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ABSTRACT

Royal jelly is a glandular secretion produced by Apis mellifera L. bees, it is considered as a functional food with the ability to control and
prevent chronic diseases such as high blood pressure, because in their composition there are peptides with biological activity; however,
different investigations indicate that the composition of amino acids in royal jelly can be affected by the diet consumed by bees, which
could influence the presence of peptides. The main objective of this study was to evaluate the effect of the food consumed by honey bees
on the antihypertensive potential of the royal jelly produced. Honey bee colonies were fed with three different diet treatments: Mucuna
pruriens flour and honey; pollen and honey and free feeding. The amino acid content was determined in the protein ingredients and the
royal jelly obtained by every feed treatment. The antihypertensive activity was evaluated /in vitro by the angiotensin converting enzyme
technique. To assess the antihypertensive activity /n vivo, Wistar rats were subjected to a biological model of metabolic syndrome, the
rats were dosed with royal jelly and the blood pressure were measured every week. Significant differences (P<0.05) were found in the
concentration of amino acids Arg and His between three types of royal jelly; regarding amino acids associated with antihypertensive activity,
no significant differences (P>0.05) were found. The angiotensin converting enzyme inhibition values were less than 25%; however,
the blood pressure in the groups of rats that received the royal jelly treatments was similar to the control group (P>0.05). These results
indicate that the diet with pollen or M. pruriens consumed by the bees does not affect the bioactive compounds responsible for the in vivo
antihypertensive activity, and we found that the continuous consumption of royal jelly prevents the elevation in the blood pressure values.
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INTRODUCTION

Royal Jelly (R]) is the nourishment for the honey bee (Apis
mellifera 1..) larvae and for the queen through all of their
lives; it is a milky substance secreted by the hypopharyngeal
glandes of worker bees 5 to 12 days old, also called nurse
bees (Xue et al., 2017). It is considered a functional food
due to its components and nutrients, which can be used
for prevention and/or control of some conditions such as
chronic no communicable diseases (NCDs) (Maghsoudlou
et al.,, 2019). The NCDs are one of the biggest health
challenges worldwide, an example of this is cardiovascular
diseases, which are a set of disorders of the heart and blood

vessels, and they are the leading cause of death trough the
world (Sankaran, 2012). High blood pressure represents a
major public health problem worldwide, about a quarter
of the adult population has hypertension; moreover,
hypertension increases the possibility of cardiovascular
disease (WHO, 2016). If not controlled, hypertension can
lead to myocardial infarction, aneurysms, kidney failure,
blindness, and cognitive decline (WHO, 2020).

There are different studies that have shown the
antihypertensive activity of royal jelly. Fan et al. (20106) in
their work carried out with mouse vascular smooth muscle
cells (VSMC), concluded that Major Royal Jelly Protein 1
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(MRJP1), the protein with the highest concentration in
royal jelly, can affect the VSMC that form the arterial wall
in blood vessels, a phenomenon that helps to regulate
blood pressure causing antihypertensive effects. Also R]
contains bioactive components such as biologically active
peptides that help decrease levels of blood pressure (BP)
through inhibiting vasoactive enzymes such as Angiotensin
Converting Enzyme (ACE), responsible for increasing BP
by converting angiotensin I to angiotensin 11, which is a
strong vasoconstrictor (Bhat et al., 2017). The following
peptides with antihypertensive activity have been identified
within the RJ: Trp-Val-Leu, Tyr-Tyr-Ser-Pro (Matsui et al.,
20006), Ile-Tyr, Val-Tyr, Ile-Val-Tyr, Tyr-Tyr, Ile-Phe, Lys-Ser
(Maruyama et al., 2003; Tokunaga et al., 2004), Asp-Gly-
Leu and Leu-Tht-Phe (Matsui et al., 2002).

The quality of the RJ depends on the quality of the food
consumed by the workers’ bees; the honey bees naturally
get protein from pollen (Wright et al., 2018), but in
production systems protein supplements other than pollen
can be offered because those are an economical and viable
option for nourishment (Sereia et al., 2010); for example,
Mucuna pruriens, which is a protein-rich legume with good
acceptance by honey bees, has been used (Pech etal., 2000).

