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HIGHLIGHTS

¢ Microencapsulation maintained 10-HDA content and the antimicrobial activity of RJ for six months.
e A correlation was found between the antimicrobial activity and 10-HDA content.
e Microencapsulation of RJ is a promising technigue enabling storage at room temperature.

¢ Innovative RJ products can be developed by advanced formula and microencapsulation.

Abstract: Royal Jelly (RJ) is a unique functional food having rich nutrient composition. Due to its extremely
sensitive and perishable nature, the cold chain is inevitable to maintain the biological properties of RJ.
Microencapsulation is considered as an alternative technology for commercial RJ forms, owing to the
elimination of cold-chain requirements. The objective of the study is to evaluate the microencapsulation of
RJ and its protective effect on the 10-HDA content as well as on the antimicrobial activity during a defined
storage period. Microcapsules were formed by utilizing alginate cross-linking technigue in the encapsulator
(Buchi B-390, Flawil, Switzerland) under 450 mbar. The antibacterial and antifungal activity of fresh and
microencapsulated royal jelly (MRJ) was examined, comparatively. The possible changes in antimicrobial
activity in the 1st, 3rd, and 6th months were evaluated considering the changes in 10-HDA levels. The
antimicrobial efficiency of RJ on test bacteria (Micrococcus luteus, Staphylococcus epidermis, Salmonella
Enteritidis, Escherichia coli) and yeast (Candida albicans, Candida parapsilosis) was maintained throughout
the storage period. On the other hand, antifungal activity on test molds (Penicillium digitatum, Aspergillus
flavus) slightly decreased from the 3rd month. No significant difference between 10-HDA contents was
observed until the end of storage (p>0.05). The results indicate that microencapsulation retains the 10-HDA
content of RJ for six months and is a promising method enabling storage at room temperature.
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GRAPHICAL ABSTRACT

o//. /
INTRODUCTION

Royal Jelly (RJ) is a secretion occurs by the biochemical reaction of nectar and pollen in the
hypopharyngeal glands of worker bees and used to feed young larvae and the queen [1]. It is known as a
"superfood" that plays a major role in caste differentiation through the key components that privilege the
gueen [2]. Morphological superiority, longevity, and fertility [1] given to the queen are associated with the
special RJ diet, so it has become one of the most valuable natural products worldwide, used in traditional
medicine, healthy foods, and cosmetics.

RJ, as a great source of essential nutrients with biological and health-promoting activities, mainly
consists of proteins (9-18%), lipids (4-8%), carbohydrates (11-23%), amino acids, enzymes, vitamins, and
minerals (0.8-3%) with a high content of water (60-70%) [3]. Proteins are the principal components of RJ and
form about half of its dry matter. Bioactive ones are Major Royal Jelly Proteins (MRJP) that closely related to
the therapeutic properties of RJ. In addition to the MRJPs, Royalisin, Apisimin, and Jelleines are also seen
as the origin of pharmacological effect and gain multifunctional properties to RJ [4]. Lipid fraction, a
characteristic and chemically interesting component in RJ consists mainly of medium-chain (8-10 carbon
atoms) hydroxy and dicarboxylic free fatty acids, in contrast to the organic acids of animal or plant materials.
A major fatty acid defined as trans-10-hydroxy-2-decanoic acid (10-HDA) is the predominant fatty acid among
them and known as royal jelly or queen bee acid due to being a unique fatty acid that exists only in RJ [5].
10-HDA is used as a marker to define the authenticity and quality of RJ and exhibits a broad spectrum of
therapeutic and regenerative properties including antioxidant, anti-inflammatory, immunomodulatory, and
antimicrobial activity [6].

