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Preparation of Royal Jelly Effervescent Tablets and Determination of
10-HDA Dissolution

SHEN Wen ", WU Lixin, LIU Shuxing, YAN Mengyao

(School of Food and Biolohical Engineering, Shaanxi University of Science & Technology, Xi'an 710021, China)

Abstract: Objective: To solve the problem of low dissolution rate of 10-hydroxy-2-decenoic acid (10-HDA) in royal jelly
effervescent tablets. Methods: The disintegration time and gas production were used as evaluation indexes. Single factor
experiments and orthogonal test were used to optimize the amount of effervescent agent, the ratio of effervescent agent
(citric acid:NaHCOs;), and the amount of sweetener added. Then different food additives were added to the formula. The
effect of different food additives on the dissolution of 10-HDA was explored. And the optimum formula was obtained.
Meanwhile, X-ray diffraction (XRD) was used to characterize the crystallinity of royal jelly effervescent tablets. Results:
The optimum formula were royal jelly lyophilized powder 10%, effervescent agent 45%, best effervescent ratio (citric
acid:NaHCO,)=1.5:1, mannitol 10%, mogroside 1%, and magnesium stearate 0.8%, 15% calcium lactate or 0.5%
polyglycerol fatty acid ester, and the rest was filled with lactose to 100%. The royal jelly effervescent tablets prepared by
the formula had a good taste and rapid disintegration. In about 15 minutes, the cumulative dissolution rate of 10-HDA could
reach 85% or more. Conclusion: Adding calcium lactate or polyglycerol fatty acid ester to the royal jelly effervescent
tablets’ formulation could effectively improve the dissolution rate of 10-HDA. This study provided data reference for
improving 10-HDA dissolution rate in royal jelly related products.
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YLD UM S R E TR R RER T, e IR AE
B PR, IR E BRI A RS, M 10-
HDA MEZT 7K, 1 ARSI H 2K, 334K R Hb R i)
T AR IR FI

YL 38 7K A A B fE ST, BR SR N R AR
AR S ARPEHE T Fr 75 i e LA ek ZF LB R e 9
TE B, ARMEAT RO A3 i PR s H 07100 i, Nusrat
Igbal & —FhENMRALRE F- AT LA = BB A RS A L
AR RN BRI, SR P AE I ASREGE M
SrAKEEEZE | AR R 2 1) ()2, a2 Sy A2
FLAAR Z2 T W AIFS S R OR8N, HR A GRS 2 T e 2
SN RIS E T . RIS AR Y, 2
Py B SRR S St 54, &
ah AT N FLAE IR T 25K 1, AT fe 2 [ e i
AER T AR ERE, XTXE ) BT — ARG
SRV BRI, BRINFLAE SR m s
PR ST H A s AR

PRIk, At 98 SR FH B DR 38 D 38 150 i o 15 1
IR (4 JEASTC Jy, R, RIS e R BB 7 b
FIAFLERES . FRH FLFAEZR AN (CMC-Na) BIFI AT LU
i 7= SRR SR A £ S S I R0 A B SR H i AR T R TR
(PGFEs) . A FEIE A4 1% B XUCH ViR (DATEMD | JiE
WEAE TR ER (SEs) = A ZLALFR, R I ek 3=
TG PR I 10-HDA ¥ B, B 7O id T 323
% R HF 10-HDA % H SRR [R]85, [R]EsF, Xof s T 2¢
M R AT AT BR . 7P . XRD & 10-HDA %
RS E PR, DAEIEEE T 10-HDA % H BRI
[a], FF & HEA5 T 10-HDA 75 H 22040 E 220 .
1 MR5RE%
1.1 #MRISEE

10-HDA (4 = 98.0%) iR EYRlHA
FRZNF 5 e IR T8 (3 6%10-HDA) 7Y 22 4 5
WA TG BRAEL #7502 . NaHCO;  Bimd, K
T R ISR AN F ] O Esg, dbt ARl
FARNE HEREE  Bfhgk, 20l 2 HERR
AT BN Al BOCRENY B gk, WAeiE AR
ARG WEARIREE  PELE RIERIEAE YR ARA R
N FLERAS . CMC-Na  #M =E 5 A R 28 =5
PGFEs. DATEM. SEs £, 1 e ke &
FHBRAF]; oK EE  S3bral, K K Fi1b2#istm]
N

