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ABSTRACT
Royal jelly has been proven to have multiple benefits, such as enhancing immunity, promoting tissue regeneration, protecting cardiovascular health, and having anti-aging effects. It 

contains antioxidants like phenols and flavonoids, which can provide antioxidant effects, delay aging, reduce inflammation, accelerate wound healing, inhibit bacteria, and control blood 
sugar levels. High pressure processing (HPP) is an advanced food processing method that treats food by placing it in a high-pressure environment. In this process, food is submerged in 
water and subjected to pressures ranging from thousands to hundreds of thousands of pounds per square inch. This high-pressure treatment significantly reduces the number of 
microorganisms in the food, thereby extending its shelf life. Additionally, the pressure can alter the activity of enzymes in the food, making it more suitable for specific uses or processes. 
High pressure can also cause starch gelatinization and protein denaturation, changing the texture and taste of the food. This study investigates whether the beneficial components of royal 
jelly, such as total phenols, flavonoids, and antioxidant capacity, are enhanced after being treated with HPP. The study also analyzes the characteristics of royal jelly from different pollen 
sources after various pressure durations, comparing their differences. The results show that HPP increases the content of 10-HDA (10-hydroxy-2-decenoic acid) and total phenolic 
flavonoids in royal jelly. After HPP treatment, the antibacterial ability of royal jelly is significantly enhanced, and it effectively kills cancer cells, reducing their survival rate.
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Preparation of different floral source Royal Jelly Samples
Include maize, rape, tea blossom (Camellia sinensis) and  
Roxburgh Sumac.  

Royal jelly samples were treated with different High-
Pressure Processing (100, 300 and 600 MPa) for  
different times (5, 10 and 20 min). 

Physical and Chemical analysis of acidic, 10-HDA, total 
phenols and flavonoids. 

Bioactivity analysis of antioxidant, anti-bacterial and 
cancer cell survival rate

Pressure Times tea blossom 
(meq/kg)

Roxburgh Sumac 
(meq/kg)

Rape (meq/kg) Maize (meq/kg)

Non-treat 343.05±34.34b 362.14±2.83d 387.59±9.01e 363.22±47.02c

5min 379.71±55.43ab 443.10±19.35c 439.11±39.12bc 387.18±5.58bc

100Mpa 10min 398.39±6.03a 466.15±14.71abc 410.46±6.77de 381.55±22.08bc

20min 395.52±5.13a 450.10±9.69bc 425.58±4.61bcd 418.81±83.55abc

5min 378.74±28.77ab 459.56±38.83bc 422.64±17.35cd 386.51±3.96bc

300Mpa 10min 370.42±18.73ab 468.96±10.90abc 438.13±15.01bcd 395.22±10.16abc

20min 375.85±16.15ab 465.77±6.22abc 452.78±9.58ab 381.51±9.94bc

5min 401.90±2.35a 483.52±17.69ab 447.33±11.21abc 380.89±28.59bc

600Mpa 10min 413.26±12.81a 498.53±11.27a 440.63±21.75bc 439.71±43.43ab

20min 376.95±18.04ab 449.81±30.12bc 470.51±11.80a 455.77±11.89a

Table 1. The acidic of royal jelly treat with different HPP conditions

Table 2. The 10-HDA contain of royal jelly treat with different HPP conditions
Pressure Times tea blossom (%) Roxburgh Sumac (%) Rape (%g) Maize (%)

Non 1.78±0.01g 2.00±0.01j 2.13±0.01f 1.78±0.06f

5min 2.22±0.01e 2.39±0.01g 1.80±0.01h 2.29±0.05d

100Mpa 10min 2.32±0.03d 2.50±0.05e 2.29±0.03e 2.36±0.06cd

20min 1.97±0.00f 2.27±0.01h 2.26±0.04e 1.89±0.04e

5min 1.96±0.03f 2.21±0.00i 1.66±0.01i 2.44±0.12c

300Mpa 10min 2.42±0.01c 2.60±0.01d 2.55±0.01d 2.88±0.01a

20min 2.43±0.01c 3.25±0.01b 2.71±0.02c 2.57±0.02b

5min 1.98±0.03f 2.43±0.02f 1.84±0.03g 2.91±0.03a

600Mpa 10min 2.71±0.01b 2.67±0.05c 2.91±0.02a 2.95±0.06a

20min 2.76±0.04a 3.53±0.01a 2.81±0.02b 2.55±0.01b

Physical and Chemical analysis

Table 3. The total phenols contain of royal jelly treat with different HPP conditions
Pressure Times tea blossom 

