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Abstract

This study was conducted to provide insights on the physico-
chemical properties, antioxidant activity, micronutrient status and an-
tibacterial potential of hive bee (Apis mellifera L.) royal jelly collected
in spring, summer and autumn seasons from Himachal Pradesh.
The royal jelly was collected from selected 10 royal jelly-yielding
stock in 3 seasons (spring, summer and autumn) and analyzed for
physicochemical characteristics, mineral status and antibacterial
potential using standard methodologies. The apiary royal jelly dis-
played good to excellent inhibitory activity against Bacillus subtilis
(ATCC 6633), whereas, fair to good against Escherichia coli (NCTC
10418) and Staphylococcus aureus (NCTC 3750) at 100 per cent
and 50 per cent concentrations in spring, summer and autumn sea-
son. The physicochemical properties, including pH, moisture, lipid
and protein content, were found to be within standard ranges, sig-
nifying good quality and superiority of royal jelly. Antioxidant activity
showed its potential as a bioactive substance. Micronutrient analysis
revealed the presence of important minerals (Fe, Zn and Mg). pH,
moisture content, total soluble solids content showed strong posi-
tive correlations. these findings highlight the therapeutic potential of
royal jelly as a natural antimicrobial agent, particularly for managing
gram-positive and gram-negative bacterial infections. Overall, the re-
sults highlight the high quality and multifunctional nature of royal jelly
making it a valuable natural product for use in medicine, cosmetics
and nutrition. This paper presents a pioneer study on the seasonal
variations in physicochemical properties and antibacterial potential
of the hive bee (A. mellifera) royal jelly and has not been done in
Himachal under the present scenario.

*Corresponding author: Simran Bhatia, Department of Entomology, Dr YS Par-
mar University of Horticulture and Forestry, Nauni, Solan, Himachal Pradesh, In-
dia, E-mail: simranuhf@gmail.com

Citation: Bhatia S, Rana K, Devi S, Singh SJ (2025) Profiling and Bioactivity of
Apis Mellifera Royal Jelly in Himachal Pradesh. HSOA J Food Sci Nutr 11: 228.

Received: October 27, 2025; Accepted: December 01, 2025; Published: De-
cember 10, 2025

Copyright: © 2025 Bhatia S, et al. This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which permits un-
restricted use, distribution and reproduction in any medium, provided the original
author and source are credited.

Keywords: Antibacterial; Apis mellifera; Beekeeping; Physicochem-
ical; Royal jelly

Introduction

Honey bees play a vital role in both ecosystems and agriculture
as a primary pollinator of crops. Bee products such as honey, venom,
pollen, wax, propolis and Royal Jelly (RJ) [1-4], contribute to nutri-
tion, medicine and various industries highlighting the ecological and
economic significance of these beneficial insects in sustaining biodi-
versity and human well-being. The term “Royal Jelly” was coined by
the french scientist René Antoine de Réaumur (1683-1757), who as-
sociated its consumption with the extraordinary growth of the queen
bee [5,6]. In 1852, Reverend Langstroth, considered the father of
American beekeeping, conducted the first chemical analysis of royal
jelly. Aristotle was the first to discover the potential benefits of roy-
al jelly in bees, attributing increased physical strength and potential
improvements in intellectual capacity to its consumption [5]. During
the 1950s, Langstroth proposed the commercial use of royal jelly,
especially in regions where honey production was not economically
viable [7]. The exploration of RJ as a functional product and health
enhancer gained momentum in the early 1960s with the development
of “Apitherapy.” Since then, the unique properties and characteris-
tics of RJ have been extensively studied and applied in therapy for
both humans and bees [5]. Royal jelly is the result of hypopharyngeal
gland (watery) and mandibular gland (milky) secretion. Such glands
are located in the workers heads and royal jelly is produced by 5 to 14
days old workers, called nurse bees [8]. Interestingly, first three days
of larval growth, both queen and bee worker larvae are fed on the roy-
al jelly and then the worker bee larvae fed on a combination of royal
jelly and food store (pollen and honey) while the queen continues to
fed on royal jelly from worker nurse. RJ significantly influences the
lifespan, with worker bees living about 45 days, while queen bees
can live up to five years, exhibiting prolific egg-laying capabilities,
averaging 2000-3000 eggs daily over several years bees [9-11].

