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Determination of 6 furfural compounds contents in royal jelly by high per-
formance liquid chromatography
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ABSTRACT: Objective To establish a reversed-phase high performance liquid chromatography method for
determining 5-hydroxymethyl-2-furfural (5-HMF), 5-methyl-2- furaldehyde (5-MF), 2-furaldehyde (F), fu-
ran-2-carboxylic acid (2-OIC), furan-3-carboxylic acid (3-OIC) and 5-hydroxymethyl-2-furancarboxylic acid
(5-HMF acid) in royal jelly (RJ). Methods Samples were extracted with purity water and proteins in them
were removed by zinc acetate and potassium ferrocyanide solutions. Before injection, the solutions were passed
through 0.45 pm filters for determination by a liquid chromatography UV detection at different wavelengths.
Results Within the test ranges, 6 furfural compounds concentrations and their peak areas showed good linear
correlations (R°=0.9993). The limits of quantitation and detection were 0.07~0.26 pg/mL and 0.02~0.08
pg/mL, respectively. The recoveries ranged from 86.2% to 99.7% and the overall relative standards were
lower than 2.40%. Conclusion The method is simple, sensitive and suitable for analyzing 6 furfural com-
pounds in RJ.
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1 31 5 ,
(royal jelly, RJ) = .
(hypoph.':lryng:ealJ ngnd) (mandibular gland) 2 M-;HEH;%
; 2.1 MEI51LE
[ , ’ . ,
2 ’
o :5- 2-  (5-HMF) 5-
’ (5-MF) 2- (F) 2- (2-0IC) 3-  (3-0IC)
5- -2- (5-HMFacid)(Sigma )
( , DIMA ); ( , I K
’ (F) 5 BAKER  ); (150 g/L)(
(HMF) ): 150 g , 2 mL ,
’ 5 100 mL; (300
[6,7] [8,9] [10,11] [12,13]
' ’ ’ g/L)( ): 300 g
’ , 100 mL; (0.1
>HME mol/L)( y 04e
5-HMF ’ 100 mL:
o ’ (Ultimate 3000), CHROMELEON
’ ’ (Dionex ); 2K15 (SIGMA
» 5-HMF ): VORTEX-QilinBeier®-5 (
o ); KQ-100B
>-HME ( ); SKRTORITUS
’ ’ AG GOTTINGEN , 0.0001 g(GOTTINGEN
[20] ’ 21 o - ); Milli-Q (BEDFORD,MA, )
22 SRWTE
221 AFBEERBELE
’ 100 mg ,
100 mL R , 1.0 mg/mL
6
, 5- -2- (5-hydroxymethyl- 2- furaldehyde,

hydroxymethylfurfural, 5-HMF) 5- (5-methyl-2-
furaldehyde, 5-MF) 2- (2-furaldehyde, furfural, F)
2- (furan-2- carboxylic acid, 2-furoic acid, 2-OIC)
3- (furan-3-carboxylic acid, 3-furoic acid, 3-OIC)
5- -2- (5-hydroxymethyl-2-furancarboxylic
acid, 5-HMF acid) (high performance

liquid chromatography, HPLC) s

222 RAREHELMN
: Symmetry 300™ Cg(4.6 mm>250 mm, 5 pm);
: 1.0 mL/min;
120 pL;
:30°C
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s R 1 mL
R 1 mL )
:5- -2- (5-HMF) 5- , 30 min 10000 r/min 10 min,
(5-MF) 2- (F) 285nm ; 10 mL ,
2-  (2-0IC) 3- (3-0IC) 243nm  ; 0.45 um ,
5- -2- (5-HMFacid) 270 nm
0.5% (A) (B), ,
1 3 HRENH
; 2 N\ fih R S A 1O
Table 1 Ifirlfurfﬁiin;afgs}i?ofﬁ:ifﬁfji*;ieparation 31 RETIAMMRL
conditions ,
time (min) A (%) B (%)
0.0 98.0 2.0
15.0 98.0 2.0 (TCA)
20.0 95.0 30 .
35.0 65.0 35.0 ’
36.0 15.0 8.0
46.0 15.0 85.0 ’
47.0 98.0 2.0 ’
75.0 98.0 2.0
( 1)
223 HIRHEILAE ’
1.0g 10 mL , >
0.01 g, 5 mL , 5 min, 150 g/L 1 mL, 1 mL 300
3min , 12000 r/min 10 min, g/L )
; 3 mL s )
[ mAU WVL: 285 mm
100 -
50 |
o ! N A " L —
o [2 wé 2-9.696 13.10 SHMF 4-25.966
50 e min,
0.0 5.0 10.0 15.0 20.0 25.0 30.0 36.0

1 (a) (b)