DHG-9030 AUH#a X TFa g RHE Sk
RIBABRATF]; YD-1 Bppp R pL db st 2507 R
FABRATF]; ZB-1 FREHAMRAL  REER KR AR
A FRZN F]; Smart Lab OkW X SR AT H AS#
2£ Rigaku 22 F]; UV-1800 HI2EHNAT L4360 C R -
IS RUARA R A
1.2 SEWHE
1.2.1 10-HDA #pruEfZenydilfE  EFIFREL 10-HDA
0.01 g BT 100 mL Z5EJ)fH, il 1 mL X E-FoK, LA

To K & EEE 25 5] 100 mL, B #1155 5 8 e = N
100 pg/mL M # W - S B BUE £ 0.5, 1. 1.5,
2.2.5.3 mLERD 50 mL, {5B)HEESH N 1. 2.
3.4.5.6 pg/mL MIFRHEER . 7E 218 nm IS
LM FIAPRAEE R TR OCEE . DASTE S A Ak
o, WO GCRE AR, Zetilbruith 4R, Jfam it "3
AU LR PERNIT R . ARSI 10-HDA A5
HERTLR 7 F2 K y=0.1915x+0.0007, R?=0.9996, FH:h
x 78 10-HDA F R A, y 3275 10-HDA ¥ W)
TE 218 nm LG .

1.2.2 R R aohiles Mk HeL, SR Ry
FEHPRL A 7 15, B EERE . NaHCO, 43515 Hofth 54
BHEE IS, UL 80% LB AGA TR, 435l ak
FRISE R o RS 1 il 4 B ISR 65 °C Mt
Fh PR S B, Bk, INAREARTRERIR S92 &R
Fr, VA5 FrEE 400 mg, B 3~4 kg%,

1.2.3 B EIRANE A B R 3R 0

1.2.3.1 BRI EINGE SEBGamsRnE E =
IKSEA 30%. 35%. 40%. 45%. 50%, [# 2 Ho 5 Lk
B R E1R : NaHCO,) =21 1, M F I R TRy s in &
10% (7% 6%10-HDA), HEEEERIIE N 10%, R
AR 0.8%, MEARIREEASIIEL N 0.8%, F 43k
FLVE. DAAIE 1% 8 sl () A =<t A Fa b s ¥4l
JEFR A I

1.2.3.2 U500 Lb 5] 32k BCof 9 5 L ) (AT AR I
NaHCO3)NZEK A 2.5:1,2:1,1.5:1, 1:1.5,1:2,
[ 5E WL S AN BN 45%, e IR TSN
10%, H BB N8N 10%, B 3R H 3 &
0.8%, fFAEFREE IS I EL A 0.8%, B4 WFLYE. LI
T I %) R i B[R] R 7 A AR S R AR 2 TS TR S A
VI8

1.2.3.3 @HBRFIEINE  BEERPDUREHE B InE
K ZEKFR 0.5%. 0.8%. 1%. 1.2%. 1.5%, [& & il
JEFIGINE N 45%, W7 EL 3] (R8s : NaHCO;)=
L5: 1, e FIR R TR IE RN 10%, H B I=
S 10%, WERRIREEGN NN 0.8%, TS N FLM . LA
YL 1) e e B TR B = S e b i e VL 7R i s
Jinde .

1.2.4 B FARUES Ay AIESSIREE:  RPn a2
SCEG AL, LUAAf#RT A PR EAE N PR EdE bR, DA
JEFIES I (A) . HB 7 BB (B) B EH RIS =
(C) NHELINZE, FHFT Lo(3*) IESTIRES, PRI ZE /K U
1.

