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m The larval nutritional state of the honey bees is controlled by the Royal Jelly. In addition, it
stimulates the regeneration of tissues in other organisms, which has been one of the reasons
it uses for cosmetics and as a nutritional ingredient. For the manufacturing and storage of
products containing Royal Jelly, heat processing has played a significant role but it has not
yet been clarified as a technical factor. The aim of the research was to investigate the effects
of heating on the physiological activity of Royal Jelly. We studied the proteins at the native and
denatured conditions using heating by the electrophoresis methods. Also, the experiments in
vitro were applied when the diets included the non-heated and heated at 52, and 72°C Royal
Jelly. The study determined that heating it at 52°C within 5 minutes didn't change the visible
protein composition. This diet was sufficient for the rearing of larvae and hatching of 78.7%
against 83.3% of A. mellifera honey bees fed by the diet with non-heated Royal Jelly in the in
vitro experiment. However, the weights of the hatched honey bees had significant differences
(a=0.05) and were 97.42+14.45 and 102.09+12.49 mg, respectively. This study adds to our
understanding of the upper limit of the heat resistance of Royal Jelly proteins by demonstrating
the physiological activity of the components after heating at 52°C. So, this temperature can be
applied in the protocol of the manufacturing of the Royal Jelly products.

LGS Royal jelly, In vitro, Apis mellifera L., Heat processing, Total protein composition, Honey bee

INTRODUCTION

Royal Jelly (RJ) is a natural substance secreted by
worker bees to regulate the life of the honey bee colo-
nies. According to the standard ISO 12824, RJ is defined
as a mixture of worker bees’ hypopharyngeal and man-
dibular glands secretions, without any additives. RJ pro-
vides the control of the cast determination and the colony
development through the larvae’s nutritional state. It was
found that the young larvae and queen bees fed from
the first to the third day of larvae development by RJ,
after which larvae of queen bees feed on RJ, and larvae
of worker bees feed on a mix of RJ, honey, and pollen
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(Weaver, 1957; Page et al., 1995; De Soursa et al., 2018;
Maleszka, 2018). Despite the same genetics, the food
defines the ontogenesis of larvae as workers or queens
with different lifespans and duties in the colony (Kunugi
and Ali, 2019). Because the RJ regenerates the cells and
tissues of other organisms (Narita et al., 2006; Khazaei
et al., 2018), it is an attractive ingredient in health pro-
ducts in both the food and the cosmetic industries (El-
Seedi et al., 2022). These properties are provided by the
RJ components which include a considerable amount of
proteins, free amino acids, lipids, vitamins, sugars, and
bioactive substances such as 10-hydroxy-trans-2-de-
cenoic acid, antibacterial protein, and 350-kDa protein
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(El-Seedi et al., 2022).

To unify the quality of RJ as a product, experts headed
by the secretariat of the Standardization Administration
of China (SAC, https://www.iso.org/committee/6716
626.html) identified the quality of RJ in the Standard
ISO 12824 in 2016. However, the full document, espe-
cially the details about how to apply some of the methods
is not available in open access. In this case, more people
can be guided by the Standard methods for Apis melli-
fera RJ research (Hu et al., 2017), where the methods
are described in more detail. So, Lithuanian RJ matched
the Standard requirements (Perminaité et al., 2020), but
Saudi RJ corresponded in terms of 10-HDA concentra-
tion (Bazeyad et al., 2022). Although RJ collected in one
country (Italia) was discriminated by the composition
(Mazzei et al., 2020) the quality of their RJ was not com-
pared with the quality declared in Standard. In summary,
assessing the quality of RJ by several researchers from
different countries is an important step towards unifying
the quality of RJ as a product for human health on a glo-
bal scale.