The health-promoting properties of RJ are quite diverse due to the complex matrix of these bioactive
compounds. Beyond being an antioxidant and antimicrobial agent, RJ possesses anti-lipidemic,
antiproliferative, neuroprotective, antiaging, and estrogenic activity [7]. It also exhibits vasodilatory,
hypotensive, hepatoprotective activity and modulates blood glucose with insulin-like peptides [8]. RJ is
usually used in enhancing the immune system and the treatment of various diseases. Through its
considerable commercial appeal, it is preferred by the pharmaceutical and cosmetic sectors besides the food
industry.

RJ is widely promoted as a commercially available natural remedy, but the maintenance of biological
activity in storage and transport is the main difficulty in production and marketing. As a commercial product,
RJ is highly susceptible and ready to be influenced by improper production, transport, and storage conditions.
The cold chain is a necessity for the preservation of the product due to its perishable nature, and this prior
condition brings along the risk of cold-chain breakage [9]. Recently, the lyophilization process is applied for
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the elimination of cold-chain dependence, but the lyophilized product is extremely hygroscopic and needs to
be protected from humidity [10]. The lyophilized formulations offer multiple advantages like sustaining
biological activity and stability [11], but also possess substantial disadvantages like expensive equipment and
high costs for manufacturing [12]. Microencapsulation is thought to be a good alternative to lyophilization at
that point and seen as one of the promising techniques to produce commercial products.

Microencapsulation is a method of packaging target materials in small capsules to ensure the stability
and protection of sensitive substances against environmental factors [13]. It improves the bioavailability of
components by controlled release and broadens the application range of products as food ingredients [14].
Microencapsulation is extensively used in many industrial areas including pharmaceuticals, textiles, and
cosmetics, for many years. However, it has been recently practiced in the food industry and extremely
satisfying results have been achieved [15]. Many studies have shown that microencapsulation maintains the
stability of biologically active compounds during food processing and storage, although high temperature and
presence of oxygen [16, 17].

Defining the effect of microencapsulation on the biological properties of RJ is very essential to learn more
about the microencapsulation and probability of its application on RJ. Our hypothesis is that it is possible to
produce a commercial RJ stored at room temperature with microencapsulation technology. In this study, it
was intended to monitor the antimicrobial activity of microencapsulated (MRJ) and fresh RJ during the
storage. The content of 10-HDA was determined and the biological activity of the product was evaluated in
the light of the obtained data. Studies about microencapsulated royal jelly (MRJ) are very limited. This report
will lead other studies evaluating the biological properties of microencapsulated RJ and monitoring activity
during the storage period.

MATERIAL AND METHODS

The antimicrobial activity of fresh and microencapsulated royal jelly was examined, comparatively. The
possible changes in antimicrobial activity in the 1st, 3rd, and 6th months were evaluated considering the
changes in 10-HDA levels.

Preparation of Microencapsulated Royal Jelly

RJ was obtained from a professional beekeeper in Bursa (inegdl region, Turkey) and samples were
stored at -80 °C until it was used. The capsules were produced using a crosslinking technique by mixing RJ
with sodium alginate (2% w/v) and gum arabic (0.5% w/v) using a similar method by Mohamed and coauthors
[18] with some modifications. The optimal concentrations of the wall and core materials for the preservation
of antimicrobial activity were adjusted with preliminary studies. Capsules were formed by dripping the pre-
prepared solution into the calcium chloride (0.45 M) solution in the encapsulator (Buchi B-390, Flawil,
Switzerland) under 450 mbar air pressure with a 1.00 mm nozzle size (frequency is 70 Hz). Microencapsule
royal jelly was dried for 24 hours and stored at room temperature.

Particle Size and Encapsulation Efficiency of Microencapsulated Royal Jelly

The particle sizes of microcapsules were scanned by a stereo zoom microscope (Leica EZ4-E) and
measured with the LibreOffice Draw (version 7.0) office program [19]. Encapsulation efficiency was
determined by dissolving capsules in a proper solvent and analyzing 10-HDA content with HPLC.
Microcapsules containing 10-HDA (50 mg/L) were mixed with 25 mL phosphate buffer solution (pH 7.4) and
stirred at 40°C with at 1000 rpm until the capsules dissolved. The solution was made up to 50 mL with
methanol and centrifuged at 10000 rpm for 5 minutes. The extracts were filtered with a 0.45 ym syringe filter
and 10-HDA contents were determined by HPLC analysis. The following equation is used to calculate
encapsulation efficiency.