1.2.5 EABERERERE M EINGRIAI% 5L

1.2.5.1 REEMHBINFIOELE Bk TRET
BN A 10%, HBFIAS N 45%, o5 Hb )
(FrilR - NaHCO;)=1.5: 1, HEREEAR IR, 10%, &
VOREHF I 1%, RSN 0.8%, 53
FIMAGINE S 10% BIZLERES A~ 10% 1Y
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Table 1 Design of orthogonal tests for the formula
optimization of effervescent
EEN
K : ——
AERIAINEE (%) BIERILE  CRIMSR A (%)
1 40 2:1 0.8
2 45 15:1 1
3 50 1:2 1.2

CMC-Na, FlLIZUMHA T LIV A 10-HDA %Y
R PR R T A

1.2.5.2 FLRRESAESINE: [ F R AR TR

o 10%, BTG INE RN 45%, 17 L] (Aris
M2 :NaHCO;)=1.5:1, HEEEEUSE N 10%, Z DR

B GSINEN 1%, MARERBEGSINE N 0.8%, BEHLFL
FRAS IR INHEE N ZE 7K 5%, 8%. 10%. 12%. 15%,
WIS LIZLBEE . DAAIlE Fr b 10-HDA (9 H RN
FRPRIEATH G o

1.2.6 FLIAFIAHEZR

1.2.6.1 AREZLIEFIAIERE BB T RE TG

SNk 10%, B RGN R 45%, HE 7R B (ke
R : NaHCO;)=1.5: 1, HEFEEH NG 10%, 2L

ETE RIS 1%, AR EEES ISR 0.8%, 477
IMAGSHIEA 0.5% 14 PGFEs. 1% [ DATEM F1 1%
M4 SEs, A AZLBEIE 52 . PAUIPE /- 10-HDA
AV SR FE bR T 5 2 e o

1.2.6.2 RHIMMIRTIBRER TN E [ %

TR IS 10%, TS INEA 45%, S5 L
) (FPEEHR : NaHCO,)=1.5: 1, HEREEE NN 10%,
BRI 1%, M JSRE RN 0.8%,
PGFEs ¥l R ZE 7K 0.1%. 0.2%. 0.3%. 0.4%.
0.5%, FATDAFLBHE ST . LIV A3 10-HDA B
SRR AR T S

1.2.7 WETIKAIRE A (92R_1E

1.2.7.1 Fif@atEIpg e He e b 25 8 /3R i

FAfRET R A v . e T, B 6 4 55 BT i s B
A h, T 37+1 °C MYEIEIK, 555040 30~32 IR1E
RS, WS AR O, AR S A s A i, G

AN AT B B R, 18 ST AR AR IE] 2

1.2.7.2 FEEAIMIRE B 25 mL HZEZEF AT, K
AN 10 mL JKJ&, 25 °C {Bi#g/K# 5 min J&, A
— s, H12E 10 min, MO /A F22

1.2.8 10-HDA SJFHEG R AME B 6 A EIK
WIS TR, FEERE Y R RE Jrvs, LA 200 mL
KA, 43 5IHE 1.3, 5. 10, 15, 20 min BWE 0.1 mL,
FERbFEAK 0.1 mL, K FRE S FH G K 2B BE 2
10 mL, {RA)SEFE 5 min, #¥5 5000 r/min, B> 15 min.
B VW, T MR AT I A 00 S R o I S R, T

10-HDA & 5 Mg th e

1.2.9 XRD FEAE RIS AR LA XRD T#
M, DL CuKa(4=0.154 nm)VE#L & HT4£E, L 30°/min
PR B RE SR TE 5°~60° (20 FAH A BEVE D N4
T, 153 X SFERATETERE
1.3 HIEAIE

