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ABSTRACT: Objective To establish a method for determination of hydroxymethylfurfural in royal jelly and its
dry powder by high performance liquid chromatography. Methods Royal jelly was alkalized with ammonia to make
the sample neutral or weakly alkaline. The royal jelly sample was extracted using ethyl acetate and then centrifuged.
The supernatant was evaporated to dryness and then dissolved. After passed through 0.22 pum filter membrane, the

resultant sample was separated by C;g column and tested using liquid chromatography. The sample was quantified by
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external standard method as the standard of hydroxymethylfurfural. Results Hydroxymethylfurfural had good

linearity in the range of 20-500 pg/kg. The correlation coefficients were 0.9983. The recoveries of addition were

86.1%—-100.8%, and the relative standard deviation were 4.6%—8.0%. The limit of detection was 6 pg/kg and limit of

quantitation was 20 pg/kg. The contents of hydroxymethylfurfural in 11 samples royal jelly and royal jelly dry

powder were different and related to storage conditions. Conclusion This method can be used to determine the

content of hydroxymethylfurfural in royal jelly and its freeze-dried powder, and hydroxymethylfurfural has the

potential to evaluate the freshness of royal jelly and its freeze-dried powder.

KEY WORDS: royal jelly; royal jelly dry powder;

chromatography; freshness
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GB 9697—2008 { A A RIGAI[E E K hrifE e 15 )
R 2R 0 0 S T RRRD b SAR A I Y, R TR
M0 F R 4 U FL I 6 IR BRSO T, %
FIEA 62%~6T%HIKAT | 14%~16%HIE F IF . 10%~15%
HEZE . 2%~9%MINEE . 0.6%~2.0%MIH W . {4k
A, HAPUAMMBTREA Y FEEN . BT 00
TR U, R AEA Y, 1 A AT 7E, HE MR
RAEBE AR FD, 2w T Yani AR R . AE BRI AR
o, TEE R R A SR, GB 96972008 Al
ISO 12824 { BSI Standards publication, Royal jelly-
Specifications ) H1, HLAE T 14 T3 AR G L4 10-F25E-2-
&4 R (10-hydroxy-2-decenoicacid, 10-HDA) &g =1.4% .
EOREE 11%~18%. BH& & 7%~18% K &5 & &
2%~9% KU TR E B HR AR AT AR AR, X BRI T
W T ARA T A R TR L R e K R A . BT, i
JE W T ARA Tl PR AR R R 14 [ R

M 20 228 90 AEARLIIE, A7 Bl Bk 1 38 f e i
FEARUEAT T KRS . (AT, STEEE )
i q = R G I F25E e+ AL (G115 0ya v - AN A
St g a7 R AR R A A T, JRBUR T
—SORIE S R o AEL R T A PR S RO IE L AT vk R A
JEAE | B G AN ) e 1 3 b A IS 25 S A R AR TR
I TG A DA P 8 R Bk B PPN B o A Dy i R fi
FEHE bR, W20 LA B3R %G bR b TN IR HLAT U
B, T AT R A L R PO R g
(hydroxymethylfurfural, HMF)J&: 3477 )z N7 1Y 858 Hp [A] =
Y, ERRMEAMT, CRBOK, SUREIER SRIEEE Y
Z IR RP e P e e TR AR R R R 12
AN, HMF DR 5 51 0.573 me/kg. BT 254N e
T3P HMF S48 150 pg/kg LU, o] LA A 30 85
R AL 2 AN HMF 2 0 5 i 50 37 e 32 1 7%
FEFEbR . BRI, BF980 138 b 1 HMF & & 00005 ik, al

hydroxymethylfurfural, high performance liquid

HTRAB I 3K b HMF (9725 B SR AR R S8

ABIESE i 1o AR FRABAR SR B BR, DL ik
B, PRTE T T AR (T 1 00 e IR £ 3K Tk
) HMFE &8 BIIE Tk o DA S8 3 T 30K oo 4 )
PR SR BEIIS AR, I O 36 T HROBT 6 A5 b it I i it
RIHE

1 RS

1.1 MR 55

HMF Fr ffE /i (CAS: 67-47-0, 4fi [ = 98%, 7 [F
Dr.EhrenstorferGmbH 723 w]); 1 3 3% Al £ 5% T4 b (b
MR T RO A BRA R, BERR(C A, KHTRR BR
22 A BRA W), BTk al, 56 E PR Gl R B
AN, FOKOGIHTAL, BN BUMRAE TR BRA /), R
e (arka, BEFRERAA) K, 4 GB/T
6682—2008( 43 M7 SL 50 %8 FH/K BLAS AR IS ik —40K ); g
JiE5, JRJE 66 (0.22 pm, E[E Pall A7),
1.2 UE5EF

