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Analysis of the Main Components and Antioxidant Activity of Royal
Jelly in Different Flowering Periods

YIN Xin"?, QIAO Dong"?, LI Hongxia>, LIU Zhaolong?, WU Meijia’>, PANG Jie"", CHEN Lanzhen>"

(1.College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2 Institute of Apicultural Research, Chinese Academy of Agricultural Sciences, Beijing 100093, China)

Abstract: The aim of the present study was to explore the differences of quality and antioxidant activity of royal jelly in
different flowering periods. The contents of 10-hydroxy-2-decenoic acid (10-HDA), total protein, moisture, and total
phenolic acid in royal jelly from the same conditions were analyzed, and the in vitro antioxidant activities were also
compared by DPPH method and FRAP method. The results showed that there were significant differences (P<0.05) in 10-
HDA contents of royal jelly during different flowering periods, and the content of 10-HDA was the highest in grape royal
jelly. The contents of total protein in royal jelly ranged from 13.58% to 15.26%. The contents of moisture in royal jelly
were lower than 67.5%, which met the requirements of national standard (GB 9697-2008) regarding to the moisture content
of premium royal jelly. Compared with other royal jelly at flowering periods, the total phenolic acid content, DPPH radical
scavenging ability and total antioxidant capacity of Vitex royal jelly were the best. And the DPPH free radical scavenging
rates of royal jelly at different flowering periods were significantly different (P<0.05). The correlation analysis results
showed that the DPPH radical scavenging ability was significantly correlated with the total phenolic acid and the total
antioxidant ability (P<0.01).
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1% % (Royal jelly) S LI SR A B AE 8 FAE A AE
SHATTUR AL, 25 FH T 7 04 4 ST RTINS At iR
PRIL [ St e R iR , SR ELA
SRR, THERSEBOTIEAA PRI R >, g 0%
VE R FSRIG LA AP, S B RS A LRS!, 4
AR ZHEERE IR, B e g 0
E 7115 I 711 s LN | ) 7= I 7113 & A 1
RN 2R R iR P EDIRE, T2 R P i bR

W IR HA ARG PRI REINP LR | SRR TR
B . PR SRR S e TR P A AR e ) BB G .
Kungi %58 23R T e T3¢ F FLAH 4 a0 P S8 AR E 1 RN
X e BRAE BRI s, R IbT AL EE
FIEE R R TR AT BN E 22— TP
AERE T 15 55 B T E IR T BT AL LSy, TSR
[E] B R AT BH RAS [R) AT 88 5 20 E 2 v b 2 45 19
225, Liu 88U ST T AS[RSR S A ] e 122K iR PT 4
T, 48 K 72 h RGN TIRFPEH R 28 &
EAPEALGE TR T 24 h Rl £ 202, g R
FEHH Z 0y 2 5 AT eSS B E AT R R Y
— o AT X HE TSR O3 TR I IR A R 2
S, g SRR IR R] A i IR B R AR P S AT
EALBE TP B 225 . 10-HDA & I kA
BTGy, HOEAE Z R A iE A E ™. Chen 25219
KB 10-HDA A] Jifz /)N BT ZH Lt B AR Ak, X —
b 4 3 DR B IR RO . Yang 250 & BEL 10-
HDA X /1 AR AEAT 149905 J5L BT, N 4 €048 26 Bk
PR ABEA A BR B N SLYD T QPR S5 AT 2 5 sl )
ARRNVEH . W AR B HAVF 2R A TE A E
JH, WSS TG 25 5 i 2 HLRE A A SR AT RV E A