Encapsulation efficiency (%) = Actual 10-HDA content / Theoretical 10-HDA content x100" (1)

HPLC determination of Trans-10-hydroxy-2-decanoic acid (10-HDA)

The 10-HDA content was determined according to the procedure reported in Kolayli and coauthors [20]
with minor modifications. Hitachi High-Performance Liquid Chromatography (HPLC) with DAD detector was
used under the following conditions: The column was a reversed-phase column C18-H (Thermo Scientific
Hypersil ODS, 5 mm, 150 mm 4.6 mm I.D.) and set at 35°C. The mobile phase was composed of
methanol/water (55:45 v/v), the pH was adjusted to 2.15 with phosphoric acid. The detector was adjusted to
215 nm. The flow rate and injection volumes were 1.0 mL/min and 20 pL, respectively. Stock solutions were
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prepared as 50, 100, 150, 200, 250 ug/mL with the 10-HDA standard (Sigma Aldrich, Missouri, USA) to obtain
a standard curve. RJ sample (200 mg) dissolved in 50 mL methanol/water (50:50 v/v) and MRJ samples
added 0.1 M phosphate buffer (pH 7.4) solution (100 mL), stirred at 40°C until capsules dissolve. The
mixtures were centrifuged at 10000 rpm for 5 min and the supernatants were filtered through a 0.45 uym
syringe filter before analysis.

Preparation of Microencapsule Royal Jelly for Analysis

The medium pH was adjusted to release capsule samples in Mueller-Hinton Broth (MHA, Merck,
1.10293) for bacteria and Sabouraud Dextrose Broth (SDB, Merck, 1.08339) for yeast and mold. MHB was
prepared with phosphate buffer to ensure the capsules opened at the appropriate pH in the medium; SDB
was adjusted to pH 7.3 with 10% sterile (cold sterilization) sodium hydroxide solution. Stock solutions were
obtained by stirring the media at 37°C for 2 h [18]. Fresh RJ was stored under the cold chain and
microencapsulated RJ at room temperature during the analysis period.

Microorganisms and Culture Media

Antibacterial activity was evaluated against two Gram-positive bacteria, Micrococcus luteus ATCC 9341,
Staphylococcus epidermidis ATCC 12228, and two Gram-negative bacteria, Salmonella Enteritidis,
Escherichia coli ATCC 25922. Candida albicans ATCC 10351, Candida parapsilosis ATCC 22019, and two
pathogenic fungi Penicillium digitatum, Aspergillus flavus were used to determine the antifungal activity.
Mueller-Hinton Broth and Agar (MHA, Merck, 1.05437) were used for bacteria, Sabouraud Dextrose Broth
and Agar (SDA, Merck, 1.05438) were used for yeast and mold.

Agar-Well Diffusion Assay

Agar-well diffusion assays were carried out with each of the bacterial and fungal strains. A hundred pl of
inoculum from the cultures adjusted 0.5 McFarland was spread into the Petri dish with a drigalski spatula and
50 pL of the sample (500, 250, 125 mg/mL for fresh RJ and 125, 62.5, 31.25 mg/mL for MRJ) was inoculated
to the well [21]. The bacteria were incubated for 24 hours at 37°C, yeasts and molds were incubated for 48-
72 h at 25°C and the inhibition zone diameters (mm) were measured after incubation. Empty capsules
(released on medium) were used as a negative control.

