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1. Bacillus macerans
2. Generally recognized as safe
3. Inclusion complex
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Table 1 Gross chemical composition of
pomegranate peel (on dry weight basis)

Parameter Content(%)
Moisture 6.2
Ash 3.88
Fat 0.52
protein 3.86
fiber 11.2
Carbohydrate 85.54
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Fig 1 pure pomegranate peel extract powder (a) inclusion complex of B-CD and pure pomegranate peel extract
powder (b) B-CD powder (c)
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Table 2 Independent variable of the process and their corresponding levels

Independent variable Symbols | Legels |
Tempetature(°C) A 30 50 70
Time(min) B 10 25 40
B-CD concentration(gr/100ml) C 0 09 1.8

Table 3 Experimental design and response values

Run A: Temperature B: ije C: B-CD Ext.raction Non-flavonoid phenols
°O) (min) (gr/100ml) efficiency(%) (mgGAE/gDW)
1 50 25 0.9 43.13 49.98
2 30 25 1.8 34.17 64.07
3 70 40 0.9 44.83 76.31
4 50 40 1.8 3822 47.39
5 30 25 0 33.35 59.05
6 50 25 0.9 4333 57.81
7 70 10 0.9 43.56 68.67
8 50 10 1.8 50.57 95.67
9 50 40 0 45.75 4791
10 30 40 0.9 30.81 89.19
11 70 25 0 39.14 54.50
12 30 10 0.9 34.83 89.24
13 50 10 0 37.12 43.47
14 50 25 0.9 43.83 52.83
15 70 25 1.8 44.14 80.53
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Table 4 Analysis of variance and coefficients of regression fitting models showing the
relationshipsamong responses and independent variables

Parameter Extraction Non-flavonoid
Efficiency(%) phenols(mgGAE/gDW)
Intercept -1.28 184.63
A 1.34% 471"
B 0.04" -2.12™
C 9.91°¢ 33.8¢

AB 0.004™ 0.006™
AC 0.06" 0.29"

BC -0.39? -0.98™
A2 -0.01* -0.04°¢
B2 -0.0006™ 0.05™
c™2 -0.82™ -6.94™

R? 0.98 0.85

AdjR? 0.96 0.64

P-value 0.0005* 0.0013"

F-value 3642 12.86
Lack of fit 0.06™ 0.07™

a: Significant at 0.1% level; b: Significant at 1% level; c: Significant at 5% level; ns (non-significant)
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Fig 2 Contour plot for the effect of (a) time and tempereture (b) B-CD concentration and temperature (c) -CD
concentration and time on extraction efficiency(%)
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Fig 3 FT-IR spectra of pure pomegranate peel extract (a) B-CD alone(b) and inclusion complex
of B-CD and pure pomegranate peel extract (c)
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Fig 4 Thermograms of pure pomegranate peel extract (a) B-CD alone(b) and inclusion complex
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Fig 5 SEM micrographs: pure pomegranate peel extract (a) f-CD alone(b) and inclusion complex
of B-CD and pure pomegranate peel extract (c)
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Fig 6 Inclusion complexes of B-cyclodextrin with Chlorogenic acid (a) and Caffeid acid (b)
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Improving bioavailability of pomegranate peel polyphenols by
forming an inclusion complex with f-cyclodextrin (-CD)
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Due to environmental problems, safety, toxicity and adverse organoleptic properties of extracts with
organic solvents for use in food systems, replacement of these methods with high efficiency aqueous
extraction methods more than needed. In the present study, the efficacy of simultaneous application of
aqueous solution of beta-cyclodextrin (B-CD) and ultrasound method to extract polyphenolic compounds
from pomegranate peel was compared with that of aqueous extraction. The response surface method
(RSM) was used to optimize extraction conditions. Designed experiments were done based on the Box-
Behnken design with three independent variables, including temperature (30, 50 and 70 °C), time (10, 25
and 40 min) and concentration of B-CD solution (0, 0.9 and 1.8 %). The optimum extracting temperature
and time and B-CD concentration were 55.7°C, 15.38 min, 1.8% respectively. In the optimum condition,
the following characteristics of extracted bioactive compounds were obtained: Non-flavonoid phenols
75.77 (mgGAE/gDW) and extraction efficiency 42.81%. Inclusion complex formation was confirmed by
differential scanning calorimetry (DSC) and Fourier transform infrared spectroscopy (FT-IR) and SEM.
As a result of this study, aqueous B-CD and UAE as a safe method can be replaced with other extraction
methods to improve the extraction of compounds with high nutritional value.

Keywords: B-Cyclodextrine, ultrasound, pomegranate peel, bioactive compounds, Non-flavonoid phenols
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