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Abstract: This experiment aims to study the taste-masking effects of different kinds of corrigent used
individually and in combination on ibuprofen oral solution, in order to optimize the taste-masking formulation.
Firstly, a wide range of corrigent and the mass fractions were extensively screened using electronic tongue
technology. Subsequently, a combination of sensory evaluation, analytic hierarchy process (AHP)-fuzzy mathematics
evaluation, and Box-Behnken experimental design were employed to comprehensively assess the taste-masking
effects of different combinations of corrigent on ibuprofen oral solution, optimize the taste-masking formulation,

and validate the results. The study received ethical approval from the Review Committee of the Beijing University

Wik H #1: 2024-03-26; 12181 H 1A 2024-06-11.
T TE - b5 AR TE R B R (2021110031001164); B 2% H P52 85 3R K T g B 22 R 25 25 7515 (zyyzdxk-2023272).
*J@ HAE & Tel: 86-10-84738657, E-mail: baijie22811@163.com;
Tel: 86-10-84738615, E-mail: dushouying@263.net
DOI: 10.16438/7.0513-4870.2024-0272



o0 EAE BT RTEEARS N L ZEEE PR S & IA % 25 HIRIET R L 2T 5t 2405 -

of Chinese Medicine (ethical code: 2024BZYLL0102). The results showed that corrigent fractions and types
were screened separately through single-factor experiments. Subsequently, a Box-Behnken response surface design
combined with AHP and fuzzy mathematics evaluation was used to fit a functional model: Z = 688.310 11 —
3023.722 22X, - 11.477 00X, + 62.721 67X, + 14.600 00X X, — 179.666 67X.X, — 3.152 00X,X, + 4 031.111 11X, +
0.525 28X,” + 9.772 00X,”. This model is stable and reliable, determining the optimal taste-masking formulation to
be 3.9 g-L" of stevioside, 100 g L™ of xylitol, and 30 g L' of methyl-S-cyclodextrin. The comprehensive score of
the verification test is 88.14, with a relative RSD of 0.39%, indicating the feasibility of this model. This study
achieved the improvement of the taste of ibuprofen oral solution through a combination of objective and subjective
methods. Three types of corrigent were identified for enhancing drug taste, leading to the selection of the optimal
taste-masking formulation for ibuprofen oral solution. This significantly enhanced the taste of the original
formulation, improved patient compliance, and offered a new approach to mitigating the undesirable taste of
formulations.
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B0 10 min, B I, 0.45 wm L I8R5 L, B 7543t
WAL -

MEFOARBEFEMR G ENESL BN
AT P, AR IR B RN IE SO0 e VR R AT e
90 s, IR NS LUV W P 30 AT P 0T BE 120 s, 1S ) 1%
JE& 2812 N Conditioning “F- 1 7 & [ 2 LL i i H oS 4%
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R R ) AT O O, I B K BE B (xylitol). H #E B
(mannitol) 75 &% §E B% (erythritol) 3 Ff {25 & Wk 751 328 AT
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1)o 735 [ blank ¥ HIN 2 R BRIR 7, 45 2 A [F) 9
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Table 1 Dosage of different types of corrigent

Sample Type of corrigent Dosage/g-L"
Y, Sucralose 1.5
Y, Sucralose 2.0
Y, Sucralose 2.5
Y, Sucralose 3.0
Y, Neotame 0.06
Y, Neotame 0.08
Y, Neotame 0.10
Y, Neotame 0.12
Y, Stevioside 3.5
Y, Stevioside 4.0
Y, Stevioside 4.5
Y, Stevioside 5.0
Y, Xylitol 50
Y, Xylitol 75
Y Xylitol 100
Y, Xylitol 125
Y, Mannitol 50
Y Mannitol 75
Y, Mannitol 100
Y,, Mannitol 125
Y, Erythritol 50
Y, Erythritol 75
Y,, Erythritol 100
Y,, Erythritol 125
Y,s M-4-CD 10
Y, M-4-CD 15
Y,, M-4-CD 20
Y, M-4-CD 25
Y,, y-CD 10
Y, y-CD 15
Y, y-CD 20
Y,, y-CD 25
Y, HP-$-CD 10
Y,, HP-$-CD 15
Y, HP-$-CD 20
Y., HP-$-CD 25

