CHAPTER IV

RESULTS AND DISCUSSION

1. Preparation of Curcuminoid Microcapsules by Spray-Drying Techniques

The experiment was carried out by coating the curcuminoid extract with three
types of polymer, employing curcuminoids: polymer in the ratios of 1:1, 1.2 and 1.3
(Table 6). The resulting spray-dried microcapsules were assessed their properties,
which included the percent yield, percent content and percent entrapment of
curcuminoids in microcapsules, the morphology and particle size, bulk and tapped
densities, percent moisture content, chemical stability of curcuminoid microcapsules
during storage, and chemical stability of curcuminoid microcapsules contained in
skin-care preparations.

2. Analysis of Curcuminoid Microcapsules
2.1. Yield of microcapsules
The percent yield was calculated as the ratio of the mass of microcapsules
obtained at the end of the process and the mass of initial solid substances added,

including curcuminoid extract and polymer, multiplying by 100. The compositions of
microcapsules and the percent yields were shown in table 6.



Table . The compositions of microcapsules and the percent yields.
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Table 6. (Continued)
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20.37
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10.08
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29.0
35.7
39.8
28.9
34.6
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39.3
34.7
38.6
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28.4
41.6
32.3
27.7
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41.2
28.4
19.6

Table 6 indicated that, under the spray-drying conditions setting air inlet
temperature of 120°c, aspirator rate of 28 m3hr, pump rate of 5 mL/min, and
rotameter of 30 mm, the PVA-coated curcuminoid microcapsules could not be
collected due to the adherence of the microcapsules on the inner surface of the
separating cyclone. The microcapsules were glutinous in appearance which could be
attributed to the influences of low minimum film formation temperature (MFT) of
PVA. The MFT is the minimum temperature above which a continuous film is formed
during drying (1SO 2115/DIN 53787). PVA aqueous dispersion (Kollicoat®SR 30 D)
used had a low MFT and could bring about the tackiness during the coating process
(Dashevsky et al., 2005). The spray-dried microcapsules were fine particles with light
weight, in which, some were lost with the exhausted air and some were adhered on
the inner surface of the separating cyclone.
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From table 6, it was found that the PM-coated microcapsules plasticized with
the combination of PG/GTA (formulation no. 1-6) could not provide any
microcapsules mass in the collector chamber due to the adherence of the
microcapsules on the inner surface of the separating cyclone.

Table 6 also showed that the percent yield of the PM-coated microcapules
plasticized with PG (formulation no.7-12) at 1% solid content were higher along with
the increase of polymer. However, this was not happened for the same formulation of
2% solid content. The percent yield of this formulation ranged from 32.0-59.6%.

The ranges of percent yield of the PM-coated microcapsules plasticized with
the combination of PG/PEG400 (formulation no.13-18), EC-coated microcapsules
plasticized with the combination of PG/GTA (formulation no.37-42), EC-coated
microcapsules plasticized with PG (formulation no.43-48), and EC-coated
microcapsules plasticized with the combination of PG/PEG400 (formulation no.49-
54) were 23.1-50.2%, 12.5-39.8%, 28.4-41.6%, and 19.6-51.2%, respectively.

The highest percent yield was 59.6% for PM-coated microcapsules plasticized
with PG, spray-dried at 1:3 curcuminoids: polymer ratio and 1% solid content and this
formulation also found to have highest average percent yield of 42.8%. The lowest
percent yield was 125% for EC-coated microcapsules plasticized with the
combination of PG/GTA, spray-dried at 1:3 curcuminoids: polymer ratio and 2% solid
content and this formulation also found to have the lowest average percent yield of
30.1%. Therefore, it could be concluded that the formulation no.7-12 which employed
PM and PG as the wall material were superior to other formulations in percent yields.

The overall results revealed that the average percent yield of PM-coated
microcapsules was higher than that of EC-coated microcapsules. The reason could be
because PM possesses more intermolecular forces caused by strongly polar groups of
-COOH and -COOQ-, which are regularly distributed along the chain and this
promotes the cohesion of the polymer. During spray-drying process, PM molecules
with more cohesive strength tended to stick together and compact resulted in the
certain heavy mass and fell into the collector chamber. Though EC contains strongly
polar groups of-OH, it also has rigid ring structure chain backbone which could limit
the flexibility and the compactness (Banker, 1966 and Heng et al., 2003).
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It was remarked that, with the same polymer, feed formulations which
employed only PG as a plasticizer gave higher yield percentage than those with
additional of GTA and PEG400. Moreover, the feed formulations with the additional
PEG400 were found to have higher percentage of yield than those with the additional
GTA.

During the spray-drying process, there were some difficulties encountered in
the process which included sticking, fluctuating of inlet temperature, and low yield.
Thus, processing variables must be well controlled to avoid these problems. The
optimization of spray-drying process involved the evaluation of parameter concerning
both spray-dryer and feed formulation.

2. HPLC Analysis
2.1. Analytical Method Development
The analysis for the chromatogram of the curcuminoid microcapsules was

determined by preparation of working standard solution of 1.00, 2.50, 5.00, 7.50,
10.00 Dg/mL using HPLC for analysis and the conditions as followed

HPLC Condition:

Mobile Phase: Glacial acetic acid 2%: Acetonitrile (60 : 40)
Column; Inersil ODS (C18, 5 [im, 4.6 mm x 15 cm)
Flow Rate: 2.0 mL/min

Detector: uv 425 nm

Temperature: Room temperature

Injection Volume: 20 XL
Run Time: 19 min
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Figure 9. Chromatogram of working standard of curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin.

Retention time of Bisdesmethoxycurcumin = 13.352 min
Retention time of Desmethoxycurcumin = 14.823 min
Retention time of Curcumin = 16.452 min

Curcuminoids standard :
Bisdesmethoxycurcumin 4.43%
Desmethoxycurcumin 23.63%
Curcumin 71.5%



Table 7. Peak area of curcuminoid working standard (standard curve).

Peak Area
Co

Sample v /?ne[_ Bisdesmethoxy Desmethoxy i
(brgimL) curcumin curcumin Curcumin

Std1  0.990 2193 10034 34056
Std2 2475 6141 21803 80609
Std3  4.950 13469 45347 164043
Std4  7.426 21221 68461 246238
Std5  9.901 29049 92001 330262
Curcumin
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Figure 10. Standard curve of curcumin,
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Figure 11. Standard curve of desmethoxycurcumin.
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2.2, Analytical Method Validation of Curcumin, Desmethoxycurcumin,
and Bisdesmethoxycurcumin of Microencapsulated Curcuminoids in Cleansing
Gel Preparation,

Table 8. Peak area of curcuminoids working standard for method validation.

Peak Area
Sample Bisdesmethoxy Desmethox -
0 curcumin ) curcuminy Curcumin
Std1 0201 1049 4280 17154
Std2 0503 2850 9006 34052
Std3  1.005 6677 22872 85345
Std4 2513 18943 60818 220988
Std5  5.025 38303 124512 442524
Curcumin
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Figure 13. Standard curve of curcumin for method validation.