Broth Microdilution Assay

The antimicrobial activity was assessed by the minimal inhibitory concentration (MIC) and Minimum
bactericidal/fungicidal concentration (MBC/MFC) under the Clinical and Laboratory Standard Institute (CLSI)
protocol [22]. A twofold serial dilution of stock solutions was prepared ranging from 0.98 to 500 mg/mL to test
antimicrobial activity. Bacterial/fungicidal growth was detected by optical density (OD) at 600 nm (BioTek
Instruments, Inc. EPOCH SN 15062915). Ten pL inoculum was taken from the well where no growth was
observed and incubated for 24 hours at 37°C for bacteria and 48 hours at 25°C for yeasts and molds. The
number of CFU was counted at the end of the incubation [23].

Statistical Analysis

All independent variables were evaluated for normality via Q-Q plots and Shapiro-Wilk tests, and
datasets were observed normally distributed. A post hoc analysis was performed using the multifactorial one-
way analysis of variance (ANOVA) with Tukey’s Multiple Comparison Test. Statistical analyses were carried
out using SPSS version 22 (IBM, New York, NY), and the confidence level was set at 95% by convention.

RESULTS

Microencapsulated royal jelly was formulated based on the protection of 10-HDA. The wall and core
materials were adjusted according to the preliminary analysis. The diameters of the microcapsules were 1.45
+ 0.07 mm. The royal jelly microcapsules were produced by the ionic gelation method. The concentration of
wall material is a critical parameter to get high encapsulation efficiency in the method. The encapsulation
efficiency of the microcapsules was determined as 79.01 £ 1.28%. The 10-HDA content of RJ and MRJ was
determined as 1.74 £ 0.04 % and 2.31 £+ 0.02 % before the storage, respectively. The final 10-HDA content
of RJ and MRJ samples were 1.71+ 0.03 % and 2.27+ 0.03 % after six months of storage (Figure 1). No
change in 10-HDA content was observed until the end of the storage period for RJ and MRJ (p>0.05).
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Figure 1. The 10-HDA content of RJ (at 4°C) and MRJ (at room temperature) during six months storage period.

RJ and MRJ demonstrated dose-dependent inhibition of growth for all strains of bacteria and fungi.
Although MBC and MFC of RJ were higher than the MIC, the difference between MIC and MBC/MFC is not
remarkable (Table 1). S. epidermidis was the most sensitive bacteria with the lowest MIC (15.6 mg/mL) and
the highest zone diameter (25.23 mm and 16.06 mm) for both fresh and microencapsulated RJ (Table 2).
Gram (+) strains were more sensitive than Gram (-) strains considering the results belonging to M. luteus and
Gram-negative bacteria. The antifungal activity of fresh RJ on yeast (15.6 mg/mL) was more than other
species of fungi. On the other hand, no major difference was found between yeast and molds according to
the MICs (62.5 mg/mL) of microencapsulated RJ (Table 1). A. Flavus was more sensitive than P. digitatum,
no inhibition zone was seen for the yeasts. When the inhibition zone of fresh and microencapsulated RJ was
compared, there was no significant difference between the zone diameters at the concentration of 125 mg/mL
for all tested strains (p>0.05) (Table 3). While the activity of MRJ on resistant ones decreased slightly, the
MIC values of RJ on susceptible microorganisms did not change (Table 1). The antimicrobial activity of MRJ
was protected during the storage, generally.

