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[ Abstract] Objective: To optimize the extraction and formulation processes for paediatric appetite-enhancing
Gel (PAG). Methods: The content of forsythoside, dry extract yield, and total flavonoid content in PAG were
used as evaluation indicators. The analytic hierarchy process ( AHP) combined with the criteria importance through
intercriteria correlation ( CRITIC) method was employed to calculate the comprehensive weighting coefficients for

each indicator. The factors considered were water-to-raw-material ratio, extraction time, and extraction number. A
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multi-indicator comprehensive scoring method combined with the Box-Behnken design-response surface methodology
(BBD-RSM) was used to design the experiment, aiming to determine the optimal water extraction process for PAG.
The formulation process of PAG was optimized based on evaluation criteria including appearance and adhesiveness.
Results: The optimal process for PAG was determined to be a water-to-raw-material ratio of 10-fold, extraction for
1.5 h, and three extraction cycles. Validation experiments confirmed that the extraction process for PAG is stable
and feasible. The optimal formulation process for PAG was determined to be: carrageenan: barley B-glucan: sucrose
twater (2 g:1 g:1 g:30 mL). Conclusion: Based on the quality-by-design principle, the extraction process for
PAG was optimized through a combined approach of multi-criteria evaluation and the Box-Behnken response surface
methodology. Subsequently, the formulation process for the gel was refined using evaluation criteria such as appearance

and adhesiveness. This study provides reference data for the modern extraction research on this formulation and for

the development of pediatric preparations.
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1 BT ERENSENE
1.1 &ifsEs

{6354 : Robusta C g #£ (250 mm x4.6 mm,5 pm) ;
TN N (A)-0. 1% BEFR KW (B) , LBl
A:B =25:75, %08 20 min; A& E 1.0 mL-min '
Kl 2 4 254 nm; AL 30 C ;i AE & 10 wL, 435
LA T

A 1 FEFBHERS HUGh
0 5 10 15 20
t/min
B
2 AR
0 5 10 15 20
t/min

B 1 R AR R (A) AN LT B &
B A A 7 (B ) HPLC 5]

1.2 EmBARNG &

i 5 BRI BRI 3. 20 mg, & T 10 mL %
IR, I 70% W B i OF € 25 B 20 A5 Bk
N 320 pg-mL A R G RE BRI
1.3 KEZFRHH &

/N LI B 1S e Ak J7 BE LG, B ERCAL JF
H 8 BRI A, i 150 g, A B K, i AR
B2 ¥, Bk b g A R IR, R AR IR B —
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L, E T 100 mL R, DLW K ER, /Y,
IR .
1.4 HiXRBAEHH&E

A 2% H“1. 37 N K2 5 mL, Jin 70% H
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0.45 pm JERE, BI75
1.5 FEEEE
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IGO0 W R R B AL B (), 05 TET R Ol 0 A A
(y) bl br il 26, A9 B &AL H 7 2 y =27, 81w +
65.442 R’ =0.999 8 , # 3 17 7F 3.2 ~320 pg-mL ' ¥
VBN R R AR R,
1.5.2 Kim ke R 2 WOBR] — 0 Al i T
PR L1 WU (A3 S5 S A 6 IR, 200, 45
T eI AL RSD 4 0.21% , R WAL SR KE % B R 4F .
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THH I AR B0 SRk, O T3 IR K R )
5mL FHEEEEMZELIA, KIEET G HHEE
FEHR T 105 C T4 3 h B EH B4, K % 5 ik
B ML SR MR (%) = [ (M1 x 100/
5)/M] x100% , = M £ 7R 256 Ak J7 &, M1 RoR
5 mL 2T FE 5
3 REMSENNE
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K 25 FR IR T X B 2,946 mg, [ 70% £ s
WA EAR R 25 mL FEIM A, 35015 29 E N
0.117 8 mgemL ™"y T X & 5 5 9K
3.2 #HikmERNH &

R 25 1. 37 U K42 S mL, il 70% £
i BEE 45 %2 50 mL 25 it #25) AS 4R OB . K%
WA O 1 mL T 10 mL 255, A 0. 5 mL



