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Formulation and Hypolipidemic Properties Study of Zanthoxylum
bungeanum Essential Oil Microcapsules Chewable Tablets
WANG Rui-xue, XU Ya-ru, WANG Xue, SUN Yu-feng', XU Zhi-xiang"

College of Food Science and Engineering/Shandong Agricultural University, Tai'an 271018,China

Abstract: To explore the preparation process and in vitro hypolipidemic activity of Zanthoxylum bungeanum essential oil
microcapsule chewable tablets, thereby enhancing their application value, this study investigates the addition amounts of raw
materials, skimmed milk powder, sweeteners and fillers via single-factor experiments and orthogonal tests, and determines
the tablets'hardness, weight variation, thickness, moisture content, in vitro hypolipidemic capacity and hygiene indicators.
The optimal formulation for the chewable tablets is as follows: 6% raw material addition, 40% skimmed milk powder, 18%
sweetener, 35% filler, 0.5% citric acid, and 0.5% magnesium stearate. Under this formulation, the tablets achieve a 55.4%
adsorption rate for sodium taurocholate, 50.5% for sodium glycocholate. The cholesterol adsorption rate is 39% at pH 2.0
and 48.3% at pH 7.0. The total number of colonies in the chewable tablets is measured at < 10 CFU/g, coliform count at <
10 CFU/g, and no lead is detected. All indicators comply with the national standards. The Zanthoxylum bungeanum essential
oil microcapsule chewable tablets exhibit a pleasant taste, satisfactory chewability and definite lipid-lowering capacity.
Keywords: Zanthoxylum bungeanum essential oil microcapsules; chewable tablets; direct compression; hypolipidemic
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Table 1 Factor level table for optimizing preparation of chewable tablet by orthogonal test

% Factor

itj; A JFURHA /% B WS/ % C HEHIARAN /% D FHIAFIAS I/ %
A Raw material addition B Milk powder addition C Filler addition D Sweetener addition

1 4 35 30 14

2 6 40 35 18

3 8 45 40 22

1.3.5 Femuth i A i R ORVE IR ARAEIR
e A TV 1B 20 44 AR R TR g
B L ML BIE T 51, BLAR U S JXUE o 3 K
4 A 773 THD X A PR il A f 3 nEL gy 4T R O
I B PP bR R 2.

1.3.6 FeHuts o el Bl 2 (DA
7 e

MR I v 2 1 25 1 5 vEY s BE AL EC 20 B
MR LSRR EES PR EEN
ZiH.
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Table 2 Sensory evaluation of chewable tablet

k=7 TP iE Wor

Indicator Scoring criteria Score

IR, (A5, R DG SR 5 15-20

HMI(2043) BUAIRE @, QPRI BG4 7-14
B 0, LRI, RofRS A2 0-6

PRTE R IRIR , XU B 28-40

R (40 43) BRI, AT IR, USRS B 13-27

SRR, A WA R KUK AS B 0-12

ML, i B, B R 3 v 15-20

J i (20 43) NS 22 | FoU bAoA S 2, P el A A 7-14
MR 22 | B o) RERTE R I 0-6

AR, TORD R 15-20

gk (2043) AU, W AT TR 7-14
LS , IR 2 0-6

(2) JELRE I 1 ho BEJ A% FE 5 SN 4 mL 25 B IH PR 4

B8 AL EX RELOES 1 20 F, FH A R RO A DU
NE g JE S P 341

(3O K7 & &N E

V4 UEL IS By AE 4B ), 275 [E bR GB 5009.3-
2016 2K 4y & e i B g A T e

(4) i B )

fd FH SMSP/36R A%k , M AT & 1.00 mm;
W RS FE 0.50 mm/s s I J5 34 10.00 mm/s 5 i &
770.05 N, £ 2.00 mm.
1.3.7 FeHOly i O & 2B B AR SR 14 Ao fig A% 7 )
2 MRAE BUR 10 77 VA8 Scin R s F RS 2% e
7% (0.2 mol/L~ pH N 6.3) 43 7l Bt & 46 & Ik £ 1)
0.3 mmol/L [ £ il JH & 93  H 22 IH % By A HE 5
T, AE 387 nm AL I A5 B KRG JE . 45 31 2Ffd iH
% 9 b E 1T 26« y=1.528 7x+0.033 3; kH K & H
R*=0.999 05 H % JIH & 44 br 4 Hh 26 : y=1.550 9x+
0.019 58 #HK R £ R*=0.999 2.