Desmethoxycurcumin

140,000
120,000 { Yy =106619.4355x - 2291.4640
100,000 - R? =0.9996
80,000 -
60,000 -
40,000 -
20,000 -

0 r -
0.000 0.500 1.000 1.500

Cone (mcg/mL)

Peak area
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Figure 15. Standard curve of bisdesmethoxycurcumin for method validation.
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2.2.1. Accuracy

Accuracy study of analytical method of curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin at five concentrations was carried
out. The results were shown in table 9, 10, and 11,

From table 9 curcumin at concentrations of 0.143, 0.286, 0.715, 1.430, and
3575 1g/mL provided the average of recovery percentages of individual
concentration at 100.64%, 99.86%, 105.02%, 103.29%, and 102.65%, respectively.
The Relative Standard Deviation Percentages (%RSD) of individual concentration
were 0.65%, 2.41%, 0.63%, 2.43%, and 2.66%.

From table 10 desmethoxycurcumin at concentrations of 0.047, 0.095, 0.236,
0.473, and 1.182 jUy/mL provided the average of recovery percentages of individual
concentration at 119.18%, 105.51%, 104.95%, 102.93%, and 102.38%, respectively.
The Relative Standard Deviation Percentages (%RSD) of individual concentration
were 1.13%, 3.63%, 0.40%, 2.58%, and 2.36%.

From table 11 bisdesmethoxycurcumin at concentrations of 0.009, 0.018,
0.044, 0.089, and 0.222 /xg/mL provided the average of recovery percentages of
individual concentration at 123.52%, 96.16%, 93.18%, 103.20%, and 102.46%,
respectively. The Relative Standard Deviation Percentages (%RSD) of individual
concentration were 1.44%, 2.46%, 1.78%, 1.69%, and 1.15%.

2.2.2. Precision

The determination of precision in analytical method of curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin was done by analysis of six
replicates of the concentration of 0.715, 0.236, and 0.044 ~g/mL, respectively. The
results were shown in table 12, 13, and 14,

Table 12 showed the average of recovery percentage of curcumin at
concentration of 0.715 /xg/ml was 105.19% and %RSD was 2.27%.

Table 13 showed the average of recovery percentage of desmethoxycurcumin
at concentration of 0.236 /xg/ml was 105.04% and %RSD was 2.07%.
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Table 14 showed the average of recovery percentage of
bisdesmethoxycurcumin at concentration of 0.044 jUg/ml was 93.87% and %RSD was
2.63%.

2.2.3. Linearity

The linearity of analytical method for curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin was determined at five different
concentrations. The results were shown in table 15, 16, and 17 and figure 16, 17, and
18,

Table 15 and figure 16 showed that, at curcumin concentrations of 0.143,
0.286, 0.715, 1430, and 3.575 /xg/mL, the actual concentrations and the observed
concentration provided the linear relationship with linear equation y = 1.027x +
0.0024 and r2>0.9999.

Table 16 and figure 17 showed that, at desmethoxycurcumin concentrations of
0.047, 0.095, 0.236, 0.473, and 1.182 /xg/mL, the actual concentrations and the
observed concentration provided the linear relationship with linear equation y =
1,0184X + 0.0061 and r2>0.9999.

Table 17 and figure 18 showed that, at bisdesmethoxycurcumin concentrations
of 0.009, 0.018, 0.044, 0.089, and 0.222 /Xg/mL, the actual concentrations and the
observed concentration provided the linear relationship with linear equation y =
1.0272X - 0.0007 and r2= 0.9994,

2.2.4. Specificity

Since the microencapsulated curcuminoids had to be incorporated
into cleansing gel, therefore it had to be proved that the peak of cleansing gel would
not disturb the curcuminoids analysis. The results showed that peaks of curcumin,
desmethoxycurcumin, and bisdesmethoxycurcumin did not overlap the peak of
cleansing gel as being shown in figure 19, the HPLC chromatogram showing the
specificity of the analysis.
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From the study of these four topics, it could be concluded that the developed
analytical method could be used to analyze curcumin, desmethoxycurcumin, and
bisdesmethoxycurcumin in microencapsulated curcuminoids which was incorporated
in cleansing gel preparation.

Table 9. Accuracy of curcumin,

Actual Observed
Average
Samples Cone. Cone. %Recovery %RSD
_ (Range)
(lig/ml) (pig/ml)
1A 0.143 0.144 100.42
100.64
1B 0.143 0.143 100.11 0.65
(100.11-101.38)
1c 0.143 0.145 101.38
2 A 0.286 0.291 101.9
99.86
2 0.286 0.278 97.2 241
(97.20-101.90)
2cC 0.286 0.287 100.49
3A 0.715 0.751 105.05
105.02
3 0.715 0.746 104.35 0.63
(104.35-105.66)
3c 0.715 0.755 105.66
4 A 1.43 1.501 104.95
103.29
4B 1.43 1.436 100.41 2.43
(100.41-104.95)
4¢ 1.43 1.494 104.5
5A 3.575 3.558 99.52
102.65
5B 3.575 3.715 103.91 2.66

(99.52-104.52)
5c 3.575 3.737 104.52



Table 10. Accuracy of desmethoxycurcumin.

Samples

1A
1B
1cC
2A
2B
2C
3A
3B
3¢
4 A
4B
4c
5A
5B

5c¢

Actual

Cone.

(pg/mi)
0.047
0.047
0.047
0.095
0.095
0.095
0.236
0.236
0.236
0.473
0.473
0.473
1.182
1.182

1.182

Observed
Cone.
(pg/ml)
0.056
0.057
0.056
0.104
0.098
0.097
0.249
0.248
0.247
0.501
0.478
0.481
1.177
1.223

1.229

% Recovery
118.53
120.73
118.27
109.86
104.05
102.63
105.22
105.16
104.47
105.97
101.04
101.78

99.6
103.55

104

Average

(Range)

119.18

(118.27-120.73)

105.51

(102.63-109.86)

104.95

(104.47-105.22)

102.93

(101.04-105.97)

102.38

(99.60-104.00)

%RSD

1.13

3.63

0.4

2.58

2.36



Table 11. Accuracy ofbisdesmethoxycurcumin.

Actual Observed

Average
Samples Cone. Cone. %Recovery %RSD
(Range)
(pg/ml) (pg/ml)
1A 0.009 0.011 125.4
12352
1 0.009 0.011 123.29 1.44
(121.88-125.40)
1c¢ 0.009 0.011 121.88
2A 0.018 0.017 98.12
96.16
2 0.018 0.017 96.83 2.46
(93.53-98.12)
2 ¢ 0.018 0.017 93.53
3A 0.044 0.041 92.08
93.18
3B 0.044 0.041 92.37 1.78
(92.08-95.09)
3¢ 0.044 0.042 95.09
4 A 0.089 0.09 101.87
103.20
4B 0.089 0.093 105.17 1.69
(101.87-105.17)
4¢ 0.089 0.091 102.55
5A 0.222 0.224 101.12
102.46
5B 0.222 0.229 103.36 1.15

(101.12-103.36)
5c¢ 0.222 0.228 102.91



Table 12. Precision of curcumin.