Previous work carried out by different researchers reported
that the amino acid balance of the food consumed by the
honey bees can influence the amino acid composition of
the RJ (Balkanska and Zhelyazkova, 2015; Jie et al., 20106),
it could be assumed that by feeding honey bees with a
protein source that has the amino acids responsible for
antihypertensive activity, an RJ that helps a better control
BP will be obtained. The objective of this study was to
evaluate the effect of different protein sources in the diets
of bees and how it affects the amino acid profile of the
royal jellies produced, as well as the antihypertensive activity
of these measured trough i vitro and in vivo tests.

MATERIALS AND METHODS

Raw materials

Grains of the M. pruriens purchased in the municipality
of Opichen, Yucatan, Mexico were used; the grains were
left to soak for 24 hours in drinking water with a 1:2 w/v
grain: water ratio to reduce non-nutritional factors (Tresina
and Mohan, 2013), later they were dehulled and dried in a
forced air stove (Felisa, México) for 24 hours at an average
temperature of 55 °C. The grains were crushed in a mill
(Ciclotec™ 1093) to obtain fine flour (833 um). Pollen was
obtained from an apiary at the municipality of Mococha in
Yucatan, Mexico. It was dried in a forced air stove at 60°C,

was manually cleaned and ground in a commercial blender
(Nutribullet® USA) to obtain fine flout.
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Experimental diets

Two diets were developed to feed the honey bees, which
were isoproteically balanced to a 14% protein rate. As
protein source in diet 1, M. pruriens flour was used, and
pollen flour in diet 2, honey was used as an energy source
in both diets.

Royal jelly production

R] production was carried out at the facilities of Campo
Experimental Mococha in Yucatan, México, which belong
to the Instituto Nacional de Investigaciones Forestales,
Agrticolas y Pecuarias. The work was done with nine colonies
of _A. mellifera bees established in Langstroth hives with a
single brood chamber, each hive having inside nine frames
for breeding and food, and a single royal jelly production
frame. The hives were divided into three groups, each
including three hives: Treatment 1: M. pruriens and honey
diet, treatment 2: pollen and honey diet and treatment 3:
control, where the honey bees has no formulated diet,
they were leave to get their food naturally; normally bees
collect nectar and pollen from flowers around the hive to
make their food (Haydak, 1970). The colonies had a period
for adapting to the diets (two weeks), during which they
received 40 g of food twice a week. After that adaptation
period, the R production process began, and the colonies
continued to be fed with the same quantity and periodicity.
The larvae transfer method was used to produce RJ (Hu
et al.,, 2017), the extraction was performed 72 hours after
transfer; the resulting RJ was stored in clean amber coloured
bottles at a -4 © C temperature, in order of preserving its
characteristics. The R] produced by honey bees that received
the diet with M. prariens was identified as Mucuna Royal Jelly
(MRY]), the one produced by honey bees that received the
diet with pollen was identified as Pollen Royal Jelly of (PR])
and the one produced by honey bees that did not receive
any food was identified as Control Royal Jelly (CR]).

Amino acids profile

To determine the amino acids contained in M. pruriens flout,
pollen and each type of JR, acid hydrolysis was carried out
using HCl in order to break peptide bonds and release all
amino acids with their subsequent derivatization of the
free amino acids with diethyl ethoxymethylenemalonate
in order to were quantifiable (Alaiz et al., 1992). Samples
were analysed on a 1260 Infinity quaternary pump HPLC
(Agilent Technologies) with a C18 column (Nova-Pak®)
3.9x300 mm. For the determination of tryptophan, an
alkaline hydrolysis was carried out with NaOH, without
derivatization process (Yust et al., 2004).