SCEGEARY S 3 R S A R A, 4
RN RV BE K AR UEZE . SR Origin 9.1 FAFAE
&, IEAZ BT BT v3.1 BT IE 2SI B0 F P Ab 2, SR
JH MDI Jade 6.5 {51345 .
2 BERS5HH
2.1 HEIROBHREERZRIN
2.1.1 JREFRIEIHES o= X s A R et 1] A =<
M2 AnE 1 TR, B s TS i B, 7=
AR IN, W IR AIE R HR R TR S NS
Ko SULREFGINE T 40% FI1 50% FHEL, 24707
USINELN 45% B, S 384650 T Afias1a] (P<0.05), 1M
MU EF RIS 30%. 35%. 40% i, H= <& &
AR TGN 45% 17~ <8 (P<0.05) ., 1
TINHUIRE w70 g T A 4w Jee e i A D, 32 mT LA
THOLAY, AT BRI AT NaHCO, 22 18] B S 371 3 1
FEAE T ARARRR ST S A s, B B s AP A
fiEl 2 AR XGRS TS IR T 45% B, s
fRBF R RO AE R . T 3CEEP s A 25k
B, A0Sk i v v R SR 45% B, s
F8) AR SRS TR V5 4R 8 ST 23 1 . DRI, AS S 864
AEVRIBFN A INE R 45%.
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Fig.1 Effect of effervescent agent on effervescent tablets
{E:a, b, ¢ 7 BIFRREl—48 b5 F B9 R K 22 6] 9 P e 22
SHA G L, P<0.05; [ 2~%] 3 [,

2.1.2 YL LA o e fe Bst 1) B = <R A 5
me MAE 2 W] LUF B B S AR R N 0 L AR a2,
WIS AR TR ARSI, ok b s
FLEAGIAE T 12 1.5 Bk ) A e s 0] S 250G TV i 57 Lk
) g 1:2 9 R A s 1E] (P<0.05) 5 5 90 8% 571 b 1] N
1:1.5 AHEL, YRS Lb oA 1.5:1 to i 3546 08 T AR et
[A] (P<0.05); [RIE}, My HLBlh 1:1.5 B, P=Saa&
W TS R LB 2.5:1. 2:1, 1.5:1 BP7/<
2 (P<0.05) . (HEFFEIRES S W, [ =it Z 0,



%43 % 5 14

W3, A RSO e B IR I 279 -

W A PEf R AR T A S Rl b, AN S 8, i S i
WO 7 SRR AN I — PO 2 i 5 L 45 (A AsE
12 : NaHCO3) 15 %] 1.5: 1 B, HUfs A r=RR 4, i
RIS A0 . WUERG 5 TR, ASSEI A e T 57 LL )
(F 2 NaHCO;) A 1.5: 1.
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Fig.2 Effect of effervescent agent ratio on effervescent tablets

2.1.3  FHBRFN A S s X Vs R A A e TR) A e
rasZI AIEL 3 AT LLBH S A B, BRI Y e AE X
W IR A R 0 AR 1) L PR AR A B
sz, Horp A el (e R =R E2ZEF RS ITHFE X
(P>0.05), {HJ2 24 B URERF A S AT, HUfs Arad
1R, JCHHE e e T S MR VL TR, In AR 2 Ui /it T
BHIK, FE BN 1% B, AT 375 fead B Ay 1%
DAL, ARSI A S GHIRT) 2 DOREHE 3= 1%

200 o
v iifii i)

180 C 7 19
: =)
= g
= |
= r
= r

0.5% 08% 10% 12% 15%
iz Stk
P 3 BRI AN RS A RS20

Fig.3 Effect of sweetener addition on effervescent tablets

2.2 JEBREAMRAIERRIEER

221 IEASIRIGEER S5 SR NFE 2~FK 4. 5
BT Es SR AT, AR E XU A Ta) B = S R )
A S RIUT A B>A>C., Horb, fa i 5538 i (A) Fn
YL 75 A5 (B ) Xob v B 1 s i o) [ B2 7= < i A 5 Wi
W, S5 A BTSSRI HL A, B, 7K, BHRFES
NG (COARPARSE . S T LR UV Fr 1 EEAT, e
C, Ko B2 a2 1 TR W i = od) S AR E O oA
A,B,C,, BIYUEFIGINR 45%, g7 @ 1.5:1,
RGBS IS 1%,

2.2.2 EUFIRES  H R RAERS 7y SR T SRS, S
AT 3 UK, FEME B st a) . P= R E . g5 SRR S,

£ 2 IEZAEEIR
Table 2 Results of orthogonal test

WS A c o= i)
WRHTGS) (L)
1 1 1 1 1 150.3 6.3
2 1 2 2 2 155.3 6.1
3 1 3 3 3 174.0 5.1
4 2 1 2 3 146.6 7.2
5 2 2 3 1 146.0 7.4
6 2 3 1 2 168.3 5.7
7 3 1 3 2 164.7 7.1
8 3 2 | 3 160.0 7.2
9 3 3 2 1 174.3 6.0