Samples

3A

3B

3cC

3E

3F

Actual

Cone.
(lig/m)
0.715
0.715
0.715
0.715
0.715

0.715

Table 13. Precision of desmethoxycurcumin,

Samples

3A
3B

3c

3E

3F

Actual

Cone.
(9g/ml)
0.236
0.236
0.236
0.236
0.236

0.236

Observed
Average
Cone. %Recovery
(Range)
(lig/ml)
0.751 105.05
0.746 104.35
0.723 101.17 105.19
0.763 106.69 (101.17-108.21)
0.774 108.21
0.755 105.66
Observed
Average
Cone. %Recovery
(Range)
(pg/ml)
0.249 105.22
0.248 105.16
0.239 101.18 105.04
0.253 106.92 (101.18-107.27)
0.253 107.27
0.247 104.47

58

%RSD

2.27

%RSD

2.07



Table 14. Precision ofbisdesmethoxycurcumin,

Samples

3A

3B

3cC

3E

3F

Actual
Cone.
(pg/ml)
0.0443
0.0443
0.0443
0.0443
0.0443

0.0443

Observed

Cone.
(pg/ml)
0.041
0.041
0.04
0.042
0.043

0.042

%Recovery

92.08
92.37
90.93
95.28
97.47

95.09

Average

(Range)

93.87

(90.93-97.47)

%RSD

2.63
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Table 15. Linearity of curcumin.

Average
Actual Cone, Average Actual Observed Cone,
Samples Observed Cone,
(pg/ml) Cone, (pg/ml) (pg/ml)
(pg/mi)
1A 0.143 0.144
1B 0.143 0.143 0.143 0.144
1c 0.143 0.145
2 A 0.286 0.291
2B 0.286 0.286 0.278 0.286
2¢c 0.286 0.287
3A 0.715 0.751
3B 0.715 0.715 0.746 0.751
3¢ 0.715 0.755
4 A 143 1.501
4B 1.43 1.43 1.436 1.477
4¢ 1.43 1.494
5A 3.575 3.558
5B 3.575 3.575 3.715 3.67
5¢ 3.575 3.737
Curcumin
4

3 35

£

2 31 y=0.97368x-0.00248

E 25 R? =0.99995

2

g .2

o 151

[

e 11

-]
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0+= : . -
0 1 2 3 4
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Figure 16. Linearity graph of curcumin.
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Table 16. Linearity of desmethoxycurcumin.

Average
Actual Cone, Average Actual Observed Cone,
Samples Observed Cone,
(Gg/ml) Cone, (pg/ml) (pg/ml)
(pg/ml)
1A 0.047 0.056
1B 0.047 0.047 0.057 0.056
1c 0.047 0.056
2 A 0.095 0.104
2B 0.095 0.095 0.098 0.100
2¢c 0.095 0.097
3A 0.236 0.249
3B 0.236 0.236 0.248 0.248
3¢ 0.236 0.247
4 A 0.473 0.501
4B 0.473 0.473 0.478 0.486
4c 0.473 0.481
5A 1.182 1.177
5B 1.182 1.182 1.223 1.210
5c¢ 1.182 1.229
Desmethoxyurcumin
1.4

3 121

g) 1 y =0.98204x - 0.00586

E R? =0.99998

o 0.8

c

S 06

?

2 04 -

% 0.2

§ ]

0 : '
0.000 0.500 1.000 1.500

Actual conc (mcg/mL)

Figure 17. Linearity graph of desmethoxycurcumin.
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Table 17. Linearity of bisdesmethoxycurcumin.

Average
Actual Cone. Average Actual Observed Cone,
Samples Observed Cone.
(Mg/ml) Cone, (pg/ml) (pg/ml)
(lig/ml)
1A 0.009 0.011
1 0.009 0.009 0.011 0.011
lc 0.009 0.011
2 A 0.018 0.017
2 0.018 0.018 0.017 0.017
2¢c 0.018 0.017
3A 0.044 0.041
0.041
3 0.044 0.044 0.041
3¢ 0.044 0.042
4A 0.089 0.09
0.091
4B 0.089 0.089 0.093
4c 0.089 0.091
5A 0.222 0.224
5 0.222 0.222 0.229 0.227
5c¢ 0.222 0.228
Bisdesmethoxyurcumin
0.25
iy
5, 0.2 y =0.97458x +0.00097
g R? =0.99943
~ 0.15 1
Qo
c
o
© 0.1+
?
% 0.05 -
K]
(o]
0 : r : :
0 0.05 0.1 0.15 0.2 0.25

Actual conc (mcg/mL)

Figure 18. Linearity graph of bisdesmethoxycurcumin.



63

0.03 u

0.02 Retention Time i

™
| ™
0.01 ‘ ~
. :
© —
o joes -
© 5
o o
0.00 L T I —— — ,:\_I N | L b2 ] . 3

Minutes

Volts

Figure 19. Chromatogram showing the specificity of analytical method

2.3. Percent Content of Curcuminoids and Entrapment Efficiency of
Curcuminoid Microcapsules

To calculate the percent content of total curcuminoids and the entrapment
efficiency of the curcuminoids in microcapsules, three types of curcuminoids
composing of bisdesmethoxycurcumin, desmethoxycurcumin, and curcumin were
quantified by HPLC. The analytical results were shown in table 18,

From table 18, it was observed that the increase in percent solid content of the
feed formulation resulted in the decrease of percent content and percent entrapment of
curcuminoid microcapsules in most cases, with the exception of formulation no.9, 37,
39, and 47. The reason could be due to too much solid dispersion in the feed
formulation which leaded to the clog in atomizer resulting in uncertainty of the spray
and spray-dried products.

|t was also remarked that the addition of plasticizers other than PG resulted in
the decrease in percent content and percent entrapment of curcuminoid microcapsules.
With EC as a coating polymer, microcapsules plasticized with PG showed higher
percent content and percent entrapment of curcuminoid microcapsules than those
plasticized with the combination of PG/PEG400 and PG/GTA, and the microcapsules



64

plasticized with the combination of PG/PEG400 were found to have higher percent
content and percent entrapment of curcuminoid microcapsules than those plasticized
with the combination of PG/GTA.

Table 18. The percent content and percent entrapment of curcuminoids in spray-dried
microcapsules.

Cone, of weighed Assayed total % Assayed total o
No. icrocapsuie in curcuminoids curcuminoids %Curcuminoids
solution(/yg/ml) cone. Cwg/ml) content entrapment

7 10.099 3.764 37.27 74.54

9.802 3.186 32.50 65.01
9 9.802 3.102 15.82 47.48
10 9.802 3.175 16.20 48.59
11 9.901 2.893 14.61 58.44
12 9.901 2.161 10.91 43.65
13 10.099 2.757 27.30 54.60
14 9.802 1.877 19.15 38.30
15 9.901 3.416 17.25 51.76
16 10.000 3.099 15.50 46.49
17 9.901 2.112 10.67 42.67
18 10.000 2.853 12.24 48.96
37 9.901 4.149 41.90 83.80
38 10.099 3.660 36.24 72.48
39 9.802 2.676 13.65 40.96
40 9.802 3.935 20.07 60.23
41 9.703 2.480 12.78 51.12
42 9.802 1.792 9.14 36.57
43 10.000 5.360 53.60 107.20
44 10.099 4.508 44.64 89.28
45 10.000 6.965 34.82 104.48
46 9.802 5.746 29.31 87.94
47 10.000 4.148 20.74 82.96
48 10.297 5.138 24.95 99.80
49 9.901 4.763 48.11 96.22
50 9.901 3.703 37.40 74.80
51 9.703 3.532 18.20 54.61
52 9.802 3.421 17.45 52.35
53 9.901 2.550 12.88 51.51

54 9.703 2.294 11.82 47.29
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The plasticizer and polymer are generally thought to be held together by
intermolecular secondary valence forces forming a complex or molecular aggregate.
The basic requirements of any plasticizer in a polymer system are compatibility and
permanence. To be compatible the plasticizer must be miscible with the polymer,
indicating similar intermolecular forces in two components (Banker G.S., 1966). Thus
EC retaining a high ratio of hydroxyls to such ether, were best plasticized by hydroxyl
containing compounds liked PG and resulted in more effective wall system.