Antihypertensive activity in vitro

Inhibitory Activity of Angiotensin Converting Enzyme
was determined (ACE-I) according to Hayakari et al.
(1978). each R] sample was measured at different
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protein concentrations (2, 3, 4 and 5 mg/mL), previous
content was measured using method 954.01 reported
by the AOAC (2012). The samples were read with a UV
spectrophotometer Vis EvolutionTM 300 (Thermo Fisher
Scientific, USA) at 382 nm. ACE-I activity was expressed
as %ACE-I and was calculated with the following formula:

%ACE-I =100 {( AS - ABS) x100 }

( AE — ABE)

Where AS is the optical density of ACE with sample and
substrate, ABS is the optical density of ACE with sample,
AE is the optical density of ACE with substrate and ABE
is the optical density of substrate without ACE or sample.

Antihypertensive activity in vivo

This determination was made in the Electrophysiology and
Pharmacological Bioevaluation laboratory of the Faculty
of Medicine at the Universidad Auténoma del Estado de
Morelos, México. The experimental protocol was approved
by the Commission for the Care and Use of Laboratory
Animals (CCUAL, for its acronym in Spanish) of the Faculty
and met the Mexican Official Standard NOM-062-Z00O-1999
“Technical specifications for the production, care and use
of laboratory animals” as well as all applicable federal and
institutional regulations. The work with animals was carried
out in accordance with the guidelines for the care and use of
expetimental animals of the Directive 86/609/CEE of the
Council of the European Union. Thirty 2-month-old Wistar
rats (Rattus norvegicus) with an average weight of 220 g were
used. The rats were kept in a controlled environment and a
biological model of metabolic syndrome was used in twenty
five of them, the model consisted of offering free demand
water with 20% sucrose (Guzman-Gerénimo etal., 2017) and
a base diet of 500 g of pellets (Laboratory Rodent diet 5001)
per week over a two-month period. At the end of the induction
time, they were randomly divided into five treatment groups
with 5 animals each; treatment 1 received MRJ; treatment 2
received PR]; treatment 3 was designated CRJ. Rodents from
treatment 4 were given captopril, and this group served as a
reference parameter to compare the antihypertensive response
of RJ treatments. Treatment 5 rats underwent the metabolic
syndrome model and they received no treatment. Treatment
6 rats only received 1 mL of distilled water as placebo; this
group was made up of the five rodents that were not part of
the biological model of metabolic syndrome, so they were
considered as rats with no pathological history. The groups
and dosages in treatments are indicated in Table 1.

Each rodent was weighed, and BP was measured using a Kent
Scientific CODA Non-invasive Standard sphygmomanometer
for rats’ BP (Cientifica Senna), recording both the diastolic
pressure (DP) and systolic pressure (SP). The treatments
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were carried out daily for a four-week period, during
which the animals continued to receive the same diet and
management as during induction period. All rodents were
weighed, and BP was measured weekly, the dose of each
treatment was calculated individually based on the weight
information. The treatments were diluted in 1 mL of distilled
water for their application, and they were administered
directly to the stomach of each rat using a 2 mm diameter
stainless steel cannula (Fig. 1).

Statistical analysis

The results obtained from the total amino acids from
the protein ingredients and from each RJ as well as the
antihypertensive activity zz vivo were analyzed with the
GraphPad Prism 6.01% computer program and they were
subject of an analysis of variance under a simple random
model to determine if there was a difference among the
treatments and a comparison of means by the Tukey
method with a confidence level of 95%.

RESULTS

It was found that the M. pruriens flour and pollen used
to make the diets had all the essential amino acids
(Table 2) that honey bees require for their growth and

Table 1: Treatments, doses and identification keys used for
the evaluation of antihypertensive activity

Number of treatment Treatment Dose mg/Kg/day Key

1 Mucuna RJ 15 MRJ 15

2 Pollen RJ 15 PRJ 15

3 Control RJ 15 CRJ 15

4 Captopril 50 Capt 50

5 Sucrose - SW
water

6 Distilled - Control
water

i
Fig 1. Intragastric administration of treatments in rats subjected to a
biological model of metabolic syndrome.
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Table 2: Amino acid content in M. pruriens flour and pollen
used for the elaboration of diets