BB ERBRNEST  RIEMEF RS H
B 3% Rl FE (sweetness)~ 57 P (off-flavor). T 5 4% Ik
(aftertasting) [/ & J& (rich) 2 UETFA 8 5, B
RE (U), U= [k HEREEE DERE 70K] = (U,
U, U, UJ. EHIEIEE (V) NILF5 (excellent). R 4F
(good)~ 1% (moderate) X % (poor) (i« R H . 2£), K
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WC/N LRI Ay 20 47 & S X AS 17 45 vk A5 E 7 9 AT
PEIL .

AHP BR S HEBIRESL AR A1 i 25 0 IR R
e 77 P 1185 i N W ) AR R, DA T 1 R 17 [
B RO H RH R L SRR L O AR R TR & 4N
Wb AERUEN 2, LLIREE SN 1E RN B bR 2, AN
HRURIC L (0 4k 75 R 7 S22, T R 8 22 J2 VR 45 H 43 T
A, AR Q) HER— W),

W= (aa,-a,)" )

Wy =Wy W 2)

o, WNVHERUE R AL, 0, R (= 1.2, -+, n)
AMEFREZAS S0 (n=1,2, -+, /) DMEBRRF I s

MRFORBAFREZREITFNHENESL R
LR 18 15 R 2 ), R A R R
BEALIT 20 30, SEBRAT ¥ 25 1 IR AR B S ) B VA
At P EAKFEFCHEEZ R S BT (BH
5 2024BZYLL0102), 7 5518 5 vEAN & 8 3 08 1 07
Henf e il B IR 20 A, MERI IR 101, e E
3B S I S T D A R W B R
ToFH L, FERIG AT AT A R . I AT, BEH
BEATHAE SR, B AE 2% GB/T16291.1-2012,

53 VOIS [R5 W 7 AR o 10 mL F-— kP
S, BEE ST OPRER 1S s, tha B
OB, (ERE S A3 T R, S RAE S TR, k) [E]
R TR AR, W0 S IR A b, B R )2 (I TR) Ry
15 min. EJEF KB E 17 B AT R
W, 7EORIUE R A BF 78 & A e S5 43 20 i i T b &
VR P U5 LS, AR FRE SRR L s R | 1K
5 AT, 4% B R S5 R bR T R A VP4

75 3% 35 O BR 7% 7 1K 77 A9 Box-Behnken ix 38 1% i1
AR BRL IR 3% S 56 2 52 25 1, Al o 4 HF L K WRIRE | PP -
B -5 RS 10 I &S B AR S SR S IR B B
Design-Expert13 #1T Box-Behnken ¥ 11, {462 HLEH 24
FEIR IR AW B 0 2 R FR - B SRR R S 0 & 3
SR 2R, 3N KAF 17 AN SEG AR I ST 43 B,
12 KT R A, S AN H G i, 17 2R 5 o K H Design-
Expert]3 X} 5256 45 R A7 35T ANOVA J7 Z 5317 .

HZR
1 BFENAENERMMES S
SR FL ARG 3 R A 9 S 0 AR 0

S, A —FF 5 B AT 6 X5 HL T 6 IME KA (AEL.
AAE.CTO.COO.CAO.GLI1) HI1{Z 5 M N RSD 18 43 5
4 0.05%+0.15%-0.65%-0.14%-0.04%-0.52%, RSD {
Y/ T 3%, Uk BHAZ A 5 v R S L R 4T

K A [F) ) J7 A 0 6 43~ AT FE b, 45 R B R
T 6 MEKE (AE1LAAE.CTO.COO.CAO.GLI)
=5 N RSDAE 73 ) 9 0.11%+0.14%+2.33%0.26%
0.13%+0.17%, RSD ¥ /)N F 3%, 5 B 1% 46 I 77 12 ) %
PAE S R, TR e vl EE .
2 FRFIFEERMER R EETFiE