e AR A I 2, HLAE b = R vh Bt A it
Al HE, 52 BIERH (LA 22 8B IR fr 22 A6, an
THESEAEEH AN Z R B AR 2R LLIFEFE RS | 15
o MR R RN b S A A5 22 T R 2R A SR PO, il
AR T 2 R TGRS B R O M L ST . g
HH, 08 IR AR P SRR T AR AN SR YR CEE R RAE))
FY2E5T, Sgnmids 1252 1 o R B A D BE TG 221
{E /A5 THF 5 2 B 2 VSR 42 6 JU3 X e 0 205 5 e ) JEL (AR
sZm, RAT o BEXTAS[RIFERH T r= e 120K =Bl I
HHUEAIE PEIA TR ST . ARFST LAIdL A ST A
FIAEHA (S B L TS ARAEHT . LA el . 4
AEH | RS RAC R SR AEH) 2B 7= 1 e 12 R
T FEXT 42, 38 i A HR A U ER R BORE, HEBR IR | 2R
WA Ak 22 S 45 2R P R R 52, 4347 ELBEAN[F]
AT P 32 A 10-HDA | SR . 7K FLE R
ARk, I ARG MU R AL SE S, XS [RIAEHA T
P IR A BRI TR R, IH S S IR bR A
7 A A e M e TR PR AR
1 RS A
1.1 MRS5S

WEFIK SRAEFWIAL A SE T W R g b, 1

P e, e T AR [ UR BEFE Ok, M RERES R AT TG
95 HLTE, SR R S B B (R SRARE I e S T HET T, X e
TRV ToR S hRIC, CRUESCIGRE AR IR T S I AR
Hh, SRAEERTE] A 2021 41 3 H 2 6 A4, LI kdlE
W13 A hfa)~3 H ) RIS FIK(YCWIL) | i
AR (3HA K ~4 AW REM M SEE R
(YCWI2) | ILAEREAE (4 A Fa)~5 A %)) K%/l
T (SHWI) | i AL (5 F iE~6 H W) RAEM
A EA(PTWI) | S Be (6 A b)) RAEHYI
P ATWID) HRZAEARBI(6 H IR RIS T
ATWI2) I 24 DERIGFEAS . FESLRAERT R T
IEESTTF 50 mL B0 T, IS BIAFF-18 °C 4%
PETFARAT . TR T REHEBRIEFD | Mo QAN AR 2R
UM P ARFEARIAEIE T 225 . 10-HDA | X J53E
SRR R brdEsh, DR AR YR AT BRAS F
1,1-— 8 L -2- = fiF 3L 28 JBF (1,1-diphenyl-2-picrylhy-
drazyl, DPPH) TCI ALl Tl & G R W5 2,4,6-
(2-nk BE 3L ) -1,3,5-— 8% (2,4,6- Tri-2-Pyridyl-1,3,5-
triazine, TPTZ) . % & T L . fEMEy  JbZRSEFEFR
A BRAF] Jok =& bk B Tl (i) AR
oSl R SR AREN . MRBRAR . iR . ke TR
Est 2 H b 2E A BRAS Al BILECE AU
A (RBAIRARD b S o R R A R 7] H
ARV R ATAlE PEB R AR A PR .

1200 BUEROREAH RN 55 EZ2HE R A BR
23] 2300 PLECE AAL L ARy PRI E
XS-105DU TR Fig TAESRE-FERIZ A\ F]; vD23
BZ T4 7 E BINDER 237 ; HWS-28 Hi #UfE
woKkEsR iE—EREE IS FR A F]; BIOOFUGE
B .0l 3€E Thermo Scientific 4\ 7] ; SpectraMax
13 BPR SEESELS 4T FAUAS; Milli-Q BIZli7KEs
% [E Millipore; KQ-500DE ¥ d5 i i iEvEas B
LT R PR AR AT BRA W5 QL-866 HEMRAL i T H:
NI E i e S /A
1.2 SLWHE
1.2.1 10-HDA &=z Z=MEPR GB 9697-2008
e AR BTN E o
1.22 BEAME ZSHER GB 9697-2008 #4 T
I, SR E FAGHA TS50 . FREX 0.05 g #F
fh, A 1 B PILER e B AL AT 3.5 mL WA IR,
TEVHARIREE 420 °C &5 FHAL 2 h, EALIE . T
WU : 0.1 mol/L Eh R AR HE W 2 5 S AL AN MK
(400 g/L); 1% AR W IS0 MR (75 0.1% 75 FH B 4 F
0.1% FIELIFERFD .
1.2.3 KorErailxE  SRRESARME GB 9697-2008
e FHR P, (A T84H, £-0.095~-0.10 MPa,
75 °C £ TIEIR T TAFES 4 h )5, Bl R =
i3, Frim, BEE TR ERE R EE2E/0TF 2 mg.
1.2.4 RERNE SRR ik, okl
0.0.1,0.2, 0.4, 0.6, 0.8 F1 1.0 mL M T ERPRUE
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WL (100 pg/mL), PRAEFEWSF BN 1 mL HE AR
2 2350 FE 4R 47, 3 min J5 /LA 1 mol/L Na,CO,
BRI FIZE/KESR SR 10 mL F8501R S, SRR
THEE M 1 h 5T 760 nm AR E W OGIE, DLEE
TR B R AR AR (), WOGRE AR (y ) 2 il bRt
M4k, 0~100 pg/mL BB T RRbRUE TS et iR
“A: y=0.58x+0.0068, FFZ2 % R°=0.9988.