C AR I FR BN B e 7 5

MRS T S04 B i s on 0 R R R
bl €235 65 WE WG VR B e 0 AT 0 5 o FH IR 2%
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Pt R R i 1 VA, PEC A - iR #.0.01 mol/L
1) £5 TR 7~ 0.1 mol/L [ & A AL BN TE W, 75 H
43 HFREL 1204150+ 180210240 mg MU F, Jin
A1 mL #HERA 3 mL § & A, /£ 37 °C MMER
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AI

K Y ARV A % Y% s A, 8- Tl IR
BN E: s A, AT HER N TR AR &

(2) H ZUMH LB B e 70

22 AT R R AN 2 7 V% 3R AT LIRS e
HEAERRRE e .. & TARTE.

A, -4,
AI
K YA HEEBRNGE G5, %4, N B IR

BN E: s A, N H 2 NIRRT R &

(3 JH [T sz e 2 e )

MG Zhang S5/ 7 & B R K 218
Pic & 1 mg/mL (1) AH [ B Bk 78 35 AT 0.5 mg/mL
) A28 — P AR TR VA R » 4 R0 o8 — W VR o
JIEL [T oA o4 fE 22 o 75 BIFRAHE RN ZE A y = 0.007 7x-
0.052 3; FHR RER* = 0.999 0.

fic B 6 mol/L [¥] 31 & ¥ ¥ F1 1 mol/L 11 & %
ACERIE TR, 25 o 3T i 2 38 P O i B 4l 7K 4T L
TP HE = I . 2> A AR B £ 120 1504 180+
210240 mg PEIEE F, N 5 mL S5 3V 20 3

Y= x 100% ©)



1 W]

T By 55 A « AERBURE I 0B B N v E T % B T R REAIT T * 087 -

F HCL 5 NaOH % % ¥ pH fH 14 %2 2.0, 7.0, 1%
L8 P iE AR B, £ 37 °C M HIREH 2 h, T
4 000 r/min 0> 20 min. 435I HL 100 pL L&,
F 28 58 45 25 400 pL , Bl JE AR IO AT 2 — F
V1.5 mL R AR ER 1 mL, IR & 1957, 6§ 1k
10 min, F 550 nm AR ACSE . FHBAEKE
HEWIEW L ERD T E .
_A,-4,
- 1
H = Y O R ] PR BN 5 5 L % 5 4, D P[] 2 o
N 3 A, N H [ B 4
1.3.8 Mt m MR Feas A LA KFEN T
(D% E(GB 5009.12-2017 £ &2 4= [H K brife £
sty HHET 0 5 D ETSK PEL NG B A R AT I E

() ¥ 1% (GB 4789.2-2022 £ i % 4= [H 5 by
HE B AR Y A IR B VR R I DT PE g
R T R BT I E

(3) # B (GB 4789.3-2016 £ i 2 4= [F 5 b
B b DA ) 22 A 30 K TR AT 5O 5% L vgg
K B R EA T I 5E
1.4 HIELIE

5% H Origin 2024 1 SPSS 26.0 %453 b7 5246
e, BT A S U0 E A 3 IR H P AR HE E R R
iR

2 GR55R

2.1 BERIWHER

2.1.1 BoHR g steni B R IR Rvh
1] 01, JECRAS IS 7E 4%~8% 2 1], NELIE oAy
R, B TS AR , 1B R, T g
PEOF . B EURNAS N (K18 22, G AEARURR R B
W, ORI, R VRN R, TR
TSN N 6% IS D170 5 iy » SIS RELIGS 2 T D'
PRI 5], NEIE OB ER R, R AR A
IR B, IR HY 4% 6% 8% IX = AN I & AT HE—
R

2.1.2 BLAG by i 2 2t el B R B AR 69 %
LRk A S T DR G 4 a5 AR AR, B
TG - Wk & 2 P T R & e i e AN
R, PRI BT e G 0k (e A RELIER ()RR S
Mo M2 AT LUE Y, EIE R ) SRR b 5 I B A
Wk IS N 13 2 . MR 2 DR s

Y x 100% 3)

100
a
804 ab I b
T
T T
5 607 £
S8 g <
B 2 =
£ 40 4
# 2
Q
w2
20 -
0 ; : r :
4 6 8 10 12
SRR I %

Raw additive amount
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Fig. 1 Raw material addition amount on chewable tablets
T B REAN A R 22 5k R K F-(P<0.05)
Note: Different letters in the figure indicate significant
differences (P<0.05).
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Milk additive amount
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Fig. 2 Skimmed milk powder addition amount on chewable
tablets
T B P BEA A ORIk R KT (P< 0.05)
Note: Different letters in the figure indicate significant
differences (P<0.05).
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Fig. 3 Sweetener addition amount on chewable tablets
- B T RN R B R OR 2 ek R 3 KF (P<0.05) .
Note: Different letters in the figure indicate significan
differences (P<0.05).