FIA 7 BRSS9 56 41 34T PCA 3 %43 40 4T,
R4 blank ¥ L 3 FhAS [F) 55 0 71 A 7] 52 2 73 HORE o
7 EERBESEHERS I ER: B—Rr S
55 I BT TTRR R 99.19%, X 1 B 55— B
TR REEARER s A e . R I R
VPRI, R IS FE S5 blank 3 W 18] B #E KK
PR B OIS, BRSO AS B VAR B, w] L Z 38 AR
A 8% 55 IR B R 1
2.1 SMEHRFIAGEIE  RHEE A, THEAFE R
55 blank ¥ ¥ 2 18] (00 A5 HE WK I PR BS, AT RNAE 3 Floisn 28508t
WA 77 v 4 %) T PR 285 R B 00 T Al 7 M A A A
W 5 T R A R BT, PR N E R 4.0 g LA 2
T RIY B fE, 4G T 8 T i R R T, SR A R R
300~400 51", W R R4S B S, 4 /0N Y Bl B S e
TR 26 7 8 I AR /K P R K 4393 3.7.4.3 gL
22 {REHBRFIAGEIE A, AR A 1B, Y -blank
BN, WO BE B R A By, Hh s n&E 125 ¢ L
ARBERE R, Y, 5 Y, FRRATZ R, BRERER
IS B — AREAE 10%, W% £ 5 4R BE B2 I 2K K P
AR 7K 53 7129 100150 gL'
23 WKRFIAGFEE  ARHEE 1C, K Y,-blank 5K,
WLE I RIAS R D -B-RORIRG B W R RO B, R &
2.5 g 100 mL™" [1) F 3 -B- PR R RIOR B A, MR —
FH &R 3%, HL 5 IR 2R 07534 B oA Hh L e g o 7 3 - 8-
PRSI & 1) K 5 AR 4 58 20,30 g L.
3 AHPBERSITEMRERFNE
3.1 HEERNERH () R4 AHP BL A WiHE
B 1~9 A5 B, ) W7 [R] — J2 UC 48 i (8] 1) AH X B2 ZE R
oy I W R B A (3R 2), 1 5, X I B B A EAT LA
Y OF k), #a X () WEAR W K5, HIRA
X Q@ UHEA—W, BB 4AFbRE W), i 515 3
4 ANFRFR FIBUE 23 B N E R 0.30 B & 0,08 [
JEs 431k 0.24 . 59 0.38.
32 —EUMAI  XHEREREAT — A, i A 2
) T REFAEAR A, A @) iH 5 — 48 45



2408 - 222224 Acta Pharmaceutica Sinica 2024, 59(8): 24042411

A, B 3 C 4
9Blank
oY4 oy2]
24 @Blank 34

il 5 vt oY18 2
< v S Y19 o 7
o vtz & Yin g Y25
=) oY1l =) o | = 17
ool s 5 S
—~ Ylo = 0 Y3 & Y26 ov33
&) &) °Y20 ) via | eY29
= Y9 Bl = ° = 0+ ° o

v8, °Blank | Y2 Y27 Y350 -
o Y79 0v6 : °v23 o OYI4 ox36
i Ovs Y15 °Y32
oY24 ovi6 -9 evy2g
-15 -10 5 0 5 0 253 2 -1 0 1 2 35 -17-15 -10 -5 0 5 10 12
PC1 (80.45%) PC1 (80.45%) PC1 (80.45%)

Figure 1 Principal component analysis diagram of electron tongue sensor response. A: PCA diagram of samples with different high-effi-
ciency sweetener addition levels; B: PCA diagram of samples with different low-efficiency sweetener addition levels; C: PCA plots for sam-

ples with different cyclodextrin additions

Table 2 Decision matrix of paired comparison on indexes 4 FBFORBAEESSEREITENGR
Ei\;jil;zt:z: Sweetness Rich Aftertasting  Off-flavor T RNR LR A R AR, HiE T ORPERE
Sweetness 1 4 1 1 Eﬁ%-ﬂ-%ﬁﬂ*ﬁﬂ@ﬁ%ﬁ]\ﬁﬁﬁxEP\AI%#3/I\7J(E|Z, Saiips]
Rich 1/4 1 13 /s J¥ Box-Behnken 5256 ¥ 1171 -1.0. 1 4 i {8, 25 %% 3 Fb
e : : 2 W Wk A (10 2 1A R, SR T SR B 3 4K P Design-
Off-flavor 1 5 2 1