P IE : RSRFREL 5.0 g B FIAESE T 50 mL
b, 223 FKIR G, 45 % 50 mL i,
H A 10 min, 15000 r/min B0 10 min, B_E & %Y
100 mg/mL % T OKE WA FEE 20 mg/mL, Bk
JE2A 20 mg/mL $§ FIRKEEAR 1| mL MILA 1 mL f@AK
P i 4357, 4] 3 min JS A 1 mol/L Na,CO, %
WHNZEMEKELZE 10 mL Fo501R AT, RIREPREL T &
B 1 h 5 760 nm ARE R GE, HRYERSGIE T
1.2.5 DPPH H HAEBRAESIHGMIE S HEATP R
LG22 (T k, FIFFEAEIE R . REAPRIEL 2.5 g 1 T2
AR T 50 mL B0, FHRE FOKIRTEA i, &
2% 50 mL, 7 10 min, 15000 r/min &5.(> 10 min,
VS WRAS 50 mg/mL W F IR KB . B iR+
WKW 1 mL S5HEE 0.1 mmol/L #J DPPH Jt/K
R 1 mL FEAMIR AR, REGHERE N 30 min,
TE 517 nm AL EWCAE Apep,» 25 FIZH A 1 mL
ToK L EEAE DPPH Jo/K BRI, X FRZH A e H
ZEABRAR M ORISR . WERFRIT AR
_ (Apg — Asxrr)

A

K. X 78 DPPH H HBLHFIRH, %,

1.2.6 SPrEALIEIERME  SRAERE T 575 (Fe-

X(%) = [1 x 100

rric reducing ability of plasma, FRAP) XJ 1 F 3% Bt
SEAIEPESE TN, ZERAT ik P s>
PRUERIZE: BeH 1 mmol/L FeSO, ¥k, I 9 B¢
4 0~0.5 mmol/L FeSO, &K, HUA [F]#i Bt FeSO,
VW 200 pL, it A TPTZ TAE# (300 mmol/L, pH3.6
Pt 2 ER 2% vh M 10 mmol/L TPTZ #5%4; 20 mmol/L
FeCly; =R 10:1:1 e BIUEF TR A VRl B4,
RFNEFRE T )1.8 mL, IR G 37 °C F
10 min J57E 593 nm &P 5E W SGAE, L FeSO, <,
mmol/L SHEAEFR(x), WG EEIA AR (y) A T4k
PEENHS B AR UERTZR, y=1.1492x—0.0043, #HIE F 5L
R?>=0.9997

FE SIS RS REL 4.0 g W EARAESL T 50 mL
FEOM T, HEBEFKIRIER R, €45 % 50 mL )&,
#BA 10 min, 15000 r/min 2.0 10 min, B _E & 15
80 mg/mL Mg T IR IKIFWR o HU bl s AR K W
200 uL, iTA TPTZ TAEW 1.8 mLiE4JJ57E 37 C
JZJ¥ 10 min Ji F 593 nm AbI0E WG REE, 1Y ABRUE
A g T2 i bt AT P (mmol/L) o
1.3 #HEAE

ik SPSS 24.0 AT Z HAEA R 25 57 W 35
PE ST AT FAH SCHHE 53 M, B0 LAV BB E2E 0K .
{#i ] Graphpad Prism 8 #{: #E47 B4 X 28 U7 22 930 M
(One-way ANOVA) Ff£: &l . P<0.05 Fll P<0.01 43
R A 5B 3525 S I s 35 25 54
2 FERS59h
2.1 #FIRF 10-HDA S