(mg of GAE/g)
Roxburgh Sumac
 (mg of GAE/g)

Rape 
(mg of GAE/g) 

Maize
(mg of GAE/g) 

Non 66.61±0.33 cd 66.95±1.38 cd 56.69±0.96 e 53.11±1.04 f
5min 63.76±0.88e 67.62±1.09 bcd 66.91±1.82 c 55.52±0.67 e

100Mpa 10min 68.64±0.36 c 64.65±0.83 e 66.40±0.67 c 57.74±1.18 d
20min 67.47±1.54cd 66.23±1.33 de 60.65±0.61 d 66.94±1.11 a
5min 71.75±0.89 b 67.00±1.33 cd 61.85±0.42 d 65.19±1.33 a

300Mpa 10min 71.91±0.69b 71.81±1.10 a 60.66±0.23 d 60.77±1.04 c
20min 74.91±2.01a 68.91±1.45 bc 76.94±2.19 a 59.61±0.39 c

5min 66.87±0.65cd 64.84±1.31 e 71.43±5.20 b 61.40±1.58 bc

600Mpa 10min 66.19±0.36d 64.83±0.30 e 61.61±0.65 d 63.13±0.88 b
20min 71.30±2.11b 69.56±0.30 b 67.46±1.62 c 59.89±0.66 c

Table 4. The total flavonoids contain of royal jelly treat with different HPP conditions
Pressure Times tea blossom 

(mg of QEAC/g)
Roxburgh Sumac
 (mg of QEAC/g)

Rape 
(mg of QEAC/g) 

Maize
(mg of QEAC/g) 

Non 4.54±0.09c 4.90±0.16c 1.55±0.01g 1.20±0.01g

5min 4.41±0.03c 5.71±0.23b 1.99±0.06e 1.06±0.02h

100Mpa 10min 4.49±0.21c 4.97±0.07c 1.81±0.02f 1.40±0.03e

20min 4.92±0.21b 8.45±0.27a 3.18±0.06a 2.08±0.03b

5min 5.59±0.01a 5.59±0.03b 2.01±0.03e 1.25±0.00f

300Mpa 10min 4.47±0.38c 5.52±0.13b 1.59±0.04g 1.57±0.02d

20min 4.86±0.12b 4.02±0.07d 0.74±0.01h 2.19±0.04a

5min 4.45±0.16c 4.99±0.18c 2.30±0.03c 0.81±0.02i

600Mpa 10min 3.42±0.01e 3.97±0.04d 2.23±0.04d 2.10±0.05b

20min 3.72±0.15d 1.87±0.01e 2.37±0.06b 1.68±0.03c

a-eMeans in a column with different superscripts are significantly different (p < 0.05).

a-fMeans in a column with different superscripts are significantly different (p < 0.05).

a-fMeans in a column with different superscripts are significantly different (p < 0.05).

a-fMeans in a column with different superscripts are significantly different (p < 0.05).

RESULTs
Anti-oxidant activity

Pressure Times tea blossom (%) Roxburgh Sumac (%) Rape (%g) Maize (%)
Non 63.95±0.24a 66.44±0.16b 69.31±0.25a 71.18±0.80a

5min 63.03±0.19c 67.64±0.62ab 68.62±0.21b 70.13±0.11b

100Mpa 10min 62.25±0.05ef 67.91±0.71a 66.71±0.20e 70.82±0.06a

20min 62.63±0.27d 67.66±0.77ab 63.95±0.00f 67.57±0.40d

5min 62.42±0.12de 67.87±0.75a 66.97±0.11de 68.62±0.06c

300Mpa 10min 62.12±0.23ef 67.66±0.71ab 67.96±0.21c 66.41±0.10e

20min 62.78±0.03cd 67.81±0.70a 63.49±0.25g 71.05±0.17a

5min 62.24±0.06ef 67.91±0.65a 56.32±0.11h 62.80±0.37f

600Mpa 10min 61.97±0.42f 68.48±0.71a 63.82±0.06f 61.64±0.15g

20min 63.44±0.09b 67.52±0.73ab 67.17±0.06d 69.05±0.11c

Table 5.  DPPH radical-scavenging activity of royal jelly treat with different HPP conditions

