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ABSTRACT

PP was evaluated for its ability to control the Aspergillus flavus growth and to
adsorb its toxic metabolite (Total aflatoxin-TAF) from aqueous solutions as well. The
study was performed to evaluate the influence of different inclusion rates of dried
Pomegranate Peel (PP) (0.0, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0
and3.0%) in the media used to count the total number of colony forming units (cfu) of
Aspergillus flavus. Obtained data revealed that, inclusion of the examined substrate at
0.4% showed significant reduction of the total colony forming units compared to the
control treatment (0.0%). Evaluation of various parameters i.e. adsorbent level (3, 6,
9, 12, and 15%), contact time (shaking time) 1, 2 and 4 hours, and TAF
concentrations (382.11, 763.72, 1145.58 and 1527.44ppm) was also performed.
Chemisorption indices were determined by HPLC analysis of extracts of the
supernatants (extracted with chloroform). Adsorption abilities ranged from 27% to
99%. The maximum removal of TAF being 98.8%, took place at 15% PP present in
solution (w/v) and 4hrs shaking time. Also, PP showed high adsorption abilities at
increasing TAF concentration. PP efficiency in feed against aflatoxicosis should be
verified further by in vivo tests.

It is recommended in the view of the results obtained in this study that, PP
can be used in animal feeding as toxin binder as it has the ability to adsorb
mycotoxins. Further biological and toxicological trials are required and more research
work with animals at low level of toxins.

Keywords: Aspergillus flavus — Antifungal, Total Aflatoxin - Pomegranate Peel —
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INTRODUCTION

Corn is considered as one of the most important feed ingredient used
in animal feeding, so its safety is a critical parameter for the safety of feed
offered to animals. Moulds are the major threatening agent that may be
present in corn causing physical (respiratory irritantion) and (chemical
(mycotoxin production) hazards. The main inhancing factors for fungal growth
and mycotoxin production are both delayed or insufficient dryness process of
the high moisture content harvested crop. (El Moghazy et al., 2003). So
preservatives are used in treating such grains for controlling both growth and
mycotoxins production. Selection of the proper preservative is dependent
upon several factors a) antimicrobial spectrum, b) antimicrobial activity, c)
chemical and physical properties, d) relative toxicity, e) resistance
development, f) organoleptic properties, g) economical considerations and i)
a suitable procedure for analysis. (El Moghazy et al., 2003).

With the increasing knowledge and awareness of aflatoxin as a
potent source of health to both man and farm animals, a great deal of effort
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has been made to completely eliminate the toxin or reduce its content in
foods and feedstuffs to significant levels (Rustom 1997).

Control methods should be directed at either reducing the
concentration of aflatoxin to safe levels or to produce nontoxic degradation
products without reducing the nutritional value of the treated commodities
(Doyle et al., 1982). Methods of control can therefore be classified into two
main categories: (1) prevention of mold contamination and growth, (2)
detoxification of toxic products.

Detoxification processes involve removing, degrading, destroying, or
inactivating aflatoxins in commodities by physical, chemical, or biological
removal methods, for a successful detoxification system, the process must be
economically feasible, if it is to be applied practically (Ellis et al., 1991).

The FAO requirement for acceptable decontamination process: (1)
destroy, inactivate or remove aflatoxins; (2) not to produce nor leave toxic
and/ or carcinogenic, mutagenic residues in the final products or in food
products obtained from animals fed on decontaminated feeds;(3) not to alter
significantly the important technologic properties; (4) destroy fungal spores
and mycelium that could proliferate and produce new toxins under favorable
conditions (Piva et al., 1995).

Many adsorbents as activated charcoal, bentonite, zeolite, aluminum
silicates, and yeast cell wall were tested for binding of several TAF both in
vitro and in vivo. The degree of adsorption in vitro depends on the physical
structure of the adsorbent, i.e. the total charge and charge distribution, the
size of the pores and the accessible surface area. On the other hand, the
properties of the adsorbent molecules, the mycotoxins, such as polarity, size,
shape and-in case of ionized compounds- their charge distribution (Alexander
et al., 2001).