However, for the manufacturing of products contain-
ing RJ, an important technical factor is the temperature of
storage and processing, which retains the physiological
activity of RJ proteins. Moreover, heat is considered the
most familiar denaturing agent for proteins (Acharya and
Chaudhuri, 2021). At denaturation, a protein loses its
native shape due to the breaking of the weak chemical
bonds which makes the protein physiologically inactive
(Acharya and Chaudhuri, 2021). Another reaction that
leads to a protein alteration by heat processing is the
Maillard reaction between carbohydrates and amino acids
(Mazzei et al., 2020). Because of this, Sabatini ef al.
(2009) stored the RJ in a frozen state to prevent the
decomposition of biologically active proteins and they
recommended that RJ should be frozen as soon as it is
harvested. However, the analytic data confirmed that
exposure to a temperature of 4°C caused no alterations
in RJ composition (Mazzei et al., 2020). Temperatures
that are higher than 8°C may alter the RJ composition by
the Maillard reaction (Mazzei et al., 2020). This reaction
was widely studied in dairy products that were stocked
in conditions of 70°C for four days, and the protein
concentrate had been altered by at least 67 volatile com-
pounds (Nursten, 1990). So, the Maillard reaction be-
comes important when heat is applied in manufacturing
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or for longer storage of the products (Nursten, 1990),
including products with RJ which was researched by Hu
et al. (2021). They stored the RJ at —20, 4°C, RT, and
37°C for different times and then studied the confor-
mation changes of proteins. This allowed for clarifying
the heat characteristics of protein folding using the spec-
troscopy method (Rabe et al., 2015). Also, heat resis-
tance was found in Major Royal Jelly Protein 1 (MRJP1)
Oligomer (Moriyama et al., 2015). Moreover, the heat
characteristic of Apis cerana and Apis mellifera worker
bees provides a specific defensive behavior (“hot defen-
sive bee ball”) used against the giant hornet, Vespa man-
darinia (Kamioka et al., 2022). Hundreds of worker bees
surrounded a hornet and made a “bee ball” where the
temperature can reach up to 45-46°C and it maintains
the ball for around 20-30 minutes (Ono et al., 1987,
Ken et al., 2005; Kamioka et al., 2022). The wasp sur-
rounded by honey bees perishes at this temperature. So,
the heat resistance characteristic of honey bees can be
expected at the RJ also, but the influences of high tem-
peratures on the RJ composition in terms of the physio-
logical activity of RJ are not yet studied.

The aim of this study was to investigate the effect of
heat processing on the physiological activity of the RJ.
In this study, seven temperatures were taken: 32,42, 52,
62,72, 82, and 100°C to the process of RJ by heating it
within 5 minutes, and the protein composition in terms
of water-solved protein composition was visualized by
one-dimensional electrophoresis (1-DE) and two-dimen-
sional electrophoresis (2-DE) methods. Next, the two
temperatures (52, and 72°C), at which RJ had distinctive
protein fingerprints, were chosen to evaluate the physio-
logical activity by in vitro method. According to our res-
earch, the protocol of the manufacturing of the product
with RJ may be complemented with regard to the appli-
cation of the temperatures with the guaranteed preserva-
tion of physiological activity RJ components.

MATERIALS AND METHODS

1. Materials

This study was carried out in the Bee breeding Lab-
oratory, Department of Agricultural Biology, National
Institute of Agricultural Science (NIAS), the Republic of
Korea. Six strong queenright of Apis mellifera ligustica
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honey bee colonies were kept at the institute apiary and
were used for RJ and larvae collection from June to Aug-
ust 2021, and 2022. The RJ of A. m. ligustica honey bees
for this research were collected according to recom-
mendations (Hu et al.,2017) and stored at a temperature
at —20°C in the freezer.

2. Sample preparation and analysis of
protein content

The samples of RJ, heated RJ, diet with non-heated
(fRJ), and heated RJ (fRJ52, and fRJ72) were prepared.

The heated process of previously weighted RJ samples
was done in the individual 1.5 mL tubes using Dry Block
Heater DB1 (LABTron Co). Seven temperatures were
taken with increments of 10 degrees: 32,42, 52, 62,72,
82, and 100°C to the process of RJ by heating within 5
min.

Samples of diets fRJ, heated RJ by 52°C (fRJ52), and
by 72°C (fRJ72) were mixed by the standard protocol for
larvae rearing in vitro (Aupinel et al., 2005). The com-
ponents of diets are described in Table 1. Samples with
20% of RJ, heated RJ, or diet with RJ were prepared in
Tris-HC1 0.025 M buffer with pH="7 4 in ice. Each sam-
ple was analyzed at the native (N-sample) and denatured
(SDS-sample) conditions of protein structures. Triplicate
experiments were run to confirm the reproducibility of
the results. The standard protocols of 1-DE (Nowakow-
ski et al., 2014) and 2-DE (Lasserre and Menard, 2012)
methods were applied.

Briefly, 1-DE for N-sample preparation, samples were
mixed in the ratio of 1:3 (v/v) with the native buffer
(Sarvari et al., 2022). For SDS-sample preparation, sam-
ples were mixed in the ratio of 1: 3 (v/v) with the Lammli
buffer and heated at 82°C for 5 min for denaturation of
protein structure (Schigger, 2006; Kielkopf et al., 2021).
After cooling down to room temperature, the same vol-
ume of the mixture (10 pL of each sample) was loaded
into gels (4% stock, 12% separate gel) (Schigger, 2006).