Table 6. Reducing power of royal jelly treat with different HPP conditions
Pressure Times tea blossom (mg/g) Roxburgh Sumac (mg/g) Rape (mg/g) Maize (mg/g)

Non 330.51±19.28abc 245.50±5.73cde 150.92±1.91g 137.58±0.72de

5min 340.07±7.54ab 253.42±2.60bcde 130.92±1.91h 120.92±0.72f

100Mpa 10min 322.36±8.50abcd 264.67±3.15abc 155.50±0.00f 142.58±1.91d

20min 330.51±27.14abc 242.17±20.82de 166.75±1.25e 165.92±6.17c

5min 345.38±11.75ab 261.75±10.00abcd 173.42±3.82cd 187.17±3.61b

300Mpa 10min 339.72±17.85ab 241.13±11.49de 176.75±0.00c 187.58±3.82b

20min 356.36±17.49a 240.50±15.66e 200.08±1.44a 202.17±2.89a

5min 318.82±10.21bcd 278.42±5.91a 185.92±3.82b 185.08±1.44b

600Mpa 10min 295.09±21.39d 261.33±12.33abcd 188.42±5.64b 168.42±1.44c

20min 298.63±24.54cd 266.33±5.05ab 170.08±0.72de 136.33±2.89e

Table 7. FRAP of royal jelly treat with different HPP conditions
Pressure Times tea blossom (mg/g) Roxburgh Sumac (mg/g) Rape (mg/g) Maize (mg/g)

Non 16.67±0.28cd 36.23±0.21a 16.50±0.21ab 28.77±0.02ab

5min 26.33±0.28ab 30.90±0.12b 15.25±0.25a 40.10±0.35a

100Mpa 10min 25.50±0.02ab 27.73±0.05c 12.00±0.14a 36.10±0.35ab

20min 24.33±0.19ab 26.57±0.12c 18.75±0.11b 27.43±0.35ab

5min 12.22±0.02a 22.73±0.12d 12.25±0.18ab 28.10±0.07ab

300Mpa 10min 14.44±0.30bc 19.57±0.12ef 15.50±0.14ab 30.77±0.26a

20min 23.50±0.12de 18.40±0.19f 14.00±0.18ab 18.27±0.24b

5min 17.11±0.40c 20.73±0.13e 17.00±0.10ab 28.49±0.05ab

600Mpa 10min 10.17±0.12de 20.57±0.07e 12.50±0.00ab 24.43±0.12ab

20min 7.17±0.02e 19.07±0.19ef 5.00±0.00ab 26.93±0.09ab

RESULTs
Anti-bacterial  activity

Streptococcus alactolyticus Staphylococcus aureus Staphylococcus xylosus Streptococcus intermedius B Vibrio parahaemdyticus

Non 15.67±2.08e 12.33±0.58e 20.00±0.00cd 20.00±0.00cd 13.67±1.15c

5min 18.67±2.08d 12.33±0.58e 21.33±0.58bc 23.00±1.00a 16.33±0.58b

100Mpa 10min 17.00±0.00de 23.00±0.00a 21.67±2.08bc 23.33±0.58a 16.33±0.58b

20min 17.00±0.00de 15.00±1.00d 22.00±1.73bc 21.33±1.53abc 21.33±1.53a

5min 20.67±0.58c 15.00±1.00d 21.67±1.15bc 20.67±0.58bcd 20.33±0.58a

300Mpa 10min 25.00±0.00a 21.33±0.58b 23.33±1.15ab 22.33±1.15ab 20.67±0.58a

20min 23.33±0.58ab 15.00±1.00d 24.67±0.58a 23.00±2.00a 20.33±0.58a

5min 22.67±0.58b 15.00±1.00d 18.33±0.58d 21.33±0.58abc 20.00±1.00a

600Mpa 10min 23.33±0.58ab 17.33±1.15c 21.00±1.00c 19.00±1.00d 20.00±1.00a

20min 21.67±0.58bc 14.00±0.00d 21.00±1.00c 23.00±1.00a 21.00±1.00a

Table 8.  The anti-bacterial activity of  tea blossom royal jelly that treat with different HPP conditions