PP is a numerous waste product in the juicing process. The
pomegranate (Punica granatum) is a fruit-bearing deciduous shrub or small
tree growing to 5-8 m tall. The pomegranate is native to the region from
Afghanistan, Pakistan, Iran, Mediterranean region, India and USA (Talcott et
al., 2006)

The name “Pomegranate” derives from Latin pomum “apple” and
granatus “seeded” widespread root for “Pomegranate” comes from the
Ancient Egyptian rmm, from which derive the Hebrew rimmon, and Arabic
Rumman. This root was given by Arabs to other languages including
Portuguese (Pavey and Roy, 2003)

The Qur'an mentions pomegranate three times, twice as an example
of the good things of god creates, once as a fruit in the garden of Paradise.

The aim of this work is to evaluate the PP as antifungal as well as
aflatoxin binder agent.
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MATERIALS AND METHODS

Materials:
a) Pomegranate preparation:

Fresh PP was obtained from Juice processing factories in Cairo. The
fresh PP distributed on trays and dried in open air, then transferred to an air
circulation oven at 60°C for 16 hours. The dried PP was ground using a
laboratory mill.

b) Aflatoxin production

Aflatoxins were produced by inoculating liquid yeast extract with one
ml of fungal suspension contained 10% colony forming units (cfu)/ml of
Aspergillus flavus spores (NRRL 3145) followed by incubation at 30°C for 10
days (Davis et al., 1966). Mycelium mat was broken using glass rod and
collected by filtration through filter paper. The filtrate, containing TAF (will be
called in the present work, mother solution) was stored at 4°C for later use.
Such technique yielded great amounts of AFs, especially B: andG:.

Methods:
a) Studying the antifungal effect of PP:

A suspension of 108 cfu/ml of Aspergillus flavus (NRRL 3145) Yeast
extract broth was prepared according to (Davis et al., 1966). Ten folded serial
dilution of this suspension was done using sterile buffer solution which then
inoculated in 14 sets of sterile petri dishes. Each set was poured by about 15
ml of sterile Rose Bengal Chloramphenicol agar contained 14 different
concentration of dried powdered PP (0%, 0.05%, 0.1%, 0.2%, 0.4%, 0.6%,
0.8%, 1%, 1.2%, 1.4%, 1.6%, 1.8%, 2% and 3%). After solidification, the
poured plates were incubated at 25°C for 7 days after which all colony
forming units were counted and recorded (NMKL 2005).

b) Studying the toxin binding effect of PP:

Five AF solutions were prepared by adding 0.0, 0.5, 1.0, 1.5 and 2.0
ml of the mother solution to 50ml of sterile distilled water which was then
completed to 100 ml to obtain concentrations of 0.00, 3832.11, 763.72,
1145.58ppm of AF. Six levels of the adsorbent -the prepared PP- (0.0, 3.0,
6.0, 9.0, 12.0 and 15.0g) were added to each AF diluted solutions, resulted in
30 treatments. The tubes were mixed using a shaker for 1, 2 and 4 hrs, then
the solutions were filtrated through filter paper. A volume of the filtrate was
transferred to a separator containing chloroform. The contents of the
separator were shaken 30-60 sec., the bottom layer (chloroform) was
separated and concentrated to dryness under a slow stream of nitrogen and
then redissolved in acetone/water (15:85v/v) Analysis of aflatoxins: Aflatoxins
were determined using HPLC technique (Agillent 1100 Series U.S.A) with
column C18, (Lichrospher 100 RP-18, 5 umx25cm ) according to the
following technique: The mobile phase consisted of water: methanol:
acetonitrile (54:29:17,v/vlv) at flow rate of 1ml/ min. The excitation and
emission wavelengths for all aflatoxins were 362 and 460 nm (Florences
detector), respectively (Roos et al,. 1997).

205



Abo Hager, Amel A. et al.

c) Determination of Cation Exchange Capacity (CEC):

CEC was determined by Two-step procedure involved (i) saturation
of cation exchange sites with Na at pH 8.2, 60% ethanol solution with 0.4N
NaOAc- 0.1 N NacCl; (ii) extraction with solution so that the soluble Na from
the excess saturation solution, carried over from the saturation step to the
extraction step, may be deducted from the total Na to obtain exchangeable
Na, which is equivalent Cation Exchange Capacity (Black, 1982).

Table (1): Cation Exchange Capacity of Dried PP
Iltem meq/100g Reference strong level
CEC 80 80-120
Meq/100g = milliequivelant/100 g sample

Table (2): Proximate analysis of dried PP.