KPR IATH F E B . TEART 18% i, 756
T 5 A6 ABURE R 75 R (1 B8 095 , g HLAS B R
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Filler additive amount
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Fig. 4 Filler addition amount on chewable tablets
W B h RN R SRR 7 Rk iR K P (P<0.05) .
Note: Different letters in the figure indicate significant
differences (P<0.05).

BB PR SR ] & . RN AR 2 N et
TEVR IR A 5 A 4 T 42 5 M LG v %) XU, {HLIE
Fo 70 itk 2D 2 1 BCPH W A B, ToiE R s SH AR A
ik, 2 R O B K, R RS . 27 B0
F 30%-35% 40% X = AN AT 3 — 25
IEREARAL
22 IEXRSRW

1F AL IR 3R S i S a3k Y EORLAR I
56 B 24 oA A o B AR AN N L LS SR
BIIANH &, T LOGH IER S, 45 R link 3
Fras e B RAE BT, TERSORS I Aok 3 ()8 Jon 5%

R3 R ERIRIELER

Table 3 The results of orthogonal test about product formulation

e A Factor B
Number AUk BIBLHR U3 CHUFEH] D ] Sensory score
A Raw material B Skimmed milk powder C Filler D Sweetener
1 1 1 1 1 67.33+0.50
2 1 2 3 2 73.670.£0.06
3 1 3 2 3 76.25+0.15
4 2 1 3 3 75.25+0.10
5 2 2 2 1 82.00+0.13
6 2 3 1 2 88.50+0.07
7 3 1 2 2 80.00+0.05
8 3 2 1 3 81.50+0.25
9 3 3 3 1 76.75+0.10
K1 72.25 74.17 79.08 75.42
K2 82 79 79.5 80.58
K3 79.42 80.5 75.08 77.67
R 9.75 6.33 442 5.17
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Table 4 Physical and chemical analysis of chewable tablets
Bzt K1/ % JEEBE /mm T /N /g
Indicator Moisture content Thickness Hardness Tablet weight
HfE 3.4+0.15 5.7£0.05 90£0.12 0.63+0.08

2.5 TERUKE HIRAR FE MRS Fr (A S BE I A B F1
ELER
2.5.1 Nedg R M Ak

CU 2l JIE PR B R B e g 0 s

B STTLAE HY , Bl E I A IS s i %, 24F
ERHEREN 45 AR 2 F T s, H 5N 2 6]
I RN KR EBRINEN 150 mg
B, JHFR 3 1 25 A R PRI K 2 41%. BEJG , 45
G RGNS, 240 mg N, 5 S RIER T
55.4%. X AT RE A PR N BE PE g S = I £
T ABURE it m 100 SIU P 2 IV R IR 5 A A g s 7R v
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S E
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¥
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Additive amount
5 MBI 45 & 4RI AR ER SRR RE
Fig. 5 Binding capacity of the chewable tablets with
sodium taurocholate
T B RS Al R R 22 57 18 B K F-(P<0.05)
Note: Different letters in the figure indicate significant
differences (P<0.05).
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Fig. 6 Binding capacity of the chewable tablets with
sodium glycocholate
i B h RN R SRR 2 A i KF (P<0.05) .
Note: Different letters in the figure indicate significant
differences (P<0.05).
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Fig. 7 Binding capacity of the chewable tablets with
cholesterol
T B RS L R R 22 718 BB KT (P<0.05) .
Note: Different letters in the figure indicate significant
differences (P<0.05).

A RBEHE AR 2 B A ES .
P75 (pH 7D, 24 RE I} Fr 8 0 &2 9 240 mg
B JIE [ B 5 Rk B 1 48.3%. T AEAR UL B W
I (pH 2) v, JIH 8] B A K &5 6 364 39% A fa
5 JLE I, NELUGE A xof L [ e (1 285 6 S AE il Hh vy
F7E B X1 s 00 L P e L[] 2 4D R B e
HEBERALEIE T . X 0] B2 B AR i
FH IR 22 ANV A 77 I %o ] 1 1 e A K 2 Ok AR
TENA I AEER Y,
2.6 TEREUREMAS TR 5 DA IEARNE

1 18 (GB 27662—2022 £ i % 4 [H 5 b
S 2R E ) (GB 17399—2016 £ i
22 A [ G R SR ) 230 A ARURS vol ol f: 8 L g
o A R IS RSB R T B AT T
SE o RS AIKD, NH G A (1) T A 48 bR 35 4 8
HHE o

35 IEIE A B0 iR

Table 5 Microbiological indicators of chewable tablet

A it

Item Content o M

5/ (mg/kg) Ak — B
W% BBU(CFU/g) <450 10 10°
KT/ (CFU/g) <2 10 107

T m N RCE SRR AT 32K PR MOS T D) Fa
e (R

Note: m represents the limit value for the acceptable level of
microbiological indicators; M represents the maximum safe limit
value for microbiological indicators.
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