Amino acid M. pruriens flour (g/100g) Pollen (g/100g)
Arg * 6.63+0.03° 12.79+0.602
His * 2.62+0.012 2.78+0.412
lle * 6.08+0.06° 5.12+0.03°
Leu” 8.51+0.042 7.87+0.242
Lys * 15.40+0.012 11.38+0.64°
Met * 0.76+0.012 1.44+0.802
Phe * 5.19+0.082 4.64+0.652
Thr* 4.88+0.202 4.82+0.032
Trp * 0.32+0.032 0.41+0.112
Val * 6.03+0.012 5.62+0.382
Cys 1.50+0.05° 1.07+0.02°
Tyr 4.64+0.122 2.58+0.26°
Asp + Asn 10.74+0.652 11.89+1.252
Glu + Gin 9.77+0.102 11.31+0.572
Ser 5.43+0.512 6.43+0.042
Gly 5.51+0.062 5.38+0.022
Ala 4.74+0.022 2.32+0.12°
Pro 1.23+0.032 2.07+1.262

abDifferent literals indicate significant differences between groups (P<0.05).
* Essential amino acids of honey bees.

development (De Groot, 1952). In most of these amino
acids, the concentration found was statistically similar
(P>0.05) between M. pruriens flour and pollen, however,
the concentration of Ile and Lys was higher in M. prariens
(P <0.05) and Arg was higher in pollen, this three amino
acids are essential for the honey bees (De Groot, 1952).
Regarding non-essential amino acids, significant differences
(P<0.05) between Cys, Tyr and Ala were founded, being
the M. pruriens flour the one that presented a higer
concentration of these. Furthermore, the amino acid
profiles of the protein ingredients showed the presence of
the amino acids that have been reported as components of
the peptides with antihypertensive activity in the RJ, which
are: lle, Leu, Lys, Phe, Thr, Trp, Val, Tyr, Asp + Asn, Ser,
Gly and Pro (Matsui et al., 2006; Maruyama et al., 2003).

The concentration of amino acids in each of the types of
RJ are in the Table 3, it was found that regardless of the
diet treatment received by the honey bees all amino acids
were found in each of the jellies. Significance differences
(P<0.05) were found in the amino acids Arg and His, JRM
had the lowest concentration; these differences could be
due to the content of these amino acids in mucuna flour,
which has low values of these. When analyzing the presence
of the amino acids associated with antihypertensive activity,
it is observed that there are no statistical differences
between the jellies (P> 0.05) in the concentration of each
one of them or in their total concentration (MR] 75.31%,
PRJ 74.76 and CR] 76.97%).

In the analysis of ACE inhibition, it was shown within the
three types of RJ that the highest inhibition value was at

12

Table 3: Amino acid content of the royal jellies produced.
MRJ: Mucuna Royal Jelly; PRJ: Pollen Royal Jelly; CRJ:
Control Royal Jelly

Amino MRJ PRJ CRJ FAO
acid (9/100g) (g/100g) (9/100g) (9/100g)
Arg * 5.55+0.06° 6.12+0.33*  6.48+0.04°

His * 2.73+0.03* 2.83+0.012 2.91+0.012 2
lle * 5.98+0.012  5.81+0.152 5.90+0.19° 3.2
Leu* 8.77+0.08*  8.80+0.732 9.37+0.222 6.6
Lys * 15.15+£0.07*2 14.18+1.62* 15.93+0.89° &7/
Met * 1.08+0.132  1.02+0.582 1.34+0.122 2.7t
Phe * 4.97+0.02¢2  4.67+0.442 4.99+0.352 5.2%
Thr* 5.28+0.02*  5.20+0.442 5.71+0.022 3.1
Trp * 0.18+0.01*  0.23+0.13? 0.13+0.012 0.85
Val * 6.73+0.01*  6.82+0.267 7.10+0.082 4.3
Cys 0.65+0.02*  0.60+0.03* 0.42+0.202

Tyr 4.24+0.082  3.79+0.572 4.12+0.362

Asp + Asn  11.95+0.08% 13.47+4.82° 11.03+0.662

Glu+ GIn  10.22+0.022 10.15+0.54%  7.32+2.842

Ser 6.64+0.08°  6.49+0.20? 7.09+0.122

Gly 4.33+0.072  4.30+0.19?2 4.64+0.042

Ala 4.47+0.052  4.48+0.10? 4.52+0.052

Pro 1.09+0.112  1.00+0.172 0.96+0.072

abDifferent literals indicate significant differences between groups (P<0.05).