Bee products have gained significant attention in both traditional
and modern medicine, aligning with the growing health-conscious so-
ciety [1,4,12,13]. RJ has been produced on a large scale for commer-
cial purposes and its market value is significantly higher than other
bee products such as honey or pollen thus it is a major income source
for beekeepers [14]. Recently the origin and function of RJ such as
Major Royal Jelly Proteins (MRIJPs) for the development of the larvae
[15], antimicrobial properties [11], medicinal value [1,16], proteins
and peptides [17], the potential applications for cancer treatment [18],
and health aging and longevity [19], have been reported. In recent
years, there has been a growing interest in the application of bee prod-
ucts in traditional and modern medicine leading to numerous studies
exploring their health benefits and pharmacological properties. Royal
jelly is widely used as a dietary supplement due to its antibacterial
[20], antitumor [21], antiallergy, anti-inflammatory, antifatigue [22],
immunomodulatory effects and antihypercholesterolemic [23], im-
munomodulatory [14,15,17,24,25].
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These biological effects of royal jelly are attributed to the presence
of many active ingredients in RJ such as 10- Hydroxy-2-Decenoic
Acid (10-HDA), active peptides such as Major Royal Jelly Proteins
(MRIJPs), royalactin, steriods, acetyl choline and other compounds
which might be of high importance in modern medicine for the de-
velopment of new drugs [25,26]. RJ is composed of approximately
60-70 per cent water, 1.22 per cent ash content, 3-8 per cent lipids,
9-18 per cent protein, 6-18 per cent carbohydrates, 2-5 per cent 10-
HDA, 18-23 per cent total phenolic content, 0.8-30 per cent minerals,
and trace amounts of polyphenols and vitamins [9]. This nutrient rich
substance serves as the exclusive food for honey bee larvae during
the first 72 hours of their larval life and remains a vital source of
nourishment for the queen throughout her larval and adult phases.
Gram-positive and Gram-negative bacteria, attributed to its fatty ac-
ids, such as trans-10-hydroxydec-2-enoic acid and bioactive peptides
like jelleines and royalisin. Studies highlight its effectiveness against
Bacillus cereus, Enterococcus faecalis, Escherichia coli, Pseudomo-
nas aeruginosa and Staphylococcus aureus [27]. RJ’s antibacterial
action is mainly linked to its therapeutic fatty acids and peptides, with
reported activity against Salmonella, Proteus and B. subtilis etc. This
makes RJ a potent natural antibiotic with applications in diets, cos-
metics, and pharmacology. RJ contributes to the queen bee’s immuni-
ty against harmful bacteria, enhancing its role in beekeeping and re-
lated industries. The beekeeping community has adopted the grafting
process, particularly the Doolittle method of larvae grafting [28], to
enhance royal jelly production. Preserving the integrity of royal jelly
for human consumption is a crucial consideration, as it is susceptible
to changes in its properties. RJ is particularly sensitive to light and
heat, and direct exposure to air can lead to oxidation [29-31]. There-
fore, careful storage conditions are essential to maintain the stability
and quality of RJ intended for human use. This paper explores the
physicochemical properties of royal jelly produced by Apis mellifera
colonies and the antibacterial activity of royal jelly against common
bacterial pathogens in Himachal Pradesh, India.

Materials and Methods

The research was conducted in University Apiary and Apiculture
Laboratory of the Department of Entomology, College of Horticul-
ture, Dr YS Parmar University of Horticulture and Forestry, Nauni,
Solan, Himachal Pradesh (1245m amsl, 30°51°25”N 77°10°06”’E).
The selection of 4. mellifera colonies for royal jelly production was
done on the basis of biological and economic characteristics like col-
ony strength, brood area, prolificness, hygienic behavior, pollen and
honey stores. Thirty A. mellifera colonies were screened and marked
for experiment at UHF Apiary in experimental farm. Out of these 30
colonies screened, 10 4. mellifera colonies having high biological and
economic characteristics were selected for royal jelly production and
performance of these colonies was recorded. Standardized measure-
ment protocols were followed to ensure consistency across all param-
eters.

Sample Collection

Larval grafting was carried out in these selected Apis mellifera
colonies for royal jelly production using the Doolittle method [28].
24-hour-old larvae were grafted into the cups within queen less cell
builder colonies. Observations were repeated at 21-day intervals
across three seasons during the spring (February-March), summer
(April-June) and autumn (August-October) of 2024 with 3 replica-
tions per season. Royal jelly was then harvested 72 hours after larval

grafting and stored in dark vials at -20°C for physicochemical and
antibacterial properties analysis.

Physicochemical Analysis

The physicochemical properties viz., pH, moisture content, ash
content, total solid content, carbohydrates, bioactive compounds viz.,
phenols, flavonoids, DPPH content and micronutrient content was
studied for spring, summer and autumn season of 2024 in royal jelly
samples collected from these selected high royal jelly producing col-
onies.

Determination of pH

The pH was determined by dissolving 1g of royal jelly in 7.5ml
distilled water and measuring with a pH probe [32].

Determination of Moisture, Solids and Ash Contents

The amounts of ash in each royal jelly sample (each 1g) were
measured after being in the oven at 550°C for 8 hours. After 1 hour
of losing heat, the crucible was weighted and the difference between
initial and final weights indicated the amount of ash present in lg
of royal jelly samples. To calculate the moisture percentage of royal
jelly samples, 1g of each specimen was weighed in a crucible to put
in an oven of 105°C for 3 hours. The crucible was carefully weighed
after cooling. The samples remained in the oven for 1 or more hour
to examine if the weights decreased. The process was repeated again
until the evaporation of water is complete with constant weight [33].
Total solid content of each royal jelly sample was estimated by using
the following formula:

Total solids (%) = 100-Moisture content.