Table 18 showed that the EC-coated microcapsules plasticized with PG
(n0.43) had highest percent content (53.60%) and percent entrapment (107.20%) of
curcuminoid microcapsules while PM-coated microcapsules plasticized with the
combination of PG/PEG400 (no. 13) had lowest percent content (27.30%) and percent
entrapment (54.60%) of curcuminoid microcapsules.

Among the microcapsules with the same wall materials, microcapsules no.7,
no.13, no.37, no.43, and no.49 were found to be superior in percent content of
curcuminoids and entrapment efficiency of the microcapsules. It was remarked that all
of these six types of microencapsulated curcuminoids represented 1:1 curcuminoids:
polymer ratio and 1%solid content formulations.

The percent content of total curcuminoids of microcapsules no.7, no. 13, no.37,
n0.43, and no.49 were 37.27%, 27.30%, 41.90%, 53.60%, and 48.11%, respectively,
and the percent entrapment of total curcuminoids of microcapsules no.7, no. 13, no.37,
n0.43, and no.49 were 74.54%, 54.60%, 83.80%, 107.20%, and 96.22%, respectively.

Thus, these six formulations of curcuminoid microcapsules were selected for
further study on physical properties and chemical stability of both the curcuminoid
microcapsules themselves and chemical stability of those in skin-care products
including cleansing gel and cream.
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2.4. Determination of Physical Properties of Curcuminoid Microcapsules
2.4.1. Morphology and Particle Size

The size distribution of the curcuminoid microcapsules was
measured by using a laser light scattering spectrometer, Mastersizer  long bed Ver.
2.11, Malvern, UK, (Figure 21, 23, 25, 27, and 29). The smallest average particle size
observed was 7.09 jam for the curcuminoid microcapsules coated with ethylcellulose
using PG and GTA as the plasticizers. The largest average diameter observed was
44.32 jum for the microcapsules coated with polymethacrylate using PG and PEG-400
as the plasticizers. However, from Figure 22(A), the largest average particle size
observed could be the result of a particle agglomeration rather than the actual sizes of
microcapsules.

The outer topographies of spray-dried microencapsulated products were
assessed by SEM (Figure 20, 22, 24, 26, and 28). Electron Microscopy is the only
method that provides direct information concerning both the size and the shape of the
particles. In order to study the effect of wall composition on the micro-structural
features of the spray-dried curcuminoid microcapsules, the same atomization and
drying conditions were maintained in this study.

From SEM images, it was found that all types of spray-dried microcapsules
contained some un-encapsulated parts of curcuminoid extract.

SEM images showed that the PM-coated microcapsules appeared to have
smoother and more continuous surface whereas the EC-coated microcapsules
appeared to have rugged and uneven surface. The reason could be due to the greater
intermolecular forces caused by strongly polar groups (-COOH) distributed along PM
chains which promote cohesion and packed order as described in section 2.1,

Polymeric film plasticized with additional PEG400 was observed to promote
the homogeneous of the film surface. In contrast EC-coated microcapsules plasticized
with additional GTA had the most rugged surfaces. This could be attributed to the
compatibility of polymers and plasticizers. PM and EC are the polymers containing
carboxyl (-COOH) and hydroxyl (-OH) groups, respectively, which are best
plasticized and compatible with hydroxyl containing compounds such as PG and
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PEG400 but GTA. Therefore the incorporation of GTA in wall system of PM and EC
could result the un-uniform film coating.

PM-coated curcuminoid microcansules plasticized with PG (No.7)

Figure 20. SEM image of spray-dried curcuminoid microcapsules no.7 (polymer .
polymethacrylate, plasticizer : PG, 1:1 curcuminoids: polymer ratio).
(A)magnification 1,500x, scale bar 10 pm. (B)magnification 20,000x, scale bar 1jim.
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Figure 21. Size distribution of spray-dried curcuminoid microcapsules no.7 (polymer .
polymethacrylate, plasticizer : PG, 11 curcuminoids: polymer ratio).

Figure 20(A), 20(B), and 21 showed SEM images and size distribution graph
of PM-coated curcuminoid microcapsules (no.7) plasticized with PG. Some of them
had spherical shape with a rugged surface. However, others were partially or totally
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collapsed as if the air had gone out of the microcapsules. The average particle size of
the curcuminoid microparticles no.7 was 16.580.17 fim.

PM-coated curcuminoid microcapsules plasticized with the combination of PG and
PEG400 (No. 131

(A) (B)
Figure 22. SEM image of spray-dried curcuminoid microcapsules no.13 (polymer :

polymethacrylate, plasticizer ;PG and PEG400, 1:1 curcuminoids: polymer ratio)
(A)magnification 1,500x, scale bar 10 L (B)magnification 20,000, scale bar 1pim
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Figure 23. Size distribution of spray-dried curcuminoid microcapsules no. 13 (polymer
: polymethacrylate, plasticizer : PG and PEG400, L1 curcuminoids: polymer ratio).
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Figure 22(A) and 22(B) displayed PM-coated curcuminoid microcapsules
(no. 13) plasticized with the combination of PG and PEG400 that were dented and
agglomerated. Curcuminoid microcapsules no. 13 was found to have smoother surface
than the curcuminoid microcapsules no.7. The agglomeration of the particles and
formation of smooth outer surface were probably attributed to the addition of PEG400
in the formulation, which could retained some more water molecules linked to its own
structure, filling the intern empty space of the microcapsules, promoting
agglomeration, preserving the hydration, avoiding depression on the surface, and thus
assuring a more uniform and smooth wall of the obtained microcapsules. The average
particle size of the curcuminoid microparticles no.13 was 44.321.88 jum

EC-coated curcuminoid microcapsules plasticized with the combination of PG and
GTA fNo.371

e

500 . s 2670 s %20.200 lpm 248308

(A) | (B)

Figure 24. SEM image of spray-dried curcuminoid microcapsules no.37 (polymer :
ethylcellulose, plasticizer : PG and GTA, 11 curcuminoids: polymer ratio)
(A)magnification 1,500x, scale bar 10 /xm. (B)magnification 20,000x, scale bar 1 [am.
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Figure 25. Size distribution of spray-dried curcuminoid microcapsules no.37 (polymer
 ethylcellulose, plasticizer : PG and GTA, 11 curcuminoids: polymer ratio).

Figure 24(A), 24(B), and 25 showed EC-coated curcuminoid microcapsules
plasticized with the combination of PG and GTA that had rougher surface than those
coated with PM. Ethylcellulose consists of ether and hydroxyl groups which are
capable of interacting with plasticizer molecules via hydrogen bonds (Heng et al.,
2003). PG, PEGA400, and GTA have different molecular structures and number of
functional groups for hydrogen bonding. In this respect, GTA was generally worse
plasticizer than PG and PEG400. The average particle size of the curcuminoid
microparticles no.37 was 7.09£0.17 jun
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EC-coated curcuminoid microcapsules plasticized with PG (No.43)
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Figure 26. SEM image of spray-dried curcuminoid microcapsules no.43 (polymer:
ethylcellulose, plasticizer : PG, L1 curcuminoids: polymer ratio) (A)magnification

1,500, scale bar 10 jam. (B)magnification 20,000x, scale bar 1/am.
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Figure 27. Size distribution of spray-dried curcuminoid microcapsules no.43
(polymer: ethylcellulose, plasticizer : PG, 1.1 curcuminoids: polymer ratio).

