی  سنجی جرمیطیف -کروماتوگرافی گازی  بود. در  3مورد بررسی قرار گرفت( متمرکز 
قابلیت    و 

4دسترسی زیستی 
 .شده نیز ارزیابی گردید های کپسوله پروبیوتیک  

 Sharpe و  De Man, Rogosa  در محیط کشت  لاکتیکازیباسیلوس کازی و بیفیدوباکتریوم لانگوم  ا:مواد و روش ه

broth     .گیری  عصاره   1:1با نسبت    %70با استفاده از محلول آبی اتانول  گل محمدی  های  گلبرگ کشت داده شدند

میکروکپسوله شدند.   پروبیوتیک فرآیند  و  عصاره  انحلال  شامل  سدیم  سازی  و  کیتوزان  آن  از  پس  که  بود،  ها 

شدندپلی تری  افزوده  مخلوط  به  پایدار  کلوئیدهای  تشکیل  نور  .  فسفات جهت  پراکندگی  از  استفاده  با  ذرات  اندازه 

5دینامیکی 
کارگیری میکروسکوپ الکترونی روبشی  ها با به مورفولوژی میکروکپسول گرفت.  مورد تجزیه و تحلیل قرار   

مانده اتانول با استفاده از روش کروماتوگرافی  تشخیص باقی .  بررسی شد  سنجی پراش انرژی اشعه ایکسطیف   همراه با

  28و    14،  0در روزهای    C ∘4ها پس از نگهداری در دمایپروبیوتیک زنده مانی  .  انجام گرفت سنجی جرمیطیف -گازی

دستگاه گوارش،    6در شرایط آزمایشگاهی سازی  کارگیری روش شبیه ها با به آن  ارزیابی شد و قابلیت دسترسی زیستی

 .سنجیده شد

  با اندازه متوسط ذره   7های کروی میکروکپسول سازی منجر به تشکیل  فرایند میکروکپسوله   گیری:و نتیجهها  یافته 

روبشی  3107  ±  2/273 الکترونی  میکروسکوپ  تحلیل  گردید.  که   نانومتر  کرد  تأیید  را  یکنواخت  یک مورفولوژی 

  ml logcfu−1شده برابر با  های میکروکپسوله های پروبیوتیک در نمونه سازی مؤثر است. تعداد سلول دهنده کپسوله نشان 

  21/0  ±  53/2  (v/v)  نشان داد که محتوای اتانول سنجی جرمی طیف -های کروماتوگرافی گازیبود. داده   16/5  ±  37/0

درصدی در بازیابی آنتوسیانین شد. این   9ها باعث افزایش  و پروبیوتیک  گل محمدیسازی عصاره  است. میکروکپسوله 

های پروبیوتیک، یک راهبرد کارآمد برای بهبود تحویل  سازی با سویه ها حاکی از آن است که ترکیب میکروکپسوله یافته 

    .دهدارائه می   9ترکیبات گیاهی غنی از آنتوسیانین در کاربردهای مواد مغذی دارویی  8عملکردی 
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