Expert13 i 17 Box-Behnken 1% i1 Hi 3 A 2 3 7K~ 3% 17
RIS, 20 o7 75 J 2 F B i 11 2 SRR R R 3 O i 1 )

(consistency index, CI), 13 %] CI 3 0.013 6, FF 24 A X ‘ ) o
FR A 25 & 11O 5 — 2 RE i (1) B — T 48 b E AT PR,

(5) T —&M: Lk (consistency ratio, CR) 4 0.015, 13

. P S R IR 3,
4ﬁfo;f%§%j%iﬁhm 5 F2.3 R VBV b T 450
e =1 = 19 BAT E AL 2, BEG T A TR AR PP 45 2R, 19 %4
CI = (4,-n)/(n-1) 4 BRI EBE . B0 1S R S B A B R, =
CR = CI/RI 5) 1220 2/20 6/20 0 06 01 03 0
S, 1, SR C comiency 35| $20 [0 3 020|383 025 o3
— TR, RUA H HEETR R 520 1320 220 0 025 065 0.1 0

Table 3 Sensory evaluation results of ibuprofen oral solution flavor correction formula. E: Excellent; G: Good; M: Moderate; P: Poor

NO. Sweetness Off-flavor After tasting Rich

E G M P E G M P E G M P E G M P

1 12 2 6 0 6 8 5 1 6 11 3 0 5 13 2 0

2 4 6 8 2 4 8 5 3 7 10 2 1 3 12 3 2
3 7 4 8 1 6 5 9 0 6 9 5 0 4 12 3 1
4 7 7 6 0 7 6 6 1 6 7 5 2 5 7 7 1
5 6 7 7 0 7 7 6 0 7 5 7 1 5 8 4 3
6 5 5 8 2 4 7 6 3 5 6 7 2 5 6 5 4
7 6 3 8 3 5 6 7 2 5 7 5 3 6 7 5 2
8 6 2 8 4 6 6 6 2 6 8 4 2 7 6 5 2
9 8 5 3 4 6 7 6 1 5 7 5 3 5 9 4 2
10 8 7 5 0 9 7 3 1 10 7 3 0 11 6 2 1
11 11 5 4 0 10 6 4 0 7 8 4 1 10 9 1 0
12 14 2 4 0 10 8 2 0 7 10 3 0 11 7 2 0
13 9 5 6 0 5 7 5 3 7 5 8 0 7 8 5 0
14 8 5 7 0 6 9 5 0 9 9 2 0 6 9 5 0
15 5 7 6 2 7 6 5 2 7 5 5 3 7 6 5 2
16 11 5 3 1 11 4 3 2 9 6 5 0 12 4 4 0
17 7 6 7 0 7 6 5 2 5 7 5 3 4 9 6 1

Weight 0.30 0.38 0.24 0.08
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28 AHP JZ R 53 WTid v 543 204 ¥ 25 D IRV B VAN 25
Fe bR B [A) B H = (0.30, 0.08, 0.24, 0.38), HEHE 58]
AR ATE, Y= H x R, LA R HEM (-, ®)
AT W SRS RN Y, =H xR, =
0.6 0.1 0.3 0
03 04 025 0.05

03 055 015 O
025 0.65 0.1 0

(0.386, 0.366, 0.229, 0.019), [A # ¥, = (0.232, 0.410,
0.251, 0.107), ¥, = (0.307, 0.311, 0.363, 0.019), ¥, =
(0.330, 0.331, 0.292, 0.047), Y, = (0.327, 0.330, 0.319,
0.024), Y, = (0.267, 0.304, 0.302, 0.127), Y, = (0.269,
0.271, 0.333, 0.127), Y, = (0.304, 0.264, 0.302, 0.130),
Y, = (0.314, 0.328, 0.235, 0.123), Y,, = (0.455, 0.346,
0.176, 0.023), ¥,, = (0.479, 0.321, 0.188, 0.012), ¥,, =
(0.528, 0.330, 0.142, 0.000), ¥,, = (0.342, 0.300, 0.301,
0.057), Y,, = (0.366, 0.390, 0.244, 0.000), Y, = (0.320,
0.303, 0.265, 0.112), ¥, = (0.530, 0.239, 0.178, 0.053),
Y,,=(0.314, 0.324, 0.284, 0.078).