Determination of Lipids

Each sample of royal jelly (1g) was weighted and homogenized
with 100mL of distilled water using an ultrasonic homogenizer for
30 minutes until the compound was completely dispersed. In the next
step, equal amounts of chloroform and ethanol were added to the
mixture and filtered through a Whatman filter paper No. 1 (Sigma
Aldrich, USA). Buchner tunnel and vacuum were applied for more
rapid performance of filtration. After filtration, the chloroform phase
was separated and transferred to a beaker on a warm water bath to
evaporate the chloroform. Finally, the beaker was cooled and weighed
to calculate the amount of lipid present in 1g of royal jelly [34].

Determination of Proteins

The royal jelly samples protein content was estimated per the
methodology given by Lowry et al. [35]. The 0.05g RJ dissolved in
10ml double distilled water and then centrifuged (25min, 2300g).
Folin-Ciocalteu reagent was added to the supernatant and the absor-
bance was measured at 750nm in Spectrophotometer.

Determination of Carbohydrates, Phenols and Flavonoids

Total carbohydrates content of royal jelly was obtained by differ-
ence [36], using the formula:

Total carbohydrates (CHO) = 100 - (moisture%+ protein%-+ lip-
ids% + ash%).
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The royal jelly’s total phenolic and flavonoid content were mea-
sured by the Folin-Ciocalteu and aluminium chloride methods, re-
spectively [37].

Determination of Antioxidant Potential

The free radical scavenging activity of royal jelly samples was
determined by 1,1-Diphenyl-2-Picrylhydrazyl (DPPH) assay [38].

Micronutrient Composition

Micronutrient such as Chromium, Copper, Nickel, Manganese,
Iron, Magnesium and Zinc were determined as per the method given
by Muresan et al. [39], in atomic absorption spectrophotometer (Mo-
tras Scientific).

UHPLC-Based Profiling and Elemental Analysis of Royal
Jelly

Standard procedures were followed when conducting the analysis.
Protein content (as determined by the SLS/CH/STP-16 method), or-
ganic acids and flavonoids (such as caffeine, ferulic acid, gallic acid,
apigenin, quercetin, chyrsin, hesperetin, etc.) and vitamins B2 and C
were among the parameters examined using UHPLC methods. Ad-
ditionally, elemental content such as iron, copper, sodium, calcium,
magnesium, and potassium was determined using the SLS/CH/STP-
02 technique. The analysis was carried out by Shoolini Lifesciences
Pvt. Ltd., an Indian institution with NABL accreditation.

Antibacterial Activity Assessment

In this study, the antibacterial activity of royal jelly samples was
assessed against three bacterial isolates. The Gram-negative bacteri-
um Escherichia coli NCTC 10418) and two Gram-positive species,
Staphylococcus aureus (NCTC 3750) and Bacillus subtilis (ATCC
6633), were obtained in lyophilized form from the Central Research
Institute, Kasauli, Solan. After twenty-four-hour bacterial cultures
were inoculated into Nutrient Broth i.e., Sml each (Merck, Germany)
and incubated at 37°C. The antibacterial evaluation was conducted
using the agar diffusion well method. A uniform bacterial culture
was prepared on Nutrient Agar (Himedia, India) plates by spreading
bacterial suspensions with sterile cotton swabs. Wells (each Smm in
diameter) were created in the agar using a sterile micropipette tip.
Royal jelly samples (100% and 50% in sterile water) were prepared
and 100pL of each dilution was dispensed into the wells. The plates
were then incubated at 37°C for 24 hours. Following incubation, the
diameter of the inhibition zones was measured in millimeters using a
ruler and recorded, as described by Eshraghi et al. [40].

Statistical Analysis

The data recorded was analyzed by using R-software for correla-
tion heatmap construction (library used: ggplot2, agricolae, dplyr,
corrplot, ggcorrplot) and MS-Excel All determinations were carried
out in triplicate and after calculating the amount of each group of
components in three seasons of samples of royal jelly, the amounts
were reported as mean + standard error (SE). P values <0.05 were
considered statistically significant.

Results and Discussion

The determination of physicochemical properties of royal jelly
across the three seasons are displayed in table 1 under following sub-
headings.

Parameter Spring Summer Autumn Mean | p-value
pH 4.08+0.006 4.07+0.003 4.10+0.006 4.08 0.301
Moisture 64.00£0.577 | 643320667 | 66.67£0.882 | 65.00 | 0.739
content (%)
Total solids |30 410577 | 35.67:0.667 | 33.33:0.882 | 35.00 | 0.739
content (%)
Ash content 2.00 2.12 2,01 204 | 0.000
(%)
Lipids (%) 7.50+0.577 7.50+0.577 6.87+0.606 7.29 0.381
Protein (%) 17.12+0.120 17.49+0.215 16.00£1.299 16.87 0.036
Ca'biyfra‘es 9.14£0.00 | 8.77+0.969 | 8.970.033 | 896 | 0.930
o
Pher[lr(l)gl)(pg/ 20.40+1.442 20.67+1.764 21.00+1.528 20.69 0.978
Flavonoids
1.37+0.095 1.40+0.088 1.36+0.033 1.38 0.983
(ng/mg)
Table 1: Seasonal differences in the physicochemical properties of royal jelly from
Apis mellifera.
Note: + denotes standard error

