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Polymorphism-derived proteotypes named MRJPs are predominant in Royal Jelly (RJ). Each MRJP variant has distinguished 
health benefits. They may undergo a rapid structural change depending on storage conditions, and efficacies may be 
modified. Therefore, measuring the individual levels of each MRJP separately instead of the total protein concentration 
is crucial. In this study, it was aimed to develop an analytical method for the absolute quantification of MRJP variants. 
A novel MRJP purification workflow was also presented to obtain authentic standards for Native-LC-SEC-UV method 
development. Firstly, RJ proteome extract was subjected to tandem purification at FPLC. Purities were confirmed by SDS-
PAGE. Protein annotation of each purified MRJP was accomplished by in-gel digestion followed by Orbitrap HRMS bottom-
up proteomic strategy. Data was processed at Thermo PD software, sequences were retrieved from UniProtKB. Sample 
analysis was performed using the developed Native-SEC-UV method. In order to observe the effect of storage conditions 
samples stored at different temperatures were also analysed. Egg white powder, skimmed milk powder, and melamine as 
potential adulterants were also simultaneously screened. In real samples, MRJP-2 and MRJP-3 results were between 1.1-
29.5 mg, and 0.6-22.8 mg respectively. Royalactin was quantified between 0.4-10.4 mg while Apisin was found between 
1.2-78.2 mg. It was determined that storage conditions dramatically affect the protein composition and Apisin was the 
most fragile variant. Elevated temperatures or improper packaging promote protein loss induced by Maillard reaction. 
Furthermore, it was observed that the lyophilization process can induce MRJP3 to be fragmented and Royalactin to be 
oligomerized. The total protein amounts of these samples were also analyzed by Bradford, BCA, and Khejdahl assays. It 
has been observed that these methods have significant disadvantages. The non-protein components could potentially 
interfere with the accuracy of the measurements resulting in false positives with the BCA and Khejdahl assays. All these 
total protein assays cannot reflect the protein degradation and not indicate whether proteins are fragmented, denaturated, 
or native form. So, they could not pinpoint improper storage induced protein loss. These results proved that adapting the 
novel LC-SEC-UV method into the QC workflows can reliably indicate the quality of the RJ products.
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Major Royal Jelly Proteins (MRJPs)

10-HDA% is stable and can be 
manipulated. Not a reliable quality, 

authenticity, and freshness indicator…

Total protein content is indispensible 
quality criteria for RJ !!!

➢ The Yellow/MRJP 
protein family;

➢ 9 proteins encoded 
by different genes 
(MRJP-1 to 9). 

➢ Conc. of > MRJP-3 are 
negligble in RJ…

➢ MRJPs play an important 
role in queen bee 
development and have 
many beneficial effects 
on human health !!!



RJ Protein Adulteration 
(Artifically Increased Protein Content)

PROTEINS

• Melamine 
• Milk Powder
• Egg White Powder

Potential MRJP Mimickers



Commonly Used Assays for RJ Total 
Protein Quantification

• Lowry Assay

• Biuret Assay 

• BCA assay 

Kjeldahl – Total Nitrogen %
1. Quantifies amino acids, degraded proteins/peptides as well. 
2. Does not give any information about the native/bioactive forms of MRJPs. 
3. Does not pinpoint improper storage or extended shelflife induced protein loss. 
4. Reports false positives.

Colorimetric 
Assays

Bradford Assay – Dye binding method 
1. Coomassie dye binds to basic and aromatic amino acids, thus similar 

AA sequence of calibrant is needed for accurate quantification. 
2. Reports false negatives. 

Peptide bond Cu+2 reducing activity
1. Quantifies the degraded proteins/peptides as well. 
2. Any reducing condition in final recipe cause false positives.
3. Does not pinpoint improper storage or extended shelflife.



These assays cannot 
measure individual 

concentrations of MRJPs 
variants. Any degradation or 
structural alteration unable 

to be Identified…

They Cannot 
Report the 
Presence of 

Protein 
Mimickers. 

They Produce 
Global 
Protein 

Response…

+



AIM OF THE STUDY

Aimed to develop a single shot, practical 

analytical method for the quantification of both 

total protein content and each MRJP variants in 

their native forms by harnessing novel LC-SEC-

UV technique. 

Potential adulterants such as egg white, 

melamine, and milk powder were also tried to 

be monitored simultaneously !!! 



A Glimpse of Preliminaries

pI and MW predictions of MRJPs for setting 
up the spot on purification strategy…!!!