WA PP AR 4 AN SR O B (1 08, IR E P> Z =
Yx Vit B — AW EEIE D Z: Z, =Y, x V=
100
80
60

(0.30, 0.08, 0.24, 0.38) x

(0.30, 0.08, 0.24, 0.38) x = 82.38, W[l # 17 H A

40
o LG VR A R Z, = 75.34; Z, = 78.12; Z, = 78.88;
Z, = 79.50; Z, = T4.22; Z, = 73.64; Z, = T4.48; Z, =
76.66; Z,, = 84.66; Z, = 85.34; Z,, = 87.72; Z,, = 78.54;
Z,,=82.44;,7,,=76.62; Z, = 84.92; Z,, = 77.48

5 Box-Behnken #EEFEYT 5EZ 401

H 17 4R i 25 5 VF 43 3\ Box-Behnken 5256 %
R (R 4).

i 1T Design-Expert13 X 3¢ 4 o #4833t 4T 2 I [l
LG 5 Hr, T IR AR IR CE VR 4 R % TR AR I R A U R
B Z = 688.310 11 — 3 023.722 22X, — 11.477 00X, +
62.721 67X, + 14.600 00X X, — 179.666 67X X, -
3.152 00X,X, + 4 031.111 11X + 0.525 28X} +
9.772 00X,’. XHUA B BT ANOVA J7 22 53 #7, 45
Wi 5 Fion, AR E) 7 28 0.002 9 (P < 0.01), % &
F AL TN 0.235 6 (P> 0.05), NE2, 28
F RN B3, RUPZAE ok 2 L, HAER
5 S BRE BR A AL G o R S AR B 1 P AR S b
X EE AT, ZORIX X PAE Y /N T 0.01, AR (1
T A5 B S 2 (P 2), — ORI A2 HL XX 0 R R
ISR 2 (P < 0.01), —IRIAX] A8 H 30 X X, [
PAEIE/NT 0.05, XFECE P2 I 52 2 . BB R AH

Table 4 Box-Behnken experimental design and results. X,: Ste-

vioside's dosage; X,: Xylitol's dosage; X;: M-$-CD's dosage

Sample Xl/g-L'l Xz/g-L'] X3/g-L'l Score
1 3.7(-1) 100(-1) 25(0) 87.72
2 4.3(1) 100 25 79.5
3 3.7 150(1) 25 82.38
4 43 150 25 78.54
5 3.7 125(0) 20(-1) 78.88
6 43 125 20 82.44
7 3.7 125 30(1) 85.34
8 43 125 30 78.12
9 4(0) 100 30 77.48

10 4 150 30 84.66
11 4 100 20 84.92
12 4 150 20 76.34
13 4 125 25 74.22
14 4 125 25 76.66
15 4 125 25 76.62
16 4 125 25 73.64
17 4 125 25 74.48

KEHR =0.929 0, IR E RBR,, =0.837 7, Al {5
JERAF, v LR AR o i . AR S 1E T A
2 J v S THT 53 A DL 2, =2 5 R AR 7R A2 EL A A
I, W 7 T 25 R A

Table 5 Results of Box-Behnken design analysis of variance.
'P<0.05,"P<0.01

Sum of _—
Source df F P Significance
squares
Model 274.66 9 10.18 0.002 9 ok

X, 30.89 1 10.30 0.0149 *

X, 7.41 1 2.47 0.1599 -

X, 0.198 4 1 0.0662 0.804 4 -
XX, 4.80 1 1.60 0.246 5 -
XX, 29.05 1 9.69 0.0170 *
XX, 62.09 1 20.71 0.002 6 *k
X’ 55.42 1 1848 0.003 6 o
X/ 45.38 1 15.13 0.006 0 ok
X! 25.13 1 8.38 0.023 2 *
3

Lack of fit 12.96 2.15 0.236 5 -

6 FRILZMMESIIUE

6.1 MHETZMFM KM Design-Expertl3 3 {4 i
U HE AT 9 55 1 IRV 9 e SR R L A E AR N
0.39%, AHEBLR AN E N 10%, B IE-B-FR WIS 4 &
3.0%, UL B H 1E 55N 87.84.

