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Antifungal effects of pomegranate extract intercalated into silicate
nanoparticles against blue mold of apple

M.R. Balooch?', H. Sabahi*, H. Aminian®, and S. Nourinejhad

(Received: 1.6.2016; Accepted: 11.9.2017)

Abstract

Biological method for controlling (use of plant polyphenols) the postharvest fungi diseases has been
suggested as an environmentally friendly method. However the principal problems of plant polyphenols
application as fungicide is their rapid decomposition in normal environmental conditions by temperature,
oxygen and light. One of the best solutions for this problem is encapsulation or intercalation them into
nanoparticles In this regard, the pomegranate fruit peel and clove rich of polyphenols was extracted by water
and methanol and was intercalated into the layers of silica nanoparticles (montmorillonite) and his antifungal
effect was tested via broth dilution method and agar well-diffusion method against blue mold fungi. The
XRD, FTIR and DLS analyses confirmed completely intercalation of pomegranate peel extract into
interlayer of montmorillonite. The results showed that in the broth dilution method, nanosilica particles alone
had antifungal effect similar to commercial fungicide. And intercalation extract into nanoparticles did not
affect its antifungal effects. In the contrast,, in agar well-diffusion method, intercalation the extract into
nanoparticles increased its inhibitory effect very significantly (p <0.001) compared to nanoparticles and
extract alone (as much as 26%). This effects was apart from the improved stability of plant extracts
containing polyphenols in the storage conditions. These results showed that intercalation the polyphenols of
pomegranate fruit peel into silica nanoparticles, could be a environmentally friendly, eco-friendly and
economic method for controlling the postharvest blue mold fungi instead of chemical fungicides that have
many environmental hazards for humans, animals and soil.
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Figure 1. FT-IR spectra of montmorillonite (a), pomegranate extract (b) and nanocomposite of

montmorillonite/pomegranate extract (c).
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Figure 2. X-ray diffraction pattern of montmorillonite (a) and nanocomposite of montmorillonite/pomegranate

extract (b).
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Figure 3. The size of nanoparticle of montmorillonite.
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Table 1. Analysis of variance (factorial design) the
antifungal effect of different treatments on P.
expansum growth in the broth dilution method.

S.0.V df MS F
Block 2 0.0000084 0.9
Method (T3) 1 0.002 221 ***
Compounds (T,) 3 0.0053 566***
Solvent (T3) 1 0.0000091 0.97
T.*T, 3 0.000067 T**
T,*Ts 1 0.000011 1.2
T,*Ts 3 0.000017 1.8
T*T,*Ts 3 0.000073 0.77
Error 30 0.000009
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Figure 4. Comparison the antifungal effect of pomegranate extract, clove extract, gallic acid, nano particles of
montmorillonite and commercial fungicide on P. expansum in broth dilution method.
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Figure 5. Comparison the antifungal effect of intercalated pomegranate extract (Mt-Pom), intercalated clove
extract (Mt-Clove), intercalated gallic acid (Mt-GA), nano particles of montmorillonite and commercial

fungicide on P. expansum in broth dilution method.
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Table 2. Analysis of variance (factorial design) the
antifungal effect of different treatments on P.
expansum growth in the agar well-diffusion method.

S.0.V df MS F

Block 3 5 3.8

(T,) Method 1 473 364***
(T,) Compound 3 475 365***
(T3) Solvent 1 185 142%**
T,*T, 3 12.5 9.59***
T.*T, 1 0.36 0.28
T,*T, 3 15 11%**
T*T,*Ts 3 16 12%**
Error 45 1.3

(p<0.001) +/++ rla 53l e Fkx

i g e ”@L" CiS o b byl 23
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Figure 6. Comparison the antifungal effect of pomegranate extract, clove extract and gallic acid applied in
conventional and intercalated method, and micro and nano particles of montmorillonite (Mt) on P. expansum at

agar well-diffusion method.
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