LC-20A i BOBAH G35 AL (H A B HA A8 A R 2 \l);
Sartorius BS224S HL F4rHr RKF-(J& 0.0001 g, fEEFEZL
FIHTHERD); KQ3200E ## 75 iff i P i (L LL 7T 75 (AT PR
N Fl); SC-3612 A 2 B DML PR PR AU B A
[(FZ/NEIDE
1.3 ZWF5E
1.3.1 #Hema

FREUEE FHAE 1.00 g sl FHTHFES 0.50 gk
2 0.001 g)F 15 mL ¥R 045 H, A 1.5 mL K, #
FHRBERFIMA 1.5mL 3%ZUKIER, ¥ T3 THFEM
JIA 2.0 mL 3%%0KE, F053va i 28 JC P IR W] e 1 3
L, A 8 mL ZIRZR, F3hPREHEE 1 min, 4500 r/min [
BB S mine WA ZIRZERZET 50 mL 3.0,
40°C/KIBEFEZR R ZT, MG IR IA 1 mL 6% F B
W, FFEIAARE, RENGY 0.22 um SRR, SRR
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3%EKIEW: W 3.0 mL Z/K /K ERZ 100 mL;
6% H AT : WHL 6.0 mL FIEEF/KEAZE 100 mL; 0.4%
WRERVATR: HL 4.0 mL B ER /K E 4 2 1000 mL.

HMF ARAERE 40 FRBLHME FR7ES 20 mg, fin P ELE
2% 20 mL L% 1.0 mg/mL 9 HMF 4570 . —18 JE{RAT 24
MNH.

HMF R, 10 mg/L: "EHL 0.1 mL HMF fif 5,

FKERZT 10 mL, B 10 mg/L HMF FRifih 8]k, —18°C
RIE 124,

HMF FrifE TARR T W H 1.0 mL HMF Fp i P a) i,
FKEZ 2 10 mL, BLAL | mg/L HMF prdE TAEE I,
HMF 47/ TAEZE &I BB 1.0 mL HMF 474 TAFE &I,
AKZAEZE 10mL, & & 0.1 mg/L HMF A7/ TAEZRIL,

Q)FRIEF &

FREL 6 £ 25 FAFER 4% 1.00 g(KS 5% 0.001 g), T 15 mL
SRELE T, FIIA 0.10, 0.20, 0.50 mL HMF friET
YEVWL,  0.10, 0.20. 0.50 mL HMF AR TAE, 4
SIMA 1.5 mL K, A 1.5 mL 3%Z /KA, TOEME
JCPIHR AT DL 3% 0k, A 8 mL ZBRZ R, FhiRi%ik
B 1 min, 4500 r/min (Y% 3 20 5 min. WAL ER L1
JZF 50 mL XU, 40°CAKIRHEREZE K 2T, MG .LofiH
AT mL 6% BRI, B i fskis, HEkad 0.22 pm i
JE, AR5 (IR HE AR TARIE IR . AH Y TARHER IR 251
FREH SN 10, 20, 50, 100, 200 A1 500 pg/kg.

133 ARG EAE &M

EIEFE: Cg ERHEIEAE (250 mmx4.6 mm, 5 pm), i
A FBIAH A N B0 4% RV 1i=6:94; WshAH B 4
B 605 B R % 1 L 3 10 BT : 35°C; AG I 1< 285 nm;
PEREEE: 20 L,

F 1 REERESER &N

Table 1 Mobile phase gradient elution condition

Bf/min WA A/% WA B/%  JiiHE/(mL/min)
0.00 100 0 1.0
12.00 100 0 1.0
12.01 0 100 1.5
15.00 0 100 1.5
15.01 100 0 1.0
23.00 100 0 1.0
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A3 NHERE, DA TAR R BTk B AR AR (X, pe/kg),
LI HMF IR NARAR(Y), Ziilbrde TARMZR, Fbrik
AR LT RE A TR A AR AR HMF
V14 {1 89 7 N85 A Ty 28 151 L =2 14
1.4 BUELIE