Protein accession Protein name
Theoretical

MW (kDa) pI

O18330 MRJP-1 48.9 5.3

O77061 MRJP-2 51.0 7.2

Q17060 MRJP-3 61.6 6.9

Meta-analysis Apisin (MRJP-1 Oligomer) 280 - 450 ≈ 5.3

MRJP-1 monomer 
(Royalactin)

MRJP-2

MRJP-3

Apisin (A Heteroligomer 
complex; MRJP-1 & Apisimin 

(conjugation peptide), and 
methylenecholesterol)



3 Steps - Tandem MRJP Purification Scheme

SCX

SAX

SEC

CIPP Purification Strategy

Polishing

Intermediate + 
Capture

Capture

Obtaining the RJ Crude Protein Isolate by extraction 
using an acidic buffer (pH 4.6 citrate buffer)



Purity Check and Annotation Experiments for Each MRJP

Bottom-up proteomic 
for annotation and 

MRJP reference 
validation

Purity 
verification

FS-ddMS2 (DDA) 



Proteome Discoverer (PD) Software Workflows



LC-SEC-UV Method Development and Comparison Assays 

• The Xbridge® Premier Protein SEC 
column (250 Å, 7.8 × 300 mm, 2.5 
μm and MaxPeak Premier Protein 
SEC Guard column.

• Run time; 70 min
• Flow Rate; 0.25 mL/min 
• MP; 2X PBS
• UV Detection; 215 nm
• Inj vol; 20 uL

VS



SDS-PAGE Analysis – Purity Check for MRJPs

APISIN = MRJP-1 
Oligomer ?

ROYALACTIN = 
MRJP-1 monomer ?

MRJP-2 ?

MRJP-3 ?

SDS-PAGE 
Image – pure 
protein bands 

indicate 
succesful 

purification 
scheme !!!

Illustration of SDS-PAGE analysis results of each purified protein fraction !!



Purity Check-2; Native LC-SEC-UV Method 
Chromatograms Belongs to FRJ and Pure MRJPs

Unfractionated FRJ; MRJPs  

MW > SEC lower 
exclusion limit = 
10 kDa, Proteins

MW < SEC lower 
exclusion limit = 10 

kDa, Peptides & 
Small molecules

AEX-1

SEC-1

SEC-3

SEC-2



Band Excision Prior to In-gel Digestion Procedure

POS. 
CONTROL 
BSA

PURIFIED MRJPs

NEG. 
CONTROL



MRJP-1
 OLIGOMER

MRJP-2

MRJP-3

Bottom-up - Untargeted Proteomics Raw Data

MRJP-1 
MONOMER

TICs – Full Scan MS1 level

Peptide Mass 
Fingerprints 

(PMFs) highlight 
identical 

sequences of 
oligo and mono 
MRJP-1, while 

distinct MRJP-2 
and MRJP-3 

peptide profiles 
were observed 

!!!



Proteome Discoverer – Protein Annotation
MRJP-2

MRJP-2 Identification



Protein Annotation
Overall Success Scores

LC-HRMS identification results of the MRJPs and positive control (BSA)



Native LC-SEC-UV Method Final View After Annotations

Purified and 
annotated MRJPs 

were used as 
reference 

calibration 
standards for 

absolute MRJP 
variants 

quantification !!!

Peptides
Fatty acids, 
Secondary 

metabolites, 
Salts

<10 kDa



Validation For Quantitative Native LC-SEC-UV Method

Summary of the method 
performance results..!!! (3rd ed. 2025)



Native LC-SEC-UV Method; MRJP Mimetics
Egg White Powder

Egg White Powder Inj.



Native LC-SEC-UV Method; MRJP Mimetics
Milk Powder

Milk Powder Inj.

Casein has been 
depleted by pI 
precipitation 

strategy 
implemented 

through sample prep 
(pH 4.6 extraction)



Native LC-SEC-UV Method; MRJP Mimetics
Melamine

Melamine Inj.

Diol-SEC provided a 
shifted retention due to 
the H-bonding affinity 
between Diol ligand 

and melamine…



Degredation and Oligomerization Pattern of MRJPs 
Under Different Storage Conditions 

Protein oligomerization 
and resulting protein 

aggregation was recorded 
@RT !!!

All MRJP 
proteoforms were 
either degraded or 

oligomerized.

 Natural RJ 
Proteome was 
altered @RT !!!

Fresh RJ Stored @ -18°C, 6 months
Fresh RJ Stored @ RT, 6 months

Occuring Maillard 
Reaction and Advance 

Glycation of the 
Proteins was the root 

cause !!! 



Degredation and Oligomerization Patterns of MRJPs under 
Different Storage Conditions 

BCA, Bradford, and 
Kjeldahl assays are 

not efficient to 
uncover the 43.5% 

native protein loss !!! 