pH

The analysis of data on pH revealed no significant difference
during the spring (4.08), summer (4.07) and autumn (4.10) seasons
(p>0.05) indicating slight seasonal variation. pH is one of the criteria
for determining the physical property of RJ, in the light of this state-
ment, Lercker et al. [41], reported that royal jelly is highly acidic with
pH ranged between 3.4 - 4.5. Similarly, Isidorov et al. [42], reported
3.95 pH of pure royal jelly which showed an acidic nature of roy-
al jelly. Sereia et al. [43], reported an average range of pH between
3.92-4.02. Nabas et al. [44], also reported pH 3.42+0.02 of royal jelly.
Tiwari [45], found the pH of different royal jelly samples, ranging
between 3.43 to 3.89 to 3.91 in March, January, April, respectively
implying that the sample collected in January was more acidic than
those collected in the rest of the months. Isidrov et al. [42], reported
that pure royal jelly has a mean pH value of 3.95. The present result
lies within the ranges given by FSSAI [2].

Moisture Content

The statistical analysis of moisture content among the seasons in-
dicated no significant difference (p>0.05) and revealed consistency of
royal jelly at 64.00 per cent, 64.33 per cent 66.67 per cent in spring,
summer and autumn, respectively. The results on Total Soluble Sol-
ids (TSS) present in royal jelly showed no significant variation as
supported by a p-value of 0.739 (p>0.05) and it varied from 36.00
per cent, 35.67 per cent and 33.33 per cent in spring, summer and
autumn, respectively. The high moisture content in autumn compared
to spring and summer can be attributed wetter conditions, high tem-
perature and high humidity (spring, autumn) that contribute to higher
moisture retention, while drier conditions and low temperatures (sum-
mer) help retain higher moisture levels. Different flowering plants in
cach season produce nectar with varying water content, influencing
the composition of royal jelly. Spring and autumn florals often have
more moisture-rich nectar than summer florals. The present study is
in line with studies by Garcia-Amoedo and Almeida-Muradian [46],
conducted physicochemical analysis of fresh RJ were 67.58 per cent.
Sereia et al. [43], reported an average range of moisture at 66.23-
67.81 per cent from royal jelly in A. mellifera. Nabas et al. [44], also
reported moisture content to be 61.5+0.25 per cent. Kausar et al. [47],
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also reported that the total moisture content in fresh royal jelly at 60
per cent. In present studies, the results showed no significant vari-
ation in Total Soluble Solids (TSS) present in royal jelly across the
seasons, as supported by a p-value of 0.739 (p>0.05). The TSS was
relatively consistent with mean 35 per cent, recorded at 36.00 per
cent, 35.67 per cent and 33.33 per cent in spring, summer and autumn,
respectively. Tiwari [45], found the moisture content and solids con-
tent royal jelly at 64.35-68.57 per cent and 31.43-35.65 per cent. The
mean moisture content obtained in royal jelly samples was 65.33 per
cent, which is significantly higher than the average moisture content
reported by Zhang et al. [30], for fresh RJ samples, which was 53.3
per cent. Sabatini et al. [9], reported that the moisture content in royal
jelly typically ranges between 60 per cent and 70 per cent. The anal-
ysis showed significant variations in ash content across the seasons
(p<0.05). The mean ash content in royal jelly samples were 2.00+0.00
in spring, 2.12+0.00 in summer and 2.01+£0.00 in autumn, with an
overall mean of 2.04. These results suggest that seasonal variations
had a statistically significant impact on ash content, with the highest
ash content recorded during the summer season. Nabas et al. [44],
reported 1.10+0.05 per cent ash content in royal jelly. Kausar and
More [47], also reported 1.22 per cent ash content in fresh royal jelly.

Lipid and Protein Content

The statistical analysis revealed no significant difference in lipid
content (p>0.05) and the content varied as 7.50 per cent in spring and
summer to 6.87 per cent in Autumn. Protein content demonstrated a
significant difference across the seasons (p<0.05). The significantly
highest protein content was recorded in summer (17.49%), followed
by spring (17.12%) and autumn (16.00%) with mean 16.87 per cent.
This study indicated that seasonal factors significantly influenced pro-
tein levels with summer conditions potentially favoring higher protein
levels accumulation in royal jelly samples. The mean value obtained
was 16.87 per cent, which is consistent with the findings of Lercker et
al. [48], who reported an average crude protein content of 17 per cent
in fresh royal jelly samples. Shahidi & Zhong [49], highlighted that
variations in protein content among different royal jelly samples may
be linked to its antioxidant activity. Determining changes in protein
content is an effective way to assess the quality of royal jelly.

Protein content (%) showed a significant seasonal variation
(p=0.036), with higher protein content in Summer. No significant
differences were found for ash content, carbohydrates, DPPH, flavo-
noids, lipids, moisture content, phenol, TSS and pH across the sea-
sons. It may be concluded that the only parameter showing a signif-
icant seasonal difference is protein where summer has higher values
compared to spring and autumn.