Figure 26(A), 26(B), and 27 displayed EC-coated curcuminoid microcapsules
plasticized with PG, Some of them were spherical with rugged surface similar to
curcuminoid microcapsules no.37. However there were some collapsed particles. The
average particle size of the curcuminoid microparticles no.43 was 15.52+0.14 fam.
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EC-coated curcuminoid microcapsules plasticized with the combination of PG and
PEG400 (No.49)

d«{* m 2483869 |

Figure 28. SEM image of spray-dried curcuminoid microcapsules no.49 (polymer:
ethylcellulose, plasticizer : PG and PEG400, 1.1 curcuminoids: polymer ratio)
(A)magnification 1,500x, scale bar 10 nm. (B)magnification 20,000x, scale bar 1 pxm.

10 mt%

3333888@

/
S8

s A ) R
a]- Ql . e 10 man I|I 1 @ m OO
PartScte Osam eter tym.)

Figure 29. Size distribution of spray-dried curcuminoid microcapsules no. 49
(polymer - ethylcellulose, plasticizer : PG and PEG400, 1.1 curcuminoids: polymer
ratio).

From Figure 28(A), 28(B), and 29, it could be found that EC-coated
curcuminoid microcapsules plasticized with the combination of PG and PEG400
showed spherical shape and agglomeration. The reason could be the addition of
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PEG400 which had the effects on the agglomeration and the formation of smoother
outer surface as mentioned earlier. The average particle size of the curcuminoid
microparticle no.49 was 12.4740.44 tum.

2.4.2. Bulk Density, Tapped Density, and Hausner Ratio

Table 19. Bulk density, tapped density, and Hausner ratio of microencapsulated
curcuminoids,

Polymer : Plasticizer Particle Size Bulk Density Tapped
Sample Hausner Ratio
(Ratio) (pm) (g/ml) Density (g/ml)
PM.: PG
7 16.58 +0.17 0.33 0.45 1.35
a:1)
PM : PG/PEG
13 44.32 + 1.88 0.20 0.28 141
a:1)
EC : PG/GTA
37 7.09 £0.17 0.36 0.49 1.36
a:1)
43 15.52 +0.14 0.33 0.49 1.48
t:1)
EC : PG/PEG
49 12.47 +0.44 0.31 0.44 1.43

@:1)

From table 19, the microcapsules prepared by spray-drying
technique of five different formulations using PM and EC agueous dispersion as
coating film; PG, GTA, and PEGA00 as plasticizers, with 1:1 curcuminoids: polymer
ratio and [%solid content were used to investigate bulk density, tapped density, and
Hausner ratio. With the exception of microcapsule no. 13, the rest were found to have
similar bulk and tapped densities. It was remarked that microcapsules no. 13 revealed
the lowest bulk and tapped densities. From figure 22(A) and 23, it could be seen that
microcapsules no. 13 revealed the highest degree of agglomeration with the highest
represented particle size of 44.32 jam, which could limited the packing, resulting in
lowest bulk and tapped density.



14

The Hausner ratio represented the relative important of interparticular
interactions. Table 19 showed that the Hausner Ratios of all microcapsules
formulation were about the same which revealed the similarity of particular
interactions among those microcapsules.

243, Moisture Content of Curcuminoid Microcapsules

Table 20. Moisture content of curcuminoid microcapsules.

% Moisture content

Sample Polymer : Plasticizer (Ratio) 1 2 . ean
7 PM PG (1:1) 2.99 220 Z(D 2.40 0.52
13 PM : PG/PEG (1:1) 2.79 2.60 2.80 2.73 0].1.
37 EC : PG/GTA (1:1) 120 1(D 0.80 1m 020
43 EC:PG(1:1 120 0.80 0.80 0.93 0.23

49 EC : PG/PEG (1:1) 1.39 1m 120 120 020

PM-coated microcapsules (no.7 and 13) were found to have a little
higher water content than EC-coated microcapsules (n0.37, 43, and 49).

Comparing EC-coated microcapsules plasticized with PG/IGTA, PG alone, and
PG/PEG400, it was found that the addition of PEG400 increased the water content
value and this was also happened with PM-coated microcapsules. The addition of
GTA in EC-coated microcapsules did not showed significant change in water content
value.

From statistical analysis, there was no significant different in moisture
contents of microcapsules plasticized with different plasticizers whereas the types of
polymer significantly affected the percent moisture contents of microencapsulated
curcuminoids at significant level of 05. Table 20 showed that PM-coated
microcapsules had greater percent moisture contents than EC-coated ones.
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2.5, Determination of the Chemical Stability of Spray-Dried Curcuminoid
Microcapsules in Different Storage Temperatures

Five formulations of microencapsulated curcuminoids possessed high
percent content of curcuminoids were selected to the study of their chemical stability
in different storage temperatures, which were 4°c, room temperature, 40°c, and 50°c.
The study was conducted for 3 months at ambient relative humidity and percent
curcuminoids contents were tested at 0, 1, 2, and 3 month. The results were shown in
table 21, 22, 23, 24 and 25.

Table 21. Percent retention of curcuminoids in PG-plasticized microcapsules coated
with different polymers,

% Total curcuminoid content Mean of % Retention
Storage MonthO Monthl Manth? Month3
Temp ~ Sample  Polymer repl rep2 repl rep2 repl rep2 repl rep2 MonthO  Monthl  Month2  Month3
7 PM 4160 3727 3773 4026 4884 4576 3296 4025 10000 9888 11994 9282
4° Ik EC 5477 5360 5758 6518 7023 6635 5677 5576 10000 11328 12603 10384
7 PM 4160 3127 4083 3971 3714 3865 4124 4033 10000 10212 96.09 103.43
RT 43 EC 5477 5360 5474 5857 5316 5482 5638 5651 10000  104.56 99.64 104.17
7 PM 4160 3727 4236 4150 5391 5096 3977 3945 10000 10633 13297 10044
40° 43 EC 5477 5360 5810 5783 6650 6862 5482 5594 10000 10698 12468 10221
7 PM 4160 3727 4328 3866 5152 4931 3875 3602 10000 10389 12785 9480

50°c 43 EC 577 5360 58.10 5972 7092 6608 5460 5298 10000 10872 12642  99.28

From table 21, with the same plasticizer of PG, EC-coated microcapsules
showed a little higher of percent retention of curcuminoids than that of PM-coated
microcapsules for all storage temperatures, in which the results were related to the
previous research (- bonthip et al., 2005).
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Table 22. Percent retention of curcuminoids in PG/PEG400-plasticized microcapsules

coated with different polymers.

