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Optimization on processing technology of peppermint essential

oil wet-capsule by ultrasonic-assisted ionic crosslinking
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Abstract ; The of ultrasonic-assisted ionic

Objective: effect

crosslinking method on the peppermint capsule roundness was
studied. Methods: The optimal treatment process was obtained
and the quality

The re-

through response surface optimization method,

indicators of peppermint capsule was analyzed. Results:
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sults showed that, the optimum conditions of ionic crosslinking
method were calcium ion mass fraction of 0.4% , soaking time of
20 min, solid/liquid ratio of 1.3 : 1.0 (mL/g). Under the condi-
tions, the strength of wet-capsule was 11.5 N, and the roundness
of capsule was 0.033 mm. The optimum conditions of ultrasonic-
assisted ionic crosslinking method were: ultrasonic time of
10 min, ultrasonic power of 105 W, ultrasonic temperature of
25 C. Under the conditions, the strength of wet-capsule was
14.7 N, and the roundness of capsule was 0.028 mm. Conclusion;
Compared with the traditional ionic crosslinking method, the
strength of the wet-capsule was increased by 27.8% . the round-
ness of the capsule product was decreased from 0.075 mm to
0.028 mm, and the product yield was increased from 83.7% to
98.3% , which showed that the quality of the peppermint capsule
was obviously improved. The ultrasonic-assisted ionic
crosslinking has the advantages of simple process and high effi-
ciency, which could provide a reference for the development of
capsule preparation technology.

Keywords: ultrasonic; ionic crosslinking; peppermint essential

oil; capsule; strength; roundness
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Figure 1

strength and capsule roundness

2.2 BFRXBIZWEERE

2.2.1 W N AR AR MU 2.1 L B A R
K i Box-Behnken £ %5 ¢ 11 1T B, A4S & F Btk 43 50 R
T F [6] VOB L Ay R PR A T R [ R Ay i L
A7 WA 187 TR 8 A4 » 38 T0E M 17 A5 Y ) A e £ T2 AL A
ki 1.

Rl BFXBEIZWMEEERSHKER
Table 1 Experiment design of response surface factor by

ionic crosslinking conditions
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Effects of Ca®" mass fraction, soaking time and liquid/solid ratio on the wet-capsule
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Table 2 Experiment design and results of response
surface methodology by ionic crosslinking
conditions

lﬁgﬁ\% A B C EEnuu /mm
1 —1 1 0 0.035
2 1 1 0 0.042
3 1 0 —1 0.044
4 1 —1 0 0.052
5 0 0 0 0.078
6 0 1 1 0.048
7 0 0 0 0.038
8 —1 0 —1 0.078
9 0 —1 1 0.055
10 0 0 0 0.072
11 0 —1 —1 0.061
12 0 0 0 0.055
13 —1 —1 0 0.034
14 1 0 1 0.033
15 0 1 —1 0.032
16 0 0 0 0.032
17 —1 0 1 0.032
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Table 3 Significance test for each regression coefficient and variance analysis by ionic crosslinking conditions
E 3 Rl A ¥or F i P 1A M
T 1.615X10°* 9 1.615X10°* 223.54 <£0.000 1 % %
A 7.813X107° 1 7.813X107° 37.85 0.000 5 * %
B 1.125X 104 1 1.125X10* 54.50 0.000 2 * %
C 5.512X10° 1 5.512X10° 26.70 0.001 3 * %
AB 2.500 X107 1 2.500X 1077 0.12 0.738 1
AC 1.225X103 1 1.225X10°3 593.43 <20.000 1 % %
BC 1.322X10°¢ 1 1.322X10* 64.07 <0.000 1 * %
A? 1.139X10 4 1 1.139X10* 55.15 0.000 1 % %
B? 1.251 X101 1 1.251X10 ¢ 60.58 0.000 1 * %
C? 2.170X10°° 1 2.170X107% 1 051.04 <20.000 1 * %
ET 1445%105 7 2084x10°°
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Tox % B (P<C0.01), * % (P<C0.05);R2% 0.996 5,R344 0.992 1,CV Jy 2.98%,
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Figure 2 Response surface and contour plots showing the interactive effects of variables on the capsule roundness
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Table 5 Experiment design and results of response
surface methodology by ultrasonic-assisted
ionic crosslinking conditions

R A B C R 3 B/ mm
1 —1 1 0 0.036
2 1 1 0 0.042
3 1 0 —1 0.044
4 1 —1 0 0.048
) 0 0 0 0.048
6 0 1 1 0.066
7 0 0 0 0.055
8 —1 0 —1 0.051
9 0 —1 1 0.062

10 0 0 0 0.040
11 0 —1 —1 0.033
12 0 0 0 0.058
13 —1 —1 0 0.026
14 1 0 1 0.028
15 0 1 —1 0.028
16 0 0 0 0.030
17 —1 0 1 0.025
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Table 6

ionic crosslinking conditions

Significance test for each regression coefficient and variance analysis by ultrasonic-assisted

Ty 2K 5 -5 Al B ih ¥r F {H P I

LR 2.724 X103 9 3.027 X101 63.35 <<0.000 1 * ¥

A 7.200X10°° 1 7.200X107° 15.07 0.006 0 * %

B 3.613X10 5 1 3.613X 10 5 7.56 0.028 5 *

C 4.513X10°° 1 4.513X10 7 9.44 0.018 0 *

AB 1.000X 1076 1 1.000X 10 0.21 0.661 2

AC 1.210X10* 1 1.210X10* 25.32 0.001 5 % %

BC 5.522X 104 1 5.522X10° %  115.57 <0.000 1 x %

A? 5.025X 101 1 5.025X10°1  105.17 <0.000 1 % %

B? 7.339X 1075 1 7.339X 1075 15.36 0.005 8 % %

C? 1.171 X103 1 1.171X10°3  245.00 <<0.000 1 % x
Tz 3.345X10°5 7 4779%X10°%

IR 1.825X1075 3 6.083X106 1.60 0.322'3

afi 157 2% 1.520X1075 4 3.800X 106

B 2.758 X103 16

Tox % B (P<C0.01), * % (P<C0.05);R2% 0.987 9,R34 4 0.972 3,CV J 5.16 %,
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Table 7 Comparison of physical index from the same

batch of wet-capsule

AbH W E AR/ mm R R /mm [0/ %
AL TR AL 3.2340.02  0.954+0.01  4.940.02
B Ak 3.2340.02  0.884+0.01  4.840.02
B E B S 3.2340.02 0.8240.01  4.840.02

* 8
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(e) BCWIRET
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Response surface and contour plots showing the interactive effects of variables on the capsule roundness
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Table 8 Comparison of physical index from the same batch capsule

JUSLIp R Yy A/ FHEAE/ mm KSR/ % FHREE/mm SR/ %
AL AL 17.540.5 3.4940.02 0.8240.02 0.07540.002 83.740.2
B F ARk 17.640.5 3.5140.02 0.83+0.02 0.03840.002 94.540.3
T P IR 17.440.5 3.5040.02 0.83+0.02 0.02840.002 98.340.3
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