Precision Plus Protein Standard Ladder (Dual color) with
molecular weight proteins of 15, 20, 25, 37,50, 75, 100,
150, and 250 kDa (Bio-Rad) was used for calibration
purposes. The gels were then run initially at 20 mA for
30 min, and then the current was increased to 50 mA till
the end of the separation. The gels were stained over-
night with Coomassie brilliant blue G-250 solution (con-
sisting of one R250 tablet in 2 liters of 10% acetic acid),
then were stained with boiled distilled water within
5 minutes for three times, and gels were kept in distilled
water at room temperature. The gels were finally visual-
ized by Lightbox (Portable Machine, Iljine D&E).

At 2-DE samples were prepared with 7 M Urea, 2 M
Thiourea, 4% CHAPS, and 2.5% DTT buffer. There
were 500 pg each sample to the isoelectric focusing with
grade pH from 3 to 10, after that the electrophoresis
was applied in a Large 12.5% gel (Lasserre and Menard,
2012). The fixing and staining of proteins were provided
by the Coomassie brilliant blue G-250 solution.

Digitized 1-DE, and 2-DE gel patterns were edited and
matched using Demo program UN-SCAN-IT gel Analysis
Software (USA) (https://www.silkscientific.com/demo/),
and Delta2D trial version software (DECODON) respec-
tively (https://www.decodon.com/delta2d.html).

3.Invitro rearing

The honey bees were reared in the laboratory under the
standard feeding diet as established previously (Aupinel
et al.,2005) with the correction of heating the RJ accord-
ing to the experimental schedule (Table 1). To check the
influence of heating on the function activity RJ compo-
nents, we prepared the diets with RJ (fRJ, fRJ52, and
fRJ72). These experimental diets contained the 50%
frozen RJ, or after heating at 52, and 72°C for 5 min
respectively. The diets in the 1.5 mL tubes were pre-
served before using at —4°C for 4 days, after that we
prepared a fresh diet (Toan et al., 2014).

We controlled the age by caging each queen onto an

Table 1. Standard larval diet according to Aupinel ef al. (2005). Feeding took place over six days. On day one and two, the larvae received
20 pL of diet, on days three to six, larvae received 30 uL, 40 puL, and 50 pL, respectively

Diet Royal Jelly

N/52/72 (control) N or 52 or 72°C Fructose Glucose Yeast Water
[%] 50 6 1 37
[el] 20 24 04 14.8
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empty comb three days prior to the day of larval emer-
gence as described in research (Hu et al., 2017; Schilcher
et al.,2022). Cages had easy access for the worker bees.
Upon emergence, the larvae were transported into the lab,
individually grafted, and placed into small plastic cups
(cups, South Korea). The 48-well plate had 12 cups by
12 larvae for each experimental group; they contained
20 pL of diets which were named N (control), 52, and
72 (Fig. 3A). Well plates with cups, and diets were pre-
heated to 35°C before grafting. Subsequently, totally
108 larvae of positive control (fRJ), 108 larvae of the
experiment (fRJ52), and 108 larvae of expected negative
control (fRJ72) were grafted on nine plates according to
recommendations (Aupinel et al., 2005). Afterward, the
well plates were transferred to an incubator maintained
at 35°C and 95% relative humidity (RH). Larvae were
fed over six consecutive days according to Table 1.

Once the larvae transformed into pupae, they were
transferred into fresh 24-well plates with 2 layers of
UV-cleaned dust-free Kimwipes appropriate size (Toan
et al.,2014), transferred into the same incubator and left
untouched, apart from sparse mortality check-ups, until
emergence. After that, the active honey bees that also
had a dark color were weighed on the scales.
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4. Statistical analysis

The data was analyzed by Descriptive Statistics to
characterize the groups, by One-way ANOVA followed
by Tukey’s post hoc test for comparing three and more
groups, and by #-test to compare two groups, where the
significant levels were set at a=0.05. The SAS Enter-
prise Guide 7.1 statistical software (ver. 25), MS Excel
with the XLSTAT, AtteStat application, and program R
were used for statistical calculations and visualization of
data.