Storage
Temp

e
RT

4%
R0

Sample
13
49
3
49
13
49
3
49

Polymer
PM

K

PM

K
PM
K
PM
K

MonthO

rep 1
2130
5118
21.30
5118
21.30
5118
21.30
5118

rep 2
21.30
48.11
21.30
4811
21.30
4811
21.30
4811

% Total curcuminoid content

Monthl

rep 1
30.07
42.52
35.40
49.73
34.39
49.19
38.85
42.92

rep 2
30.35
482
36.27
5121
32.23
55.10
3.2
50.87

Month2

rep 1
3811
58.07
39.84
54.45
4334
55.81
40.61
59.93

rep 2
3112
58.87
33.82
5142
4153
58.46
31.16
57114

Month3

rep 1
2859
49.86
34.83
4912
3134
46.46
30.13
46.82

rep 2
28.99
4801
3181
4872
31.05
43.46
2121
4222

Mean of % Retention

MonthO
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Monthl
110.66
91.38
131.26
10172
12201
105.04
14125
94.46

Month2
13778
117.78
13491
112.67
15544
115.09
14244
11791

Table 22 showed that, with the same plasticizers of PG/PEG400, PM-Coated
microcapsules had greater percent retention of curcuminoids than EC-coated ones at
all storage temperatures.

Table 23, Percent retention of curcuminoids in PM-coated microcapsules plasticized

with different plasticizers

Storage
Temp

4¢
RT

4
sl

Sample
7
13
7
13
7
13
7
3

Plasticizer
PG
PGIPEG400
PG
PG/PEGA400
PG
PG/PEGA400
PG
PG/PEG400

rep 1
4160
21.30
4160
21.30
4160
21.30
4160
21.30

MonthO

rep 2
3121
21.30
3121
21.30
31.2
21.30
3121
21.30

% Total curcuminoid content
Month2

rep 1
3173
30.07
40.83
35.40
42.36
34.39
4328
38.85

Monthl

rep 2
40.26
30.35
.71
36.27
4150
32.23
38.66
38.27

rep 1
4884 4576
3112
38.65
3382
50.9
4153
4931
37.16

3811
31.14
39.84
5391
4334
5152
40,61

rep 2

Month3

repl rep2
3296 4025
2859 2899
4124 4033
3483 3181

39.77 3945

3134 3105
38.75  36.02
013 210

MonthO
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Month3
105.46
98.57
122.06
98.54
11427
90.57
105.13
89.68

Mean of % Retention

Monthl
98.88
110.66
102.12
131.26
106.33
12201
103.89
14125

Month2
119.94
13778
96.09
13491
13297
155.44
12785
142.44

Month3
92.82
10546
10343
122.06
10044
11427
94.80
105.13
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From Table 23, it was found that PM-coated microcapsules plasticized with
the combination of PG/PEG400 showed better retentive curcuminoids after storing for
three months at all testing temperatures.

Table 24. Percent retention of curcuminoids in EC-coated microcapsules plasticized
with different plasticizers

% Total curcuminoid content Mean of % Retention
Storage ) MonthO Monthl Month2 Month3

Temp ~ Sample  Plasticizer  repl rep2 repl rep2 repl rep2 repl rep2 MonthO  Monthl  Month2
3 PE/GTA 4395 4190 4388 4370 5302 5199 4287 4459 10000 10202 12232

43 PG 5477 5360 5758 6518 7023 6635 5677 5576 10000 11328  126.03

o 49 PG/PEG400 5118 4811 4252 4821 5807 5887 4986 4801 10000  91.38 117,78
3 PEIGTA 4395 4190 4838 4541 4052 4085 4197 4267 10000 10925 9478

43 PG 5477 5360 5474 5857 5316 5482 5638 5651 10000 10456  99.64

RT 49 PG/PEG400 5118 4811 4973 5127 5445 5742 4912 4872 10000 10172 11267
3 PEIGTA 4395 4190 4744 4278 5524 5026 3739 4195 10000 10509  122.90

43 PG 5477 5360 5810 5783 6650 6862 5482 5594 10000 10698  124.68

wC 49 PG/PEG400 5118 4811 4919 5510 5581 5846 4646 4346 10000 10504 11509
3 PEIGTA 4395 4190 5021 5157 5544 5074 4655 4003 10000 11856 12368

43 PG 5477 5360 5810 59.72 7092 66.08 5460 5298 10000 10872 12642

50 C 49 PG/PEG400 5118 4811 4292 5087 5993 5714 4682 4222 10000 9446 11791

From table 24, with the exception of EC-coated microcapsules stored at 50°c,
it was found that EC-coated microcapsules plasticized with PG had greater percent
retention of curcuminoids than those plasticized with the combination of PG/GTA and
PG/PEG400. Moreover, EC-coated microcapsules plasticized with the combination of
PG/GTA showed higher percent retention of curcuminoids than those plasticized with
the combination of PG/PEG400.

Month3
101.88
103.84
98.57
98.59
104.17
98.54
92.43
10221
90.57
100.85
99.28
89.68
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Table 25. Chemical stability of curcuminoid microcapsules at different storage
temperatures.

% Total curcuminoid content Mean of % Retention

sample
no

condition month month 1 month 2 month 3

mO ml m? m3
repl rep2 repl rep2 repl rep2 repl rcp2

7 4160 3727 3773 4026 4884 4576 3296 4025 100 98.88  119.94 92.82
13 2130 27.30 3007 3035 3811 3712 2859 2899 100 11066 137.78 105.46
e 37 4395 4190 4388 4370 53.02 5199 4287 4459 100 10202 12232 101.88
43 5477 53.60 5758 6518 7023 6635 5677 5576 100 113.28 126.03 103.84
49 5118 4811 4252 4821 58.07 58.87 49.86 4801 100 9138 11778 98,57
T 4160 3727 4083 3971 37.14 38.65 4124 4033 100 10212 96.09 10343
13 2130 27.30 3540 3627 39.84 3382 3483 3181 100 13126 13491 122.06
RT 37 4395 4190 4838 4541 40.52 40.85 4197 4267 100 109.25 9478 9859
43 5477 5360 5474 5857 53.16 5482 56.38 5651 100 10456 99.64 10417
49 5118 4811 4973 51.27 5445 5742 4912 4872 100 10172 11267 98.54
T 41.60 3727 4236 4150 5391 5096 3977 3945 100 10633 132.97 10044
13 2130 27.30 3439 3223 4334 4153 3134 31.05 100 12201 15544 11427
40c 37 4395 4190 4744 4278 5524 50.26 37.39 4195 - 100 105.09 122.90  92.43
43 5477 53.60 58.10 5783 66.50 68.62 5482 5594 100 106.98 124.68 10221
49 51.18 4811 49.19 5510 55.81 5846 4646 4346 100 105.04 11509  90.57
T 4160 3727 4328 3866 5152 4931 3875 36.02 100 10389 127.85  94.80
13 2130 27.30 3885 3827 4061 37.16 3013 2727 100 14125 14244 10513
50c 37 4395 4190 5021 5157 5544 5074 4655 40.03 100 11856 12368  100.85
43 5477 5360 58.10 59.72 7092 66.08 5460 5298 100 108.72 12642  99.28
49 5118 4811 4292 5087 59.93 57.14 4682 4222 100 9446 11791  89.68

From table 25, PM-coated microcapsules plasticized with the combination of
PG/PEGA00 (no. 13) was most stable as it showed the highest retention percentage at
all testing temperatures after storing for three months. The formulation had
remarkably higher percent retention of curcuminoids than other microcapsule
formulations.