* Essential amino acids of honey bees;

1 Methionine + cysteine; £ Phenylalanine + tyrosine.

a concentration of 4 mg/mL protein (Fig. 2), PR] was the
one with the highest value (23.33%) and MR] the one with
the lowest (13.89%). Regarding antihypertensive activity
in vivo, no statistical differences (P> 0.05) were found
between the three types of RJ (treatments 1, 2 and 3) and
the Control (treatment 6), both in DP and SP. However,
the SW group (treatment 5), was statistically different
from the rest of the groups (P <0.05) with the highest BP
values in the entire study. In comparison, the Capt50 group
(treatment 4) was the one with the lowest values (Fig. 3).

DISCUSSION

The amino acids essentials for honey bees are Arg, His, Ile,
Leu, Lys, Met, Phe, Trp and Val (De Groot, 1952), in this
work all of these amino acids were found in the M prauriens
flour and pollen (Table 2). In twelve of these amino acids,
the concentration found was statistically similar between
M. pruriens flour and pollen, in the remaining six amino
acids, only Arg is found in higer concentration in pollen;
Ile, Lys, Cys, Tyr and Ala were found in a higer quantities in
M. pruriens meal, indicating the legume is a good substitute
for pollen. The protein ingredients used in this work
for the elaboration of diets can be classified as a quality
supplement, because the quality of the protein used can be
measured through the presence of essential amino acids
(Wright et al., 2018), and this are presented in adequate
concentrations, which provided the necessary nutrients
for the proper development of the hypopharyngeal glands
(Di-Pasquale et al., 2013) and for the elaboration of the RJ.
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The three types of R] had all the essential and non-essential
amino acids that honey bees require even the CRJ, which
was produced by bees that got their food naturally. This
could be due to the fact that when several pollen sources
are available in the field, the forager bees, show preferences
for some plants over others, foraging more intensely from
those with high protein values (Donkersley et al., 2017),
or to those with a higher concentration of essential amino
acids (Cook et al., 2003). The presence of the amino acids
associated with the antithypertensive activity there were no
significative differences between RJ, so that is possible the
presence of peptides with antihypertensive activity in the RJ
produced; also, the amino acid profiles of the jellies show
their quality as a protein source and it was observed that,
with the exception of sulfur amino acids and tryptophan,
the other amino acids cover the recommended intake needs
for children from 6 months to adults; therefore, R can
be considered as a functional food, not only due to the
presence of peptides with antihypertensive activity, but also
as a viable option to complement a balanced diet according

to the necessary amino acid requirements reported by the
FAO (FAQ, 2011).

-k MRIJ

4 PRI

% ACE-I

2 3 4 5

Protein concentration (mg/mL)

Fig 2. ACE-I percentage at different protein concentrations of each
RJ. MRJ: Mucuna Royal Jelly; PRJ: Pollen Royal Jelly; CRJ: Control
Royal Jelly.

Fig. 2 shows ACE-I at different protein concentrations.
At 2,3 and 4 mg/mL concentrations, a gradual increase in
inhibition was detected; however, at 5 mg/mL a decrease
in the inhibition was observed, this could be due to the
fact that the reaction between ACE and the substrate
present in royal jelly presents an uncompetitive type of
enzymatic inhibition (Palmer and Bonner, 2007). Although
the jellies presented all the amino acids that have been
associated with the antihypertensive peptides and there
are no significant differences between their concentrations,
it would be expected that the ACE-I values would be
similar; however, there were differences between the
PRJ and MR] values, this could be due to the availability
of peptides with antihypertensive activity in each of the
samples. It can be observed that despite the high values of
amino acids involved in the antihypertensive activity (70%
approximately), there is no relation between the activity of
ACE-I and the amount of amino acids. One alternative to
improve the ACE inhibition values can be the enzymatic
hydrolysis or the action of digestive enzymes (Hernandez-
Ledesma et al., 2011; Guerra-Almonacid, et al. 2019) that
could allow the release of bioactive peptides. In works
where R] has been used subjected to a trypsin hydrolysis
process, the resulting peptide fractions showed a value of
%ACE-I within an interval of 10-60% (Takaki-Doi et al.,
2009).

