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Process Optimization for Preparation Plant-derived Soft Capsule Shell by Response Surface Analysis

LI Jia, CHEN Hao-yu, ZHANG Wen-hui, ZHANG Lin-bo " ( College of Life Science, Jilin Agricultural University, Chang-
chun 130118, China)

ABSTRACT :OBJECTIVE To develop plant-derived soft capsule shell with carrageenan, modified starch and investigate their prop-
erties. METHODS The plant-derived soft capsule shell was prepared by using D-optimal mixture design and changing the quality of
each factor. The mechanical properties and water vapor permeability coefficient of capsule skin were analyzed by response surface
methodology, and the optimum formulation of capsule shell was optimized. RESULTS When glycerol and water remain constant,
under the optimized conditions, edible capsule shell consisting of k-carrageenan 0.9 g, \-carrageenan 10. 5 g, oxidized starch 1. 636 g
and heat-treated starch 16.964 g showed the best properties of tensile strength, Young’s modulus and water vapor permeability.
CONCLUSION This study lays theoretical foundation for replacing gelatin soft capsules with plant-derived soft capsules.

KEY WORDS:; plant-derived soft capsule; tensile strength; Young’s modulus; water vapor permeability; response surface analysis
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Tab.1 Normalized levels of four design variables

Design variable/g Low level High level
A : k-carrageenan 0 0.9
B -carrageenan 6 10.5
C: oxidized starch 0 24
D . heat-treated starch 0 24
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B el (Lack of Fit) {5361 P =0.662 6 >0. 1, ¢
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Test A ; k-carrageenan B :-carrageenan C:oxidized starch D : heat-treated Y :tensile strength Y,:Young's Y3 :water vapor permeability
No. /g /g /g starch/g /MPa modulus/MPa /g + mm/m? + h - kPa
1 0 6 24 0 5.02 32.04 0.488 5
2 0 8.25 21.75 0 4.47 14. 56 0.507 2
3 0 10.5 19.5 0 4.78 18. 15 0.527 1
4 0 6 12 12 3.38 5.27 0.479 6
5 0 10.5 0 19.5 3.96 5.08 0.530 3
6 0 6 0 24 2.64 3.76 0.479 9
7 0.45 8.25 0 21.3 3.75 8.57 0.5112
8 0.45 6 11.775 11.775 5.71 19. 84 0.492 4
9 0. 45 10.5 19. 05 0 5.00 15.52 0.5325
10 0.9 6 23.1 0 7.45 39.48 0.482 3
11 0.9 10.5 18.6 0 5.11 17. 11 0.520 4
12 0.9 8.25 10. 425 10. 425 5.19 19.27 0.521 4
13 0.9 10.5 0 18.6 6.34 14.35 0.529 2
14 0.9 6 0 23.1 5.53 20. 58 0.484 9
15 0.45 8.25 10. 65 10. 65 4.04 13.79 0.520 8
16 0. 45 8.25 10. 65 10. 65 4.89 14. 86 0.5217
17 0. 45 8.25 10. 65 10. 65 3.89 13.43 0.526 3
®I MAWBEE(Y,) BT ELM
Tab.3 Analysis of variance of tensile strength (Y,)
Source Sum of squares dr Mean square F P
Model 19.44 9 2.16 9.16 0.004 0
Linear mixture 13.17 3 4.39 18. 62 0.001 0
AB 3.845x10 73 1 3.845x10 73 0.016 0.902 0
AC 0.048 1 0.048 0.20 0. 665 9
AD 0. 057 1 0. 057 0.24 0.636 5
BC 2.03 1 2.03 8.61 0.0219
BD 1.58 1 1.58 6.70 0.036 0
CD 0. 026 1 0. 026 0.11 0.751 1
Residual 1. 65 7 0.24
Lack of fit 1.07 5 0.21 0.73 0.662 6
Pure error 0.58 2 0.29
Corrected total 21.09 16
x4 HREEY,)HTZ0H
Tab.4 Analysis of variance of Young’'s modulus (Y,)
Source Sum of squares df Mean square F P
Model 1231.43 9 136. 83 11. 15 0.002 2
Linear mixture 947. 67 3 315. 89 25.75 0. 000 4
AB 1.97 1 1.97 0.16 0.700 8
AC 5.41 1 5.41 0.44 0.527 8
AD 5.94 1 5.94 0.48 0.508 8
BC 23.77 1 23.77 1.94 0.206 5
BD 13.95 1 13.95 1. 14 0.321 6
CD 43.58 1 43.58 3.55 0.101 4
Residual 85. 86 7 12.27
Lack of fit 84.76 5 16. 95 30. 64 0.0319
Pure error 1.11 2 0.55
Corrected total 1317.29 16
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Tab.5 Analysis of variance of water vapor permeability (Y;)
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Source Sum of squares dr Mean square F P
Model 6.134 %1073 9 6.816 x10 ~* 23.92 0. 000 2
Linear mixture 5.333x10 73 3 1.778 x10 ~3 62.38 0.000 1
AB 7.047 x10 ~3 1 7.047 x10 —3 2.47 0.159 8
AC 7.220 x10 =3 1 7.220 x 10 ~3 2.53 0.1555
AD 7.377 x10 =3 1 7.377 x10 =3 2.59 0.1517
BC 9.431 x10 -3 1 9.431 x10 -3 3.31 0.1117
BD 1.110x10 4 1 1.110 x10 ~* 3.89 0.089 0
CD 6.969 x10 ~3 1 6.969 x10 =3 2.45 0.161 8
Residual 1.995 x 10 ~* 7 2.850 x10 ~3
Lack of fit 1.821 x10 4 5 3.641 x 10~ 4.18 0.204 1
Pure error 1.741 x10 > 2 8.703 x 10 ~°
Corrected total 6.333 x10 73 16

35

30

55 25

» 50 20

53]

15

10

5

B(29.550) D(23.550) B(29.550) €(0.000) D(23.550)
D(0.000) B(6.000)
C(23.550) C(23.550)

1 kR (A) BlR A 0.45 ¢ #4040 58 v b T [

B — k-RHIHE; C — SLTEN ;D — PAALBIGEK)

Fig. 1 Response surface plot of the mean tensile strength with a
fixed amount of k-carrageenan (A) at 0.45 g

B — k-carrageenan ; C — oxdized starch; D — heat-treated starch

272k 2019 45 6 J155 54 555 11 )

B2 w-FHfR(A) R A 0.45 g 47 KR &g b E
B.C,D [l 1

Fig.2  Response surface plot of the mean Young's modulus
with a fixed amount of k-carrageenan (A) at 0.45 g

B, C, D same as Tig, |
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Fig.3 Response surface plot of the mean water vapor permea-
bility with a fixed amount of k-carrageenan (A) at 0.45 ¢
B, C, D same as Fig. 1
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