6.2 METZHIWUE HR4E T T2 AT Hl & A7 i
S5 OB T D) A4 3 IR, T AT e 25 0 B v TR A R i
FH 26 0.39%, AKEETE 10%, FFFE-B- R 0K 3.0%, ik
S5 IR AL J7 1 2] 46 BF iy, 45 HA AT 25 1 IR Je
BVE P IAE N 88.14, 3 AT L 1H 5 RSD{E N
0.39%, 55 FiE AH 22 0.3 43, 3% B Z 458 B ) A v 25 11
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Figure 2 Contour plots and response surface plots for overall taste scores. A: Contour plot and response surface plot of the combined

effect of steviol and xylitol on overall taste scores; B: Contour plot and response surface plot of the combined effect of steviol and methyl-

p-cyclodextrin on overall taste scores; C: Contour plot and response surface plot of the effect of xylitol and methyl-f-cyclodextrin on overall

taste scores
R Rk L Z R A2 AT AT I

e

AR TR X AT 8% 55 1 IR P AR 8 55 D A 2 i B
SRR IR A AN R IR, 38 35 v 2R R P IR ik
75 HE AR TR 45 5 SR Wb IR0 4 P, R P A 79 R i K i
(AR R, A I ST RN SRR, A SRR
8 5 5 SR R, i R IC & X AT ¥ 55 IR BEEAT Rk . A2
AT T DR 2R 3 T, R AT DA I TR PO R
EREA PR ARG PP SR TE, X 5 Pl R IE R 34T R
MAR T, 3 T e AR . SR H T PCA E Ry
I AR R B RS S E AT A, B PCL
PC2 73 Bt AN [R5 W 750 X8 A % 55 11 AR 0D R RO, s
6 /% IR SRR B A5 B R A A, AR 2 A B R R R
A S5 BRI A L, i 2 HE AS [ Ao 2 18 5wk 7
HES . 5ARREEMMHLL, BT EASE N
I T) I BT B B8 57, AT ERBF T PFA (1 — Bk A
HER P

FETHE S35 RN, N LR S35 — R ]
DY IS E SR YN LSaC R S L R S N

HSEREIE. TN BN GMERI R,
R S50 B0 b 52 i 38 R v B R AR 4K, D R R R T R
B ) 3 FE, N T 0 22908 B % 18 B AS [ N BER 11
WA 47, 24 i S R AR o

DN ARIE S5 3R 0 2 M 5 B 52 1%, AHIF 5T 5 ) AHP
R TR E S AR AR B R A, H e M T AL N
SE T HT, BT TR S RIS 1) 3 I, 4 v R
(A B, 456 BB 05 VRAN J7 100 & AR R I 77 I 4
IR 2k 5 AT PR, 38 i Box-Behnken i B [ 44 Af
W55 UM R, o N E N 15 B3 T b e =&
1k, Bt 45 L BE 2 0 T A, AT 07 ikt e A 11 JRR G 77
FH 4G 0.39%, AKERE 10%, H FE-p- MG 3.0%.

B EBAR G AN T OB A8 7 ks
B, RN T B — BRI 2, BRI SCE T A 25 IR
9 1 JR, A HL B A 4 LB T R, A B S A A
T I 78 G R A A R R SE DR AN AN R T AR B, N
A% 25 1RV B 25 JF O 3 A 3 0 R il 5 S Bk

PEZ Tk P08 8 =M EH ST BT 5 4 b B
FISCEBES; TRME R R T B S0 v DR L DR
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