The antimicrobial effect of RJ was observed to proceed during the storage period against bacterial strains
and yeasts whereas some alterations were determined at the 3rd month on molds in both methods (Table 1-
3). The MIC of fresh royal jelly was 15.6 mg/mL for S. epidermidis and 31.25 mg/mL for other bacteria and
these values were maintained during storage (Figure 2). Microencapsulated RJ maintained the antimicrobial
activity on selected bacteria during storage at room temperature. While the inhibition zone diameters of S.
epidermidis and M. luteus varied at the end of the 1st month, E. coli formed different inhibition zones at the
end of the 3rd month (Table 2). Similar zone diameters of S. Enteritidis were measured for both RJ samples
at the beginning and in the following months, but no inhibition zone was formed at the 6th month. The
antifungal activity of royal jelly samples on C. albicans was preserved during six months (15.6 mg/mL) (Table
1). The efficacy of fresh royal jelly on C. parapsilosis (62.5 mg/mL) continued until the end of the study, while
the MIC value of microencapsulated royal jelly increased to 125 mg/mL at the 3rd month. The minimum
inhibitory concentration of fresh RJ increased at the 3rd month on A. flavus and P. digitatum, but the MIC of
microencapsulated RJ for P. digitatum did not change during storage (Table 1). Zone formation was observed
on A. flavus at all concentrations, but lower concentrations (125 and 250 mg/mL) of fresh royal jelly were
insufficient to form a sporulation zone on P. digitatum at 3rd and 6th months (Table 3). Similarly, while the
efficacy of microencapsulated royal jelly on A. flavus continues during the storage period, the sporulation
zone did not occur at the end of the 1st month in the plate for P. digitatum. This result showed that the
differences in the zone diameters varied with the type of RJ and tested strains.

Brazilian Archives of Biology and Technology. Vol.66: €23220203, 2023 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Ulubayram, N. and Cinar Yigit, A. 6

Table 1. MIC and MBC/ MFC values [mg.mL-!] for fresh and microencapsulated royal jelly at different storage periods on tested bacteria and fungi.

Forms RJ MRJ

[Cn?g.cnffar]atlon [Sr;c())rr?tghesfenod Ec Se Sent Ml Ca Cp Af Pd Ec Se Sent MI Ca Cp Af Pd
0 31.25 15.6 31.25 31.25 156 15.6 31.25 31.25 125 15.6 125 31.25 62.5 62.5 31.25 62.5
1 31.25 15.6 31.25 31.25 156 15.6 31.25 31.25 125 15.6 125 31.25 62.5 62.5 31.25 62.5

Mic 3 31.25 15.6 31.25 31.25 156 15.6 62.5 62.5 125 15.6 125 31.25 62.5 125 125 62.5
6 31.25 1.,6 31.25 31.25 156 15.6 62.5 62.5 125 31.25 125 31.25 62.5 125 125 62.5
0 62.5 62.5 62.5 125 31.25 250 125 125 125 125 125 125 125 nd nd nd
1 62.5 62.5 62.5 125 625 125 125 125 125 125 125 125 125 nd nd nd

MBC/MFC 3 62.5 62.5 62.5 125 62.5 250 500 125 125 125 nd 125 125 nd nd nd
6 125 62.5 62.5 125 62.5 250 500 250 nd nd nd 125 nd nd nd nd

Ec- E. coli, Se - S. epidermidis, Sent - S. Enteritidis, Ml - M. luteus, Ca - C. albicans, Cp - C. parapsilosis, Af - A. flavus, Pd - P. digitatum. nd — not determined (>125 mg.mL1).

Table 2. Mean diameter of inhibition zones [in mm + S.D.] of bacteria*.

Forms RJ MRJ

Storage period - Concentration E. coli S. epidermidis  S. Enteritidis M. luteus E. coli S.epidermidis  S. Enteritidis M. luteus ~ concentration
[months] [mg-mL?] [mg-mL?]

500 13.4240.20Ac  25.23:0.03%  13.18+0.23% 17.71%0.328%  858:0.72C¢  16.06:0.57%2  8.60+0.67¢*  11.68+152% 125

0 250 11.95:0.33Ba  21.81:0.05%  11.70+0.40% 13.98+0.078%  7.51:0.24 i - : 62.5

125 8.60:0.81Ca  15.24:0.22%2  8.39+0.08%* 10.99+0.60°%  8.60:0.81 : - : 31.25

500 11.53:0.36Ca  21.12:0.21%°  12.510.54% 1516+0.628%  8.27+0.2382  1520:0.45%  7.81:0.278Ca  7.55:0.13CH 125