5% NaNO, ¥ W, ¥% 47, # % 6 min J5 hI A 0.3 mL
10% AL(NO), ¥, 4%5], P & 6 min J5 A 3 mL
4% NaOH W, ¥257 , e J5 ##E 15 min J5 il A 70%
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3.4 FEEER
3.4.1 KHEEIRE R BRI AT O R
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SEAHR WOGAE , TR % 5 A SRR
TG HE S GAE ) RSD Sk 0.67% , 2 B 460 71y
AN B R 2 R AT
3.4.2 FaEtelss B3.27 o e Ak B s
ARAF I LW, 40 IAE 0.2.4.6 .8 h J5 X H IO
BEEATIN A2 , L RSD 43910 1.84% 1.39% .1.24%
0.74% 2.21% ,RIT K FEt, W T8
PR T35 BT 3 B 158 22 AT B R/ o IR BRSP4 7 0
T3HMRMBERAED AN 8 h N, EATWOLE K
RSD 435k 6.59% .6.19% .5.82% , 3% W% 2
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(B 7 %, 25 A i i 1) b o O FH A o 22 IR BT 4
P 6] A8 % LU B B, I [0 749 A 6P R B b 28 1A
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S0 H B8 AT WAL B R A N =
(X, =X,/ (X, - X)), BB CRITIC A X1t
FAREE A R TR LS A X 3 A
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TEAR A HE P O SR S i > TR > AT
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M8 S 36 25 S fl CRITIC 3 15 B9 AU 2 8%,
BN R A —147 (0D ) 15 ] B N R A b %
22 YR Y = TR RSN/ R ME x 0.361 0 x
100 + & & B S B/ & KAE x0.250 3 x 100 +
BT R SR/ e R % 0388 7 x 100,
5 BEEXNBMLEBEREHS
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/N JLIT B 3R I A b D B EE , BRI D7 1
8 WRAZH IR 5 1y, 4 BN A 6.8.,10 12 14 % 1
K] 1 h BRI L b R 2 Wk, ks, & F
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B FE R 27 IRy R R e B3 I
JrEE I OGRS AR Y e %
SN AT BOGHR USR5 L3k 1,

R KRR 545

ok TEE  HEEERE EMEER

i 4 /% /mg-g ! /ngrg! Y
6 24.11 0.018 6 66.20 76.05
8 26.40 0.019 6 62.55 80.07
10 28.99 0.022 1 95.63 97.32
12 27.50 0.023 4 92.12 97.22
14 26.51 0.019 1 78.31 83.34

I LAl B oK A7 R 3, Y S BRI
J B A 3 AN K AG K 10 A5 I ik B g {F, fe 2%
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R2 PR A B B4R

R3ORPOREE LR

R FER S SEESE ERTEE

RBRE  TER SEESE  EEETEE

/h /% /mg-g ! /pgeg”! Y /IR /% /mg-g”! /pgeg”! Y
0.5 13.62 0.020 0 23.27 78.99 1 15.97 0.014 3 40.30 40.34
1 13.74 0.019 4 26.74 80.51 2 22.87 0.018 1 79.95 60. 68
1.5 16.17 0.0229 36.16 100.0 3 32.89 0.026 7 131.5 94.91
2 13.77 0.019 2 28.01 81.02 4 32.18 0.025 3 163.5 95.11
2.5 13.61 0.020 2 23.26 79.53 5 29.96 0.024 3 107.6 85.72

H13% 2 AT, B8 2 42 WO ] B9 388, Y R SE 4R
T e e AR i i B, 7 3 HORE ] O 1.5 h ik B 0
{H, PR B OB U 18] 0 1,15 .2 b A Oy e 2 i)
TET 3 6 it BB ) PR 3R A = KO, RUKS AR Ak T2
5.3 RERHHER

/N LIT B S B BEAE B9 AR T IE L, AR IO 7 Y
8BRS T, A 10 AF A K IR WIS ] 1 b, B2 Y
P 1S h JREBGR 1.2 3 4.5 W Pk, 7 F
DR, 45 B L 17 TR (3 05 PR R R R 4R
WR“27 IR J7 15 35 B R $ B3 T O 3 I
MG BE I B S BN A i ORI Y, B AR OO
XF S OSCR B2, 45 2R W3R 3 .

i ¢ 3 AT, BE B S O B 3, Y 258 B
Ja T RER G SR BOREC) 4 Rk B0, HE
CRA B IR USR5 7 A B 2 U i HUHE R
WHCH 2.3 4 AR R 5 22 N T a8 56 $ BOR £ 1 2R
1) =Ko
6 MEEERKNMNILABERSEKRRRIZ
6.1 Box-Behnken-fi i [ i% & & R