As for the antihypertensive activity 7 vivo, the results show
that without receiving any treatment, such as R] or captopril,
the BP of the rats would have increased, as occurred with
the SW group. Some peptides have been reported to be
generated and/or released by enzymatic reactions in the
intestine, following ingestion of the food containing the
precursor protein (Hernandez-Ledesma et al., 2011; Murray
and FitzGerald 2007), therefore, it is possible that the
antihypertensive peptides had been released by the action
of the digestive enzymes of the animal model and then
reached the bloodstream; in this way, the joint action of
peptides and the continuous administration of R] caused

Diastolic pressure
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Fig 3. Diastolic and systolic pressure average (mm/Hg) obtained in each group during the administration of the treatments. Mean and SD.
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the levels of BP in the groups that received R] remained
stable and similar to those of the Control group (Fig. 3).
An advantage presented by the continuous intake of R] is
that it did not cause a decrease in BP as it did with captopril,
whose recurrent consumption can cause a hypotensive
effect. The next step would be to carry out the hydrolysis
of RJ with enzyme like trypsin from to obtain peptides
with antihypertensive activity (Takaki-Doi et al., 2009). On
the other hand, it would be to carry out studies in people,
in a controlled manner, in order to corroborate the release
and action of peptides with antihypertensive activity when
consuming RJ.

CONCLUSIONS

The components that make up the RJ allow it to have
several applications, one of which is its use as a functional
food with the ability to help prevent and control diseases
such as hypertension. It is necessary to make an adequate
selection of the protein with which the bee colonies will
be fed, because it influences the presence of amino acids
in the final product. The presence of all amino acids
associated with antihypertensive activity in the R] is an
indicator that the antihypertensive response in this work
is most likely due to the presence of bioactive peptides.
The ACE-1% values of the three types of R] were low in
the 7 vitro determinations. However, /7 vivo tests showed
that R] has antihypertensive activity, despite the fact that
hydrolysis treatment was not performed prior to ingestion.
This was an indicative that the digestive enzymes of the
animal model released antihypertensive peptides and these
presented an effect in the organism. Itis necessary to make
an adequate selection of the protein with which the bee
colonies will be fed, because it influences the presence of
amino acids in the final product. With the knowledge of
the amino acids present in the diet received by bees and in
RJ, in the future production systems aimed at obtaining R]
with greater antihypertensive activity could become viable.

ACKNOWLEDGEMENTS

To Elizabeth Negrete and Mayra Cedillo for the help and
easiness provided during the performance of this work at
the Laboratory of Electrophysiology and Pharmacological
Bioevaluation, also to Mariela Lope for the help provided
for the attainment of results.

Authors contributions

Karla Itzél Alcala Escamilla is the principal autor and
participed in the acquisition and analysis of data, and
writing the paper. Yolanda Beatriz Moguel Ordofiez
participated in the design of the research, analysis of data
and was involved in revising the paper critically; Valentino

14

Mukthar Sandoval Peraza participated in the adaptation of
some analytical techniques and the acquisition of data; Juan
José Acevedo Fernandez participated in the design of the
research and analysis of data. David Abraham Betancur
participated in the design of the research, analysis of data
and revising the paper critically.

REFERENCES

Alaiz, J., J. Navarro, J. Girén and E. Voque. 1992. Amino acid analysis
by highperformance liquid chromatography after derivatization
with diethyl ethoxymethylenemalonate. J. Chromatogr. 591:
181-186.

AOAC. 2012. In: W. Horwitz (Ed.), Official Methods of Analysis. 19"
ed. Association of Official Analytical Chemists, Washington, DC.

Balkanska, R. and I. Zhelyazkova. 2015. Determination of amino
acids and protein content in fresh and commercial royal jelly
from bulgaria. Bull. Chem. Soc. Ethiop. 29: 485-490.