K3 AR E] AR

Table 3 Disintegration time analysis results

HE K k, k, R SS Fit W

A 159867 153.633 166.333 12.7 241962 741 ok
B 153.867 153.767 1722 18.433 675.909 20.698 oK
C  159.533 158.733 161.567 2.834 12.802 0.392

R 65.31

e FR 22 57 W35 (P<0.05); 4[],

T4 EDEER

Table 4 Gas production analysis results

HER k, k, k, R SS Fib Wb
A 5833 6767 6767 0934 1742 24.028 o
B 6867 69 5.6 13 3296 45462 ok
C 64 6433 6533 0133 0029 04

iRZE 0.14

£5 WIERIER
Table 5 Verify the results of the experiment

HER ST (s) PSR (mL)
1 145.3 7.9
2 1423 8.1
3 145.7 8.2

1224 22 WH SR FH S AR 0 7 il 28 0O Y6098 v, s i e 1]
P, Hy-SEssm, Scfase, Erkar.
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2.3.1 AREEMEINFIXT 10-HDA #0052 an
&l 4 Fizs, BB E i F IR s AP 10-HDA A9 2
RS Hh 2R T e IR A, I A PR B A S N
J&, 10-HDA I H SR T —E ekss . BXOEHEh,
TER R R ge b, 22 0m o P ok #2441 10-
HDA YR, Tl UL R (2SS SR PR, Bt
SRR T UL R NS URAR I, T AAS TR 2%
HiHH 10-HDA MY H R IFEA R ZES, 2k
FIEIARE . O TS B, I Ry
RRBEAL . MMAX PR SEnFlE, =2
10-HDA /N3, WANFIER, IBE TSN
T 255y Tz sh s BERRR L, X MEs Y s i G
fEFEVE P28, (B, Al LG HZLIRES 22tk CMC-
Na PGSR T4, 3 i CMC-Na 7R it 2
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RS A R AR BRI P, BEI AP AE 0K 10-HDA 43
T, SRR T R Db, ARSG i i
T —RE B FLIR EG M el 35 I 2R 7o 10-
HDA (i

100
80 |

60

40 /( -
P e
5 —e— ST

10-HDA 2% 1% (%)

20
[ —a LR E A
—w— CMC-Na-I T3t )
0 ‘ . . .
0 5 10 15 20

A3 18] (min)

K4 ARSI E 3RS - 10-HDA ¥ 3R 5200
Fig.4 Effects of different food additives on the dissolution rate
of 10-HDA in royal jelly effervescent tablets
TE: 50 E 5T UL, **P<0.05 /R 25 53 35 #+*P<0.01 &

INZEFIRR

2.3.2 FLERESHIUSHIIEXT 10-HDA & BISEm  1E
K IIAAS R = B LRSS, /K AR 2225 W36 6, L
PRAETE /K FRis R a i R v 2 R A K SRR, X —
SRRSO RGP, f IR 5 AT, ZERT A 5L
RS A S INFE BB A, B S 3058, T e i v 10-
HDA 1) 225 H 3, HLBEZLERES Vs & 38 n 10-
HDA % 3i0k . ZLRRES FH BB, 15 i Tt ik
ez, HAh A A . (EE L, FLERES H
VE—FPRMIGH, FEAK TS BN, i 20008, AN
FFH8 F 08 FB A RO RO, NS G R .
R, P ZLBRES S I S HiIAE 10%~15% A
F 6 MIANIREFLERES A KA R IR 2225

Table 6 Changes in temperature difference of aqueous
solutions with different amounts of calcium lactate

FLARES TR () 0.1 0.5 1 1.5
HCC) 1 1.2 3 4.7
100

F oRE¥
*%

0| /%
60 b /}4 /l
——— =
40 L+ —— 0%FLIRRES- 1 I A
L —e— S%FLIREG-#E T 1
—a— 8%FLFR G- I Fr
20 L —v— 1%L - T3
—— 12%FLIRS-#e EIIIE
—a— 15%FLRRA-HE E AL R
0 4 8 12 16 20
[5F[E] (min)
El5  ASRIZLERES A ik v g 13K % i 10-HDA
(R R
Fig.5 Effects of different calcium lactate addition on the
dissolution rate of 10-HDA in royal jelly effervescent tablets
TE: 5 0% FLMES-8 T IS A UL, *+P<0.05 Fon 2257 1
FFRP<0.01 R ZEFI I .