Table 25 also showed that, with the exception of 4°c storage-temperature, EC-
coated microcapsules plasticized with the combination of PG/PEG400 (no.49) was the
most unstable.
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The reason could be because film coating prepared from aqueous
ethylcellulose dispersions were relatively weaker and more brittle compared to those
prepared from acrylate (Heng et al, 2003). Due to its dense structure,
polymethacrylate coating is less permeable. However, the stability of spray-dried
curcuminoid microcapsules during storage was also influenced by several factors,
including type of plasticizers, plasticizer content, storage temperature, and storage
humidity.

From the analytical results, it was found that curcuminoids contents markedly
increased in the second month, which could be attributed to the lack of content
uniformity.

2. Determination of Chemical Stability of Curcuminoid Microcapsules
in Skin-Care Preparations

2.6.1. Stability Test of Skin-Care Preparations

The prepared cleansing gel and moisturizing cream were undergone
the freeze-thaw cycle , in which the formulations were stored in the oven with
controlled temperature of 40°¢ for 48 hours, then they were stored in the freezer with
temperature of -4°c for 48 hours. The same process was carried out 3 cycles and the
physical properties of the formulations were then assessed. It was found that the
physical appearances had not been changed.
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2.6.2. Chemical Stability of Curcuminoid Microcapsules in Skin-Care
Preparations

The study of chemical stability of curcuminoid microcapsules was
conducted by separating microcapsules sample into 4 parts. Parti was incorporated
into cleansing gel pH 5, part2 was incorporated into cleansing gel pH7, part3 was
incorporated in to cleansing gel pH8, and the last part was incorporated into
moisturizing cream. All samples were stored in the dark for 4 weeks at room
temperature and the tests of curcuminoids content were carried out at 0, 2, and 4
weeks. The results were shown below.

Table 26. The percent retention of curcuminoids in the skin-care preparations
containing PG-plasticized microcapsules coated with different polymers

%Total curcuminoid content Mean of % Retention
Skin-care Sample
: Polymer WeekO Weck2 Weck4
formulation no. WeekO  Week2  Week4
Repl Rep2 Repl Rep2 Repl Rep?
microcapsules 7 PM 16.15 2071 1093 1379 1327 1291  100.00  67.06  71.04
in cleansing
gel pHS 43 EC 1266 3405 1787 1951 1782 1655 10000  80.03  73.59
microcapsules 7 PM 1840 2316 1174 13.05 5.24 534 10000 59.66 2547
in cleansing
gel pHT 43 EC 2446 2831 1448 1461 1164 580  100.00 5513  33.04
microcapsules 7 PM 8.57 1040 146 2.38 0.63 059 10000  20.25 6.41
in cleansing
gel pHS 43 EC 942 1067 073 085 UD  UD 10000 787 uD
7 PM 2415 1721 807 1051 801 1407 10000 4492 5557

microcapsules

in cream
43 EC 3496 3327  6.32 717 16.27 1526 100.00  20.66 46.22

*UD = Undetectable

From Table 26, with the same plasticizer of PG, it was found that the percent
retention of curcuminoids of EC-coated microcapsules in cleansing gel pH5 and pH7
were greater than PM-coated ones. In contrast, PM-coated microcapsules in cleansing
gel pH8 and moisturizing cream exhibited greater value of percent retention of
curcuminoids than EC-coated microcapsules in the same preparations.
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Table 27. The percent retention of curcuminoids in the skin-care preparations
containing PG/PEGA00-plasticized microcapsules coated with different polymers

% Total curcuminoid content Mean of % Retention
Polymer WeekO Week?2 Week4
Repl Rep2 Repl Rep2 Repl Rep2

Skin-care Sample

formulation no. WeekO  Week2  Weekd

microcapsules 13 PM 1432 1854 774 1087 651 857 10000 5662  45.90
in cleansing
gel pHS 49 EC 2106 2671 878 950 1123 1002 100.00 38.46 4448
microcapsules 13 PM 1423 1686 894 893 510 212 10000 5746 2351
in cleansing
gel pH7 49 EC 2444 2805 1164 1145 438 406 10000 4399 1609
microcapsules 13 PM 645 664 113 120 UD 10000 1774
in cleansing
gel pH8 19 EC 940 903 101 110 10000 1148

13 PM 1466 1137 252 306 862 951 10000 2142 6965

microcapsules
in cream
49 EC 1715 1645  6.32 8.54 1161 893  100.00 4422  61.13

*UD = Undetectable

Table 27 showed that, with the same plasticizers of PG/PEG400, PM-coated
microcapsules exhibited the greater percent retention of curcuminoids than EC-coated
microcapsules for all types of skin-care preparation.
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Table 28. The percent retention of curcuminoids in the skin-care preparations
containing PM-coated microcapsules plasticized with different plasticizers

% Total curcuminoid content Mean of % Retention
Skin-care Sample
. Polymer WeekO Week2 Weekd
formulation no. WeekO  Week?2  Weekd
Rep Rep Rep  Rep Rep Rep
1 2 1 2 1 2
microcapsules 7 PG 16.15 2071 1093 1379 13.27 1291  100.00  67.06 71.04
in cleansing
gel pH5 13 PG/PEG400 1432 1854 774 1087 651 8.57  100.00  56.62 4590
microcapsules 7 PG 18.40 2316 1174 1305 524 534  100.00  59.66 2547
in cleansing
gel pHT 13 PG/PEG400 1423 1686 894 893 519 212  100.00 57.46 2351
microcapsules 7 PG 8.57 1040 146 238 063 059  100.00  20.25 6.41
in cleansing
gel pH8 13 PGIPEG400 645 664 113 120 UD  UD 10000 17.74 un
7 PG 2415 1721 8.07 1051 891 1407 10000  44.92 55.57

microcapsules
in cream
13 PG/PEG400 1466 1137 252  3.06 862 951 10000 2142  69.65

*UD = Undetectable

From Table 28, PM-coated microcapsule plasticized with PG showed better
results of percent retention of curcuminoids for all cleansing gel preparations whereas
those plasticized with the combination of PG/PEG400 had greater percent retention of
curcuminoids in moisturizing cream preparation.
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Table 29. The percent retention of curcuminoids in the skin-care preparations
containing EC-coated microcapsules plasticized with different plasticizers

%Total curcuminoid content Mean of % Retention
Skin-care Sample
! Polymer WeekO Week2 W eek4
formulation no. WeekO  Week2  Weekd4
Rep Rep Rep Rep Rep Rep
1 2 1 2 1 2
37 PE/GTA 22.30 2355 1317 1463 13.00 1287 10000  60.64  56.42
microcapsules
mcllearlhsgng 43 PG 1266 3405 1787 1951 1782 1655 10000  80.03  73.59
gelp

49 PG/PEG400 2106 2671 878 959 1123 1002 100.00 3846  44.48

37 PE/GTA 2118 2441 1322 1367 11.39  9.99  100.00  58.98  46.87

microcapsules

indlearl]-{Si?ng 43 PG 2446 2831 1448 1461 1164 580 10000 5513  33.04
gel p

49 PG/PEG400 2444 2805 1164 1145 438  4.06 10000  43.99 16.09

37 PEIGTA 745 823 077 095 ub UD 10000  11.03 ub

microcapsules
in cleansing 43 PG 942 1067 073  0.85 ub ub 10000  7.87 ub

gel pH8

49 PG/PEG400 940  9.03 101  1.10 ub UD 10000  11.48 ub
37 PE/GTA 2621 2115 522 651 1407 1447 10000 2531 6156

microcapsules
in cream 43 PG 3496 3327 632 777 1627 1526  100.00  20.66  46.22

49 PG/PEG400  17.15 1645 632 854 1161 893 10000 4422  61.13
*UD = Undetectable

From Table 29, in cleansing gel pH5, EC-coated microcapsules plasticized
with PG had highest percent retention of curcuminoids followed by those plasticized
with the combination of PG/GTA and PG/PEG400, respectively.