RESULTS

1. The upper limit of heat resistance of
water-soluble proteins of Royal Jelly

Prior to the choice of the experimental temperatures,
the heated process of RJ samples was done at seven
temperatures 32, 42, 52, 62, 72, 82, and 100°C. The
samples after heating were compared against the control
sample (non-heated RJ) by the 1-DE method and model
gel (Fig. 1A).
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Fig. 1. The evaluation of heat processing results of the Royal Jelly samples. A - Model band profiles of RJ proteins by 1-DE electrophoresis.
The molecular masses of the main RJ proteins were taken from the NCBI database. B - The numeric estimation and visualization of protein
bands on the gel (one well) by the UN-SCAN-IT gel Analysis Software. C - The visualization of the water-soluble proteins by 1-DE electro-
phoresis. Each well contains a sample of RJ after heat processing: non, 32,42, 52, 62,72, 82, and 100°C, respectively.
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We found, that the fingerprints of the proteins with
heated RJ up to 52°C had no significant differences
against the control sample (one-way ANOVA, Tukey post
hoc test) (Fig. 1C), and what we have concluded about
the heat resistance of WSPs. Next heating of RJ samples
(62, 72, 82, and 100°C) lead to the protein’s degrada-
tions (Fig. 1C). Moreover, the heat resistance of proteins
at 52°C was confirmed by 2-DE method. On this basis,
temperatures of 52, and 72°C were chosen for next test-
ing WSPs in the diets for in vitro experiment.

Next, to check the WSPs in diets by the 1-DE method,
we prepared the diets with RJ (fRJ, fRJ52, and fRJ72).
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Fig. 2. Fingerprint 1-DE of the larvae diets with RJ after heat pro-
cessing at 52, and 72°C for 5 min (fRJ52, and fRJ72). N - native
condition of water-soluble proteins (WSPs) in the sample; SDS -
denature condition of WSPs in the sample.

The WSPs in each sample was tested in native (N) and
denatured (SDS) conditions (Fig. 2). The same finger-
prints of WSPs in fRJ52, and fRJ samples were con-
firmed, and the proteins in fRJ72 sample were not visual-
ized (Fig. 2).

So, we visualized the similar fingerprints of the WSPs
samples RJ heated at 32, 42, and 52°C, weaker visual-
ization of WSPs after heating of RJ at 62, and smooth
visualization after heating of RJ at 72°C for 5 min. Some
WSPs were obviously heat resistant, whereas others
were lost after heating at 62°C and higher. Moreover,
we didn’t visualize the WSPs in the diet fRJ72. On this
basis, we suggested the upper limit of heat resistance of
WSPs of Royal Jelly up to 52°C and it was tested in next
experiment below.

2. The test of physiological functions of
RJinvitro

To check the influence of heating at 52, and 72°C on
the physiological function of the RJ components, we
applied in vitro larvae rearing. In the larvae stage, each
plate contains the same number of larvae fed by three
different diets: RJ (fRJ control), heated RJ by 52°C
(fRJ52, experiment), and by 72°C (fRJ72, negative con-
trol) (Fig. 3A-C). The survival rate of the larvae (pupae)
fed fRJ, fRJ52, and fRJ72 were 100 (83)%, 98 (80)%,
and 4 (0)%, respectively. The emergence rates of honey
bees were 84.91%, 78.70%, and 0% for the fRJ, fRJ52,
and fRJ72 diets, respectively (Fig. 4A).

Fig. 3. The stages of rearing Apis mellifera worker bees with different diets (the temperature of heat processing of RJ: non, 52, and 72°C)

in vitro: A-larvae stage; B - pupae stage; C - hatching honey bees.
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Fig. 4. The influence of diet using the heat processing of the RJ on the metamorphosis of A. mellifera honey bees in vitro: A - The number
of hatched honey bees on 15-16 days of development, %; B - The weight of 1-day alive hatched honey bees, mg.

Hatched in vitro honey bees fed fRJ had a weight of
102.09+12.49 mg (n=74). In contrast, honey bees fed
fRJ52 were significantly lighter by weight (97.42+
14.45 mg; n=74) than the honey bees fed fRJ (s-test:
t=2.091; df=140; P<0.05). Acute larvae mortality by
consuming the heated fRJ72 diet was indicated, so the
modification of RJ components at the heating was a sig-
nificant factor to depress the development of larvae.

DISCUSSION

In this study, the effects of the heated process of RJ
were estimated by the amounts of WSPs at heating tem-
peratures up to 32,42, 52,62, 72, 82, and 100°C at the
native (N-sample) and denatured (SDS-sample) condi-
tions of protein structures by electrophoresis methods.
Then, two distinctive temperatures (52, and 72°C) were
chosen to evaluate the physiological functions of RJ
components by observing the growth and development
of Apis mellifera L. honey bee larvae in vitro.