VER A SR ORERAEAE T I% 2K 1Y 10-HDA,
HAPUEPLA . PrItE . Puiast . P s~ AR m
SR PR A Rt R e TR S T G

7A
400
300
& 1
= 200 2
&
A\ AN
0 A T . .
—100 T T T T T
2 4 6 8 10
R B AsFA] (min)
1B
400 o
300
& 1
= 200 2
&
o A
0 S :
_100 T T T T T
2 4 6 8 10
PREAIRFA] (min)
Kl 1 10-HDA {ajl&l
Fig.1 The chromatogram of 10-HDA

: A: 10-HDA AR 12 E ), B: B 09 10-HDA @IEE]; 1. ARYIIE, 2: 10-HDA I,
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M EESIIEbR . B TIAEASHY 10-HDA (35 & W
Kl 1. ANFE4EWIME T 32 10-HDA &2 ULIE 2, H
71, 10-HDA & ke AOJE PTWI, & 528 2.20%, i
B E RAREZ SR A 455 (10-HDA & E& T 1.8%)
Fe, WSEIER] YCWI1 9 10-HDA & &4 1.93%,
YCWI2 1) 10-HDA &4 1.75%, {IRF PTWI )
10-HDA & i, & KiE SHWI, 10-HDA &
BN 1.41%, 1508 B EARPY 2R 0954 &t (10-
HDA & &y T 1.40% ) bRtk

3

Aa
c\?z ABb
2 BCbc
i BCcd
pel |i| Cd BCcd
<
[a)
dl |j
=
S S Y
> AN NN . 5
RN S S U
RGN &L

K2 OR[EZESI% EH Y 10-HDA & i
Fig.2 10-HDA content of royal jelly in different flowering periods
TE: ARG PR 255 W35 (P<0.05) s ARIRS FRERR
225 2 (P<0.01); &1 3~ 5 [l

i T £ B, PTWT A 10-HDA 193
=5 YCWI1 fF7E R 325 55 (P<0.05), S HAAE T
FEE T IR 10-HDA & B rreti B 225 (P<0.01) .
RNEFEHHE T 10-HDA & B E R 25, 5
EHOEERED 1 RS RI B T2 10-HDA & i
TRFEZEF GRS . PTWI A2ty 6 A %)
W, FRIEN 24~32 °C, 5 6 A AR JTWIL
Fl 6 H KA By JTWI2 By S Mk S -2l . Hovp
JTWI1 FERFERT A2 B SRR 52 0, A5 20T R R
REITE DL o ITWI2 SRAEERT S &b fa e, iR h
25~32 C. [Al—1EWIN Bz 2 b, JTWI1
1 ITWI2 (1 10-HDA & 7o i M2 7 (P>0.05),
M PTWI 5 JTWI1 F1 JTWI2 S A5254L), {H 10-HDA
R IIEEN B 22 5 (P<0.01), Bl ZE IR
S ESE e TEAY 10-HDA S EE R E . EHE
4 GRS 22 5 %) 10-HDA 43 MASE Wi Fr 15 400, 7
SR S FITEERRL 1) 5 57 T e R 25 B 252 10-HDA
TR OGN EE . SCHRFR I X AR IR T R RIS
ST R IR = IR 2 S g AR R 10-HDA &%
P AE PTWI AR5 i R I G b e i 45 /D,

BERL FEMY, {0 10-HDA 5 hhi, 45 R0 R fdi7e e 25
A R IIEAE T, AR B 1B I K IH R
HEPRIE 10-HDA 5B 955 BEERAED) B aT
R BEZEY T XT 10-HDA B3I 5E MR /)N, I 04
A rp L SR T Z2 SR 52 W 10-HDA 43 EE )
K E

TEIM A 18], BURE Tl SR 846 1 YCWIT 119
10-HDA 24 1.93% W& =5 T TR P F i b 48 i =%
% 10-HDA “F-I{E N 1.84% MYHFIY LS5, WRETE
SEAEWIR BB YCWI2 11 10-HDA &84 1.75%,
WA TS5 50 . FE YCWI2 BURERTA BT, BEriiE—
N T ISRAE IR, Bl R RAE I TSEE R S
IV L . YCWI2 A% T YCWIL 19 10-HAD & &
A TR, BEHTHESAER Y T e 2 s it 10-HDA
L T E s