Fig. 1 Chromatogram of royal jelly after protein precipitation using potassium and zinc acetate solutions (a)

and TCA solution(b)
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(0.1%~1.0% ) 6
> , 6 , 05% ,6
85% , 1.5 ,
S 0.5%
, 3-0IC  5-MF ,
, BAKERBOND SPE™ Cj;3 (500 mg/6 , ( D
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> 6 1.5, Symmetry Cig 5 um, 4.6
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, 322 ARBREGBFAAL MK 6 AT
6 b b s
> 25 30 35 40 45°C
32 ‘IERMHrIMIL ,30°C
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2
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Fig. 2 The chromatogram of six furfural standards
a. 270 nm; b. 285 nm; c. 243 nm
1. 5-HMF; 2. F; 3. 5-HMFacid; 4. 2-OIC; 5. 3-OIC; 6. 5-MF
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3.3 ZMXRSHMR ; 6 6
7 , (RSD), RSD=2.52%, 3
5-HMF 0.03~20.0 pg/mL , 5-MF F 6d 10¢g,
2-0IC 3-OIC 5-HMFacid 0.03~15.0 pg/mL S0 wL 6 1000 pg/mL ;
b ? 6
X ) y ) (RSD), RSD=
6 4.01%, 3
) 2 ) , 35 [EUE
6 , ( 6
2
R“=0.9993 )10 g, 6
3 ,
F2 6 MIREMMRZLERERBXRE(N=5)
Table 2 Linear equation of six furfural standards 0.5 1.0 3.0 pg/mL
(ng/mL) (ug/mL) R? ’ 6
86.2%~99.7% 5
5-HMF Y 2.0494X+0.6273  0.03~20.0 0.9998 2.40%,
5-MF Y 2.1044X+1.8597  0.03~10.0 0.9995 , 4
F Y 1.9713X+1.6150  0.03~10.0 0.9997 3.6 SEPRMEmMmMNESLS
2-0IC Y 1.3631X+0.5503 0.03~10.0 0.9995 10
3-0IC Y 1.4223X+0.4747  0.03~10.0 0.9993 )
5
5-HMFacid Y 1.0691X+0.2566  0.03~10.0 0.9993
, 90% 5-HMF,
5-HMF 1.3~37.5 mg/kg 5-HMF
/ ’ 5 , F,
S/N 1
’ (S/N) 0 3 ’ 0.6~3.4 mg/kg 5-HMF 37.5 mg/kg
L
(LOQ) (LOD), 3 s 2-0IC 5-MF
3 SHEFEORER. BRENERY 3-01C 5-AMFacid
Table 3 LOD, LOQ and reproducibility of the analytic )
method
LOD LOQ .
ug/mL pg/mL  (RSD,%) (RSD, %) 4 £ ®
5-HMF 0.03 0.10 2.17 2.24 ,
5-MF 0.02 0.07 1.96 2.47 ’ ’
F 0.02 0.08 2.52 3.15
2-0IC 0.02 0.07 1.76 2.87
3.01C 0.08 096 Lot 401 0.07~0.26 pg/mL  0.02~0.08 pg/mL
, 86.2%~99.7%,
5-HMFacid 0.03 0.11 2.11 3.49
2.40%

34 FEEEMENM
6 0.10 pg/mL
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Table 4 Results of recovery assays

(ug/mL) (ng/mL) (%) (%) RSD(%)

0.5 0.5062 101.24

5-HMF 1.0 0.9965 99.65 99.2 2.31
2.0 1.9346 96.70
0.5 0.5115 102.30

5-MF 1.0 0.9754 97.54 99.7 2.40
2.0 1.9891 99.45
0.5 0.4968 99.35

F 1.0 0.9647 96.47 97.1 2.04
2.0 1.8883 94.42
0.5 0.4199 83.98

2-0IC 1.0 0.8841 88.41 86.2 2.22
2.0 1.7241 86.20
0.5 0.4512 90.24

3-0IC 1.0 0.8743 87.43 88.0 2.04
2.0 1.7254 86.27
0.5 0.4734 94.68

5-HMFacid 1.0 0.9512 95.12 93.8 1.88
2.0 1.8335 91.67

*5 KIRHERPSAFIEE LIRS E SIS R(mo/kg)
Table 5 Analysis results of six furfurals contents in royal jelly samples (mg/kg)

5-HMF 5-MF F 2-0IC 3-0IC 5-HMFacid

1 5.3 ND ND ND ND ND

2 1.3 ND ND ND ND ND

3 4.7 ND ND ND ND ND

4 6.7 ND ND ND ND ND

5 12.1 ND 0.6 ND ND ND

6 37.5 ND 3.4 0.5 ND ND

7 ND ND ND ND ND ND

8 9.4 ND 0.7 ND ND ND

9 22.6 ND 2.1 ND ND ND

10 11.3 ND 0.9 ND ND ND
%%Iﬁk bers of the yellow gene family [J]. Biol Rev, 2014, 89(2):

255-269.
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