Streptococcus alactolyticus Staphylococcus aureus Staphylococcus xylosus Streptococcus intermedius B Vibrio parahaemdyticus
Non 17.67±0.58d 15.00±1.00de 13.67±0.58d 16.33±1.15c 16.33±1.53fg
5min 17.33±0.58d 25.33±0.58a 13.67±0.58d 21.00±1.00ab 18.33±1.53de

100Mpa 10min 21.33±1.53b 23.67±0.58b 19.67±0.58bc 20.67±0.58ab 15.67±1.15g
20min 20.00±0.00c 15.00±1.00de 19.67±0.58bc 20.67±0.58ab 17.67±0.58ef
5min 20.00±0.00c 15.00±1.00de 19.67±0.58bc 17.00±1.00c 21.00±0.00bc

300Mpa 10min 20.00±0.00c 18.33±1.15c 20.00±1.00bc 20.33±1.53ab 20.33±0.58c
20min 23.00±1.00a 19.00±1.00c 24.00±1.73a 21.33±1.15ab 25.67±1.15a
5min 21.33±0.58b 14.00±0.00e 21.00±0.00b 22.00±1.00a 22.33±1.15b

600Mpa 10min 21.67±0.58b 15.00±0.00de 19.00±1.73c 20.00±0.00b 20.00±0.00cd
20min 20.00±0.00c 16.00±0.00d 19.67±0.58bc 20.00±0.00b 21.33±0.58bc

Table 9.  The anti-bacterial activity of  Roxburgh Sumac royal jelly that treat with different HPP conditions

Table 10.  The anti-bacterial activity of  rape royal jelly that treat with different HPP conditions
Streptococcus alactolyticus Staphylococcus aureus Staphylococcus xylosus Streptococcus intermedius B Vibrio parahaemdyticus

Non 15.67±1.15e 14.00±1.00c 15.67±1.53d 16.67±1.53d 22.67±2.52ab
5min 16.33±1.53e 18.67±1.15a 15.67±1.53d 21.33±1.15ab 18.00±0.00c

100Mpa 10min 16.33±1.53e 14.00±1.00c 22.00±0.00ab 19.33±2.08bc 17.00±1.00cd
20min 19.33±0.58d 14.00±1.00c 18.33±0.58c 20.00±0.00bc 21.00±0.00b
5min 21.00±1.00cd 14.00±1.00c 21.33±2.31b 18.67±1.15cd 17.33±1.53cd

300Mpa 10min 21.00±0.00cd 14.00±1.00c 18.67±0.58c 21.00±1.00abc 23.33±0.58a
20min 24.33±1.15a 16.00±0.00b 20.00±1.00bc 19.67±1.53bc 23.33±1.15a
5min 22.00±0.00bc 12.00±0.00d 21.33±1.15b 21.33±1.15ab 15.67±0.58d

600Mpa 10min 23.33±1.15ab 14.67±1.15bc 18.67±1.15c 23.33±1.15a 16.00±0.00cd
20min 24.00±0.00a 16.00±0.00b 24.00±0.00a 23.33±1.15a 16.67±0.58cd

Table 11.  The anti-bacterial activity of  maize royal jelly that treat with different HPP conditions
Streptococcus alactolyticus Staphylococcus aureus Staphylococcus xylosus Streptococcus intermedius B Vibrio parahaemdyticus

Non 16.00±0.00c 15.33±0.58cd 16.33±0.58g 16.00±1.00f 20.67±2.08a

5min 16.67±1.15bc 18.67±2.52b 23.00±2.00a 22.33±1.15ab 16.00±1.00b
100Mpa 10min 17.67±0.58b 16.67±1.15bc 21.67±1.15abc 23.33±1.15a 15.33±0.58b

20min 15.67±0.58c 17.33±1.15bc 18.67±1.15ef 18.33±0.58e 19.33±1.15a
5min 15.67±0.58c 17.33±1.15bc 20.00±1.00cde 20.00±0.00cd 20.67±0.58a

300Mpa 10min 15.67±0.58c 17.33±1.15bc 21.00±1.00bcd 18.67±0.58de 20.33±0.58a
20min 21.67±0.58a 20.67±0.58a 17.67±0.58fg 20.33±0.58c 21.33±1.15a
5min 22.00±0.00a 14.00±0.00d 20.00±0.00cde 21.33±1.15bc 20.00±0.00a