The denatured (SDS-sample) condition is a biological
phenomenon in which a protein loses its native shape,
which makes the protein biologically inactive (Acharya
and Chaudhuri, 2021). In this case, we controlled the
protein composition of RJ by comparing of the native
and denatured conditions. The test of the native state of
the sample excludes the loss of small proteins in low
concentrations that are non-visible after the denaturing
process (Nowakowski et al., 2014). On the other hand,
the globular proteins in their native state may be lost
because they can be locked in the gel because of the pro-
tein complex structure. So, both the N and SDS states
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of WSPs were visualized to evaluate the total protein
composition of RJ (Fig. 1C, 2). Moreover, Biam et al.
(2022) reported that sample heating drastically affected
the ability to detect proteins following separation by
SDS-PAGE. However, we discovered identical visual-
izations of WSPs in N and SDS states, demonstrating
minor differences in molecular mass of WSPs before and
after denaturation. It demonstrated the peculiarity of the
protein structure RJ, which could influence heat resis-
tance and should be investigated further in the future.
The temperature at which proteins begin to degrade
was also investigated. Some researchers reported that the
A. cerana honey bee’s lethal temperature is 50-51°C
(Ken et al., 2005); that is, at this temperature, the begin-
ning of protein destruction inside the alive whole organ-
ism begins, and we expected protein degradation to begin
when the RJ samples were heated to 52°C. However, we
found stable visualization of the WSPs samples when
RJ was heated at 52°C. Therefore, we carried out the
physiological test in the in vitro experiment of heated
RJ at 52°C as upper limit of heat resistance of WSPs of
RJ. Our results confirmed not only the heat resistance
of structure WSPs RJ at 52°C but stability physiological
function also. Moreover, we visualized the beginning
destruction of low-weight WSP RJ at 62°C, but it was
not the MRJP1 location. The heat resistance of MRJP1
forms was reported by Moriyama et al.(2015) and they
found converted to macromolecular heat-aggregated
MRIP1 oligomer at 65°C. Also, the first inflection tem-
perature of protein structures of the RJ was 64.6°C (Hu
et al.,2021). We confirm these outputs by the successful
rearing of honey bees in vitro fed by a diet containing
the RJ heating at 52°C. The tested temperature was less
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than the reported 64.6°C when the disturbance of the
structure of RJ proteins was started. It proves the pre-
sence of the undamaged components of RJ in the diet.
However, the heating at 52°C significantly decreased the
weight of hatched adult honey bees compared to control
honey bees. Using these conclusions, we cannot recom-
mend the application of the pasteurization methods
in the processing of the RJ contain products because the
temperature of pasteurization methods starts from 63°C
(Robinson, 2002; Atia et al., 2011).

The second inflection temperature of the fresh RJ and
the RJ samples stored at —80°C was 72.6°C (Hu et al.,
2021). At this temperature, we detected the impossibil-
ity of the larvae’s growth and transformation into pupae.
Additionally, the RJ proteins were not visualized suc-
cessfully in the diet. Therefore, this conclusion was
confirmed in our research by the disturbance of proteins
and physiology functions caused by heating RJ at 72°C
for 5 min.

In this investigation, we did not examine additional
RJ components that had been heated in addition to pro-
teins. However, we must acknowledge that every single
RJ component, without exclusion, affects in vitro larval
development. The temperatures were entirely chosen
based on WSP data.

CONCLUSION

In this study, we estimated the effects of heating up to
32,42,52,62,72,82,and 100°C by the visualization of
RJ water-soluble proteins and chose 52 and 72°C with
clear and smooth visualization, respectively, against
non-heated RJ to check the physiology activity of RJ
components by the in vitro larvae rearing method. We
found that the diet with Royal Jelly heated at 52°C
within 5 minutes was sufficient for the rearing of larvae
and hatching of 78.7% versus 83.3% of A. mellifera
honey bees fed by the diet with non-heated Royal Jelly.
However, the weights of the hatched honey bees had
significant differences (c.=0.05) and were 97.42 + 14 .45
and 102.09 £ 12.49 mg, respectively. This study adds to
our understanding of Royal Jelly’s heat resistance by
demonstrating that the physiological activity of the com-
ponents was not destroyed when heated at 52°C for 5
min. So, we recommend this temperature as the upper

limit of the heat resistance of WSPs of Royal Jelly. How-
ever, we cannot recommend the application of the pas-
teurization methods in the processing of the RJ-contain-
ing products because the temperature of the pasteuriza-
tion methods starts at 63°C. But, in the protocol of the
manufacturing of the RJ products can apply the heating
up to 52°C.
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