Item (%) Content
Protein 4.35
IAsh 4.35
Fiber 15.87
Fat 1.62
Moisture 10.2
Silica (Si”) 0.080

Figure (1): Proposed scheme for the surface charges of silica, mould
spores and aflatoxin’s molecules
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d) Chemical composition were determined as described in (AOAC
2004).
e) Statistical analysis:

Data were presented as mean and standard deviation values.
Analysis of Variance (ANOVA) was used to compare between means of total
aflatoxins concentrations, and levels of PP %. Dun can's post-hoc test was
used to determine significant differences between the means when ANOVA
test result is significant. Paired t-test was used to compare between shaking
times. The significant level was set at P < 0.05. Statistical analysis was
performed with SPSS 15.0 (Statistical Package for Scientific Studies) for
Windows ( Geofferey and streines, 2003)
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RESULTS AND DISCUSSION

Using natural additives to control fungal growth with special concern
to toxigenic fungi is an emerging approach in animal feeding instead of using
chemical compounds which may have adverse effect on general health. The
importance of this application is to prevent the health hazard of moulds as
either mycotoxins’ producers or respiratory irritant through its spores (El
Moghazy et al., 2003).Beside its effect as antimould, this approach is
considered as a suitable physical method used for the removal of mycotoxins
either in the feedstuff or from the intestinal tract as a nutritionally inert sorbent
in the diet that can sequester mycotoxins and reduce their absorption. The
utilization of mycotoxins — binding adsorbents is the most applied way to
protect animals against the harmful effects of contaminated feed (Ramos et
al., 1996).

Data obtained in Table 3 illustrated that, increasing the inclusion rate
of dried PP into the used culture media gradually decreased the total number
of Aspergillus flavus colony forming units (consequently log). This reduction is
numerically marked at 0.1% and 0.2% inclusion rate then became significant
(one log reduction or more) at 0.4%. Numerical reduction only was noticed by
increasing the inclusion rate of dried PP. Recently, natural products have
proved to be an alternative to synthetic chemical substances. Laurylene et
al., 2006 stated that, the inhibitory capacity of dried PP is due to its content of
tannin (9.33%) and polyphenolics which have toxic and astringent effect
resulting of inhibition of the fungal growth due to absorption of the intercellular
liquids. Also Krishnamurthy and Shashikala 2006 reported the inhibitory effect
of dried PP on spore multiplication and also on its ability to produce AF. This
may be attributed also to the negative charge present on the surface of dried
PP as the effect of its silica content which combined with the positively
charged fungal spores preventing it from multiplication and mycotoxin
production (ller 1979).

Table (3): Effect of different concentrations of dried PP on total count of
Aspergillus flavus spores after incubation period.
Conc.

% 00 |005|01|02|04|06|08|10|12 |14 |16 |18 |20|30

Cfu/g | 15 15 12 | 100 | 80 93 33 31 27 34 49 25 25 20
x10° | x10° | x10° | x10* | x10* | x10* | x10* | x10* | x10* | x10* | x10* | x10* | x10* | x10*
Log 6.18 | 6.18 | 6.08 | 6.00 | 5.90 | 5.97 | 5.52 | 5.49 | 5.43 | 5.53 | 5.69 | 5.40 | 5.40 | 5.30

Data of the comparison of different dried PP concentrations’ effect
and different time of exposure on the percentage of bound AF concentrations
and amount of unbound AF are illustrated in (table 4&5).

At PP 3%, after 1 hour, there was no significant difference among AF
concentrations. After 2 hours, there was no significant difference between AF
763.72 ppm and AF 1145.58 ppm which showed the significantly highest
mean adsorption values. There was no significant difference between AF
382.11 ppm and AF 1527.44 ppm which showed the significantly lowest
mean values. After 4 hours, there was no significant difference among AF
382.11 ppm, AF 763.72 ppm and AF 114558 ppm which showed the
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significantly highest mean adsorption values. AF 1527.44 ppm showed the
significantly lowest mean value.

At PP 6%, after 1 shaking hour, AF 382.11 ppm showed the
significantly highest mean adsorption value. There was no significant
difference among AF 763.72 ppm, AF 1145.58 ppm and AF 1527.44 ppm
which showed the significantly lowest mean values. After 2 shaking hours,
there was no significant difference between AF 763.72 ppm and AF 1145.58
ppm which showed the significantly highest mean adsorption values. There
was no significant difference between AF 382.11 ppm and AF 1527.44 ppm
which showed the significantly lowest mean values. After 4 shaking hours,
there was no significant difference among AF 382.11 ppm, AF 763.72 ppm
and AF 1145.58 ppm which showed the significantly highest mean adsorption
values. AF 1527.44 ppm showed the significantly lowest mean value.