In cleansing gel pH7, EC-coated microcapsules plasticized with the
combination of PG/GTA had highest percent retention of curcuminoids followed by
those plasticized with PG and the combination of PG/PEG400, respectively.

In cleansing gel pH8, there was no detectable data at week 4 due to the
decomposition of curcuminoids in alkaline medium.

In moisturizing cream, EC-coated microcapsules plasticized with the
combination of PG/GTA had highest percent retention of curcuminoids followed by
those plasticized with combination of PG/PEG400 and PG, respectively.
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Table 30. Chemical stability of curcuminoid microcapsule and curcuminoid extract in
skin-care preparations

% Total curcuminoid content Mean of % Retention

fosrk”l'r:‘-lﬁiroen Samle Weeko Week? Weekd WeekO  Week2 Weekd4
Repl Rep2 Repl Rep2 Repl Rep?

7 16.15 20.71 10.93 13.79 13.27 12.91 100.00 67.06 71.04
13 14.32 18.54 7.74 10.87 6.51 8.57 100.00 56.62 45.90
Cleansing 37 2230 2355 1347 1463 1300 1287 10000 6064 56.42
gel pH 5 43 12.66 34.05 17.87 19.51 17.82 16.55 100.00 80.03 73.59
49 21.06 26.71 8.78 9.59 11.23 10.02 100.00 38.46 44.48
cur 36.79 29.21 24.54 26.41 18.39 18.09 100.00 77.20 55.27
7 18.40 23.16 11.74 13.05 5.24 5.34 100.00 59.66 2547
13 14.23 16.86 8.94 8.93 5.19 2.12 100.00 57.46 2351
Cleansing 37 218 2441 1322 1367 1139 9.99 10000  58.98 4687
el pH 7 43 2446 2831 1448 1461 1164 580 10000 5513 33.04
* 49 24.44 28.05 11.64 11.45 4.38 4.06 100.00 43.99 16.09
cur 43.99 53.42 23.06 35.27 16.70 16.39 100.00 59.88 33.97

7 857 1040 146 2.38 0.63 0.59 10000 20.25 6.41
13 6.45 6.64 113 1.20 un 1) 100.00 17.74 uD
Cleansing 37 7.45 8.23 0.77 0.95 1) ) 100.00 11.03 up
gel pH 8 43 9.4 1067 073 0.85 ub ub 100.00 7.87 un
49 9.40 9.03 101 1.10 un un 100.00  11.48 )
cur 3198 4747 345 7.16 5.95 6.13 10000 13.35 15.20
7 2415 1721 807 1051 891 1407 10000 4492 55,57
13 1466 1137 252 3.06 8.62 951 10000 21.42 69.65
Moisturizing 7 2521 2115 522 6.51 1407 1447 10000 2531 61.56

cream 4 3496 3327 6.32 .17 1627 1526 10000 2066 46.22
49 1715 1645  6.32 854 1161 893 10000  44.22 61.13

cur 2882 27.24 9.20 1513 1359 13.49  100.00 43.40 48.31
*UD = Undetectable

From Table 30, in cleansing gel pH5, preparation contained uncoated-
curcuminoids showed percent retention of curcuminoids at week 4 which was
55.27%. The percent retention of curcuminoids at week 4 of the preparations
contained microcapsules no.7, 37, and 43 were 71.04%, 56.42%, and 73.59%,
respectively, which were greater than that of preparation contained uncoated-
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curcuminoids. PG-plasticized microcapsules coated with PM and EC (no.7 and 43)
had remarkably higher percent retention of curcuminoids.

In cleansing gel pH7, preparation containing uncoated-curcuminoids showed
percent retention of curcuminoids at week 4 which was 33.97%. The percent retention
of curcuminoids at week 4 of the preparation containing microcapsules no.37 was
46.87% which was greater than that of preparation containing uncoated-curcuminoids.

In cleansing gel pH8, preparation containing uncoated-curcuminoids showed
percent retention of curcuminoids at week 4 which was 15.20%. The percent retention
of curcuminoids at week 4 of the preparation containing microcapsules no.7 was
6.41% which was the only preparation that curcuminoids remained detectable.

In moisturizing cream, preparation containing uncoated-curcuminoids showed
percent retention of curcuminoids at week 4 which was 48.31%. The percent retention
of curcuminoids at week 4 of the preparations containing microcapsules no.7, 13, 37,
and 49 were 55.57%, 69.65%, 61.56%, and 61.13%, respectively, which were higher
than that of preparation containing uncoated-curcuminoids. Anyway there was no
remarked difference between percent retentions of curcuminoids of differently-coated
microcapsules.

Table 4-24 showed low retention percentages of curcuminoids in cleansing gel
preparation pH7 and pH8, which related to the properties of curcuminoids that could
be easily degradable in neutral to alkaline pH solution.

Figure 4-23, 4-24, 4-25, and 4-26 showed the column graphs of percent
retention of curcuminoids in different skin-care preparation containing different types
of microencapsulated curcuminoids.
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Figure 30. Percent retention of curcuminoids of different microcapsules and
curcuminoid extract in cleansing gel pHb.
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Figure 31. Percent retention of curcuminoids of different microcapsules and
curcuminoid extract in cleansing gel pFL7.
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Figure 32. Percent retention of curcuminoids of different microcapsules and
curcuminoid extract in cleansing gel pH8.
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Figure 33. Percent retention of curcuminoids of different microcapsules and
curcuminoid extract in moisturizing cream.
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In the study of chemical stability of curcuminoid microcapsules in skin-care
preparation, it was found that curcuminoid microcapsules and curcuminoid extract
showed very low to undetectable amount of retentive curcuminoids in cleansing gel
pHT7and pH8. Therefore, the preparation of cleansing gel pH7 and pH8 were found to
be unsuitable preparation for curcuminoids.

For cleansing gel pH 5 containing different formulations of curcuminoid
microcapsules, it was observed that percent retentions notably dropped in week 2 and
remained about the same values at week 4. This could be due to the degradation of
un-encapsulated curcuminoids in cleansing gel at week 2, whereas the coating could
protect the encapsulated curcuminoids from degradation in week 4. In contrast,
cleansing gel pH 5 containing curcuminoid extract exhibited the remarked decrease in
percent retention of curcuminoid in week 2 and continuously decreased in week 4.
PM-coated microcapsules plasticized with PG (no.7) and EC-coated microcapsules
plasticized with PG (no.43) were found to be most suitable formulations. The wall
system of these two microcapsules formulations was found to increase the stability of
curcuminoids in cleansing gel pHS.

For moisturizing cream, though PM-coated microcapsules plasticized with
PG/PEG400 (no. 13), EC-coated microcapsules plasticized with PG/GTA (n0.37), and
EC-coated microcapsules plasticized with PG/PEG400 (no.49) were found to be
superior, statistical data (Appendix [I) showed that there was no significant
difference between percent retentions of curcuminoids of differently-coated
microcapsules.

However, from the analytical results, it was found that the amount of
curcuminoids was remarkedly decreased in the second week, which could be due to
the lack of content uniformity.
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