SHWIJ 1 10-HDA & 8285 A, SHWJ
FY 10-HDA &5 PTWI Fll YCWI1 /9 10-HDA &4
PIEE B2 25 5 (P<0.01)., SHWI 5 YCWI2 1
10-HDA & HAH Lb B A TE AT i 3 22 5= (P<0.05)
22 SHWI 71 10-HDA & EAR AR R R 2=
— ] BESEAZ BIWER R AL S PRSI, ANFST it
G N IR M, AE A TR e () AR, R3-SR K TR
FERVR, SRRV B B/ N AU AT B, W RER AR
FIEGHA PEAS = 0738, s i ) 3% 10-HDA
Mo 95— RN AT AESE: SHWI AR5~ RS 1E
By R B35 ANSE, Al 10-HDA FITas & 32 0 R I,
S3 10-HDA 43 ik
22 RERSESKSEE

W 1 s, PR EERSEAE 13.58%~15.26%
Z 8], F56 ERP ZR B E I RTE 11%~16% Z 4]
FOEESR, Hop, JTWIR2 BE AR S R RkEEE T
15.26%. YCWI2 & & E&IVYA 13.58%, H
5 SHWIJ 1 JTWI2 WA E AR & B En EES
(P<0.05). 454 YCWI2 (1) 10-HDA F34304T, 4551
22 BH Y SRAEAS 5 5 ) BRI 2 DT B2 S i Y S8 e TR
PR T, HE 21T AR PRSP R A — 3 REHERR
ZHCGE R R LT, R IR IR AN
FWe T 10-HDA A&, [[IFF i BB H
J & hL

ARS8 v BT RE S K B s X A AR R
FILRE BB (< 69.0%) BYER, If B Tk 58
BT <67.5% NILER/WTIR., S/KEBESM
YCWI1, YCWJ2, SHWJ HUAEET 3 HJE = 4 HIIE,

1 ARENSE TR BEA ST EAKD &

Table 1 The total protein content and moisture content of royal jelly in different flowering periods
N YCWI1 YCWI2 SHWI PTWIJ JTWI1 JTWI2
BEAHTE%) 14.54+0.64 13.58+0.33° 15.11+0.56 14.25+0.79* 14.36+0.80% 15.26+0.61°
Ko E i (%) 63.46+0.96 63.16+0.63° 63.35+0.64° 60.45+0.80° 63.68+0.83° 60.34+0.45"

T A RNG PR 28 5 .25 (P<0.05)
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SURAE 15~19 °C Z ], 25 S0RTHE, 28 e i H
15y, IX LI DR 21 [A] 5 i) 45 e IR A & /K . T
JTWI BE S HURERT ) B2 6 H Aha], (HAE BURE R
AR, RIRAZFEN R R 25~33 °C = 21~22 C,
3SR B N, SR S0 EROK S i T
o ANFEHERIE TR 5 B S B MR R,
JITAh [ SRIREE v As SR R e I, W AR T K Y
HHT LTt
23 BEFIRPHEHMESE

W R P TR S A T A YR AR A BAB IR
AR . T IR AP AEA AEEE P & T IR
W, 3K L R ) T e B rh 2 in TR RS
AT TR S v, 2l B e — R A%
R Z e AR dplte 231

W 3 fis, BT EBIEAY AR, e rh
BESR S RATAEZE S . JTWIL Fl JTWI2 AR &
B, X5 YCWI2 Fl PTWI AETENL B 3 k2% 5+
(P<0.01) . TWiHZRAEIA YCWI1 Fl YCWI2 #H L,
HSR YCWI2 TEA P B AR AE T SEAE R R A a0/ 11
TEOL, (0 35 W S R & B TG e 3 HE 22 57 (P>0.05)
X LU SEAEHARYS JTTWI1 F1 JTWI2, ITTWI2 a4 731
(1) 32 28] [ R A RE R, (. JTTW 1 T JTWI2 SRR &
HIC W TE2E 5 (P>0.05), FRHH BTN A2 I 3 52 i e
EIR PRSI S, £ b, Rl AE T R
T3 P o e PR RS 1, SR BRI sk D R AR
Uity [ SR R AN BAEAS 23 b 25 5 M e 12 b R R
HEAR . TSR A E A 1 S [ A A R e 4 5
I, TESER R R A AR O, [RIAE T = i
EIR IR TR R A o