10-HDA ERE HK (%)

0

24 FMUFIER

2.4.1 AEZLEFIXT 10-HDA #Hpssm  aniEl e,
TE W F IR M B Bvbom A ZLA6TR S B B4 s T 10-
HDA M HEE . O, ZLAERZ—Fh B
Yo, SHMBOKEAG S5 . FUERINE P &6 5%
FLAF R K A 3k, B A L S EAE RS, &5
BEACH IS 5 /K AR T 0951y, 3 B Z it K AR e
TEHLE NP Rl A iP5 i, 7EFLIba F2
v, AR S R AR G AR B S X A
YEF, AT $i = T MEVE BT s rEBY . 5346, B 6
drR] DL WA Y, =R LAk PGFEs AH L 5 T
DATEM #1 SEs R34 ¥ R T 4 — &, 3X A e A
A PGFEs HA (SRR ¥R, T A ZEE H B 4y
MIFLALVE IR PRtk AS 52806 52 LAV T PGFEs 19
Jr 2Ok AR b 10-HDA IS H R,

100

o
a\c/ 80 {***
& 60
=
ngi 40 + I
" Y
2 s
5 20( ¥ —a— PGFEs-if L3 ifu)i6 /1
— —v— DATEM-¥% T3¢ i F
—e— SEs-Wg T A
0 1 1 1 1
0 5 10 15 20
FsfIE] (min)

K6 AFEZLAHI I R 10-HDA ¥ H 15200
Fig.6 Effects of different emulsifiers on the dissolution rate of
10-HDA in royal jelly effervescent tablets
TE: 50 I UL, #+P<0.05 3R/R 25 57 .35 5 *+4P<0.01 %

IREEFE R

2.4.2 PGFEs BI#SIIEXT 10-HDA B HAFEm

Pl 7 AT, dE S b 10-HDA SR B HY 35

/MK T PGFEs (18 il . PGFEs ELAT {514

FURBCR, 70T PGFEs BSiinht I, #4301 e 0

LS FrH 10-HDA A% R 7 PGFEs B

0.5% B, 1 E IRV Fr SR B H e fE 10-HDA (9%
100 exs

ok ok ok
Fok @k

e}
(=)
T
*
*
*
t

EE>

(=)
(=]
T

—=— (% PGFEs-# F 3¢ 165}

—e— 0.1% PGFEs-i#% T35 A
—a— 0.2% PGFEs-#% T35 A
—v— 0.3% PGFEs- T3
—e— 0.4% PGFEs-% T3¢ b5 A
—<— 0.5% PGFEs-i% £ 3¢ b5 A

S
S
T

10-HDA Z % 1 % (%)
o
(=)

0 éll é 1‘2 1‘6 2‘O
HFH] (min)
€7 PGFEs #Sfil of e LS - 10-HDA ¥ H A 5200
Fig.7 Effect of PGFEs addition on 10-HDA dissolution rate of
royal jelly effervescent tablets
E: 5 0% PGFEs- L3I 7 lLEL, *#P<0.05 3R 22 57+ .
i ¥RRP<0.01 FoRZE RN
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2.5 XRD FiE

IH, 45 S RR R BOR H— RIS HAER
TSR0, TR A B AT SRhIgs A AE 5 I A 2 Je
JEr=4y. ME 8 dBH A, & T IR 5177 5 E
TR IR AR, FE HIGIAS . — Rl T I
Fr s BB L s e, JUHURE TR s i gl R
93K 53.38%. IMIAILA PGFEs A4 T 3% i 45 5y
BEBRA, 7] BEZ P PGFEs ELA LS B AL AR F0
25 TR ST, (EUR, SN S AN R 4 A
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