Carbohydrate Content

Carbohydrate levels remained relatively consistent across the three
seasons, as evidenced by the lack of statistical significance (p>0.05).
While there was a slight decrease in carbohydrate content from spring
(9.14%) to summer (8.77%) and autumn with mean of 8.96 per cent
these differences were not statistically meaningful. The stability in
carbohydrate levels suggests that seasonal variations had a negligible
effect on carbohydrate content in the samples. Overall, the findings
highlight a significant seasonal influence on protein content, while
lipid and carbohydrate levels remained largely unaffected by seasonal
changes.

DPPH, Phenol and Flavonoids Content

The result (p>0.05) indicated no significant difference in DPPH
antioxidant activity across spring, summer and autumn with mean
DPPH content of 23.68% (Figures 1 & 2). The recorded values
showed a slight decrease, from 24.37 per cent in spring to 23.67 per
cent in summer and 23.00 per cent in autumn. Despite this minor
variation, the changes were not statistically significant, suggesting
that seasonal factors had a negligible impact on antioxidant activi-
ty as measured by DPPH (Table 2). Phenolic content also showed
no significant variation across the seasons, with a p-value of 0.978
(p>0.05). The phenolic content values remained fairly stable with
mean 20.69ug/mg, recorded at 20.40pg/mg in spring, 20.67pug/mg in
summer, and 21.00pg/mg in autumn. These results indicate that the
phenolic content of the samples was consistent across seasonal chang-
es. The analysis revealed no significant difference in flavonoid content
across the seasons, as evidenced by a p-value of 0.983 (p>0.05) with a
mean value of 1.38pug/mg. Flavonoid content values were consistent,
recorded at 1.37pg/mg in spring, 1.40pg/mg in summer, and 1.36pg/
mg in autumn. This suggests that flavonoid levels were unaffected
by seasonal variation. In summary, the findings demonstrate that
DPPH antioxidant activity, phenolic content, and flavonoid content
remained relatively stable across the three seasons, with no statisti-
cally significant differences observed. This indicates a high degree of
consistency in these biochemical parameters irrespective of seasonal
changes. Nabas et al. [44], reported similar content of total phenolics
23.3+0.92pg/mg RJ, total flavonoids 1.28+0.09ug/mg RJ. Kazemi et
al. [34], also found the similar amounts of phenols (22.98+0.34pg/mg
for commercial and 21.99+0.41pug/mg for raw).

Figure 1: Correlation analysis of physicochemical and bioactive properties of royal
jelly from A. mellifera.

Note: In the correlation heatmap, the color gradient, Blue: Represents strong positive
correlations (closer to +1). A value near +1 means that as one parameter increas-
es, the other also increases proportionally. White: Represents no correlation (value
around 0). This indicates no linear relationship between the parameters. Red: Rep-
resents strong negative correlations (closer to -1). A value near -1 means that as one
parameter increases, the other decreases proportionally.

N

Micronutrients

In present studies, the mean micronutrients concentration in roy-
al jelly recorded in iron (Fe) was 0.786ppm/gm, 645.800ppm/gm in
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Figure 2: DPPH full form content in royal jelly.

S. No. Micronutrient Concentration (ppm/g)
1 Iron (Fe) 0.786 ppm
2 Magnesium (Mg) 645.800 ppm
3 Zinc (Zn) 0.351 ppm

Table 2: Micronutrient concentration in royal jelly from 4. mellifera.

magnesium (Mg) and for zinc (Zn) it was 0.351ppm/gm (Table 3).
However, other micronutrients (Cr, Cu, Ni and Mn) were also esti-
mated but no record was found. Stocker et al. [50], and Balkansan
et al. [51], reported much lower Ca, Mg, Fe and Zn levels in roy-
al jelly. Tiwari [45], reported 58.85mg/100g (Ca), 57.24mg/100g
(Mg), 0.28mg/100g (Fe), and 6.26mg/100g (Zn) that aligned with the
findings of Bogdanov et al. [16]. The present study reported that mi-
cronutrient variations are likely influenced by seasonal changes and
botanical sources. These differences highlight the essential role of mi-
cronutrients in biomedical functions making mineral analysis crucial
for assessing royal jelly quality.

Parameter (% by mass) ISO Permissible Limit
Moisture 62-68.5
10-hydroxy-2-decenoic acid 1.4
Protein 11-18
Total sugar 7-18
Glucose 29
Total lipid 2-8

Table 3: Food Safety and Standards Authority of India (FSSAI) imposed Interna-
tional Organization for Standardization (ISO) standard for royal jelly in India (2019).

Correlation Analysis of Physicochemical and Bioactive
Properties in Royal Jelly

The correlation heatmap (Figure 1) visualizes the relationships
between various physicochemical and bioactive parameters of royal
jelly. Parameters like pH, moisture content, total solids content and
others showed strong positive correlations within their groups (diag-
onal micronutrients with values of 1, as expected). Ash content repre-
sented a moderate positive correlation with phenol (0.25) suggesting
a potential link between mineral content and phenolic compounds.
Weak correlations (close to 0) were also observed between lipids
and DPPH (-0.04) or phenol and flavonoids (-0.02). These indicated

minimal relationships or independence between the respective pa-
rameters. Similarly, carbohydrates exhibit negative correlations with
some bioactive properties like DPPH (-0.17) and phenol (-0.09), indi-
cating a potential inverse relationship. Hence it is interpreted that the
correlations between physicochemical properties and bioactive prop-
erties may not directly influence each other significantly. Whereas,
the moderate positive correlations between ash content and phenol
may imply that certain micronutrient components contribute to anti-
oxidant or bioactive properties as well.