¥ F] Microsoft Excel 2010 X} £ E4 A3

2 FER55H

2.1 EF RS pH X HMF I2EUHIS2 M

AT HMF Wl Jr vk, J6F HME @380k L3k
2, M 2 ATHN, XEFEREABR S RAL, Ak, aTEEY
Eri/NEORE S, INEOR | M I AP 2R
BBk 08 AR B G B IRV R 2 G K I B A T
Bt uE R RTAR B ik KT BRI RA S R R
FORE S, TR BR & (S © Bl . Ok, KR TESE, R
TLMROEE. ONE . BB WIS RIS C g A ALK
INFEHER T AL IR A S R RS, IR T
T FIVR 7L« W B ) 419202423 SR I s Ak
JCBREE . A LRUITERE 1 . QuEChERS ¥k 14 Jr k%
FEhETT Ak

I R R FA TR, AR S RS 15% A
39%, A 3% 10%HIIE IR, LA KGR ekt
NT RBREA . BRIER AR R H 0, SR WAk
T B/ TR B ITE 2R 1 1 7 TR RE AT AL, R
FR A I T AR S8 BRI, ISR AE 90.4~101.2% 22 1]
B2, FOMRERUEAT T 10 f5R0F RS, SEOTIER BRI
i, LalWE, ZIrEf BB 0.3 mg/kg, ANRETH K
T30 3 o e s o (R L B B 2 B SCHR[211 )7
W, KRR KRG, MO OBRAREL, A7 ik 46
K, % B 25 ARG PR AT LAGA 5 0.1 mg/kg, MM
T M B AR AR, 2% 1 R R R R 1 46 ko
FEECRNUN 20%, ATREJE T 3P A (A g T
REGHE

HE— 25 e TRV TR IE W, PR R SRR,
T AR IR SRR T, R Tkt £ 3%
F H MR (PR B, S5 3. AR 3 T, Y pH
SRR, 2R TR i K R R R ) SR B i
o AT RAAh B F IR R 1 R EUKIA RS, R S
AR, ULE 1 B4, fRUE T LR RS ¥ B SR 7T
SyHEf, PREUS, RRARMEA), FER, TTREN)E,
DL 1 €6, MR T HRERICR . A K R AT I
Wl ZOIRE T, WA 1 B3, ZRRCRR L SE B 5
FERE TP, PR, AR AT B LB SRR YA,
HUTHRGE, W 1 o C5, 5 MR RE 78 /0 1 ik,
ST EEURE . Y pH 2R &S IME(eH=9 L\ DB, ##
BUSCRAS G PERE, 7T RE f T RERORS BE RN, 24 HL
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REJI T RE, R SERRIETE 2R Sl P 19 3 BE R UL/, 5 3%ZKIE I E IR AER, T 1.5 mL 7K 2.0 mL 3% %Ki
M 1 ¥ R B 2T R, $ERAT] 1.5 mL KR 1.5 mL fifk e F I TR A

F2 TREHMTERERBEIENG A
Table 2 Extraction methods of Hydroxymethylfurfural from different samples

FE 44 FR IO K 2% SCHk Ak
1 £ i — K it — £ / REFUT —ER
o g FEf— KR — WL BT A S E R E HPLO.UY (14-15.21]
10 mL,
s 0.05 g ¥t —12 mL K& f#E—S5 mL 0.15 mol/L HR— =5
TR ZERVITEEA—ERE 25 mL, HPLC-UV [24]
5 mL i — KB — 2R L ER R - R R G b — 2 TR SN/T 1859—2007 {1k
R Al — TC K B FR G I K —40~45°C7E T —0.5 mL Z 514 i LR B R A 55
ok T A 0.1 mL T B —GC-MS/MS. LS'CM;/Q/‘;S*” SRR 5 3%
2.5 mL B i —C g BAHEEIUINE — 2.1 2,18 - 2 BEBE B — %8 | WOAR (3 - A,
IR TF—0.5 mL ZFRIE B —LC-MS/MS, AH T - )
SN/T 4675.8—2016
A E— o e CH T A 5
mEE R 10.0 mL B 5 —10%H BB BE R HPLC-UV SR 4 0
i)
i 5.0 g FEiH—20 mL 10% L IEE - 10%ZJEERZE 50 mL. HPLC-UV [22]
T/SATA 034—2022(
. . 1 gkEfh—3 mL ZJER BB O — EER AR F—1mL R R 50 T R
Bk (RS U HPLC-UV e "
AR (R i) S B A €8
%)
EEN 0.5 g—20 mL 80% H i —ti 5 — 1 IE—E 4 E 50 mL HPLC-UV [26]
WO B EBUE—0.45 pum P8I U8 HPLC-UV [23]
T/JAASS 96—2023
. 5.0 g FEA—15 mL BRI — B0 — B WA SR T CREAH AR 5 FiopE
ACRTE 2 L i S HPLC-UV A 0 0 5 W A
i)
0.3~0.5 g—5 mL 50%Z.+5 mL 10%Na,CO; FiFi—1.5 mL
ORI B R P LB m 200, RE—1.5m GC-MS/MS [25]

