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Table 1 Analysis of variance of colony diameter and growth rate on the five fungal species.

MS)

Rhizopus Onyze Bomytiscinerea Peniciliumsp. Aspergilus flavus Aspergilus niger
Gowtr OO Gy Gy Gowt Gy oL Gy o Gy D SourcesChange
0% diameter 0% diameter  hrate  diamete 0% diameter 0% diameter

_ (mm) _ m) () rmm _ (m o)
85635”14005 53227 8IB2T 01T 2097 1037 133~ 157%7 W16 3 Time(A)
16978 2434%  g11T  HMST 66 n7 959 1148 15393 18434 2 NCH/arvaaol(B)
256° 182° 64" 66  03° 06" I 08® 73" 028 2 Chitosan(C)
2907 2188 1866 3®S" 93" 194 17T 3927 20" 51437 6 A*B
44® 22° L® 22 03® 03" 03® or® 36 02® 6 A*C
271 182™ ur e 16~ 13 37" 42" 354" 376 4 B*C
57" 27 18" 257 04 04 08" 17 72" 04" 12 A*B*C
04 01 03 01 02 01 04 01 09 0w 7 Eiror
24 14 24 15 66 38 69 34 28 11 (Y4

NS, *, **, Non-significant and significant at P<0.05, and P<0.01, respectively.

SN COCSP NS P PR CYJSORCIUN P R WERYS St o
Aoy S S Aoy 00 Bl S 5 SIS
5 (A3 08/0) cp nin Ol cpl 53 aS s S el VEE )
© by oS L) Ce e JalS (Aeps TA) o 2eS
goo5e ol 55 VIS s [oosl sl 5 padbes iy 65

&S e b 1

O aass b Lpsnl Wy 2alS 5 bap sl
Cypot Js SIS sl gl bl eslazal rK;A
Al bus 5 elie mlo LYV sl ods 55158 s

L0 7Y YA sl ol 5158 ol Ky,

o Sl eslinl il jakie Jad= 5 &S Hsbolea

Table 2 The mean values of effect Nano Clay Halloysite (NCH) /carvacrol and chitosan on the colony
diameter and growth rate of five fungi species following 144 h of incubation at 25°C in darkness.

Rhizopus Onyzee

Bomytis cinerea Penicilivan sp

Aspergilus flavis Aspergilus niger

Growth Colony Growth Colony Growth Colony Growth Colony Growth Colony Chitosan /NCHl
re(%o) diameter(mm)  rate%0)  diameterimm)  rate(%o)  diameter(mm)  rate%)  diameteimm)  rate(%0)  diameter(mm)

0490° 7053° 0417 6023° 0110P 1540" 0173" 251 021° 30" 0

0467* 67 0400° 5730 0097 14 0.170" 243b 02 29 1 0
04539 65AF 0380° 55 009 132 0.163° B5 02b 29 2

0383" 5534d 0303# 387 0067 945 0.140" 2054° 0177 25 0

03708 5370 0293" DAF 00608 910 0.130* 187 016" 23 1 15
03708 53¢ 0280 40f 00608 870F 0.123* 1775 017 24 2

035" 50567 0213 3054 0050" 743 0090 1321% 012 17 0

0353" 5lfy 027 240 00608 8408 0103™ 15" 013" 185 1 3
0360" 5L60f 0230™ 33" 0057 88 0.113% 165° 013" 19 2

Means in each column with similar letters are not significantly different (P<0.01) using the Least Significant
Different (LSD) test.
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Fig 1 Characteristic images of in vitro headspace assay for different films including (a) without LDPE (b) neat
LDPE (c) LDPE/1.5% NCH/carvacrol, and (d) LDPE/3% NCH /carvacrol on the development of 4. niger, A.
flavue, B. cinerea, penicillium. Sp and R. oryzae following 144 h of incubation at 25°C in the dark. Fungi colony
margins are marked for clarity.
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Aspergilius niger

Aspergills flavies

Botryiis cirnerea

Peniciliinm.Sp.

Riizopus oryvoae

(a)

)

Fig 2 Characteristic images of in vitro headspace assay for different films including (a) neat LDPE, (b) LDPE
/2% chitosan on the development of A. niger, A. flavue, B. cinerea, penicillium. Sp and R. oryzae following 144
h of incubation at 25°C in the dark. Fungi colony margins are marked for clarity.
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Use of nanoparticles in food packaging can be an effective step to reduce waste
from pathogens and increase the shelf life of various products. The aim of this study
was to investigate the antifungal effect of low-density polyethylene nanocomposite
film containing nano clay halloysite/carvacrol hybrid and chitosan on pathogenic
fungi including Aspergillus niger, Aspergillus flavus, Boterytis cinera, Penicillium
Sp. and Rhizopus oryzae, the main cause of post-harvest rot of agricultural products.
In this study, the nanocomposite films based on Low-density polyethylene
containing 1.5 & 3% nano clay halloysite/carvacrol and 1 & 2% chitosan were
produced by mixing them in a twin-screw extruder following by blowing film
machine. The effect of these produced nanocomposites were then evaluated on the
growth of five pathogenic fungal species. Based on the results of analysis of
variance, it was found that the growth rate of the five studied fungal species was
significantly affected by use of Nano clay Halloysite/carvacrol, so that the highest
percentage of inhibition was related to the film containing 3% nano clay
halloysite/carvacrol. However, the film containing chitosan had no significant effect
on the growth of the studied fungi.
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