BTN LIE E B EE i I R s A R, R
BBD-RSM & it 5, LT & & . T8 B LB
i 5 1 VE A VF A 46 bR, W Design-Expert13 34,
XE/N LT 5 3 BE R 0 K A5 CA) |3 B [E]
(B) M g2 BORE(C) #EAT = PR = 7K 114 e 1 T8 6
b, I RIS 2 R WLk 4,

X 4 Box-Behnken-N i 1] 55 52 56 7 25 M 4%

H % iz
RN TRz
A/fE B/h C/R AT i pgeg ! SR R /mge g THE/ %
1 0 1 -1 116.8 1.124 26.25
2 -1 0 -1 105.2 0.970 22.52
3 -1 -1 0 124.0 1.309 31.60
4 -1 0 1 126.4 1.713 27.03
5 1 0 -1 120.5 1.355 29.52
6 1 0 | 102.6 1.728 31.01
7 -1 1 0 122.9 1.590 27.66
8 0 0 0 151.1 1.434 31.66
9 0 1 1 130.1 1.708 29.86
10 0 0 0 163.8 1.585 32.85
11 0 0 0 134.3 1.398 30.89
12 1 -1 0 111.0 1.380 28.90
13 0 0 0 154.1 1.503 31.90
14 1 1 0 116.0 1.493 30.98
15 0 0 0 147.2 1.655 30.01
16 0 -1 1 128.0 1.693 26.50
17 0 -1 -1 119.4 1.257 22.00
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7.1 AHP ZHEEEIRE A NERH

AHP 02 HI ok 1 2 & 48 55 B 32 WAL EE 2R 4K
(@) B —Fws 7 2 AR /N LT 18 3 £ B8 M
Ib T R, S A A B S BRI AR e MR 2 T
THT PR 286 L 3 AN VE M 48 b 00 R R AT S AR
¥, A FR bR A SRR P HE T O SRR S >
TS TER RIGRE AHP FISFIRIERE 1 ~9 bR
FEVIEATAT 43 P i AL 45 L A 25 R %R S,
Z— KIS N, =3.009 2, CI =0.004 6,
RI=0.52,CR =0.008 8 <0. 100, 1% 4% 5 % ] — 5t
o g 3 o), A R BOA A BE AT A . e A e
SEM S EHMESTE.THEREN ouw ik
0.5390.0.297 3.0.163 8,

RS OIEH AR AW

&GN TEX HERTEE BEMSE o
AT it 1 2 3 0.163 8
TER 1/2 1 2 0.297 3
B B it 1/3 172 1 0.539 0

L BA AR P 521 A RAR L D) | AR AR R BT 28530 1 D AR L 55
U AT 40 B 0 8 9 1 A S L, O A {1 1 80 B0k 7

7.2 CRITIC it &N E

W R4 S50 H s 5 A SPSSPRO i#E 4743 HT , 44 iR
ANAARER N = (X, - X))/ (X, = X,,.) HELTRAE
feAb 3 %t b 15 ) B HE 2F 4T CRITIC 43 # , 45 R
SEVER A R TR RO T R AL R B
(@epme) 2504 0.250 3 .0.361 0.,0.388 7,
7.3 AHP-CRITIC AW ESEANEERY

AHP 30 e 5% % 19 E WL 5, CRITIC 21 &
FOWL I 2 06 KOs 2 B A R R T M R A8 B A
Iy (AR L AR T 75 25 4 VP 0 95 15 21 00 45 Fm AR TR
{5 B AT A, I, K AHP CRITIC 7415 3
AL R B AT A E AN E R (000 )
Oyags = Oap Deprmc’ 2 O @enme o GRBIR,
M AR TR R R 5 A BCE B
0.1195.0.3129.0.6108,
7.4 3MNERHWIEEEHE

