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9. supernatant
10. Freez dryer
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11. 0.5 McFarland (108 CFU/ml)
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13. Minimum Inhibitory Concentration
14. Minimum Bactericidal Concentration
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Table 1 Encapsulation efficiency, Loading capacity and solubilityof limonene loaded nanosponge(L-NS).

Proportion of Encapsulation

. c. d . .
CD*DPC" Proportion of LNS efficiency Loading capacity g 1 iriv of L-NS
(molar ratio) (weight ratio) of L (%) of L (%)

1:2 5295+ 1.16 26.4+0.10 1161.60

1:4 1:4 15.65+0.46 3.9+£0.04 362.58

1:6 11.36 £0.74 1.8 +£0.06 312.73

1:2 10.74 £ 0.35 5.37£0.08 217.12

1:6 1:4 12.24 + 0.44 3.06 £0.05 254.96

1:6 8.96 +0.21 1.4+0.03 915.46

1:2 13.12+0.80 6.56 £0.07 381.26

1:8 1:4 11.46 £ 0. 65 2.8 +0.05 366.08

1:6 8.4+0.30 1.3+0.03 141.43

B-cyclodextrin (a), Diphenyl carbonate (b), limonene(c), nanosponge(d)
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17. Agar well diffution
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Table 2 Mean and standard deviation of the inhibition zone of limonene(L) and limonene loaded in

nanosponge (L-NS)
Inhlbltlo‘n.zone Inhibition Illh.ll?ltlon zone (‘)f Inhibition
Concentration of pos itive zone of free positive cor-m:ol m zone of
. control in plates plates containing L- p.value
Bacterium (mg/ml) .. L L-NS
containing L (mm) NS (mm)
(mm) (mm)

12.50 15.50+0.5 20.50+ 0.5 0.00IZ

L 6.25 14.00+ 0 19.50+£0.5 0.000
Escherichia 312 28.00+0 10.50 0.5 27:0005 13.001  0.000"
1.56 - 11.50£0.5 0.000"
12.50 15.00 + 1 26.50+ 0.5 0.000"
. 6.25 13.00£0 23.50+0.5 0.000"
;’;f::’r‘: 3.12 34001 10.00 + 0 37.00=1 19.00£1  0.000"
1.56 - 17.00 + 1 0.000"
12.50 14.00+£0 21.50+0.5 0.000"
Staphylococcus 6.25 40.00+ 1 12.50+ 0.5 42.00+ 1 19.00+ 1 0.000:
aureus 3.12 - 17.50+£ 0.5 0.000b

1.56 - 12.50 £ 0.5 0.000
12.50 13.00+0 16.50 £ 0.5 0.000°
Enterococcus o 39.00 +0.5 12000 38.00 0.5 Darer e
1.56 - 10.00+0 0.000*

* paired samples T.test
® Wilcoxon test
(P-value < 0.05)
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Table 3 Minimal inhibitory concentration (MIC) of L and L-NS

MIC Bacterium
P-value L-NS L
0.00 * 0.162 26.25 Escherichia coli
0.00 * 0.081 26.25 Shigella flexneri
0.00 * 0.65 52.5 Staphylococcus aureus
0.00 * 0.65 52.5 Enterococcus

*(P-value < 0.05)

Table 4 Minimal bactericidal concentration (MBC) of L and L-NS

MBC

P-value LNS L Bacterium

0.00 * 0.162 26.25 Escherichia coli
0.00 * 0.081 52.5 Shigella flexneri
0.00 * 0.65 210 Staphylococcus aureus
0.00 * 0.65 420 Enterococcus

* (P-value < 0.05 )
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ABSTRACT

ARTICLE INFO

Following the increasing resistance of bacteria to antibiotics and increasing
public awareness of the relationship between food and human health, several
studies have been conducted to find potential antimicrobial agents. D-
limonene(L) is a liquid and a colorless bioactive compound of the terpene
family that has high antioxidant and antimicrobial activity. Due to its low
solubility, high volatility, and sensitivity to light, its applications in the food
and pharmaceutical industries are limited. In this study, L was incorporated in
B-cyclodextrin nanosponges (CD-NS) to overcome these limitations. For the
preparation of L-NS, different molar ratios of B-CD and Diphenyl carbonate
(DPC) as cross-linker (1:4, 1:6, and 1:8 of CD:DPC) and different ratios
(w/w) of L: NS (1:2, 1:4, and 1:6) were prepared. The results showed the
solubility of L increased after encapsulation in the nanosponges. Encapsulated
L showed higher antibacterial activity compared to free L and minimum
inhibitory concentration (MIC) and minimum bactericidal concentration of L
decreased 324 and 648 times after encapsulation. Our results propose that CD-
NS is a suitable carrier for hydrophobic and sensitive compounds and L-NS
can be used as a potential preservative with enhanced antibacterial activity in
food applications. It is important to note that the results of this study were
obtained in vitro and further studies related to their toxicity (in vivo) are
needed for confirmation of their application in the era of nutrition and
genomics.
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