Serving 
Size (mg)

Individual MRJP conc. by novel LC-SEC-UV method 
(per service, mg)

Total Protein conc. (per service, mg) Total Protein conc. (per service, %)

MRJP 1 
Oligomer

MRJP 3 MRJP 2
MRJP 1 

monomer

LC-SEC-UV 
(Novel 

method)
Kjeldahl Bradford BCA

LC-SEC-UV 
(Novel 

method)
Kjeldahl Bradford BCA

Fresh Royal Jelly (-18°C) 1000 66 22 29 13 128,9 148,0 20,7 133,5 12,9 14,8 2,1 13,4

Fresh Royal Jelly (RT) 1000 30 8 20 15 72,6 154,0 17,1 127,9 7,3 15,4 1,7 12,8



Real Sample Analysis (n=15)

MRJP conc. by LC-SEC-UV method (per service, 
mg)

Total Protein conc. (per service, mg) Total Protein conc. (per service, %)

Market Samples
Serving 

Size (mg)
MRJP 1 

Oligomer
MRJP 3 MRJP 2

MRJP 1 
monomer

LC-SEC-UV 
(Novel 

method)
Kjeldahl Bradford BCA

LC-SEC-UV 
(Novel 

method)
Kjeldahl Bradford BCA

lyophilized RJ 300 49,2 16,2 19,1 10,3 94,2 126,0 42,3 125,2 31,4 42,0 14,1 41,7

Fresh Royal Jelly 1000 46,2 16,1 23,1 6,0 91,3 160,0 31,7 135,2 9,1 16,0 3,2 13,5

lyophilized RJ 1000 13,1 5,7 10,2 3,1 30,2 36,0 10,4 29,4 3,0 3,6 1,0 2,9

lyophilized RJ 1000 43,1 12,5 24,1 6,1 85,2 95,0 45,6 99,0 8,5 9,5 4,6 9,9

Fresh Royal Jelly 1000 36,3 12,2 19,3 6,2 73,2 110,0 28,7 126,1 7,3 11,0 2,9 12,6

Fresh Royal Jelly 1000 40,7 11,2 22,1 6,0 78,8 140,0 96,5 131,2 7,9 14,0 9,6 13,1

Syrup (%3 RJ) 1000 1,2 1,2 1,1 1,3 4,1 8,0 0,9 28,4 0,4 0,8 0,1 2,8

Fresh Royal Jelly 1000 40,2 15,1 25,3 9,1 88,3 68,0 37,8 115,4 8,8 6,8 3,8 11,5

Fresh Royal Jelly 1000 47,2 21,1 24,1 8,3 100,3 130,0 28,0 123,8 10,0 13,0 2,8 12,4

Blend, (%3 RJ, w/w) 1000 1,1 1,2 1,1 ND 3,5 8,0 1,6 441,0 0,4 0,8 0,2 44,1

lyophilized RJ 1000 78,2 23,1 29,2 10,5 140,9 100,0 26,2 7743,3 14,1 10,0 2,6 774,3

Ampule (1.5g RJ 
added)

15000 uL ND ND ND ND ND 165,0 ND 130,4 ND 1,1 ND 0,9

Ampule (1g RJ added) 9000 uL 11,1 2,2 11,0 9,5 32,9 99,0 3,9 145,0 0,4 1,1 ND 1,6

Fresh Royal Jelly 1000 35,2 13,1 20,6 8,1 75,8 68,0 36,2 144,7 7,6 6,8 3,6 14,5

lyophilized RJ 750 29,2 10 13 4 55,6 65,0 8,9 80,9 7,4 8,7 1,2 10,8

%HDA 
w/w

4,0

1,4

0,1

1,5

1,4

1,5

0,1

2,2

2,5

0,2

1,7
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1,4

0,9
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LC-SEC-UV (Novel method) Kjeldahl Bradford BCA

441

3,5 8,0 1,6

32,9

99,0

3,9

145
130,4

165,0

NDND

Honey 
reducing 
activity 

interference

Protein degradation;  
False positives by BCA 

and Kjeldahl

Protein degradation;  
False positives by BCA 

and Kjeldahl, false 
negatives by Bradford

Fresh RJ Samples Blend product, 
(%3 RJ, w/w)

Ampule (1.5g 
RJ added)

Ampule (1g 
RJ added)

Real Sample Analysis (n=15)



Publication – Under Review



Conclusion

• MRJPs are better quality indicators. Traditional protein assays are 

not convenient for MRJP quantification and freshness assessment.

• We developed a non-sophisticated native mode LC-SEC-UV 

protocol that enables the quantitative analysis of individual and 

total MRJPs and concurrently identifies any protein mimickers. 

• A novel 3-step tandem purification workflow was demonstrated 

to get MRJP references.

• Adapting the new LC-SEC-UV method to QC activities will pave the 

way for preserving the integrity of RJ products.
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