Principle Component Analysis (PCA)

PCA is a key chemometric tool in food science research [52], that
reduces data dimensionality by transforming correlated variables into
uncorrelated principal components. It enables visual differentiation
and grouping of samples. In this study, multivariate PCA was applied
to analyse the physicochemical properties of royal jelly from 4. mel-
lifera in Himachal Pradesh. PC1 has the highest standard deviation
(3.468) followed by PC3 (2.20) and PC2 (1.993) that suggests that
PC1 has the most variation in the data. The cumulative proportion for
PC1 is 0.752, which means it accounts for 75.2% of the total variance,
it is 1.000 for PC2 and PC3 meaning PC1 and PC2 together explain
100% of the variance (Figure 3).

Figure 3: The principal component analysis (PCA) biplot visualizes the contribution
and relationship of different variables in two principal components: Dimension 1
(PC1) explains 75.2% of the total variance, indicating it captures most of the vari-
ability in the dataset. Dimension 2 (PC2) explains 24.8% of the total variance con-
tributing additional but lesser variation. Together, these two dimensions account for
100% of the variability, making this a strong summarization of the dataset. Variables
pointing in the same direction are positively correlated (pH and moisture, phenol,
Mg, Zn, Fe), at opposite directions are negatively correlated and at right angles are
independent.

Note:

« Autumn (in orange circle) that is located towards the right, indicating its link with
high moisture content, phenol, iron, magnesium, and pH.

»  Spring (purple triangle) is located at the top, suggesting a strong correlation with
DPPH (antioxidant activity).

*  Summer (green square) is on the left side and aligns with high flavonoid and
ash content.

The principal component analysis (PCA) biplot (Figure 3) visu-
alizes the contribution and relationship of different variables in two
principal components. It revealed that strongly contributing variables
like moisture, phenol, and pH have high positive loadings on PCl,
indicating they are highly correlated with this dimension. Flavonoids
have a strong negative contribution, meaning they are negatively as-
sociated with PC1. The carbohydrates and DPPH contribute signifi-
cantly to PC2, suggesting that they explain variations distinct from
PCI1. TSS, lipids and protein are clustered near the origin, suggesting
lower contributions to both components. It is found that moisture,
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phenol, and pH are the most dominant factors influencing the first
principal component. Carbohydrates and DPPH uniquely contribute
to the second principal component. Flavonoids are inversely related
to the main contributors of PC1.

Seasonal differences in the biochemical makeup of samples are
successfully distinguished using PCA. Higher levels of moisture,
minerals, and phenol content are characteristics of autumn. Antiox-
idants are abundant in the spring (DPPH).

Higher levels of ash and flavonoids are associated with summer.
Strong clustering in the sample suggests that biochemical characteris-
tics vary with the season.

UHPLC-Based Profiling and Elemental Analysis of Royal
Jelly

The protein content of the royal jelly sample was 24.91g/100g
(as measured by the SLS/CH/STP-16 method), indicating a substan-
tial nutritional value. The sample analysis by UHPLC revealed that
among various phenolic compounds and flavonoids, caffeic acid, fe-
rulic acid and gallic acid were quantified at 0.92mg/L, 1.60mg/L and
1.10mg/L, respectively. However, no detection of Apigenin and ribo-
flavin (vitamin B2) was found in the sample (Table 4).

p

S. No Test Parameters Unit Test Method Result
1 Caffeic mg/L By UHPLC 0.92
2 Protein 2/100g SLS/CH/STP - 16 24.91
3 Ferulic mg/L By UHPLC 1.60
4 Gallic mg/L By UHPLC 1.10
5 Apigenin mg/L By UHPLC ND
6 Quercetin mg/L By UHPLC 0.33
7 Chrysin mg/L By UHPLC 1.39
8 Hesperetin mg/L By UHPLC 1.96
9 Vitamin B2 mg/L By UHPLC ND
10 Vitamin C mg/L By UHPLC 1.27
Mineral Count
11 Iron mg/kg SLS/CH/STP - 02 19.68
12 Copper mg/kg SLS/CH/STP - 02 5.37
13 Sodium mg/kg SLS/CH/STP - 02 98.88
14 Calcium mg/kg SLS/CH/STP - 02 630.04
15 Magnesium mg/kg SLS/CH/STP - 02 23593
16 Potassium mg/kg SLS/CH/STP - 02 2938.92
Table 4: UHPLC-based profiling and elemental analysis of royal jelly.

J

Among flavonoid compounds, quercetin, chrysin and hesper-
idin were detected at concentrations of 0.33mg/L, 1.39mg/L and
1.96mg/L, respectively. The ascorbic acid (Vitamin C) was present at
a concentration of 1.27mg/L (Table 4).