600Mpa 10min 21.33±1.15a 16.00±0.00c 22.00±0.00ab 22.67±1.15ab 20.67±1.15a
20min 22.00±0.00a 22.00±0.00a 19.33±1.15def 21.33±1.15bc 20.67±1.15a

This study explores the effect of high-pressure treatment technology applied to royal jelly. The results show that high-pressure treatment technology has no significant impact on 
royal jelly quality and nutritional characteristics. In terms of biological activity, the water solubility of 10-HDA after high pressure treatment has been improved, and the 
antioxidant and antibacterial activities have also increased. This study points out that the application of high-pressure treatment technology in royal jelly processing can maintain 
nutrients and improve safety, but enzyme activity will be affected to a certain extent, so it has potential application value for food processing.
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Honeybees as biomonitors - Variability in the occurrence of heavy metals, a systematic review
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Background/Purpose, To collect data on environmental pollutants potentially harmful to human health (e.g. heavy metals, 
HM) over time, honey bees have been used as biomonitors due to their ability to accumulate air, soil and water pollutants 
within a specific radius during foraging trips.

Problem description, The aim of this study was to perform a systematic review that has determined and quantified (μg/g) 
the levels of heavy metals, Cr, Al, Li, V, As, Cd, Tl, Hg and Pb in honeybees samples, in different regions (Forest as a control, 
Urban and Rural areas).

Methodology, this systematic literature review summarizes the previous application of Apis mellifera bees in the monitoring 
of HM (μg/g) as contaminants in articles published during the period 1996-2024. Eighteen studies were included. For the 
literature search we examined databases, as PubMed, Scopus, etc, and used the following keywords: (bees OR pollinators 
or Honey bees) AND (biomonitor OR bioindicator) AND (contamination OR pollution) AND (Heavy metals OR minerals). The 
maximum, minimum, mean, standard deviation and coefficient of variation (CV%) of the results obtained were determined, 
as well as the study site Forest as a control, Urban and Rural areas.

Results, The concentration (μg/g) of Cr in general was 0.140±0.103,CV 73.88%; Al (7.17±.3.5; CV 48.8%), Li (0.020±0.0), V 
(0.050 ±. 0.058; CV 116%), As (0. 536 ± 0.307; 57.3%), Cd (0.265 ± 0.296; CV 112%), Tl (0.317±0.026; 8.29%), Cu (7.95±7.36; 
92.5 %), Hg (590±0.0), and Pb (1.13±0.495, CV 43.8%). Only one study shows concentrations of Cr, Cd, Cu, Pb and Zn in 
forest areas, with respect to rural areas there is a lower concentration of heavy metals with respect to urban areas.

Conclusion, honeybees represent an avenue for continuous monitoring and provide quantitative information on specific 
HMs. The analysis revealed that the presence of HM in honeys present in forest areas is lowest, followed by rural and 
highest in urban areas. Further studies should be carried out to obtain a more solid database for more reliable results.
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Royal jelly has been proven to have multiple benefits, such as enhancing immunity, promoting tissue regeneration, 
protecting cardiovascular health, and anti-aging effects. It contains antioxidants like phenols and flavonoids, which can 
provide antioxidant effects, delay aging, reduce inflammation, accelerate wound healing, inhibit bacteria, and control 
blood sugar levels. High Pressure Processing (HPP) is an advanced food processing method that treats food by placing 
it in a high-pressure environment. In this process, food is submerged in water and subjected to pressures ranging from 
thousands to hundreds of thousands of pounds per square inch. This high-pressure treatment significantly reduces the 
number of microorganisms in the food, thereby extending its shelf life. Additionally, the pressure can alter the activity 
of enzymes in the food, making it more suitable for specific uses or processes. High pressure can also cause starch 
gelatinization and protein denaturation, changing the texture and taste of the food. This study investigates whether the 
beneficial components of royal jelly, such as total phenols, flavonoids, and antioxidant capacity, are enhanced after being 
treated with HPP. The study also analyzes the characteristics of royal jelly from different pollen sources after various 
pressure durations, comparing their differences. The results show that HPP increases the content of 10-HDA (10-hydroxy-
2-decenoic acid) and total phenolic flavonoids in royal jelly. After HPP treatment, the antibacterial ability of royal jelly is 
significantly enhanced, and it effectively kills cancer cells, reducing their survival rate.