4% W% AHP  CRITIC , AHP-CRITIC 3 i 15 %k 4
HEATLEA P4y, IH5E OD {H2h Y, Y = 3% AT & & 5
ME /5 KA % 0. 1195 x 100 + T 5 Z 52 {15/ 55
fH x0.312 9 x 100 + & i & & 92 I {86/ e K (H x
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0.610 8 x 100,25 5 L3 6., F % JH SPSS 27 &k 4 %}
3 FIE Ay ik BT AR 45 R AT A O R BT, AR B
7~ AHP (CRITIC ¥ fir 18 Y Z M #H & R %R 0. 997,
AHP AHP-CRITIC #: %4 0. 999, CRITIC , AHP-CRITIC
PR 0.994 G LL IR B A 22 (P <0.01) 3%
X 3 FA 7 — B0ME R4, A 30 U
53 1 B AN S50 B R RE 2 A B ) W U AR S
I e 4% F AHP-CRITIC ¥ %) T 9 3R 3% 7 & &
DL R HE R S OD fHVE N Y,

R 6 3 FIRE I LB Y IS

Ny !
AHP &% CRITIC & AHP-CRITIC ¥
1 82.42 84.23 83.61
2 80.90 82.61 82.74
3 86.56 82.51 85.63
4 85.30 88.93 86.67
5 81.41 83.15 84.40
6 84.79 82.13 82.42
7 84.13 83.75 85.77
8 87.26 90.02 91.13
9 87.28 89.23 87.03
10 90.28 91.91 92.21
11 86.72 87.88 89.46
12 84.99 82.91 83.23
13 89.34 89.91 90.19
14 84.43 83.40 83.84
15 91.86 87.81 90.71
16 85.07 85.21 86.59
17 84.85 86. 84 85.98
8 Z£HRREIE

8.1 mMEEEKLERSH

XoF 17 20 7 T 3K 0 R AT AP 3, AR 48 25
GV FE AR AT/ LT B B B R K S T 2 s
DL 283 S O e S L T AR R RN 4
Fr , AHP-CRITIC %3155 Fr 43 19 Y, P AR 408 o 1 17 119
A e DL R B D2 e R, D K A 4K
(A) FRIBFE] (B) AR PO E(C) A HAZR&E,Y H
ma v {8, . F Design-Expert 13 {4, % | ANOVA
3T, P2 6 AHP-CRITIC ¥ 15 31 ) 52 56 25 A it
fr2mmA ot 458 Rk 28 B ER .Y =
90. 74 —0. 864 6A —0.147 6B +0.748 3C +0. 114 5AB —
1.48AC +0.701 9BC —3.94A° —2. 19B* —2.75C%, X} 14

TUHEATIT 220 W AE R IR T
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RT AR 7 25 50 W

UEE3 -7 #il ER:iN:3 ¥or FH P1iH e E
LR 151.31 9 16.81 19. 40 0.000 4 a
A 5.98 1 5.98 6.90 0.034 1 b
B 0.174 2 1 0.174 2 0.2010 0.667 5 —
C 4.48 1 4.48 5.17 0.057 2 —
AB 0.052 5 1 0.0525 0.060 6 0.812 7 —
AC 8.76 1 8.76 10. 11 0.015 5 b
BC 1.97 1 1.97 2.27 0.175 3 —
A? 65.26 1 65.26 75.30 <0.000 1 a
B2 20.15 1 20.15 23.25 0.001 9 a
c? 31.82 1 31.82 36.71 0.000 5 a
% 6.07 7 0.866 7

e 41 35 1.82 3 0.605 6 0.570 0 0.663 9

ali iR %% 4.25 4 1.06
SR 157.38 16

R’ 0.9615

Ry 0.9119

a: P<0.0l; b; P<0.05
e 7 AT AR F A 19. 40, P75 Fi RO 4 S A L

151.31, HH BN 9,05 Ky 16. 81, B K P < 8.2 MEEMESLZEERSSWN

0. 01, Ui Wi i g A5 7R 400 5 5 SR Al b 35, HL AR UL IUA
B3 LSRR 22/, B R O 0.961 5, K156 i
BAF MG R 0.911 9, R U AR B 91. 19%
M 10 {1 4 28 4k, , 7] 55 PR 48 55 Predicted R 5 Adjusted
R* 2:{H 4 0. 138 <0. 2, B IZ AR ] LUH /)N JLIF
B R iR O . KR 3 AR R,
H#E A B C° A& (P <0.01), HE
AACHEBERW (P <0.05), 8" A Z/NJLITH
B BE R K R T2 ek AR 1, N F (il T A 5 %
T 3 BRI EEE I B AR A >C > B,
2 AT Lyl B BT A A HLA e i S, BRAR 4 b
TOUI0 R0 R TR R R i DL SR TR R e B
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