Bhat, Z. H., S. Kumar and H. F. Bhat. 2017. Antyhipertensive peptides
of animal origin: A review. Crit. Rev. Food Sci. Nutr. 57: 566-578.

Cook, S. M., C. Awmack, D. A. Murray and I. H. Williams. 2003. Are
honey bees foraging preferences affected by pollen amino acid
composition? Ecol. Entomol. 28: 622-627.

De Groot, A. P. 1952. Amino acid requirements for growth of the
honey bee (Apis mellifera L.). Experientia. 8: 192-194.

Di-Pasquale, G., M. Salignon, Y. Le-Conte, L. P. Belzunces, A.
Decourtye, A. Kretzschmar, S. Suchail, J. L. Brunet and C.
Alaux. 2013. Influence of pollen nutrition on honey bee health:
Do pollen quality and diversity matter? PLoS One. 8: €72016.

Donkersley, P., G. Rhodes, R. W. Pickup, K. C. Jones, E. F. Power, G.
A. Wright and K. Wilson. 2017. Nutritional composition of honey
bee food stores vary with floral composition. Oecologia. 185:
749-761.

Fan, P, B. Han, M. Feng, Y. Fang, L. Zhang, H. Hu, Y. Hao, Y. Qi, X.
Zhang and J. Li. 2016. Functional and proteomic investigations
reveal major royal jelly protein 1 associated with anti-
hypertension activity in mouse vasculas smooth muscle cells.
Sci. Rep. 6: 30230.

FAO. 2011. Dietary Protein Quality Evaluation in Human Nutrition.
Report of an FAO Expert Consultation, Paper No. 92.

Guerra-Almonacid, C. M., J. G. Torruco-Uco, W. Murillo-Arango,
J. J. Méndez-Arteaga and J. Rodriguez-Miranda. 2019. Effect
of ultrasound pretratment on the antioxidant capacity and
antihypertensive activity of bioactive peptides obtained from the
protein hydrolysates of Erythinia edulis. Emir. J. Food Agric. 31:
288-296.

Guzman-Geronimo, R. I., T. A. Alarcén-Zavaleta, R. M. Oliart-Ros,
J. E. Meza-Alvarado, S. Herrera-Meza and J. L. Chavez-Servia.
2017. Blue maize extract improves blood pressure, lipid profiles
and adipose tissue in high-sucrose diet-induced metabolic
syndrome in rats. J. Med. Food. 20: 110-115.

Haydak, H. M. 1970. Honey bee nutrition. Annu. Rev. Entomol. 159:
143-156.

Hayakari, M., Y. Kondo and H. A. A. Izumi. 1978. A rapid and simple
espectrophotometric assay of angiotensin-converting enzyme.
Anal. Biochem. 84: 361-369.

Hernandez-Ledesma, B., M. M. Contreras and |. Recio. 2011.
Antihypertensive peptides: Production, biovailability and
incorporation into foods. Adv. Colloid. Interface. Sci. 165: 23-35.

Hu, F. L., K. Bilikova, H. Casablanca, G. Daniele, F. S. Espindola, M.

Emir. J. Food Agric e Vol 34 e Issue 1 e 2022



Alcala-Escamilla, et al.

Feng, C. Guan, B. Han, K. T. Kristof, J. K. Li, X. A. Li, J. Simuth,
L. M. Wu, Y. Q. Wu, X. F. Xue, Y. B. Xue, K. Yamaguchi,
Z.J.Zeng, H. Q. Zheng and J. H. Zhou. 2017. Standard methods
for Apis mellifera royal jelly research. J. Apic. Res. 8839: 1-68.

Jie, H., P. M. Li, G. J. Zhao, X. L. Feng, D. J. Zeng, C. L. Zhang, M. Y.
Lei, M. Yu and Q. Chen. 2016. Amino acid composition of royal
jelly harvested at different times after larval transfer. Genet. Mol.
Res. 15: 15038306.

Maghsoudlou, A., M. A. Sadeghi, H. Mohebodini and F. Toldra. 2019.
Royal Jelly: Chemistry, storage and bioactivities. J. Apic. Sci. 36:
17-39.