At PP 9%, after 1 shaking hour, AF 382.11 ppm showed the
significantly highest mean adsorption value. There was no significant
difference among AF 763.72 ppm, AF 1145.58 ppm and AF 1527.44 ppm
which showed the significantly lowest mean values. After 2 shaking hours,
there was no significant difference among AF 382.11 ppm, AF 763.72 ppm
and AF 1145.58 ppm which showed the significantly highest mean adsorption
values. AF 1527.44 ppm showed the significantly lowest mean value. After 4
shaking hours, there was no significant difference among AF 382.11 ppm, AF
763.72 ppm and AF 1145.58 ppm which showed the significantly highest
mean adsorption values. AF 1527.44 ppm showed the significantly lowest
mean value.

At PP 12%, after 1 shaking hour, AF 382.11 ppm showed the
significantly highest mean adsorption value. There was no significant
difference between AF 763.72 ppm and AF 1145.58 ppm which showed
lower values. AF 1527.44 ppm showed the significantly lowest mean value.
After 2 shaking hours, AF 1145.58 ppm showed the significantly highest
mean adsorption value. There was no significant difference between AF
382.11 ppm and AF 763.72 ppm which showed lower values. AF 1527.44
ppm showed the significantly lowest mean value. After 4 shaking hours, there
was no significant difference among AF 382.11 ppm, AF 763.72 ppm and AF
1145.58 ppm which showed the significantly highest mean adsorption values.
AF 1527.44 ppm showed the significantly lowest mean value.

At PP 15%, after 1 shaking hour, AF 382.11 ppm showed the
significantly highest mean adsorption value. There was no significant
difference between AF 763.72 ppm and AF 1145.58 ppm which showed
lower values. AF 1527.44 ppm showed the significantly lowest mean value.
After 2 shaking hours, AF 1145.58 ppm showed the significantly highest
mean adsorption value. There was no significant difference between AF
382.11 ppm and AF 763.72 ppm which showed lower values. AF 1527.44
ppm showed the significantly lowest mean value. After 4 shaking hours, there
was no significant difference among AF 382.11 ppm, AF 763.72 ppm and AF
1145.58 ppm which showed the significantly highest mean adsorption values.
AF 1527.44 ppm showed the significantly lowest mean value.

208



J. Agric. Sci. Mansoura Univ., 34(1), January, 2009

It is clear from the presented data that, there was a gradual increase
in the percentage of the adsorbed amount of AF by the increase of the
exposure time by shaking, i.e the highest percentage of adsorption was
obtained after 4 shaking hours.

Increasing the inclusion rate of dried PP into the liquid substrate
increased the percentage of bound AF in all AF concentrations, in conclusion
it was noticed that, there was a reduction of 98.8% of AF concentration
obtained by shaking the distilled water contained 763.72 ppm of AF and 15%
dried PP for 4 hours.

Gradual increase in the AF adsorption efficiency of dried PP was
noticed in all used AF concentrations while this efficiency was decreased in
the highest AF concentration (1527.44 ppm) at all exposure times and
different levels of dried PP.

All these findings were attributed to the adsorption capacity of dried
PP due to its negative charge which is due to the Silica content which is
strong negatively charged element (Fig. 1) causing attraction (adsorption) of
the strong positively charged AF particles (ller 1979). Another factor causing
this adsorption characteristic of dried PP is its high fiber content which is
clear in table (2). The fiber content offers number of hydroxyl binding sites
(Amel Abo Haggar, 2006).

Table (4): The mean and standard deviation values for the percentage of
total bounded aflatoxins by using PP

AF conc. 382.11 ppm 763.72 ppm 1145.58 ppm 1527.44 ppm
pp %Tlme 1hr [2hrs|4hrs| 1hr |2hrs|4hrs| 1hr |2hrs|{4hrs| 1hr |2hrs |4 hrs
K BEI | AGI [ AE | AGI K AEl | AG | BEK BG
3 33.8+(40.9+|84.2+(31.2+(80.6+|89.5+| 27 |80.4+| 90.6 27 36.5 71.2