il —1.5 mL ZJIi§#2H— QuEChERS #+L&

R RO A A3 2k - 28 A0 4G I (high  performance liquid chromatography-ultraviolet, HPLC-UV), & #H {4 3% &% 156 5T 3% ¥ (liquid
chromatography-tandem mass spectrometry, LC-MS/MS), < #f €& i & B¢ Jii §i 75 (gas chromatography-tandem mass spectrometry,
GC-MS/MS).

R3 TREWMEREKRET HMF BZEE(n=3)

Table 3 Extraction efficiency of HMF in different alkaline solution concentrations (n=3)

AR ER MAKER/mML  3%EKIMARBR/ML HR R ZKRE /%  FFl pH  HMF JEREIR YR ERIR /%

3.0 0 0 3.8+0.2 471425 23.7+1.1
1 g i I 1.5 1.5 1.5 7.7+0.2 1450+42 73.0£2.1

0 3.0 3.0 9.6+0.3 1068+19 53.7+1.9

3.5 0 0 3.4+0.1 3080+118 19.140.8

0.5 g W I T4 1.5 2.0 1.7 7.440.2 120044319 74,4423

0 3.5 3.0 9.8+0.3 8158+237 50.6+1.6
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AL RFERN 4 mL Z /R 2R 505 RS, A2 RN 8 mL
LR O O JR BPIRTS, B3 A FESL K R IR, B4 W FEaL N
FUKIERNARES, C5 SRR RS, A 2R ZFRIRImR
A&, Co AN 1.5 mL 3%ZUKIEMEIS, A ZBRZ BRI
25, D WFEIN 12 mL ZR 2R B O R FR A
P 1 35000 e T2 v HMF S A5 )
Fig.1 Effects of solvent on extraction of Hydroxymethylfurfural

2.2 RFIXTEEE 3R HMF $2 BXAYS2 0

HMF BTk, NG, N, B2k, RO, —
FHEEH P . 2R, Bt . —H FEE K (dimethyl sulfoxide,
DMSO)HIE N AP, TR, 205, Nl . —H L
Tikf . DMSO 1] LI AR 7K, 76 BRI [ i S I T e T 3%
PR, ETRRENERE, WEE—- S, BOR
HIEAP, 2B S HE L, RS AR —E
P, WP R LR R AU

e TR SR S EUKE, BRI 4.5 mL, Zadik
¥, MBI RN 4 mL B, FERA S RAFULILE,
TEAZOLE 1 H Al MR AERE SR 8 mL B, #f
BASRAEFMIEOLE 1 H A2), FE5H HMF 4a%i42
BURAE 73.0%~74.4% B LR TRIMESN 12 mL i, FERAS
SREFAABEOLE D), FEh T HME 46X R A
75.7%~76.2%. % FEEEGAE . iR EE, 8 mL 2R
T P i B A R MR 218 2 IR T = 8 mL
2.3 REhERVIERE

A pHAAET, L2 CERRIUE 73 HMF @3k,
ULPE 2. A LA PO HE L R K AR R O B A
WAL T TR HME Sk ik, &% ki
BIARSE, PR T EL0.4%ERR=1:9, 8:92 Fl 6:94 (V:V)hy
TBIAH, ST B, R 3 R, 2 EE0.4%
%=10+90 B}, HMF aifugnig — TP, M E0.4%
WEfR=8+92 I}, HMF fajfis)5a — T4k, WiE 2 fiox,
AR 2 R AT SE IS TR SR 0 B, (HJR ARG
5 HMF i g A A x0T, 4R 5 b HMF & B4 i i,
AN BB LR UE BTG B G AD R 58 440 B, 4 H RE0.4% B R
=6+94 I}, HMF (& W T o 2% b T4, {HJ2 HMF (&3
P AR R BTN, A AR TER IR, HMF (i id £ 4 i
8] 5 2R FH 100% 1 B AE 3 min, 7 L)L EE+0.4% B B2 =6+94
B AR 8 min, SR N 23 min, FEIHHPEN S L%
1, & Fsit bR et K, WK 3, g5RE, X4