Royal jelly consists of flavanones (hesperidin), flavones (chry-
sin) and flavonols (quercetin), polyphenols including caffeic acid
and ferulic acid are wellknown antimicrobial agents that compromise
bacterial cell walls and alter membrane permeability. Their ability
to destabilize membranes has been demonstrated across both E. coli
and S. aureus. Phenolic acids, including caffeic acid play a crucial
role in antimicrobial activity and antioxidant capacity [53]. Gallic
acid (1.10mg/L) exerts antimicrobial activity via oxidative stress

induction; efficacy has been validated especially against Gram-posi-
tive bacteria, including S. aureus and B. subtilis [54]. These of chem-
ical components found in royal jelly exhibit several pharmacological
properties, including antibacterial, antiaging, antiallergic, anticancer,
antidiabetic, anti inflammatory, immunomodulatory and neuropro-
tective effects. Chrysin, in particular, has been shown to impede S.
aureus and E. coli growth by attenuating quorum sensing. Vitamin C
(1.27mg/L) may enhance bacterial membrane damage and promote
ROS-mediated cellular damage, augmenting the ground-level pheno-
lic activity [55].

The analysis of mineral content indicated that potassium was the
predominant mineral, with a concentration of 2938.92mg/kg, fol-
lowed by calcium (630.04mg/kg), magnesium (235.93mg/kg) and
sodium (98.88mg/kg) (Table 4). Among the trace elements, iron and
copper were detected at 19.68mg/kg and 5.37mg/kg, respectively.

Copper plays a crucial role in catalyzing ROS generation, dam-
aging bacterial proteins, membranes, and DNA. Its broad-spectrum
bactericidal capacity against E. coli and S. aureus is well documented.
Elevated levels of potassium, calcium, and magnesium may facilitate
structural stability and proper function of antimicrobial peptides (e.g.,
royalisin, MRJPs) intrinsic to royal jelly [55].

Antibacterial Assay

The inhibitory effect of royal jelly concentrations (Table 5, Fig-
ures 4 & 5) against E. coli (NCTC 10418) in spring 2024 revealed
no significant variations in zone of inhibition. The 50 per cent con-
centration showed a minimum 10.33+0.33mm zone of inhibition,
whereas 100 per cent concentration showed 11.33+£0.33mm zone of
inhibition compared to positive control i.e. 12.17mm. Similarly, in
summer season, significant variations were recorded for the zone of
inhibition in royal jelly concentrations. It was maximum for positive
control (12.17mm), which was statistically at par with 100 per cent
concentration of royal jelly (10.67+0.67mm), which was further at
par with zone of inhibition for 50 per cent royal jelly concentration
(9.67+0.33mm). During autumn season, the zone of inhibition was
significantly maximum in the positive control (12.17mm) with sta-
tistically similar zone of inhibition in 100 per cent (12.00+0.58mm)
royal jelly concentration, whereas a significantly minimum zone of
inhibition was recorded in 50 per cent concentration of royal jelly
(8.33£0.33mm).

The results of inhibitory effect of royal jelly concentrations
against B. subtilis (ATCC 6633) in spring season of 2024 revealed
no significant variations in zone of inhibition, but detected that zone
of inhibition was maximum for 100 per cent (26.33+0.88mm) con-
centrations of royal jelly as compared to 50 per cent concentration
(23.00+1.53mm) and positive control (25.00mm). However, during
summer season significant variations have been recorded for inhibi-
tory effect for royal jelly with maximum zone of inhibition for posi-
tive control (25.00mm) which was statistically similar to 100 per cent
royal jelly concentration (24.67+0.33mm) while significantly mini-
mum for 50 per cent concentration (18.33+1.67mm). During autumn
season the significant variations recorded were varied as positive
control (25.00mm) followed by 100 per cent (20.00+0.00mm) con-
centration and significantly minimum for 50 per cent concentration
(15.00+0.00mm).

The data analysis on inhibitory effect of royal jelly concentrations
against S. aureus (NCTC 3750) in spring season of 2024 revealed
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Pathogen Escherichia coli Bacillus subtilis Staphylococcus aureus
2 (NCTC 10418) (ATCC 6633) (NCTC 3750)
Seasons
Concentra- Spring Summer Autumn Spring Summer Autumn Spring Summer Autumn
tion (%)
50 10.33+0.33 mm 9.67+0.33 mm 8.33+0.33 mm 23.00£1.53 mm | 18.33+1.67 mm | 15.00+0.00 mm | 13.00+0.00 mm | 12.67+0.33 mm | 12.33+0.33 mm
100 11.33+0.33 mm | 10.67+0.67 mm | 12.00+0.58 mm | 26.33+0.88 mm | 24.67+0.33 mm | 20.00+0.00 mm | 20.33+£0.33 mm | 20.00+0.00 mm | 19.33+0.33 mm
Positive
control 12.17mm 25.00mm 23.50mm
(Tetracy-
cline)
CD(0.05) NS 1.66 1.52 NS 3.46 0.68 0.69 1.36 0.96
Negative
control (ster- No zone of inhibition
ile water)

Note: + denotes standard error

Table 5: Inhibitory effect of royal jelly against selected pathogens across spring, summer and autumn season.