26 | 35 | 18 | 37 | 28 | 17 |+26| 17 |+42|+28| +3 | +45
AJ Bl | AGI BI AE | AGI | BK | AEI | AG BI BEJ BG
6 435 | 47.4 | 82.6 | 33.1 | A°,6 | 89.3 | 32.3 | 81.2 | 89.9 | 30.9 | 453 | 725
+33 | +46 | +6.7 | +41| +3 | +47 | +26 | +35|+28 | +28| +29 | +44
Al | AEH | AGI BI AE | AGI | BJ | AEI | AG | BH | BEJ BG
9 59.3 | 80.9 | A¢,A [ 37.6 | 82.1 | 89.2 | 41.2 | 859 | 89.6 | 38.8 46 73.4
+44 | +38 | +41 | +28|+31 | +26 | +2 | +27|+31|+22| +28 | +£3.6
AH | BH [AGH | BH | BE | AGI Bl | AEH | AG | CH CEl BG
12 787 | 79.8 | 11,8 | 60.4 | 80.2 | 89.9 | 56 | 91.1 | 84.2 | 41.3 | °V.A | 746
+41 | +32 | +47 | +36 | +32 | +37 | +41 | +42|+39 | +32| +41 | +21
AH | BH [AGH | BH | BE |[AGH | BH | AEH | AG | CH | CEH | BG
15 815 | 81.7 | 4v,Y | 63.6 | 86.3 | 98.8 | 63.3 | 925 | 89.5 | 40.6 | 70.5 79.3
+31 | +32 | +37 | +41|+36 | +4 | +28 | +31|+37|+35| +3.1 | £29
A,B,C and D (Comparison between AF concentrations): Means in the same row with
different letters are significantly different at P < 0.05
E,F and G (Effect of time): E: Significance from 1 hr — 2 hrs, and G: Significance from 1 hr
—4hrs)
H,l, J, K and L (Comparison between levels of Pomegranate %): Means in the same
column with different letters are significantly different at P < 0.05
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Table (5): The mean and standard deviation values of total aflatoxins

concentration in ppm) that were not bounded by using PP
IAF conc. 382.11 ppm 763.72 ppm 1145.58 ppm 1527.44 ppm

Time 1hr |2hrs|d4hrs| 1hr |2hrs|d4hrs| 1hr |2hrs|4hrs| 1hr | 2hrs |4 hrs

PP %
AH | BEH [DGH | BH | CEH | CGI | CH | BEH | BGJ | DH | AEH | AGH
3 252.9 [ 225.8 | 60.5 | 582.1 | 148.3 | A+,¢+ [835.5| 225 |107.2 |1115.3| 970.2 | 440.2
+58 | +6.1 | +71 [ +89|+92 | +89 |+73|+79|+86|+77| +9.1 | +83
Al BEI [DGH | BI | CEJ | CGI | ClI BEI | BGI DI AEl | AGI
6 216 |201.2 | 66.5 | 511 | )+, |81.42|775.5|215.9 |115.2 | 1055 | 835.5 | 420.4
+47 | £68 [ +76 | +87 | £57 | +73 | +89 | £47 | £10 | +£92 | +£7.9 | £9.1
Al | DEJ |[DGH | BJ | CEI [ CGI | CJ | BEJ | BGI | DI | AEJ | AGJ
9 1555 | 73 oA | 476.7 | 136.8 | 82.38 | 674.2 | 162 |119.1|934.9 | 824.4 | 405.6
+94 | £63 [+66 | +84 | +83 | +69 | +59 | £82 | +6.2 | +74 | +83 | £83
AK DJ | DGI | BK | BEH | CGI | CK | CEK | BGH | DK | AEK | AGK
12 814 | 77.4 | ¥V,5 [302.4|151.2 | 77.28 | 504.7 | 99.5 | 181.5 | 897.2 | “¢%,8 | 388.5
+76 | £33 [+36 |+74 | +8 [+6.2| 6 | +£82|+72|+83 +7 +9.1
AL DJ | DGI | BL | BEJ [CGH| CL | CEL | BGI | DL | AEL | AGL
15 70.5 | 69.9 | Ye,5 |278.3|104.5| 90.5 |420.3| 86.2 [ 120.5| 907 | 450.6 | 315.5
+46 | +81 | +61 | +5 | +69 | +73 | +36 | +74|+87 [+45| +81 | £10
A,B,C and D (Comparison between AF concentrations): Means in the same row with
different letters are significantly different at P < 0.05
E,F and G (Effect of time): E: Significance from 1 hr — 2 hrs and G: Significance from 1 hr
-4 hrs)

H,l, J, K and L (Comparison between levels of Pomegranate %): Means in the same
column with different letters are significantly different at P < 0.05
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