B2 +0.4% R =6+94 1E MR sh A, SR 100% H B2 5E
3 min, 5L BE0.4% R =6+94 F2 22 1% 4 8 min,
HMF (43506 B O TP, ml R A oK .
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Fig.2 Chromatogram of HMF at different pH
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Fig.3 Chromatogram of HMF after condition optimization

24 FEMGMSEE. BEWE, BEEMELHR
1.3 Jy ikt as (U EORE S RIRE S A T A BRI A
I HMF W T FR (V)X B (X, ng/kg)2: il LAERNZE . HMF 1E
20~500 pgkg U OHE N Ltk R 4, EHOH 5 BN
Y=51.31X+65.23, HH3 R Er*=0.9983, I £ E W E K.
e G H PR D2 s BR300 6 ng/kg 1 20 pg/kge
TEZS I F IR L 43 0 20, 100, 500 pg/kg 1
HMF FRUETR, $H8 1.3 Jr b5 iR se s, w4
WP EEIE 3 K. 45K 4 Fos, BmEeE s
86.1%~100.8%, HIXIARAEMZE R 4.6%~8.0%. FHIAMIT
TPk rRE R R . WERREE RAT, £7G GB/T 27404—2008 {52
0 % A 4 R £ S AR I ) S F ARSI i i A 4
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F 4 TEET RS HMF HIMRESENEZE (n=3)
Table 4 Standard recovery and precision of HMF in blank royal

jelly (n=3)
NI /(ug/kg) [l %% K2 FE 1%
20 86.1 8.0
HMF 100 95.3 5.3
500 100.8 4.6

2.5 SCPREESNE

PUATITTER AL 5 X 11 A0 1 3RE S A 0 2

SRR SONR ST LA H, e TR AE T3 T8 HMF
TEERKMEE 1865 ngkg A%, SEfE&M0E %, 2022
A BT -1 8°CAR-AE R, HMF S &1 12 pug/kg AR, 2021
AR TR AE-18°CIRAFSMF T, HMF & 7€ 33 pg/kg LA
T, WiTE 4°CHRAFZMTRI¥ TR, HMF FH7E 91~280
ng/kg Z I8, e F 3% i HMF (13 B 50047 (035 5 45 1k ] HL
B —E RIS, X5 SOk E i — U 2R
PSSR R €8 T 3 FH T 8 T P A I Y P AR A R
FBR, JEER it — A R A E I R 40 i
T3 I AR HMF 25 i 928 (RS Bl gt T 52

x5 BEIRMETRTHERUESR

Table 5 Determination results of royal jelly and royal jelly dry powder samples

FEf AR WA T It A7-Bsf ] AP HMF/(pg/kg)
2017 41 T3 4°C 54F Zifn, JOGEE, ishiEE 280+6.7
2018 4RI T3¢ 4°C 44 Zifn, JOGEE, MishiE R 204+6.3
2019 4 T3 4°C 34F wfn, OO, et T 91+3.4
2020 4E T 4°C 2 4F WA, TR, WAl 15044.2
2021 4FI% X 4°C 1044 IR G, AR BT 192+5.6
2021 4FI% XK -18°C 104~A WA, GG, W 3313
2021 4 F I -18°C 81 H R, AEEE. Wk 26+1.7
2022 4 F IR -18°C 01™H R, AR Bk <6
2022 fFIE TR —18°C 01H REM, GEPE. WL 12+0.9

W TR TRy 2021 H A Arm, AP 898+19.0
U TR TRy 2021 i A L, LR 1865+36.0
. TSR, 2022, 43(1): 180-185.
3 éa: 'I:e YANG Y, HU JJ, LI LL, et al. Determination of superoxide dismutase

BT ESL T AR . B R . R A TR
A TR HMF S8 ik . LIKAT 3% 50K %
R BERESL, B LR BRILEL HMF, SR B 8l Ah iy
WEAFA3HT, FSMrk R HIAKEBR 6 ngke, IR 20
ng/kg, [ESHRTE 86.1%~100.8%22 8], KB RETE 4.6%~8.0%
ZI8), T AT K e T S I T A B A R R
I FAS T 5% o) 86 1 3 e T 3210 /P 9 HMF 55 i A Jath—
BRI, PR SSEEE, K HMF $8FR51A ™= 5
B, X FHE TR 0 1™ it T, DA R e 3R Ml ) gt
FRR R B RA T EENE L,

SE 3
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