Figure 4: Steps in antibacterial activity assessment. a: Pure bacterial culture; b,c:
Swabbing of bacterial culture evenly onto the agar plate; d: Making of wells (Smm)
using sterile tip in the agar; e: Royal jelly sample (100% and 50% diluted); f: Pi-
petting of royal jelly samples, Positive control (Tetracycline) and negative control
(sterile water) into the wells; g: Measurement of zone of inhibition (in mm) after 48
hours of incubation at 37°C.

Figure 5: Inhibitory effect of 50% and 100% Royal Jelly (RJ) concentrations against
Escherichia coli (NCTC 10418) (A,B,C), Staphylococcus aureus (NCTC 3750)
(D,E,F) and Bacillus subtilis (ATCC 6633) ((G,H,I) in spring (A,B,C) summer
(D,E,F) and autumn (G,H,I) TE: Tetracycline (Positive control) ; NC: Negative con-
trol (sterile water).

significant variations from maximum zone of inhibition in positive
control (23.50mm) followed by 20.33+0.33mm in 100 per cent and
13.00+0.00mm in 50 per cent royal jelly concentration. During sum-
mer and autumn seasons, the zone of inhibition varied from 23.50mm
in positive control, 20.00+£0.00mm and 19.33+0.33, 12.67+0.33 and
12.33+0.33 in 100 per cent and 50 per cent concentrations of royal
jelly, respectively. The present study is in correspondence with the
fact that has been reported that royal jelly has a powerful antibiotic
effect against E. coli, Salmonella, Proteus, B. subtilis and S. aureus
bacteria. The present study reported 11.33+£0.33mm, (26.33+0.88mm)
and 20.33+0.33mm in 100 per cent zone of inhibition in E. coli, Ba-
cillus subtilis and S. aureus, respectively. Similar results have been
reported in a study by Oncul et al. [56], on antimicrobial effects of
royal jelly sample (100%) on S. aureus, with an inhibition zone of
21.00+1.10mm marking the strongest effect observed against this
bacterium and S. aureus is known for its rapid resistance to antibi-
otics, which complicates the treatment of hospital and communi-
ty-acquired infections. The undiluted royal jelly sample created an
inhibition zone of 14.7+0.6mm on S. aureus, 5.7+0.6mm on P. aeru-
ginosa, 9.7+£0.6mm on E. coli [57,58], at a concentration of 15mg/
ml, RJ caused the largest inhibition zones: 25mm against B. subtilis
and 22mm against S. aureus. According to Nath et al. [59], the anti-
bacterial properties of Royal Jelly (RJ) from A. cerana exhibited the
highest activity against B. subtilis (25mm inhibition zone at 100pug/
ml), followed by E. coli (22mm) while S. aureus showed no response
at any concentration. Ogur and Daya [60], also reported that 100 per
cent concentration (undiluted royal jelly) exhibited the highest anti-
microbial activity. Royal Jelly (RJ) has demonstrated significant an-
tibacterial properties against both Gram-positive and Gram-negative
bacteria. Studies have shown RJ’s effectiveness against a range of
bacterial pathogens, such as S. aureus, E. coli, B. cereus, P. aerugino-
sa and L. monocytogenes [58,61]. Notably, RJ exhibits stronger activ-
ity against Gram-positive bacteria, as demonstrated in various studies
where inhibition zones were larger for organisms like B. subtilis and
S. aureus [59,62]. Geographic origin, concentration and the type of RJ
also play critical roles in its antimicrobial efficacy. For example, RJ
from mountain regions demonstrated superior antibacterial activity
against E. coli and P. aeruginosa [58,62]. Several studies have ex-
plored the potential of RJ as an alternative or complementary antimi-
crobial agent. For instance, Oncul et al. [56], reported potent activity
of RJ against S. aureus (inhibition zone of 21.00+1.10mm) at 100 per
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cent and 50 per cent concentrations. Similarly, Garcia et al. [57], high-
lighted the variation in RJ activity against multiple bacterial strains,
with inhibition zones ranging from 5.7mm to 20.7mm depending on
the bacterial species and RJ concentration. Other research corroborat-
ed these findings, emphasizing the variability in antimicrobial activity
due to genetic and environmental factors influencing RJ composition
[63,64].

Conclusion

Moderate positive correlations between specific parameters like
ash content and phenol suggest a possible link between nutrient con-
tent and antioxidant activity. Comparative studies also revealed that
RJ’s antibacterial potential rivals or complements standard antibiot-
ics, making it a promising candidate for treating infections caused by
antibiotic-resistant bacteria, particularly S. aureus and B. subtilis. The
study highlights the therapeutic potential of RJ as a natural antimicro-
bial agent, particularly for managing Gram-positive bacterial infec-
tions with further research needed to explore its mechanisms of action
and optimize its use in clinical settings. These findings emphasize the
potential of royal jelly and probiotics as a functional food with anti-
oxidant benefits. Thus, this study recommends that royal jelly from A4.
mellifera in Himachal Pradesh is well within the limit of FSSAIL
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