1 250 10.83+0.15Ba  14.83+1.11%  12.00+0.458 12450438 - : - 7.27+0.14 62.5

125 : 11,23:0.39%  8.37:0.58%  8.77+0.07Aa - : - : 31.25

500 8.41+0.23Ch  19.63:0.28%  13.49+0.12%2 14.1240.90%  7.33+0.08B% i 8.37+0.00%  7.23+0.50% 125

3 250 8.74+0.49Dab  12.89+1.35%  10.79+0.1282 10,21+0,18% - : - 7.12+0.03 62.5

125 8.07+0.41Ba  9.41:0.08%°  7.89+0.06°*  7.92+0.40C - : - : 31.25

500 7.76:0.98Ch  18.31:0.42%  11.12+0.24% 11.88+0.62%  6.91:0.02%  7.3240.01% - 7.37+0,75% 125

6 250 6.94:t054C  1555:0.33%  9.89+0.4782 10.22+¢0.98%  651+0.00° : - 7.37+0.198 62.5

125 8.60:0.81Ca  8.21+0.27 : - - : - : 31.25

*The values at the same row with different capitalized letters, and those in the same column with different noncapitalized letters are significantly different at p<0.05.
(=) No inhibition zone. Resistant < 14, Intermediate 15-18, Susceptible = 19 [24].
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Forms RJ MRJ
Storage . .
period Concentrr:l_tllon A. flavus P. digitatum A. flavus P. digitatum Concentrgilon
[months] [mg-mL~] [mg-mL~]
500 28.93+1.014@ 16.69+0.2652 25.19+0.45%2 14.83+0.1582 125
0 250 27.92+0.23%a 15.01+0.7382 22.34+0.282 - 62.5
125 27.30+0.28%2 14.92+0.4482 - - 31.25
500 28.71+0.3942 14.35+0.48BP 21.70+0.81% - 125
1 250 25.92+1.00Aab 14.38+0.6482 20.03+0.892° - 62.5
125 25.67+1.617ab 14.64+1.2882 13.08+£1.04 - 31.25
500 27.99+0.4742 13.40+0.33BP 22.14+3.44° - 125
3 250 25.54+0.19° - 22.14+0.002 - 62.5
125 24.62+0.37° - - - 31.25
500 24.93+0.3770 13.05+0.358 25.41+1.252 - 125
6 250 25.28+0.26° - 19.41+0.64° - 62.5
125 22.56+0.42¢ - 16.85+0.69 - 31.25

*The values at the same row with different capitalized letters, and those in the same column with different noncapitalized
letters are significantly different at p<0.05. (=) No inhibition zone. Resistant < 14, Intermediate 15-18, Susceptible = 19
[24].
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Figure 2. MIC values of fresh and microencapsulated royal jelly at different storage periods on tested bacteria and fungi.

DISCUSSION

The antimicrobial activity of fresh and microencapsulated RJ was tested on various bacteria, yeast, and
molds. The results were considerable in terms of determining the effect of royal jelly on molds and monitoring
antifungal activity during the storage. When the MICs and zone diameters of both RJ samples were
examined, Gram-negative bacterial strains were found more resistant than Gram-positive strains. The result
agrees with the hypothesis that Gram-positive bacteria are more sensitive to RJ and the role of bioactive
components in the mechanism of action on different microorganisms [25]. The water-soluble royal jelly
fraction was reported to have a strong inhibition activity on Gram-positive bacteria [26]. The antimicrobial
effect of lipid fraction against Gram-negative bacteria has been associated with the fatty acids of RJ,
particularly 10-HDA content [27]. Similar findings were observed for the antifungal activity of RJ, yeasts were
found more sensitive than molds in the study. Although there are no extensive studies about the antifungal
effect of RJ, the activity has been linked to the bioactive ingredients in these fractions [28]. The antifungal
activity of 10-HDA against yeast is indicated by various studies [29, 30]. While the antifungal effect on yeast
is attributed to 10-HDA and RJ proteins, the inhibition on molds has been referred to MRJP's and specific
peptides [26,31,32].
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In our study, MRJ was formulated based on the protection of 10-HDA and the relevance of antimicrobial
activity with 10-HDA evaluated. Due to the preliminary studies for the effective coating materials for the
microencapsulated product, high encapsulation efficiency was achieved (79.01 + 1.28%). In a similar study
aimed at optimizing conditions for microencapsulation of nisin using calcium alginate and guar gum, the
encapsulation efficiency of nisin was 36.65 % [33]. For an encapsulation model of oil in ca-alginate beads,
the encapsulation efficiency was found between 79% and 85% in a study by Chan [34].