Maruyama, H., K. Tokunaga, K. M. Susuki, C. Yoshida, Y. Futamura,
Y. Araki and S. Mishima. 2003. Purification and identification of
angiotensin |-converting enzyme inhibitory peptides from royal
jelly treated with protease. Nippon. Shokuhin Kagaku Kaishi. 50:
310-315.

Matsui, T., A. Yukiyoshi, S. Doi, H. Ishikawa and K. Matsumoto.
2006. Enzymatic hydrolysis of ethanol-insoluble proteins from
royal jelly and identification of ACE ihibitory peptides. Nippon.
Shokuhin Kagaku Kaishi. 53: 200-206.

Matsui, T., A. Yukiyoshi, S. Doi, H. Sugimoto, H. Yamada and
K. Matsumoto. 2002. Gastrointestinal enzyme production
of bioactive peptides from royal jelly protein and their
antihypertensive ability in SHR. J. Nutr. Biochem. 13: 80-86.

Murray, B. A. and R. J. FitzGerald. 2007. Angiotensin converting
enzyme inhibitory peptides derived from food proteins:
Biochemistry, bioactivity and production. Curr. Pharm. Des. 13:
773-791.

Palmer, T.and P. Bonner. 2007. Enzymes: Biochemistry, Biotechnology
and Clinical Chemistry. Woodhead Publishing, Sawston, United
Kingdom.

Pech, M. V. C., L. R. Ojeda, N. A. Flores and F. J. Araujo. 2006.
Estudio de viabilidad econdmica de la produccion de jalea real
con abejas Apis mellifera alimentadas artificialmente en época
de escasez en Yucatan, México. Rev. Mex. Agroneg. 10: 1-14.

Emir. J. Food Agric e Vol 34 e Issue 1 e 2022

Sankaran, S. 2012. Encyclopedia of Immigrante Health. Springer,
Berlin, Germany.

Sereia, M. J., V. A. Arnaut de Toledo, M. C. C. Ruvolo-Takasusuki, E. S.
Satsuki, P. Faquinello and C. M. F. Martins. 2010. Viabilidade
financeira da producéo de geleia real com abelhas africanizadas
suplementadas com diferentes nutrientes. Acta Sci. 32: 467-474.

Takaki-Doi, S., K. Hashimoto, M. Yamamura and C. Kamei. 2009.
Antihypertensive activities of royal jelly protein hydrolysate and
its fractions in spontaneously hypertensive rats. Acta. Med.
Okayama. 3: 57-64.

Tokunaga, K., C. Yoshida, K. Suzuki, H. Maruyama, Y. Futamura, Y.
Araki and S. Mishima. 2004. Antihypertensive effect of peptides
from royal jelly in spontaneously hypertensive rats. Biol. Pharm.
Bull. 27: 189-192.

Tresina, P. S. and V. R. Mohan. 2013. Evaluacion del potencial
nutricional y antinutricional de leguminosas subutilizadas del
género Mucuna. Trop. Subtrop. Agroecosystem. 16: 155-169.

WHO. 2016. Global NCD Target: Reduce High Blood Pressure.
World Health Organization, Geneva. Available from: https://
www.apps.who.int/iris/handle/10665/312279 [Last accessed
on 2020 Sep 17].

WHO.2020. WHO Technical Specifications forAutomated Non-Invasive
Blood Pressure Measuring Devices with Cuff. Available from:
https://lwww.apps.who.int/iris/handle/10665/3317497locale-
attribute=es& [Last accessed on 2020 Sep 19].

Wright, G. A., S. W. Nicolson and S. Shafir. 2018. Nutritional
physiology and ecology of honey bees. Annu. Rev. Entomol. 63:
327-344.

Xue, X., L. Wu and Wang, K. 2017. Bee products-chemical and
biological properties. Springer, Berlin, Germany.

Yust, M. M., J. Pedroche, J. Girén-Calle, J. Vioque, F. Millan
and M. Alaiz. 2004. Determination of tryptophan by high-
performance liquid chromatography of alkaline hydrolysates with
spectrophotometric detection. Food. Chem. 85: 317-320.

15