4c

ABbc ABab  Aa
Bc ABbe

b
i

4u 2
%

(mg/g)

OI | 3
D AN
YO

o*\*o&%“\{\

N v
$\ qx\
AR

B3 [ AL A e T 0 R o
Fig.3 The total phenolic acid content of royal jelly in different
flowering periods

2.4 DPPH HHEEMREE

aniEl 4 PR, AS[EIZEBE] T P= 1% 2K ) DPPH
A EEBRRE 1R, H2ZES R .. JTWIL, JTWI2
J¢ SHWI ) DPPH H Hi 3L bR R ¥ & T 56%, 1
YCWI1., YCWI2, PTWIJ Y DPPH [ o3& 55 KA
T 50%. ARSLIGLEH G LM BFFE AN FISR I 4
e AR HUE AR PERT FEBOSE AR, HAFTT 4 SR
AS[E)H fylalige £ 242 % DPPH [ B RE B 6E 1 1EAE i

FHES, AW R BH AN RIAEHA ] Ir 7= 1% T3¢ DPPH
1 L BRAE 1 [RIFAAF 7 i 35 22 5 (P<0.05) . [Al4E
WA YCWILH YCWI2, ITWILAN JTTWI2 [ i3t
W ERRE NI 22 R (P>0.05), ANFEIFEE BT =
i 3% DPPH H HH 3LIEBRAE S r2s 5, Horp
AN YCWI1 Fll YCWI2, 530580 JTWI1
1 JTWI2 1) DPPH [ FH 259 BR GE 77 [ A AE R b 2
2 53(P<0.01), SHWIJ H T REEITER FITEEE 1l
255K, FEAEI NP TE] A 3RS BRR 22 5
BER, PRI TCI R UEIZAE I T 7= E IR R AR B El B0
BRFMIRRE . £ DAITR, AECRIEE B IEASE MIIE L T
A PR T2 DPPH H H3E7EFREE 1 R 8 i
P, T 2 S A IR A B T P i R ) DPPH. [ HH ik
IHBRAE I T2 5.

~
S

ABab Aa Aa

=)
S
T

Bbc

DPPH H H1 505 R % (%)
S 2
T T
z

w2
(=]

NN
NPT P M AN
& &S \/\& \@

K4 AlEEE TR DPPH A thAETEERAE
Fig.4 The DPPH free radical scavenging ability of royal jelly
in different flowering periods

2.5 BIRHBIMEWEMESHT

a5 s, WHERAEI P YCWIL Fil YCWI2 11
BPTEALRE TR B 38 (P<0.0 1 )R T AL P2
AR L SPEARRE ), W VHSAERA T i TR BT
SEARARXTBAR A ], AT 52 R R i B Y 52
. JTWI1 A JTWI2 i a8 iS5 DPPH H
FH IV R AE I &5 SR, $745 % = DPPH H 3%
B [RIBT A E 3 m AP fbRe ) .

03

Aa
Aa Aa Aa

Bb Bb

FRAP (mmol/L)
< e
— )

T T

0.0 N oL O N Y
&S & &
L © S ] &L
K5 RTFAE e 3 S BT L RE )
Fig.5 The total antioxidant capacity of royal jelly in different
flowering periods

2.6 HEAXMST
Nz 2 Fi, DPPH I BT BRSSP .
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FIEAHF(7=0.602, P<0.05), 15 I SRS -E i my it
W IR ) DPPH F HH B35 B AR 7Bk, 1 AH 5C R4
AN e A S DR AT B e R A ) B R R A
PrEZ=5 T DPPH HHIEERR N . DPPH H Hi 3t
H S BT L EE 1 2K R S IEAHSE (5=0.745,
P<0.01), A FIZ 5 DPPH H L5 G HE ik
HBPiE e baitisg, mSbiEibee )5 B
PR PRI AE A S AT BRAFAE 0 35 TEAE G (P<0.05), (HAHSG
REORE, nlRER M eI vh H bt St =
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