The percentage of 10-HDA content throughout the storage was presented in Figure 1. No change was
observed on 10-HDA content during the six-month storage period for RJ samples. Similarly, Antinelli and
coauthors [35] stated that the 10-HDA level of RJ was same after 12 months when stored at -18. It has been
observed that the 10-HDA level did not change when suitable conditions are provided, and the antimicrobial
activity was maintained.

The effectiveness of microencapsulation on maintaining antimicrobial activity showed the ability of
microencapsulation to protect the biological properties. Comparing inhibition zones of fresh and
microencapsulated RJ, no significant difference was found between zone diameters at 125 mg/mL
concentration (p>0.05) (Table 2-3). The MIC values of fresh and microencapsulated RJ were similar, but the
activity of MRJ on resistant strains was seen slightly decreased. The difference between fresh and
microencapsulated RJ is thought to be dependent on the microorganisms and probably due to the variation
in components other than 10-HDA. These findings showed similarity with the literature about the lyophilization
process of RJ [11, 36]. The results of the study confirm that microencapsulation can be an alternative to the
lyophilization process in commercial RJ production.

The antimicrobial effect of RJ samples was observed to preserve during the storage period against
bacterial strains and yeasts. On the other hand, some changes in the antifungal activity on test molds were
detected at the 3rd month and the rest storage period in both methods (Table 1-3). The deterioration in the
inhibitory effect of fresh royal jelly was quite low according to the broth microdilution method, and the MRJ
maintained antifungal activity on P. digitatum throughout the storage period. However, the variation of the
antifungal activity was slightly more in the agar well diffusion assay, and the antifungal activity maintained on
A. Flavus until the end of the study. The inhibition effect of FRJ on P. digitatum finished at the 3rd month (at
the concentration of 125 mg/mL), a similar situation was observed in the first month for MRJ. Comparison of
the antifungal activity of fresh and microencapsulated RJ in storage was not possible due to the lack of similar
studies in the literature. Nevertheless, the obtained results about antimicrobial activity in the storage period
led to similar predictions. The maintenance of the inhibition depends on the species of the microorganisms
and the components of MRJ in the storage.

The general opinion about the biological activity during the storage is that RJ was preserved when
appropriate conditions were provided [27]. In this study, MRJ showed antimicrobial activity at room
temperature and provided an advantage compared to the fresh form stored at the cold chain. Thus, the cold-
chain breakage risk will be eliminated and provide the convenience of transportation and storage to the
product. Moreover, this study was one of the limited studies about the biological activity of microencapsulated
RJ in the storage period, it ensures an important contribution to the literature as a base for new studies.

CONCLUSION

The results of the study showed that microencapsulation maintains 10-HDA content and the antimicrobial
activity of RJ throughout the storage period. Also, it is thought to be an innovative approach for royal jelly due
to the elimination of cold-chain requirements. Microencapsulation of RJ is a promising technique enabling
storage at room temperature. In addition, this implementation may be an alternative commercial form thanks
to the low cost for production, storage, and transportation compared to other commercial products such as
lyophilized, deep-freezed, and refrigerated forms. Thus, the market share of RJ and RJ-based products may
increase and MRJ may become a well-liked product. In the light of the present study, innovative RJ products
may be developed by different formulations and advanced microencapsulation technology.
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